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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL —

FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS —

Part 5: Application Layer Service definition

FOREWORD

1) The IEC (Internatlonal Electrotechnical Commlssmn) is a worldwide organlzatlon for standardization comprlsmg all
natyorrat-etectrotechnicatrcommmittees—(HECtatioma-Commmittees)—Theobjectofthe+EC€s—topromote—mternational
co-pperation on all questions concerning standardization in the electrical and electronjic fields. To this,jend and in
addition to other activities, the IEC publishes International Standards. Their preparation is entrusted tp technical
conpmittees; any IEC National Committee interested in the subject dealt with may parti reparatory
worK. International, governmental and non-governmental organizations I|a|smg P EC also participate in this
preparation. The IEC collaborates closely with the International i a dization (ISO) in
accprdance with conditions determined by agreement between the two organizations

2) Thqg formal decisions or agreements of the IEC on technical matters expre S, as neg , an irfternational
conlsensus of opinion on the relevant subjects since each tech representation from all
intgrested National Committees.

3) Thg documents produced have the form of recommendation he form of
stapdards, technical specifications, technical reports or guides a d by the National Gommittees
in that sense

4) In prder to promote international unifica dertake to apply IEC Irjternational
Stahdards transparently to the maximum extent pQssi i iryRati and regional standards. Any [divergence
betyveen the IEC Standard and the corresponding gstandard shall be clearly indicated in the
latter.

5) Thgq IEC provides no marking procedure to ind Opits apprqyél and cannot be rendered responsible for any
equipment declared to be i tandards.

6) Attgntion is drawn to the he elements of this technical specification may be thg subject of
patent rights. The IEC s rdeéntifying any or all such patent rights.

The main task @ S to prepare International Standards. In exceptional

circumstances, a ay propose the publication of a technical spegification

when

e the obtained for the publication of an International $tandard,
ddspite répea

e THhe gub er technical development or where, for any other reason, thgre is the
future™s possibility of an agreement on an International Standard

Techrjical spegifite are subject to review within three years of publication to decidg whether

they gan he transformed into International Standards.

IEC 6IT58-5, which IS a technical specification, has been prepared by subcommiitee 6o5C: Digital

communications, of IEC technical committee 65: Industrial-process measurement and control.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
65C/199/FDIS 65C/207+207A/RVD

Full information on the voting for the approval of this technical specification can be found in the

report

on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
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IEC 61158 consists of the following parts, under the general title Digital data communications for
measurement and control — Fieldbus for use in industrial control systems:

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:

Introductory guide (under preparation)

Physical layer specification and service definition
Data Link Service definition

Data Link Protocol specification

Application layer service definition

Application layer protocol specification

Part 7
Part §:

Annexes
Annexes

This pub
Informati
IEC web

A bilingu

System management (under consideration)
Conformance testing (under consideration)

C to L form an integral part of this technical specification.

A and B are for information only.

on relating to confirmation, amendment or revisig
site.
bl version of this technical specifje

2002.
m the
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INTRODUCTION

This technical specification describes the Fieldbus Application Layer services intended to support the
information interchange and the interactions between application processes.

This set of application layer standards and technical specifications does not specify individual
implementations or products, nor does it constrain the implementations of Application entities and
interfaces within the industrial automation system.

This set of application layer standards and technical specifications does not contain test specifications
used to demonstrate compliance with IEC 61158-5 and IEC 61158-6.

@%
S
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DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL —
FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS —

Part 5: Application Layer Service definition
1 Scope

The Fieldbus Application Layer (FAL) provides user programs with a means to access the Fieldbus
communication environment. In this respect, the FAL can be viewed as a “window between
corresponding application programs”.

The FAL is an Application | ayer Communication Standard designed to support the conveyance of time-
critical anpd non-time-critical application requests and responses among devices—ia_an automation
environment. The term “time-critical” is used to represent the presence of an alicatio i indow,
within which one or more specified actions are required to be completed wit i vel of
certainty.

This techical specification specifies the structure and services of the
(FAL). It |s specified in conformance with the OSI Basic Reference
Applicatign Layer Structure (ISO/IEC 9545).

Layer
e OSl

FAL services and protocols are provided by FAL apphcatlon entiti 5l within the appli¢cation
processef. The FAL AE is composed of a set of obje 2 Sérvice Elements (ASES)
and a Layer Management Entity (LME) that m ide communication sefvices
that operfite on a set of related applicatio . 5 IS a
managenpent ASE that provides a common se i i f FAL
classes.

- an| abstract model for defini ication XS ' i [ ed by

- the primitives (jrter
- the parameter

- the interrelationshjp

vice;

Although |these s
issued and geliv

s are
nding

applications‘a ; only
a definitign of eater
flexibility fo the FA , some
supporting services are™s i in thi ificati i ertain

aspects df its,operation.
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2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of IEC 61158. For dated references, subsequent amendments to, or revisions of,
any of these publications do not apply. However, parties to agreements based on this standard are
encouraged to investigate the possibility of applying the most recent editions of the normative documents
indicated below. For undated references, the latest edition of the normative document referred to applies.
Members of ISO and IEC maintain registers of currently valid International Standards.

ISO/IEC 646: 1991, Information technology — ISO 7-bit coded character set for information interchnage

ISO/IEC 7498 (all parts), Information technology — Open Systems Interconnection — Basic Reference

Mode

ISO/IHC 7498-1:1994, Information technology — Open Systems Interco eference
Modelf The Basic Model

ISO 74198-3:1997, Information technology — Open Systems Intercony Model —
Part 3f Naming and addressing

ISO 7498-4:1989, Information processing systems — Open Syste g — Basic Reference
Modell— Part 4: Management framework

ISO/IHC 8822:1994, Information technology — Ope ) service
definitjon

ISO/IHC 8824:1990, Information technolog Abstract
Syntax Notation One (ASN)

ISO/IHC 8824-1:1995, Information techno cation of
basic hotation

Amenf@iment 1(1996): Rules of exts

ISO/IHC 8824-2:1995, [nfornatio ) ormation
object|specificati

Amen@iment 1(19

ISO/IHC 8824-3: onstraint
speciflcation

ISO/IHC 8824~4:199¢ 3 terization
of ASIN. 1/5pec Q

ISO/IHC 9545 n Layer

Structure

ISO/IHC<A731:1994, Information technology — Open Systems Interconnection — Basic Referenge Model

— Conventions-for-the-definition of QS| senvces.

IEC 61158-3:1999, Digital data communications for measurement and control — Fieldbus for use in
industrial control systems— Part 3: Data Link Layer service definition

IEC 61158-4:1999, Digital data communications for measurement and control — Fieldbus for use in
industrial control systems — Part 4: Data Link Layer Protocol Specification

IEC 61158-6:1999, Digital data communications for measurement and control — Fieldbus for use in
industrial control systems — Part 6: Application Layer Protocol Specification

ANSIIEEE 754:— IEEE Standard for Binary Floating—Point arithmetic
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3 Definitions
For the purposes of this part of IEC 61158, the following definitions apply.

3.1 ISO/IEC 7498-1 terms

For the purposes of this part of IEC 61158, the following terms as defined in ISO/IEC 7498-1 apply:
a) application entity;
b) application process;
c) application protocol data unit;

d) appticatiornserviceetement:

e) application entity invocation;

f) application process invocation;
g) application transaction;

h) real open system; and

i) trgnsfer syntax.

3.2 ISOAEC 8822 terms
For the plirposes of this part of IEC 61158, the following terry 2C 8822 apply:
a) abstract syntax; and

b) présentation context.

3.3 ISOAEC 9545 terms
For the plirposes of this part of IEC 61158, th
a) application-association;

defined in ISO/IEC 9545 apply:

b) application-context;
c) application context nga
d) application-en

e) application-entity-t

f) application-pro

g) application<p

h) application-

i) appli

3.4 ISOAEC 8824 e
For the plirposes of this part of IEC 61158, the following terms as defined in ISO/IEC 8824 apply:

a) objectidentifier; and
b) type.

3.5 Fieldbus Data Link Layer terms

For the purposes of this part of IEC 61158, the following terms as defined in IEC 61158-3 and IEC
61158-4 apply.
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a)
b)
c)
d)
e)
f)
9)

DL-Time
DL-Scheduling-policy

DLCEP

DLC

DL-connection-oriented mode

DLSDU
DLSAP

3.6 FAL Specific Definitions
For the purposes of this part of IEC 61158, the following definitions apply.

3.6.1

comp

relatiopship. Application object definitions are composed of a set of value

accessed remotely using the services of the FAL Object Managen{ent A

Application Object Definition

plication
eir class
5 may be
pgement

servicegs can be used to load or update object definitions, to reackobject definitions, aad to dypamically

createland delete application objects and their corresponding d

3.6.2 | Application Process Object Class Definition

description of a class of application process obijg Rte m@f the_set of its network-a
attributes and services.

3.6.3 | Application Relationship Definition
coopefative relationship between two or ty-invocations for the purpose of 6
of infgrmation and coordindtion_of/their_jaint spelationy This relationship is activated eithe]

exchapge of application-

3.6.4

applic
applic

3.6.5

contex
proces

3.6.6

role of
asas

AppIicatio@iela
tion-service- S

tion relationshif

an AR endpoint in which it issues confirmed service request APDUs to a single AR endpo

cessible

xchange
r by the

ating all

plication

nt acting

Erver

3.6.7

Conveyance Path Definition

unidirectional flow of APDUs across an application relationship

3.6.8

Dedicated AR Definition

AR used directly by the FAL User. On Dedicated ARs, only the FAL Header and the user data are
transferred
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3.6.9 Dynamic AR Definition

AR that requires the use of the AR establishment procedures to place it into an established state

3.6.10 Error Class Definition

general class for error definitions. Error codes for specific errors are defined within an error class

3.6.11 Error Code Definition

identification of a specific type of error within an error class

3.6.12 Invocation Definition

act of usihg a service or other resource of an application process. Each invocation r, S arate
thread of| control that may be described by its context. Once the service com f the
resource [is released, the invocation ceases to exist. For service invocation ice been
initiated iut not yet completed is referred to as an outstanding service brvice

invocatio ntiate

it from other outstanding service invocations

3.6.13 Application Layer Interoperability Definition
capability| of application entities to perform coordinated and goop : es of
the FAL
3.6.14 Management Information Definition
Network-accessible information that supports th AnaAE uding
the appligation layer

3.6.15 BHeer Definition

role of an|AR endpoint in whick it i

3.6.16 Pre-defined @u

AR endpagint that is defip
are not ptle-established

s that

3.6.17 Hre-established

AR endppi
endpoints

ol its

3.6.18 Hublisher Definition

role of arl AR endpoint in which it transmits APDUs onto the Fieldbus for consumption by one or|more
subscribers. The publisher may not be aware of the identity or the number of subscribers and it may
publish its APDUs using a dedicated AR. Two types of publishers are defined by this standard, Pull
Publishers and Push Publishers, each of which is defined separately

3.6.19 Publishing Manager Definition

role of an AR endpoint in which it issues one or more confirmed service request APDUs to a Publisher to
request the Publisher to publish a specified object. Two types of publishing managers are defined by this
standard, Pull Publishing Managers and Push Publishing Managers, each of which is defined separately
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Pull Publisher Definition

type of Publisher that publishes an object in confirmed service response APDUs that are responses to
confirmed service request APDUs received from its Pull Publishing Manager. The AR used to support
Pull Publishers conveys the response APDUs to one or more Pull Subscriber AR endpoints

3.6.21

Pull Publishing Manager Definition

type of Publishing Manager that sends confirmed service request APDUSs to its Publisher to request that
the specified object be published in the corresponding response APDU

3.6.22

Push Publisher Definition

ponfirmed

ived on a

separate AREP from its Push Publishing Manager. The AR used to support P, veys the
respomse APDUSs to one or more Pull Subscriber AR endpoints.

3.6.23] Push Publishing Manager Definition

type of Publishing Manager that sends confirmed service request that the
specified object be published using an unconfirmed service on & Hpoint
3.6.24] Pull Subscriber Definition

type of Subscriber that recognizes received ect data
3.6.25 Push Subscriber Definition

type @ d object
data

3.6.26| Resource Definitign

resource is a procefing 0

3.6.27| Server Definitjo

role of ated the
request

3.6.28

role o bers are
definefl by this'standardyPull Subscribers and Push Subscribers, each of which is defined separately

3.7 Aibbreviations and Symbols

AE Application Entity

AL Application Layer

ALME  Application Layer Management Entity

ALP Application Layer Protocol
APO Application Object


https://iecnorm.com/api/?name=78e1861f571a5703d2a16365403729e9

-16 - 61158-5 © IEC:1999

AP Application Process
APDU  Application Protocol Data Unit
AR Application Relationship

AREP Application Relationship End Point
ASE Application Service Element

CIM Computer Integrated Manufacturing
DL- (as a prefix) Data Link-

DLC Data Link Connection

DLCEP Data Link Connection End Point

D - e Lo 1 oo - A o - .
DLSAP—Datatmk-Service AccessPomt

FAL Fieldbus Application Layer

FIFO First In First Out

ID Identifier

IEC International Electrotechnical Commission
ISO International Organization for Standardization

LME Layer Management Entity
(ON]| Open Systems Interconnect
PDU Protocol Data Unit
PL Physical Layer
SAP Service Access Point
SDU Service Data Unit

ent Information B

SMIB System Managem
Each ASE is specified in a separate clause.|Each
elass specification, and its service specificationf The

3.8 Conyentions

The FAL |s defined ag’ase
ASE spegification is "¢

protocol gpecification for g ed in IEC 61158-6.
The clasq es of
the class ation.

The servi

3.8.1 G

This stan@lard uses the degsCriptive conventions given in ISO/IEC 10731
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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 shown below:

FAL ASE: ASE Name
CLASS: Class Name
CLASS ID: #
PARENT CLASS: Parent Class Name
ATTRIBUTES:
1 (0) 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:
6 (m) Attribute:
6.1 (s) Attribute:
6.2 (s) Attribute:
SERV|CES:
1 (o) OpsServicg:
2. (c) Constrain
2.1 (0) Opic
3 (m) MgtServi
(1) The "FA
specified
(2) The'
will be anrinstance, of this class. The class may be specified by this standard, or by a uss
sfandard.
(3) The®CLASS ID:" entry is a number that identifies the class being specified. This number i

Ss being

template
er of this

S unique

within the FAL ASE that will provide the services for this class. When qualified by the identity of its
FAL ASE, it unambiguously identifies the class within the scope of the FAL. The value "NULL"
indicates that the class cannot be instantiated. Class IDs between 1 and 255 are reserved by this
standard to identify standardized classes. They have been assigned to maintain compatibility with
existing national standards. CLASS IDs between 256 and 2048 are allocated for identifying user

defined classes.
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(4) The "PARENT CLASS:" entry is the name of the parent class for the class being specified. All
attributes defined for the parent class and inherited by it are inherited for the class being defined,
and therefore do not have to be redefined in the template for this class.

NOTE The parent-class "TOP" indicates that the class being defined is an initial class definition. The parent class TOP is
used as a starting point from which all other classes are defined. The use of TOP is reserved for classes defined by this
standard.

(5) The "ATTRIBUTES" label indicate 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 (0) /
conditional (c) / selector (s) indicator in column 2, an attribute type label in column 3, a name or a
conditional expression in column 4, and optionally a list of enumerated values in column 5. In the

£o1l H +lo Lot £ l +lo alaf L& 1 £ +lo PR ey la i aal
copgmty TUNMTOWITY TTT TIot UT VAIUTS, TTT UTTault valutT TUT UTc attimoutc 1iiay T SPTUITITU.

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

c) THe line number defines the sequence and the level of nesting of thé | c ylgvel is
identified by period. Nesting is used to specify

i) | fields of a structured attribute (4.1,4.2, 4.3),
ii)| attributes conditional on a constraint statement (5). Attri 1) or

as does the attribute defined in (5.2).

iii)] the selection fields of a choice type attribute (6.

(6) Thel es.defined for the class.
a) Ar for the class, while an (0) indicatds that
it ice is conditional. When all sefvices
defi to be selected when an instance pf the

clgss is defined.
b) THe label "OpsServi
c) The label "Mgt
d) Th

e line num vel is

idd on a
co
3.83 (
The seryi stract
descriptio

3.8.3.1

Service pfimitives are used to represent service user/service provider interactions (ISO/IEC 10731).|They
convey parameters which indicate information available in the user/provider interaction. In any particular
interface, not all parameters need be explicitly stated.

The service specifications of this standard uses a tabular format to describe the component parameters
of the ASE service primitives. The parameters which apply to each group of service primitives are set out
in tables. Each table consists of up to five columns for the
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Parameter name,
request primitive,
indication primitive,
response primitive, and

confirm primitive.

One parameter (or component of it) is listed in each row of each table. Under the appropriate service
primitive columns, a code is used to specify the type of usage of the parameter on the primitive specified
in the column:

M

parameter is mandatory for the primitive

U parameter is a User option, and may or may not be provided depending on dynamic usage of the

b)

3.8.3.
The p

Theseg
constr,

service user. When not provided, a default value Tor the parameter IS assumed.

parameter is conditional upon other parameters or upon the environme ervice)us
(blank) parameter is never present.

parameter is a selected item.

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

“(=)" indicates that the parameter is semanticall meter in the

primitive to its immediate left in the table.

A pa

an indication that some note applies to the en

“(n)” indicates that the following
parameter and its use.

information pertainin
Service Procedures

thfough the exchange of Fieldbus Ay

the interactj or service provider and an application layer ser
in the sam of application layer service primitives.

procedures af
pined commy

es of communication between systems which supp
in the Fieldbus Application Layer.

er.

service

j to the

plication

vice user

ort time-
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4 Concepts

This clause describes fundamentals of the FAL. Each of the ASEs specified for the FAL are described,
including their relationships to each other. More detailed descriptive information about each of the FAL
ASEs can be found in the “Overview” clause of their specifications.

4.1 Architectural relationships
4.1.1 Overview
The Fieldbus is intended to be used in factories and process plants to interconnect primary automation

devices (eg sensors, actuators Iocal dlsplay dewces annunmators programmable Ioglc controllers
small sing . X Of s

located in
Primary 8 archy
and perfg include
diagnosti

These primary automation devices, also termed field devices, are
fabricated part, the machine, the operator and the environme
lowest lev

ids, the
at the

Some of [the expected benefits in using Fieldbus are ion/inAniri i i data
exchangdd, wider distribution of control betwe o PR i room
equipment,

4.1.2 Relationship to the Application Layer

The functions of the FAL hayvé =SCr br, its
architectyral relationship to the isdif i

- The FAL includgs O
o$l Applicati@y
FAL.

- THe Fieldbus D<fa\'nk ar's

< AN SI A ms_lrjser Layer

4. The
ing the

\\ Mcation Layer Fieldbus Application Layer
OSI Middle (non-existent)
Layers
OSI Data Link Layer Fieldbus Data Link Layer
OSI Physical Layer Fieldbus Physical Layer
| |
Phy sical Medium Phy sical M edium

Figure 1 — Relationship to the ISO OSI Reference Model
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4.1.3 Relationships to other fieldbus standards

The Fieldbus Application Layer (FAL) architectural relationships, as illustrated in figure 2, have been
designed to support the interoperability needs of time-critical systems distributed within the Fieldbus
environment.

Within this environment, the FAL provides communications services to time-critical and non-time-critical
applications located in fieldbus devices.

In addition, the FAL directly uses the Data Link Layer to transfer its application layer protocol data units. It
does this using a set of data transfer services and a set of supporting services used to control the
operational aspects of the Data Link Layer.

System Mgt Fieldbus User Layer

Fiedbus
— || ALME

Application Layer \
| S\
Fiddo N

Data Lin La{er7 q
AN >

f th ieIWIicaﬂon Layer

Figure 2 — Architectural Position

4.1.3.1 Use of the Fieldbus Data Link Layer
The Fleldbus Application La cess to Fieldbus APs. It interfaces directly to

Link Yervice acc J Data’ Link connection endpoints (DLCEPSs). The Data Link
Layer protocol inclu eduled access to the physical medium.

The Dpta Link Lay:; i i ( vices to the FAL for the transfer of data betwg¢en Data

41.3.2

Fieldbls applications\are, represented to the network as application processes (APs). APs| are the
compaonents i \ eth that may be individually identified and addressed.

Each AP containSe application entity (AE) that provides network access for the AP. That is, each
AP communicates with gther APs through its AE. In this sense, the AE provides a window of visibility into
the AR.

APs contdin identifiable components that are also visible across the network. These components are
represented to the network as Application Process Objects (APO). They may be identified by one or
more key attributes. They are located at the address of the application process that contains them.

The services used to access them are provided by APO-specific application service elements (ASES)
contained within the FAL. These ASEs are designed to support user, function block, and management
applications.

4.1.3.3  Support for System Management

The FAL services can be used to support various management operations, including management of
fieldbus systems, applications, and the Fieldbus network.

NOTE System management will be specified in the future IEC 61158-7 (in preparation).
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4.1.3.4 Access to FAL Layer Management Entities

One layer management entity (LME) is present in each FAL entity on the network. FALMES provide
access to the FAL for system management purposes.

The set of data accessible by the System Manager is referred to as the System Management Information
Base (SMIB). Each Fieldbus Application Layer Management Entity (FALME) provides the FAL portion of
the SMIB. How the SMIB is implemented is beyond the scope of this standard.

4.2 Fieldbus Application Layer structure
4.2.1 Overview
The structure of the FAL is a refinement of the OSI Application Layer Structure (ISO/IEC 9545). As a

result, the organization of subclause 4.2 is similar to that of ISO/IEC 9545. Certain cancepts presgnted
here have been refined from ISO/IEC 9545 for the Fieldbus environment.

The FAL fiffers from the other layers of OSI in two principal aspects:

* O$%l defines a single type of application layer communications chaprel, the assaciati nnect
ARs to each other. The FAL defines the Application Relationshipg A bveral
types, to permit application processes (APs) to communicate xvith &

e The FAL uses the DLL to transfer its PDUs and not the j i ) fore, there|is no
explicit presentation context available to the FAL. Bg the s air (Or set) of datp link
sefvice access points the FAL protocol may not be ysed/Cy ith other application| layer
protocols.

4.2.2 Hundamental concepts

The opergtion of time critical real open syste -gritical

APs. The

Cooperat y out
processin ieldbus
segment, cture
to support

Cooperat| g Link
Layer sp4gcifi . Ir also
defines lo

The remai their
relationshi vhich
provides \ uhication services for use by applications. The FAL objects and| their
relationships are_described below. The detailed specifications of FAL objects and their serviceg are
provided [in the<followi lauses of this technical specification. IEC 61158-6 specifies the protocols

necessary to convey these object services between applications.

4.2.3 Fieldbus Application processes

4.2.3.1 Definition of the Fieldbus AP

In the Fieldbus environment, an application may be partitioned into a set of components and distributed
across a number of devices on the network. Each of these components is referred to as a Fieldbus
Application Process (AP). A Fieldbus AP is a variation of an Application Process as defined in 1ISO OSI
Reference Model (ISO/IEC 7498). Fieldbus APs may be unambiguously addressed by at least one
individual Data Link Layer service access point address. Unambiguously addressed, in this context,
means that no other AP may simultaneously be located by the same address. This definition does not
prohibit an AP from being located by more than one individual or group data link service access point
address.
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4.2.3.2 Communication services

Fieldbus APs communicate with each using confirmed and unconfirmed services (ISO/IEC 10731). The
services defined in this specification for the FAL specify the semantics of the services as seen by the
requesting and responding APs. The syntax of the messages used to convey the service requests and
responses is defined in IEC 61158-6. The AP behavior associated with the services is specified by
the AP.

Confirmed services are used to define request/response exchanges between APs, such that if a
response is not returned to the requesting user within a specified time interval, the requesting user is
notified and the service invocation is cancelled.

Unconflrmed services, in contrast, are used to deflne the unldlrectlonal transfer of messages from one

conﬁr
unconfirmed service by the recelver.

ired data
Control

Dedicgted ARs provide the AR ASE services directly to the FAL YSer,
transfers between APs in which user data is transferred using
Information (PCI).

4.2.3.3 AP Interactions

Within the Fieldbus environment, APs may intera
functignal objectives. No constraints arg~imposed

ecessary to achig¢ve their
on the organization pf these

interagtions or the possible relationshipg that i§ . For example, in the |Fieldbus
envirohment, interactions may be based on\eq 3 s sent directly between APs, or on
data/ejvents published by one AP for use bhy-s 0 models of interactions between|APs are

referrgd to as client/server and publisher/

The sprvices supported by an “gtéracti xhveyed by application relationship gndpoints
(AREHR i i Tunicati . The role that the AREP plays in the interaction (e.g.
client,|server, peer, publishe i is-defined-as an attribute of the AREP. See clause [7 for the
definitjon of the A an i annexes following annex B for the definition of each of
the AREP types, @ X C for a summary of AREP Roles and the FAL|services
suppofted by them.

4.2.3.3.

Client/ arterized by a bi-directional data flow between a single client AP and a
single e figure below. In this type of interaction, the client may| issue a
confir est to the server to perform some task. If the service is confirmed|then the
server esponse. If the service is unconfirmed, the server may return a fesponse

using an unconﬂ ned seyvice defined for this purpose.

Unconfirmed and
confirmed service requests
Client - Server

(requester - - - responder)
Unconfirmed service replies and

confirmed service responses

Figure 3 — Client/Server Interactions
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4.2.3.3.2 Publisher / Subscriber Interactions

Publisher/subscriber interactions, on the other hand, involve a single publisher AP, and a group of one or
more subscriber APs. This type of interaction has been defined to support two models of interaction
between APs, the "pull" model and the "push” model. In both models, the setup of the publishing AP is
performed by management and is outside the scope of this specification.

4.2.3.3.2.1 Pull Model Interactions

In the "pull" model, the publisher receives a request to publish from a remote publishing manager, and
broadcasts (or multicasts) its response across the network. The publishing manager is responsible only
for initiating publishing by sending a request to the publisher.

Confirmefl FAL services are used to support this type of interaction. Two charé isti is type of
interaction differentiate it from the other types of interaction. First, a typical ¢onfj asponse
exchangq is performed between publishing manager and the publisher. - ierlying

conveyance mechamsm prowded by the FAL returns the response no jUS y blishi ager,
but also to ian. By aving
the Data Link Layer transmit the response to a group address, rath o thisi bf the
publishing manager. Therefore, the response sent by the pub s, the p and is
multicast [to the publishing manager and to all subscribers.

The seco
pull subs
issued the

to as
aving

confirmed e \es()
Q
Pull W d Tatortat

Publis& % \/ >
Manager Pull
/\ x \/ Publisher

P onfirped service response

; containing
%‘@h’\ j>pub|ished information

< \\'\/
R ubs IIiber

Figure 4 — Pull Model Interactions

4.2.3.3.2.2 Push Model Interactions

In the "push” model, two services are used, one confirmed and one unconfirmed. The confirmed service
is used by the subscriber to request to join the publishing. The response to this request is returned to the
subscriber, following the client/server model of interaction. This exchange is only necessary when the
subscriber and the publisher are located in different APs.

The unconfirmed service used in the Push Model is used by the publisher to distribute its information to
subscribers. In this case, the publisher is responsible for invoking the correct unconfirmed service at the
appropriate time and for supplying the appropriate information. In this fashion, it is configured to "push"
its data onto the network.
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Subscribers for the Push Model receive the published unconfirmed services distributed by publishers.
Figure 5 illustrates the concept of the Push Model.

confirmed service request to
subscribe to publishing >
Push 4 ) - —
Subscriber confirmed ser\./llce respon;e to indicate Push
capability to publish Publisher
Push .
< g
Subscriber published information
|
|
|
Push
Subscriber '

4.2.3.3.2.3 Timeliness of published inform
To support the perishable nature of published_ iR i the imeliness
definef for publisher/subscriber interaction A i sible f [ isheql data to
determine if the data they are receiving/is up- t dat . i through
mechgnisms within the Data Link Layer (DL i ST i . detailed
description, refer to IEC 611

Type

Sy

psidencg

rmine the
gccompany
timeliness,
| It merely
 process.

ission, the
d, the DLL
ith the data.

pe of timeliness requires the coordination of two pieces of| published
grmation. One is the data to be published and the other is a special “sync mark”.
vhen the sync mark is received from the network a timer starts in each of the
participating stations. Subsequently, when data is received for transmisgion by the
DLL at the publishing station, or when the transmitted data is received from the

network at a subscribing station, the DLL timeliness attribute for the data is set to
TRUE. It remains TRUE until the reception of the next sync mark or until the timer
expires. Data received after the timer expires but before the next sync mark does not
cause the timeliness attribute to be reset to TRUE. It is only reset to TRUE if data is
received within the time window after receipt of the sync mark. Data transmitted by
the publisher station with the timeliness attribute set to FALSE maintains the setting
of FALSE at each of the subscribers, regardless of their timer operation.
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Update This type of timeliness requires the coordination of the same two pieces of pu
information defined for synchronized timeliness. In this type, the sync mark also
starts a timer in each of the participating stations. Like synchronized timeliness,
expiration of the timer always causes the timeliness attribute to be set to FALSE.
Unlike synchronized timeliness, receipt of new data at any time (not just within the

time window started with the receipt of a sync mark) causes the timeliness attr
be set to TRUE.

NOTE Time interval values are managed through system management (see the future IEC 61158-7).

blished

ibute to

4.2.3.4 AP Structure

The interhals of APs may be represented by one, or more Application Process /Objects (ARQs) and
accessed through one or more Application Entities (AEs). AEs provide the commu |cat|on apabﬂmes of
the AP. Hor each Fieldbus AP, there is one and only one FAL AE. APOs are tation
of applicgtion specific capabilities (user application objects) of an AP that are AES.
4.2.35 |AP Class

An AP clgss is a definition of the attributes and services of an AP. \Ps is
defined in this technical specification. User defined classes a tifiers
(describef in 3.8.2) are assigned from a set reserved for this

4.2.3.6

AP types

As descri ch AP
definition i its AP
class. In .[When
two APs e is a
generic s

The desdri ype of
the AP.

424 A

4.2.41

An applid a network representation of a specific aspect of an AP. Each|APO
represents a i mation and processing capabilities of an AP that are accessible thfough
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 modeled as a network accessible object contained within an
AP or withith.another APO (APOs may contain other APOs). APOs provide the network definitign for

objects contained within an AP that are remotely accessiDIE.

I'he detinition or an AFOQ Includes an

identification of the FAL services that can be used by remote APs for remote access. The FAL services,
as shown in the figure below, are provided by the FAL communications entity of the AP, known as the
FAL Applications Entity (FAL AE).
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senicesfor remote
access to APO
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// requester responder
/

APO provides network
view of real object (\

Figure 6 — APOs Services Conveyed by the FA

In figu
APO

4.2.4.

network visible aspects of APs. Each
ork accessible AP attributes and servi
sed by the FAL protocol to provide remote g

asses may also be specified. Class identifiers for use
13.8.2, are assigned from a set reserved for this purpose.

available for public use is beyond the scope of this technical specification.

bugh the
iew (the

can be
ublished

standard
ces. IEC
ccess to

Hardizing
defined

r-defined
s for the
8.2 may
efinitions

4.2.4.3 APOs as Instances of APO Classes

APO Classes are defined in this technical specification 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
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(1) selecting the attributes from its APO Class template that are to be accessible from the real object,

(2) assigning values to one or more attributes indicated as key in the template. Key attributes are
used to identify the APO;

(3) assigning values to zero, one, or more non-key attributes for the APO. Non-key attributes are
used to characterize the APO;

(4) selecting the services from the template that may be used by remote APs to access the real
object.

Subclause 3.8.2 of this technical specification specifies the conventions for class templates. These
conventions provide for the definition of mandatory, optional, and conditional attributes and services.

Mandatory attributes and services are required to be present in all APQs of the class.Optional attributes
and servites may be selected, on an APO by APO basis, for inclusion in an APO. Con |t|onal atirfputes
and servites are defined with an accompanying constraint statement. Constraint ify the
condition$ that indicate whether or not the attribute is to be present in an APO.

4244 |APO Types
APO typess provide the mechanism for defining standard APOs.

As described above in the previous subclauses, APOs are defired antiating . Each
APO definition is composed of the attributes and services s S i by its
APO class. In addition, an APO definition contain values fof ong Qr morg o i for it.
When twp APOs share the same definition, except for gy, & pferred
to as an APO type. Thus, an APO type is a gehexi A i one or
more APQs.

The descfiptor reference attribute included in ' i i of the
APO.

4.2.5 Application entities

4.2.5.1 |Definition of EAL

An applicption entity p
of services and the enable communications between APs in a Figldbus
environmgnt. The servi s are grouped into Application Service Elements (ASE),
such thaf] the FAL seni S an/AP are defined by the ASEs its FAL AE contains. Fidure 7
illustrates| this co

a set

service primitives

A

—FAL AE
A B\
FAL
Service
FAL ASE ‘

service conveyance to remote AEs

Figure 7 — Application entity structure
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4252 AE Type

Application entities that provide the same set of ASEs are of the same AE-type. Two AEs must share a
common set of ASEs to be capable of communicating with each other.

4.2.6 Fieldbus Application Service Elements

4.2.6.1 Introduction

An application service element (ASE), as defined in ISO/IEC 9545, is a set of application functions that
provide a capability for the interworking of application-entity-invocations for a specific purpose. ASEs
provide a set of services for conveying requests and responses to and from application processes and
their objects. AEs, as defined above, are represented by a collection of ASE invocations within the AE.

426" FI"‘\L SCIV;\:CO

FAL Sgrvices convey functional requests/responses between APs. Each FAL selvice i Db convey

The FAL defines both confirmed and unconfirmed services. Confirmed servi ¢ are sgnt to the
AP cdntaining the real object. Each invocation of a confirmed serdiceNey N ifi y a user
supplied Invoke ID. The same Invoke ID is returned in the response ‘ iniQe bl object.
It is uged by the requesting AP and its FAL AE to associate the ¢ uest.
The FAL AE uses context information associated with thie request 5 be. If the
responding AP fails to respond within a specified time_period, the FAKAE s indicate
to the

Uncon ject to publish information about the
object i ' types of
uncon

4.2.6.3

A modular approach has b

also gbject-oriented
desigrjed for on"
provides a commor/s¢

FAL are
services
ent ASE
AP ASE

provides a set of se tion, and
Load | -

To su C rvices to
the AR fopdefining and® services
to the pther A

Each FAL ASE-defines’a set of services, APDUs, and procedures that operate on the classgs that it
represents. Only a subset of the ASE services may be provided to meet the needs of an application.
Profilgs.miay be used to define such subsets. Definition of profiles is beyond the scope of this fechnical
SpeCiflbat;uu.

APDUs are sent and received between FAL ASEs that support the same services. Each FAL AE
contains, at a minimum, the AR ASE and at least one other ASE Figure 8 illustrates the FAL ASEs and
their architectural relationships.
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FAL AP

ASE Requests and Responses

S S S Y S S
Yy Y Y Y v

AP Mat Variable Event Fnc Inv Load Reg
ASE ASE ASE ASE ASE ASE

AR ASE
-q—— Service
v Primitives
AR
ASE
FAL AE A A A

Conveyance of APDUs by the AR ASE

YOV

Btg.

4.2.6.3.1 | Object Management ASE

A speciallobject management ASE is specified bnt of
objects. IIs services are used to access obje i 8 hese
services fare used to manage network visil A jects actessed though the FAL. The specific
operationpl services that apply o ea j ified in the definition of the ASE for the g¢bject
type. The figure below illustrates\the tegration ment and operational services for an ¢bject
within an AP.

Apyplication Process

N
_ Target
gt services » | Object Attributes
N

2

X |
describe
A |
B
APO ¢ ops services > Target
ASE P Object

Figure 9 — FAL Management of objects

4.2.6.3.2 AP ASE

An AP ASE is specified for the identification and control of FAL APs. The attributes defined by the AP
ASE specify characteristics of the AP about its manufacturer, and list its contents and capabilities. One
service defined for the AP ASE supports the push model for publishing data. Using this service,
subscribers are able to indicate their requirements for receiving published data. Another service is used
to initialize communications with other APs. Other AP specific services are used to identify the
manufacturer of the AP, to obtain its operational status.
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4.2.6.3.3 APO ASEs

The FAL specifies a set of ASEs with services defined for accessing the APOs of an AP. The APO ASEs
defined for the FAL are:

Data Type ASE
Variable ASE

Event ASE

Load Region ASE
Function Invocation ASE

0 convey
between
ices are
and for
ccessing

certair

aspects of AR endpoints.

Because ARs are communications objects defined and located
Systermn Management Agent instead of being managed using the
The System Management Agent and the AR managed objects-wi

d by the
services.
158-7.

4.2.6.4 FAL Service Conveyance

FAL £ sponses
betwe onveyed
from t ¢ are conveyed to the real olpject and
servic

To ac s for the
sendin ser, they
accep PDU that
will be portion.

At the e APDU
bodieg y deliver
the se

Service Parameters

FAL APDU Body \

——FAL AE FAL AE
_ v FAEAP; FAL FAL FAEAP; v
service o Mgt, or —| AR ¢ FAL N AR —) Mgt, or rgal
user User APO ASE APDUSs ASE User APO object

ASE T T ASE

\ service primitives /

Figure 10 — ASE Service Conveyance
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When a confirmed service request is received for conveyance the sending AR ASE starts a timer when it
sends the request APDU and waits for the corresponding response APDU. If the timer expires before the
response is received, it notifies the user and stops waiting for the response.

In addition, for service requests that operate on AR endpoints, such as establish and de-establish, the
AR ASE will perform the processing required to maintain the appropriate context for the affected
endpoint(s).

4.2.6.5 FAL Presentation Context

The presentation context in the OSI environment is used to distinguish the APDUs of one ASE from
another, and to identify the transfer syntax rules used to encode each APDU. However, the Fieldbus

communications architecture does not include the presentation layer. Therefore, an alternate mechanism
must be provided for the EA|

The mecianism used by the FAL has two parts. First, all FAL ASEs share a commg ader.

This header identifies the abstract syntax for the body of each FAL APDU. Secg yntax
rules are fixed, not negotiated, for all exchanges over a particular AR. Therefore ; ntext
responsilility for identifying the set of transfer syntax rules that were used fo i VJ is not

necessar

4.2.7 Application relationships
4.2.7.1 |Definition of AR

ARs reprgsent communication channels between APs. Th 3w infarmation i cated
between APs. Each AR is characterized by how |t CONyeYs\A I from
one AP tq another. These characteristics are e

4.2.7.2 |AR-Endpoints
ARs are (lefined as a set of cooperating APs| The-AR AS
and mainfains its local context. Th e w
conveyance of APDUs on the AR

4.2.7.3 |AR-Endpoint Cla

ARs are |composed patible classes. AR endpoint classes are usgd to
represent AR endpoin \ the same way. Through the standardization of endpoint
classes, ARs for differer g i stion” can be defined. Endpoint class definitions are contained
as annexes to this sp&cifi iti i

e AR,
ol the

4.2.7.4 |AR Cardinality

ARs charpcterize yications between APs. One of the characteristics of an AR is the number pf AR
endpointg in the AR at_convey services between two APs have a cardinality of 1-to-1. Thosg that
convey services fro AP to a number of APs have a cardinality of 1-to-many. ARs that repregent a
many-to-[nany eohveyangg’among APs are not supported by the FAL.

4.2.75 |Accessing Objects through ARs

ARs provide access to APs and the objects within them through 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 are selected from those defined for the
AE.

4.2.7.6 AR Conveyance Paths

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

Because 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.
Therefore, endpoint roles are defined to support the client/server and publisher/subscriber models of
interaction.

For example, an AREP may operate as a client, a server, a publisher, or a subscriber. When an AREP
interacts with another AREP on a single AR as both a client and a server, it is defined to have the role of
“peer”. Other roles defined for AREPs are used in support of the publisher/subscriber model of
interaction, such as publishing manager, “pull” publisher, and “push” publisher.

Certain roles are capable of initiating service requests, while others are only capable of responding to
servicE TeqUests. This part of the definition of a role Identfies the requirement 1or an AR 10 be capable of
conveying requests in either direction, or only in one direction.

4.2.7.8 AREP Buffers and Queues

nsferred
s over a
Data Link
contents

over 4 queued AREP are delivered in the order received for conve
buffer¢d AREP is different. In this case, an APDU to be conveyedh

he buffer
served in
be read

PDU into
previous
er is not
be read

ishing of a
nown by

EPs that
thronous

with rgspect tosretwork\operation.

AREPE that convey requests and responses at predefined intervals, regardless of when they are [received
for transfer are termed network-scheduled. The time-intervals used to regulate conveygnce are
maintained by he Data Link Layer. Nemwork-scheduled AREPS are capable of indicating when
transferred data was submitted late for transmission, or when it was submitted on time, but transmitted
late.

Network-scheduled AREPs may also convey requests and responses synchronously using the Data Link
compel service if the Data Link layer has available bandwidth. These transfers occur “out-of-band” (that
is, outside the cyclic portion of the network schedule) with respect to the scheduled transfers of
these ARs.
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4.2.7.10 AREP Timeliness

AREPs convey APDUs between applications using the services of the link layer. When the timeliness
capabilities are defined for an AREP, the AREP forwards the timeliness indicators provided by the Data
Link Layer. These timeliness indicators make it possible for subscribers of published data to determine if
the data they are receiving is up-to-date or “stale”. A brief description of these timeliness indicators is
givenin 2.2.3.3.2.3.

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 connection establishment, the
AREP receives user data and submits it to the DLL for transmission, where timeliness procedures are
performed. When the Data Link Layer has the opportunity to transmit the data, it transmits the current
timeliness status with the data.

At the subscriber AREP, a data link connection is opened to receive published dat eflects,the type
of timelingss configured for it by management. The Data Link Layer computes the eived
data and fthen delivers it to the AREP. The data is then delivered to the user AP thro priate
ASE.

that

4.2.7.11 |Identification of ARs

FAL AEs|are accessed through one or more data link addresse
addressef of the AREPSs that participate in the AR.

A link

To simplify AR identification for 1-to-many ARs, group PLSAP\a are~dsed instead of address
lists for AREPS that receive unconfirmed sekyi ing connectionless data link
services. [For AREPS that receive unconfirfied serdce re éd using connection-oriented
data link $ervices, the DLCEP address of the d to identify the AR; no other address
is necesdary. Therefore, the addresses used te~denti AR are reduced to either a gair of
DLSAP afldresses or a single DLCEP address, msﬁ amenumerated list of addresses.

For the glissemination of info pu and subscribers, these techniques permit

publisherg to be unaware of

4.2.7.12 | Definition {f}re
AREP definitions specify | R clases AREPs may be predefined or they may be defined
using the|create serviceA : ' :

AREPs mmay be/p i - pre-established, or they may be pre-defined and dynanjically
established. Fig p| S thesg” two cases. AREPs also may require both dynamic definition
(through Bys establishment or they may be dynamically defined such thaf they
may be ugsed withotit\amre ishment (they are defined in an established state).
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4.2.7.]

ARs may be established either before the operational phase gf th Y ing its operatio
establ{shed during the operation of an AP, the AR Establis i AR Establis
resultg in the exchange of AR Establishment APDUs.

Once pn AR has been established, an AR may be tefminated sifg thenAbort service. The Abo
causep the AR endpoint to be closed immediatel ne of APDUs. Instead, the
endpojnt issues a single abort APDU to i participating in the AR that it is 1
capable of sending or receiving APDUs on t

Additignally, an AR can be gracefully terminated, g ished, using the AR DeEstablish
The AR DeEstablish service Jlts 4N the excharg de-establishment APDUSs. The defini
operation is for future study.

4.2.7.14 ReservedAR

The FAL defines a and reserving ARs for a specific purpose. One su
speciffed and reserveg system_management. Reserved ARs are specified in IEC

annex|A.

4.3 HeldbusApplication aye ming and Addressing

This sjubg principles defined in ISO 7498-3 that involve the identification (narm
locatign (addres g referenced through the Fieldbus Application Layer.

This spibclause.defineg hiow names and numeric identifiers are used to identify APOs accessiblg
the FAL., This subclause also specifies how Data Link Layer addresses are used to locate AR
Fieldbps.environment.

-5 © |IEC:1999 -35-
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Figure 11 — Defined and Established AREP
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43.1

Identifying Objects accessed through the FAL

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

Identifiers for APs and APOs within the FAL are defined as key attributes in the class definitions for
APOs. Within these APO class definitions, four types of key attributes are used: names, numeric
identifiers, symbolic addresses, and numeric addresses.

Identifiers are assigned for the purpose of discriminating among APs and APOs. Therefore, at a given

time,
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(1) within the scope of a Fieldbus system, no two APs may have the same name, and
(2) within the scope of an AP, no two APOs may have the same identifier, and
(3) within the scope of an AP, an APO may not have the same identifier as its AP.

43.1.1 Names

Names are string-oriented identifiers. They are defined to permit APs and APOs to be named within the
domain of the system where they are used. Therefore, although the scope of the name of an APO is
specific to the AP in which it resides, the assignment of the name is administered within the system in
which it is configured.

Names may be descriptive, although they do not have to be. Descriptive names make it possible to
provide n"paningful information siuich as its 1ise about the nhjm"r 'rhpy name

Names may also be coded. Coded names make it possible to identify an~gbject u'ng a short,
compresged form of a name. They are typically simpler to transfer and progess, egsy to
understand as descriptive names.

The namps used within the FAL may be either descriptive or coded. heip valugs are
assigned [by the FAL user.

4.3.1.2 |Numeric Identifiers

for efficient use within
AP. The scope of numeric

Numeric [dentifiers are identifiers whose values are integers. They are S|g
the Fieldhpus system, and are assigned for efficient access\ o2 O@/ thei
identifierd is local to the AP.

19

4.3.1.3 |Numeric Addresses
Numeric addresses represent logical memory addresses foKAR of a limited set of classes. This type of
identifier i$ defined to simplify naming that are ally’associated with a specific location in memory.

4.3.1.4 |Symbolic Addres

Symbolic|addresses es
they configured. The
independgent from names 4

POs independent of their use or the system Where
facturers of Fieldbus APs to assign identifiers to APOs
ain of the system where they are used.

4.3.2 Addressing

Fieldbus pddresst work locations of APs. Addresses relevant to the FAL are DLSAP
addressep ue

4.3.2.1 |Use of Data Lin

DL-addrepses are used by the FAL to locate AR endpoints. These addresses may be DLSAP-addrgsses
or DLCER-addresses, depending on how the AREP is mapped to the Data Link Layer. An AREP’s Data

Link Lay L mnlnlning defines which r\apahilifinc of the Data Link 1 ayer are used-to cn'r_\'r_\nrt conveyamce of

APDUs by the AREP.

DL addresses are not used to identify objects accessed or referenced through the AR endpoint, and they
are only used to locate the endpoint, not identify it.

4.3.2.2 Binding of AR Endpoints to Data Link Layer Service Access Points

Data Link Layer addresses locate the Data Link Layer Service Access points (DLSAPS) and connection
endpoints (DLCEPSs) to which an AR endpoint may be bound. Therefore, an AR endpoint is located by its
binding to a single DLSAP or DLCEP that may be identified by one or more DLL-addresses. Only one AR
Endpoint may be bound to a specific DLCEP, or source and destination DLSAP pair in the case of
connectionless data link operation, at a given time.
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4.4 Architecture Summary

The summary of the FAL architecture is presented in this clause. Figure 12 illustrates the major
components of the FAL architecture and how they relate to each other.
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Upon feceipt ‘ef-the.confirmed service request APDU Body in an AR Confirmed Send service ipdication
primitive, the“responding ASE decodes it. If a protocol error was encountered while decqdding the
received’APDU Body, the ASE uses the AR Abort Service to abort the AR or it internally requests the AP
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not occur, the ASE delivers a confirmed service indication primitive to its user.

If the responding user is able to successfully process the request, the user returns a confirmed service
response (+) primitive.

If the responding user is unable to successfully process the request, 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 using an AR Confirmed Send service response primitive.
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Upon receipt of the returned APDU Body in an AR Confirmed Send service confirmation (+ or -) primitive
the initiating ASE delivers a confirmed service confirmation primitive to its user which specifies success
or failure, and the reason for failure if a failure occurred. It also cancels the corresponding transaction
state machine.

However, if the AP’s transaction timer expires before the corresponding response or error APDU is
received, the AP may take corrective actions, which may include instructing its local ASE to cancel the
transaction state machine. Such instruction to the ASE would occur through a locally defined interface.

4.5.2

Confirmed Service Time Sequence Diagram

User FAL AE Network FAL AE er
APO ASE AR ASE | APO /
confirmed confirmed
service.req send.req
— >
________________ A
hbort.ind abort.ind «—|ARASE Detetts
< — Protog6l Erro
_________ e — _:§><<__
O'ASE Detects
/\ A PrptocoDError
bortind abort.ind B \‘__@bért.req abort.ind=
rt.in <
T \( { 7 | OR |
L= 1
V \Q Reject.Req
ting < 15 D]V R
Jreiect.in <
& \) User Returns
Response (+/-
\\, ) confirmed
confirmed | service.rsp(+/
send.rsp —
co e —
sgrvise.cnffeife N N} o V1
User Returns
Response (+/-
confirmed
A A service rspn(+/
APOASE NELA
Detects PDU | ¢—F—
Size Error
Reject.Req o
Reject.Ind PDU FEjECt.Ind‘
“«—— < >
. . —
reject.ind

Figure 13 — Time Sequence Diagram For The Confirmed Services
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4.5.3 FAL Unconfirmed Service Procedures

FAL unconfirmed services are capable of operating through queues or buffers.

The requesting user submits an unconfirmed service request primitive to its FAL AE. The appropriate
FAL ASE builds the related unconfirmed service request APDU Body and conveys it on the specified AR
using an AR Unconfirmed Send Service request primitive.

Upon receipt of the unconfirmed request APDU Body in an AR Unconfirmed Send Service indication
primitive, the receiving ASE(sS) 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.

4.5.4 | Unconfirmed Service Time Sequence Diagram

A<(<\\
User FAL AE Network EAC B\gr

APO ASE AR ASE A WSE

\
unconfirmed
service.req uncnf

— send.req Q >
> Q uncnf

send.ind unconfirmed
service.rg

]

—>

(\
Wr Unconfirmed Services

L Cfass specifications of the FAL Classes that follow, except
re defined here instead of with the other attributes forf each of

46 (

The fg
for thg
the se

1 eric ldentifier
2 Name

3 User Description
4 (o) y“Attribute: Object Revision

Numetctdentifrer
This optional key attribute specifies the numeric id of the object. It is used as a shorthand reference by

the FAL protocol to identify the object. There are three possibilities for identification purposes: numeric
identifier or name or both. This attribute is required for the Data Type model.

Name

This optional key attribute specifies the name of the object. There are three possibilities for identification
purposes: numeric identifier or name or both.

User description

This attribute contains user defined descriptive information about the object.
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Object Revision

This attribute specifies the revision level of the object. It is a structured attribute composed of major and
minor revision numbers. If Object Revision is supported, it contains both a Major Revision and a Minor
Revision with a value range 0 to 15 for each. The use of major/minor fields is intended to provide the
following features:

Major Revision

The Major Revision field contains the major revision value for the object. A change to the major
revision indicates that interoperability is affected by the change.

Minor Revision

The Minar Revision field contains the minor revision value for the nhjpr‘r A (‘h:—mgp to the minor
revisipn indicates that interoperability was not affected by the change -- that is users.of the object will
continue to be capable of interoperating with the object when its minor revisig vided
that the major revision remains the same.
4.7 Common FAL Service Parameters
In the spgcifications of the FAL services that follow, the following a quenily and
consistently. Therefore, they are defined here instead of with y ‘ of the
services.
AREP
This parg y the
service. Tlhi
Invoke 1D
This parg 4 with
responseg. ke ID
value.
FAL ASE[FAL Class
This pargmeter speci ,|Load
Region) gnd the FAL Clag
Numeric D
This parameter i
Error Info
This pargmeter «prowid error information for service errors. It is returned in confirmed service
response(-) primifives. Itig’composed of the following elements.
Error'ctass

This parameter indicates the general class of error. Valid values are specified in the definition of

Error

Code parameter, below.
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Error Code
This parameter identifies the specific service error. Table 1 indicates the error codes by class.

Table 1 — Error Codes by Class

Error Class
Error Code AP AP Ref Definition | Resource| Service Access Obj Def Other  [Conclude
State
other X X X X X X X X X
ap-unreachable
object-undefined X
foonsistent —
ngme-already-exists X (

njemory-unavailable X \ C

pject-state-conflict X \ \

0

pdu-size 6( \ \
opject-constraint-conflict &\ \ \
pprameter-inconsistent ™ X \ >

egal-parameter

/
opject-invalidated — ( g 7 \/X
hardware-fault X\// \ \> X
P

Q

pbject-access-denied

x

invalid-address

a}yject-attribute-
inconsistent

Q

\/é/

pbject-access- \(
hsupported N

<

Q

—

el |

pject-non-existent I \ X
pe-conflict /\ x > X
Amed-access- (\ \> X
hsupported A AN
ccess-to-element- \/

hsupported~_

(il «}]

pme-length-overd| >

-

b dét-overtidy N\

Q

bj defﬁﬂ{e&tect d /

Q

X X |IX |IX

P-description- th-
verflow

S >

Q
X

erational-problem

obj def ext overflow X

AP reference invalid

Context unsupported X

Type unsupported

Type unconsistent

Further communication X
needed
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Additional Code

This optional parameter identifies the error encountered when processing the request specific to the
object being accessed. When used, the value submitted in the response primitive is delivered
unchanged in the confirmation primitive.

Additional Detail

This optional parameter contains user data that accompanies the negative response. When used,
the value submitted in the response primitive is delivered unchanged in the confirmation primitive.

4.8 APDU size

All data transferred in a single invocation of an FAL service is transferred in a single FAL APDU, unless
the AR u i i ion | ow the

AP sendi

It may nd user
data of a anism
may be | ot be

conveyed
paramete
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5 Object Management ASE

5.1 Overview

The FAL ASE Models each specify one or more related FAL APO classes as a collection of attributes
and services. The FAL services defined for a class are used to manipulate, control, or access APOs of
the class. The services which are supported by a specific APO are specified
ListOfManagementServices attribute of the APO.

by the

To dynamically create or delete the network view of an APO, or to access its attribute values, this FAL
ASE defines common FAL APO management services. Each APO Class definition specifies which of
these services may be included in the definitions of APOs of the class. These services operate using the

client/

5.2 H

The nj
attribu
of this
of ser

5.3 H

Manag
referrg

Creats
dynan
its attn

the attribute definition.

Becau
Begin
used f
servicg
can re

5.3.1

This ¢
the se|
canno
been

for cre

The L

berver model.

AL Management Model Specification

ices.

AL Management Model Services

ically created or deleted. Get Attributes } efvices are specified to indica
butes can be read or written. The & which can be set are specified a

s and their
g clauses
and a set

POs are

5 can be
ite when
S part of

se unexpected change ithin an AP can affect operation of thg AP, the
Set Attributes and g’are defined. The Begin Set Attributes sgrvice is
0 request the 3, change its object definitions. The End Set Attributes
b is used tot hanges to its object definitions are complete ahd that it
sume normal gpe
Create Se
onﬂrme ser hake an object visible and accessible across the network. As part of
[Vige ue foNthe object’s attributes may be specified. If all attribute values to be initialized
be ! le APDU, then the Set Attributes service can be used once the object has
Created iby at may be updated using the Set Attributes service. The scope of visibility
ated objects.s Application Process specific.

st'af,Supported Attributes parameter is used to indicate to the requester the attributes wh

ch were

actual

ormlf ) o PR ¥ ATy | 1 L £ daaido it oot + PR |
y LiTalcu 10T U1 UDJTUL 1T ITiidl valut o WTt SUPPIITU TUT Allnuic o tiat weTTc Tt Licalcu,

the List

of Supported Attributes can be used to determine the ones which were not created and initialized
according to the request. This capability represents a form of negotiation when creating an object.

NOTE Whether or not an AP actually creates the object is a local matter. The intent of the service is to request that it be
prepared for remote access.
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5.3.1.1
The service parameters for this service are shown in table 2.

Service Parameters

Table 2 — Create Service Parameters

61158-5 © IEC:1999

Parameter name Req Ind Rsp Cnf
Argument M M(=)

AREP M M(=)

Invoke ID M M(=)

FAL ASE / FAL Class M M(=)

LISt of Attribute 1Ds and Tnitial vValues ™ M=)

Argumen

Result (+) <
AREP
Invoke ID
Numeric ID <

Result (-) /\\ s\ | sE)
AREP /(3 M M(=)
Invoke ID M M(=)
Error Info x s M M(=)

e set

s the

pility to

List of Attfibute IDs an
This pargmeter identi lue of one or more of the object's attributes to K
during thge i e object's key attributes must be present. Valugs for
mandatory and optiopd ay be upplied. The AP that creates the object determing
complemgnt of attributt
NOTE i ed for mandatory attributes if the AP creating the object does not have the a
supply &n ini itsS own, How it acquires these values on its own is beyond the scope of this standard
Result(+)
This selegtiontype paraméter indicates that the service request succeeded.

Result(-)
This selection type parameter indicates that the service request failed.

5.3.1.2 Service Procedure

The Confirmed Service Procedure specified in clause 4 applies to this service.

5.3.2 Delete Service

This confirmed service is used to make an object that is currently visible and accessible not visible and

not accessible across the network.

NOTE Whether or not the real obect is actually deleted or simply removed from network accessibility is a local matter.
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5.3.2.1  Service Parameters
The service parameters for this service are shown in table 3.

Table 3 — Delete Service Parameters

Parameter name Req Ind Rsp Cnf
Argument M M(=)

AREP M | M)

Invoke ID M M(=)

FAL ASE / FAL Class M M(=)

l(ny Attribute M I\/I(—)

Result (+)
AREP

Invoke 1D /\

§§

S(=)
M(=)
M(=)

(o 5E
= Z /0
)

M(=)

Invoke ID
Error Info /\(x (\ R
Argunient

The ajgument contains the pgtameters of the s%: reguest

FAL ABE/FAL Class
This parameter specifies
Region) and the F@

Key Attribute
This pprameter ide

Resulf(-)
This sgleCtion type parameter indicates that the service request failed.

bn, Load

5.3.2.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

Once deleted, an object is no longer accessible using the services of the FAL.
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5.3.3 Get Attributes Service

This confirmed service is used to read the current values of a list of attributes for one or more objects of
one or more classes defined for the AP. It operates in a "best effort" fashion, such that the service
succeeds if the value for at least one requested attribute for one requested object is returned.

5.3.3.1 Service Parameters
The service parameters for this service are shown in table 4.

Table 4 — Get Attributes Service Parameters

Parameter name Req Ind Rsp Cnf
ATQUITTETT M)
AREP M(=) \
Invoke ID M(=)
List of Objects and their Attributes S(=) >
Key Attribute x

List of Requested Attributes
Data Type Requested
Range of Objects and their Attributes
Starting Numeric 1D
List of Requested Attribute

oaeyyrzozes

Result (+) S S(=)
AREP Q M | ME)
Invoke ID M M(=)
More M M(=)
List of M M(=)

|_ist£<> s cC |[COG
S S(=)

S S(=)

C C(=)

S S(=)

M M(=)

Invoke ID M M(=)
Errerio M M&

Argument
The argument contains the parameters of the service request.

List of Objects and their Attributes

This selection type parameter provides a list that identifies each object, its class, and the attributes that
are being requested. It is present if the user is requesting attributes for a list of objects.
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Key Attribute

This parameter identifies the object for which attributes are being requested using one of the object's
key attributes.

List of Requested Attributes

This parameter identifies one or more of the attributes for which values are being requested.

Range of Objects and their Attributes

This selection type parameter provides a range of numeric identifiers for objects of a single class, and the
attributes that are being requested. It is present if the user is requesting attributes for objects within a
given range of numeric ids.

St

TH
oh
at

Li
TH

Data type Requested

T
re
at

Resul{(+)

This s

More

This B
return
return
does {
values

List of

This p
requey

arting Numeric 1D

is parameter specifies the first in a range of numeric ids. The attribute
jects beginning with and after this numeric id. The value ALL mis
ributes for all objects for the specified class are to be returned.

NOTE Multiple requests may have to be issued with successively higher
Hefinitions can be returned in a single response.

5t of Requested Attributes

is parameter identifies one or more of the attribute$ g being requested.

is conditional parameter is present™qnly en th es of a variable object a
fuested. It indicates whether the da e 1 is to be returned with requested
ributes.

blection type para

arameter contairls a status indicator or a list of attribute values for each object specifi
t./The responses in the list are returned in the same order that the objects were specifi

ire for all
cate that

ired object

re being
variable

re being
re being
When it
5. Partial

ed in the
ed in the

reque

t.\'"he object associated with each response is only explicitly identified if the value of one

f its key

attributes was requested. If all responses could not be returned in a single APDU, the More parameter is

set.

List of Supported Attributes

This parameter identifies the attributes supported by the responder for the specified object. It is
present if the specified object exists.

Error Status

This parameter is returned if the get failed for all of the attributes of an object. It indicates the most
probable reason why the operation failed using the error class and error code defined for the Get
Attributes service.
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List of Attribute Values

This parameter is returned if the Get succeeded for any one or the requested attributes. This
parameter contains a list of attribute values, each individually identified and complete, for the object
requested.

Data Type Description

This conditional parameter is present only when data type description for a variable object has been
requested. It contains the complete data type description for the variable.

Result(-)
This selection type parameter indicates that the service request failed.

5.3.3.2 |Service Procedure

The Conflrmed Service Procedure specified in clause 4 applies to this service.

The Get agqt one
value is rg an be
conveyed

If they cal > S ag in
the Get 5. thek_responsible for subnpitting
additiona 2

If the use 5 and
the user i

534 S

This conf jects.
This sery hjects
cannot be

to be

NOTE This serv@y
updfted.
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5.3.4.1 Service Parameters

— 49—

The service parameters for this service are shown in table 5.

Table 5 — Set Attributes Service Parameters

Parameter name Req Ind Rsp Cnf
Argument M M(=)
AREP M M(=)
Invoke ID M M(=)
List of Object Definitions M M(=)
FAL ASE [ FAL Class M M=)
Key Attribute M M(=) /\(\
List of Attribute Updates M M(= \/
Result (+) /\ é)
AREP QX M\ | M)
Invoke ID ’\ X M(=)
Result (-) \ S S(=)
AREP Q M M(=)
Invoke ID M M(=)
Error Info M M(=)
List of Supported Attributes “ C C(®)

Argunient
The ajgument co
List of

This p
FA
Thi
Lq

Key Attribute

A\,

e'sepvice request.

vocation,

Thisyparameter identifies the object by one of its key attributes

List of Attribute Updates

This parameter identifies one or more of the attributes that are to be updated and their values.

Result(+)

This selection type parameter indicates that the service request succeeded.

Result(-)

This selection type parameter indicates that the service request failed.
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List of Supported Attributes

This conditional parameter identifies the attributes that are supported by the object. It is present when a
request was received to update unsupported attributes.

5.3.4.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

The Set Attributes Service is an "all or nothing" service. All or nothing means that the service succeeds
only if all the requested updates succeed.

5.3.5 Begin Set Attributes Service

The Begip Set Attributes prepares the AP for updates to its object definitions, such t
free of interaction or not free of interaction. The AP returns a successful respan
requester| that it may begin updating object definitions.

at.the updatgs are
ndicate {o the

5.3.5.1 |[Service Parameters
The servife parameters for this service are shown in table 6.

Table 6 — Begin Set Attri/bztE\

Parameter jr D }\
name [
N
Argument ;\ \)/
AREP

Invoke ID

D

S [S(®

M | M=)

M M=)

Result(- S [S(®
R M | M=)
Invoke 1D M | M(=)
Error Info M | M(=)

Argumen

The argument contains the parameters of the service request.

Consequence

This parameter states whether the intended modifications are free of interaction for the other
communication partners, not free of interaction with updates to individual object definitions, or not free of
interaction with completely new load of all object definitions.

loading free of interaction
reload, not free of interaction
new load, not free of interaction
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Result(+)
This selection type parameter indicates that the service request succeeded.

Result(-)
This selection type parameter indicates that the service request failed.

5.3.5.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

5.3.6 End Set Attributes Service

The ENT SeT ATNDUTES Service terminates the process of updating object definitions. 1t is used-1q indicate
to the AP that all object definition updates have been completed.

5.3.6.] Service Parameters
The s¢rvice parameters for this service are shown in table 7.

Table 7 — End Set Attribum&
X
Parameter .req Jad | cnf
name (h \\
4 |

SON_

e %é kS
S
N~

Argument

esult( S S(=)
R M M(=)
M | M=)

S S(=)

M M(=)

M M(=)

M M(=)

Numeric ID C C(=)

Argunient

The allgument contains the parameters of the service request.

Result(+)
This selection type parameter indicates that the service request succeeded.

Result(-)
This selection type parameter indicates that the service request failed.

Numeric ID
This parameter gives the Numeric ID of the object, for which the generation was not successful.

5.3.6.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.
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6 Application Process ASE

6.1 Overview

This standard models a Fieldbus Application Process (AP). Fieldbus Application Processes represent the
information and processing resources of a system that can be accessed through FAL services.

The Application Service Element in the FAL that provides these services is called an Application Process
ASE. In the AP ASE, the AP is modeled and accessed as an APO with a standardized and predefined
identifier.

6.2 AP Class Specification
6.2.1 AIP Formal Model

The AP ¢lass specifies the attributes and services defined for application precesses: 8 class
"top" indigates the top of the FAL class tree. The numeric identifier for the AP,Object is a NThe use
of this reperved value permits management services to be used for AP_ob i L ing their
names.

FAL ASE AP ASE

CLASS: AP

CLASS ID: 16

PARENT|CLASS: TOP

IDENTIFY, GET STATUS, and STATUS NO RIBUTES:

1 Attribute:

()

11 (m) Attribute:
111 (m) Attribute:
1.1.2  (m) Attribute:
1.1.3 (M) Attripyte:
1.1.4 (9) At@:
1.2 (0) Attributg:
1.3 ( [ :

( .

(

131
132

ice Access Status

~— ~—~ —

Operational Status
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SYSTEM MANAGEMENT ATTRIBUTES:

2 (m) Attribute: List Of System Management Attributes

2.1 (m) Attribute: List Of AR Endpoint Info

211 (m) Attribute: Numeric Id

212 (m) Attribute: Configured Max FAL PDU Size Sending

213 (m) Attribute: Configured Max FAL PDU Size Receiving

214 (m) Attribute: Configured Max Outstanding Services Requesting
215 (m) Attribute: Configured Max Outstanding Services Responding
216 (m) Attribute: List of Supported Services

2.1.7 [ (0) ATribute: Configured Max Data Structure Nesting Levet

2.2 (m) Attribute: List Of In Use AR Endpoint Info

221 | (m) Attribute: Context State

222 | (m) Attribute: Negotiated Max FAL PDU Size Sending

223 | (m) Attribute: Negotiated Max FAL PDU Size Recéiving

224 1 (m) Attribute: Negotiated Max Outstanding Se

225 (m) Attribute: Negotiated Max Outstanding
226 | (m) Attribute: Outstanding Services R
227 | (m) Attribute: Outstanding Serviceg

2.2.8 | (o) Attribute:
229 | (o) Attribute:
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OBJECT MANAGEMENT ATTRIBUTES:

3 (m) Attribute: List Of Managed AP Attributes
3.1 (m) Attribute: List Of Supported APO Classes and Objects
311 (m) Attribute: List Header
3.1.1.1 (o) Attribute: Numeric Identifier = 0
3.1.1.2 (m) Attribute: ROM / RAM Flag (TRUE, FALSE)
3.1.1.3 (m) Attribute: Max Name Length
3.1.1.4 (m) Attribute: Access Protection Supported (TRUE, FALSE)
3.1.1.5 (m) Attribute: Version Of List
3.1.1.6 () Atribute: Cocal Reference

Constraint Data Type Supported

Attribute: Numeric Identifier = 1

Attribute: Number Of Objects (Data Types)
Attribute: Local Reference

Constraint Variable || Load Region || Event S
Attribute: Static Object Numeric Identifi
Attribute:
Attribute:

Constraint
Attribute:
Attribute:
Attribute:

Constraint

Yegion + Events)

mber of Load Region Objects
Load Region Local Reference

List Of DLSAP Addresses

List of Event Summary Selection Criteria

Attribute: List Of Supported Attributes

SERVICES:

1 (o) Ops Service:  Subscribe

2 (0) Ops Service: Identify

3 (0) Ops Service:  Get Status

4 (o) Ops Service:  Status Notification
5 (o) Ops Service: Initiate

6 (0) Ops Service: Terminate

7 (o) Ops Service:  Conclude

8 (o) Ops Service: Reject
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6.2.1.1 Identify, Get Status, and Status Notification Service Attributes
List Of AP Service Attributes

The following attributes are accessible using the Identify, Get Status, and Status Notification Services.
They are not otherwise accessible.

Manufacturer Identifier

The Manufacturer Identifier is composed of the Vendor Name, Model Identifier, Vendor Revision, and
optionally, the Serial Number of the AP. These attributes may be read using the Identify service.

Vendor Name
This attribute contains the name of the manufacturer of the AP

AR

T
ch
dg

atfribute is used in the Inftiate Service.

Network Accei;‘fé

The Network ibute, defines the ability of the AP to communicate. Two con
arp specified in : ice AXCcess Status and Operational Status. These attribl
bg read using . The AP may choose to report them without being rq
uging the Statu

Model Identifier
This attribute specifies the model of the AP.

Vendor Revision
This attribute specifies the revision level of the AP as define

Serial Number
This optional attribute specifies the serial number

P Descriptor Reference

is attribute is a reference to a gendric descrip. g AP. The descriptor is an identifig
aracteristics of the AP independent\of i . PS, therefore, may share the samg
scription. The valueant\ theg” perqissibl lues for this attribute is user defin

This_attrikytecontains information about the state of the communication capabilities of th
COMMUNICATION  All services may be used normally.

LIMITED NUMBER OF SERVICES Limited number of services may be supported
cases (e.g. for small devices).

br for the
generic
ed. This

ponents
tes may
quested

e AP.

in some

LOADING-NON-INTERACTING Object Definitions are in the process of being loaded
locally. Therefore, the Begin Set Attributes service may

not be used until the local load is complete and
has been changed.

the state

LOADING-INTERACTING Object Definitions are in the process of being loaded
over the network (using the Set Attributes service). On

the AR used for the loading, only the following
should be used:

Abort Get Attributes
Status Set Attributes
Identify End Set Attributes

services
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OperationalStatus
This attribute gives the operational state of the real AP, as follows.
OPERATIONAL
PARTIALLY OPERATIONAL
NOT OPERATIONAL
NEEDS MAINTENANCE

6.2.1.2 System Management Attributes
List Of System Management Attributes

The followi f the
AP to enforce confirmed service flow control (see the state machines of IEC 61158-6). Theylale not
otherwisg accessible.

List of AR Endpoint Info

This |attribute specifies the numeric identifiers and other confi i0
assogiated with the AP.

AREPs

prd

umeric ID

_|

his attribute specifies the numeric id for the AREP.

(@]

onfigured Max FAL PDU Size Sendi

H 5 that
c t size

mum
n

5 that
2qual to the maximum Data Link Service Datg Unit
this AREP. For segmenting ARs, it specifigs the

An be receiyed\o
ze minus OR

aximum numbe

n the
ute is
er of

Jonfigured Max Outstanding Services Responding (ConfigMaxOsRsp)

This attribute specifies the maximum number of outstanding confirmed services allowed far this
AREP as a server. Its value is configured before establishment of the AR. This attribute is used
on client-server and peer-to-peer ARs (i.e., QUB) and corresponds to the number of receiving
transaction state machines.

List of Supported Services

This attribute specifies the services that the FAL supports as a requester and as a responder.
Support as a requester indicates that the FAL provides the ability for the AP to initiate confirmed
and unconfirmed request primitives and to receive corresponding confirmed service confirmation
primitives from the FAL. Support as a responder indicates that the FAL provides the ability for the
AP to deliver confirmed and unconfirmed service indication primitives to the AP and receive
confirmed service response primitives from the AP.
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Configured Max Data Structure Nesting Level (ConfigMaxDSNestingLevel)

This optional attribute specifies the maximum number of nesting levels configured for the AR. It
is present only when more than one nesting level is supported. That is, the default value for this
parameter is one.

List of In-Use AR Endpoint Info

This attribute specifies dynamic information for the AREPs associated with the AP which are
participating in an established AR-I or which are involved in the AR establishment process.

Context State
This attribute specifies the state of the AREP as seen by the AP. The values are:
CLOSED
OPEN
OPENING-REQUESTING
OPENING-RESPONDING

Negotiated Max FAL PDU size sending (NegMaxPduSnd

For non-segmenting ARs, this attribute specifies the negoti XIM tets that
can be sent from this AREP. Its value is equal to the maxiqun Unit size
minus one that may be sent from this AREP. ] ' i pgotiated
maximum number of 256-byte segments thaCa

For non-segmenting ARs, this attribute spe tets that

valge s egua 9 Data Unit
size minus one tha ive i REP. For segmenting ARs, it spegifies the
maximum number of 2586 ynentstha pe received on this AREP.

Negotiated Max

This attri e@ ¢ a ber of outstanding confirmed services allowed for this
AREP as a\elignt it [ ated during establishment of the AR to represent the lower

value of theAls i d Outstanding Services Requesting attribute and the remote

es the maximum number of outstanding confirmed services allowedl for this

| Configured Max Outstanding Services Responding attribute and the remote

Outstanding services requesting counter (OsReqCitr)

This attribute contains the number of currently outstanding confirmed services on this AR as a
requester.

Outstanding services responding counter (OsRspCtr)

This attribute contains the number of currently outstanding confirmed services on this AR as a
responder.

Negotiated max data structure nesting level (NegConfigMaxDSNestingLevel)

This optional attribute specifies the maximum number of nesting levels negotiated for the AR. It
is present only when more than one nesting level is supported. Its value is negotiated as the
lower value configured for the two communicating APs.
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Negotiated list of supported services

This optional attribute specifies the negotiated services that the FAL supports as a requester and as a
responder on this AR. Support as a requester indicates that the FAL provides the ability for the AP to
initiate confirmed and unconfirmed request primitives and to receive corresponding confirmed service
confirmation primitives from the FAL. Support as a responder indicates that the FAL provides the ability
for the AP to deliver confirmed and unconfirmed service indication primitives to the AP and receive
confirmed service response primitives from the AP.

6.2.1.3 Object Management Attributes
List Of Managed AP Attributes
This attribute contains the AP attributes that are accessible using the services of the Management ASE.

List 0[ Supported APO Classes and Objects

This @ttribute contains the Object Definitions maintained by the AP.

Ljst Header

his attribute describes the characteristics of the Object Definitig AP.

_|

Numeric ID
This attribute is the Numeric ID of the List Header!

ROM / RAM Flag

This attribute, when TRUE, indica wed.

Max Name Length

This attribute specifis r this

AP.

Access Protecti

This attr@

the~cufrent version of this list. Each update to the list of ¢bject
iitiated or through the use of the SetAttributes service causgs the

i a reference to the list that has local significance, such as an address. The
value FFFFFFFF hex indicates that no local reference is available.

XXX Object Class Supported Constraint

This constraint selects object classes specified by XXX. The attributes following the
constraint apply to Object Definitions of the selected object class.

XXX Numeric ID

This attribute is the Numeric ID of the first object in a series of objects of the class(es)
selected by the constraint. All objects of the selected class(es) are contained in the series.
The first Numeric ID for Data Types is always 1.
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Number of XXX Entries
This attribute specifies the number of objects in the series.

XXX Local Reference

This attribute is a reference to the beginning of object definitions that describe the objects in
the series. The reference has local significance, such as an address. The value FFFFFFFF
hex indicates that no local reference is available.

List of Supported APO Classes and Objects
This attribute contains the Object Definitions maintained by the AP.

' eyt A Apalrald
I_| pL Ul ULOAF AUUITTESSCS

This attribute specifies the available DLSAP-Addresses usable by the AP to lo AREPY.

NOTE DLSAP Address structure is defined in IEC 61158-3 and IEC 61158-4.

List of APO Classes Supported
This attribute specifies the classes of APOs supported by th

List of Event Summary Selection Criteria

This optional attribute specifies a set of Boolean using to

sdlect events when performing event st 0 , cified by
this standard. When an AP is defined, criterid i i rom this
S6 i iteria 2

ENABLED

DETECTED

ACKED Q

ent detection is active for the event object
E, event detection is not active for the event object

List of

This gptionalkattribute gpecifies the attributes supported by the object. This list contains, at a minimum,
the andatory attributes for the class of the object.

6.2.1.4  Services
Subscribe

This optional service is used by push subscribers to indicate to push publishers their requirements for
receiving published data.

Identify
This optional service is used to request manufacturer information from the AP.
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Get Status
This optional service is used to request the network visible state from the AP.

Status Notification
This optional service is used by the AP to report its network visible state.

Initiate
This optional service is used to open the AP context for an Application Relationship.

Terminate

Th t Bal-carae =S Aita-abrnth. olaca th A + tfor o A loaotion Daolati ool
IS Op IgRar-SerHeeISHSeato aoTopty CrioSCte 7 COmMCATTO arr ypprtator R CratorTSTiTPT

Conclude
This service is used to gracefully close the AP context for an Application Rel

Reject

This servjce is initiated internally by the AP ASE to indicate that a_ confirn rvice xequest APDU has
been recgived with a protocol error.

6.3 Appljcation Process ASE Service Specification

This subglause contains the definition of services thai g . The services defingd for

this ASE fre:
Subscfibe
Identif
Get Stptus
Status|Notification
Initiate
Terminate Q
Conclyde
Reject

6.3.1 S

er for
ber to

This conf
the publig
assign an

Upon recgiving & Subscribe service indication, a push publisher may initiate the publication of an object,
or modify] th€ publication constraints of a published object. The actions and policies taken by an AP to
satisfy a ¢ fbemdicati i i ; i i nical
specification.

This service is also used by a push subscriber to indicate to the push publisher that it is no longer
subscribing to the published object.

NOTE 1 There may or may not be other subscribers who may also receive the requested published data.

NOTE 2 Publishers do not necessarily need to receive such a request to publish. For example, a publisher could be pre-
configured with the knowledge of what to publish.
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6.3.1.1 Service Primitives

— 61—

The service parameters for this service are shown in table 8.

Table 8 — Subscribe Service Parameters

Jitter

Leaving

Result (+)
AREP
Invoke ID

Invoke ID

Maximum Subscriber AP Permissible

Desired Publishing Start Time
Earliest Publishing Start Time
Latest Publishing Start Time

List Of Leaving AREPs

fw% cczzmzzzéP

Parameter name Ind Rsp Cnf
Argument M(=)
Application Relationship M(=)
Invoke ID M(=)
Joining S(=)
PUbNIShed Object \IE)
Schedule Interval M(=)
Maximum ARs U=

LT 20000220

S(=)
M(=)
M(=)
CE)
C()
CE)
C(=)
M(=)
M(=)

S(=)
M(=)
M(=)

Error Info

S EXZom

M(=)

Argument

The argument contains the parameters of the service request.
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Joining
This parameter is selected when an AP wants to subscribe to a published object. The Subscribe service
is sent by the potential subscriber, using the selected AR, to the publisher of the published object.

Published Object
This parameter specifies one of the key attributes of the published object.

Schedule Interval

This parameter specifies the increment in the Fieldbus time between successive starting times for
the scheduled sequence. The time granularity is the same as that defined for the underlying Data
Link Layer (see IEC 61158-3).

Maxirlnum ARs

This pptional parameter specifies the maximum number of ARs on which
receiye data. The default value for this parameter is one (1).

illing to

NOT AR. A
sub! hich a
Subg

This
which

itfer on

a) criber

b)

The
parar
same

. |f this
e the

Desirp
This

Earlig
This

Lates

This pptional\parametep specifies the latest Fieldbus time at which the publishing is to start.

Leaving

This parameter is to be selected if a subscriber wants to stop its subscription to a specific object
through a given AREP. The Subscribe service is sent to the Publisher AP using the AR used for
joining.

List of Leaving AREPs
This parameter specifies the push publisher's AREP(s) that the subscribing AP wants to leave.

Result(+)

This selection type parameter indicates that the service request succeeded.
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Data Type

This conditional parameter identifies the data type of the variable. This parameter is present if the
subscriber is attempting to join a relationship.

Data Length

This conditional parameter specifies the length in octets of the data value to be published. This
parameter is present if the subscriber is attempting to join a relationship and if the length is not defined
for the data type of the published object.

Dedicated

This conditional parameter, when TRUE, indicates that the publishing relationship is dedicated. This
parameter 15 present if the SubSCriber 1S attermpting 1o joi a refationship.

List of|AR Information

its local
ignship. If

This donditional parameter specifies the information necessary for the g
subscfiber AREP(s). This parameter is present if the subscriber is afte
preset, this list is not empty.

Pdblishing AREP ID
This parameter specifies the numeric identifier for the

DI Mapping Reference

This parameter identifies the DL mappi ish > ata Link
Lgyer (IEC 61158-3) are specified in IES

Sg¢heduled start time

This parameter specifi

Resuli(-)

This sglection typ

6.3.1.7 Service Proce

The Cpnfirmed Service

If the feque if it can
acconimedate the 5), or (2)
allocafe resoulce \ creg network
schedlile if necessary.

If the frequest indicates that a subscriber wishes to "leave”, the AP locally determines if it cgn cease
publis 1ing over the indicated AR _and still accommadate its other m{iqfing subscribers_If so_thel AP may

locally free up the AREP(s) and cancel the related network schedule(s).

If a confirmation (+) was returned for a "join" operation, the FAL user in the AP receiving the response
APDU may configure or may create its local AREP(s) that will be used to receive the published variable.

If a confirmation (+) was returned for a "leave" operation, the FAL user in the AP may locally free up the
resources associated with the AREP(s) used for subscription

NOTE It is a local matter for the FAL user to determine if the schedule specified by the publisher is sufficient. If
insufficient, the local user should issue a Subscribe service primitive to inform the publisher that it is leaving.
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Information to identify an AP is read with this service.

NOTE The attribute ProfileNumber of the AP is transmitted with the Initiate service.

6.3.2.1  Service Primitives

The service parameters for this service are shown in table 9.

61158-5 © IEC:1999

Vendor Name

Resul

Model Identifier
Vendor Revision

ac

<
>

Table 9 — Identify
Parameter name .re ind | .rsp | .cnf
Y
Argument M | M(=)
AREP M | M(®)
Invoke ID M | M(=)
Result(+)
AREP
Invoke ID

s=z0 Lm0y

S()

M(=)
M(=)
M(=)

Argumen
The argument co

Result(+)

This selegtion type patameterindicates that the service request succeeded.

Vendor Name

This parameter contains the value of the Vendor Name attribute of the AP.

Model Identifier

This parameter contains the value of the Model Identifier attribute of the AP.

Vendor Revision

This parameter contains the value of the Vendor Revision attribute of the AP.

Result(-)

This selection type parameter indicates that the service request failed.
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6.3.2.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

6.3.3 Get Status Service

The device/user state is read with the Get Status service.

6.3.3.1  Service Primitives
The service parameters for this service are shown in table 10.

Table 10 — Get status

Parameter name req | .ind | .rsp | .cpf
Argument M M(=) /\\
AREP M | M=) < (
Invoke 1D M [M(3) /\
Result(+) Q&\\F)
AREP M =
Invoke 1D 67\M\\§(:)
Service Access Sfatus K 6 > M(=)
Operational Stat \/ M | M(=)
Local Detail \ Uu |U@E)
S |S()
M M=)
M | M=)
M_ | M=)

Operational Status

This parameter contains the value of the Operational Status attribute of the AP.

Local Detail
This parameter contains the user defined state of the application.

Result(-)
This selection type parameter indicates that the service request failed.
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6.3.3.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

6.3.4  Status Notification Service

The Status Notification service is used by the AP to report its state spontaneously.

6.3.4.1  Service Primitives
The service parameters for this service are shown in table 11.

Table 11 — Status notification

Parameter name .ind
Argument M(=)
AREP M(=)

Destination DL-Address

req
M
M
C
Source DL-Address
Service Access Status M <
Operational Status A/I\h(\;)\
0) |66

LocalDetail

Argumen
The argument contains the parameters of the 3

Destination DL-Address

dress
ent.

This pargmeter exists onl
Configurdtion Type is FREE

Source D|-Address Q

Configurdtion Type i
Status Nqtification j

dress
cated

Service Acces
This paramete

Operational Status
This parameter contains the value of the Operational Status attribute of the AP.

Local Detail
This parameter contains the user defined state of the application.

6.3.4.2 Service Procedure

The Unconfirmed Service Procedure specified in clause 4 applies to this service.
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6.3.5 Initiate Service

This service is used to establish a context between communicating APs for the exchange information on
a single AR. The Initiate service negotiates the supported FAL services, the maximum outstanding
services permitted, the maximum PDU length and the current version of the Object Definitions. The data
structure nesting level is also negotiated if the local and remote APs support data structure nesting levels
greater than one. The supported FAL services, the maximum outstanding services permitted, the
maximum PDU length and data structure nesting level are AP system management attributes configured
for the AREP. This service may be used to dynamically create the AREP to be used if the AREP does not
exist.

@%
S
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6.3.5.1  Service Primitives
The service parameters for this service are shown in table 12.

Table 12 — Initiate

61158-5 © IEC:1999

Parameter name .req .ind .rsp .cnf
Argument M M(=)
AREP M M(=)
Version Object Definitions Calling M M(=)
AP Descriptor Calling M M(=)
AccessProtectiomSupported-Catting vt M=)
Password Calling M M(=) (\
Access Groups Calling M M(=) A b
Destination DL-Address C <
DL-Mapping C C ( \
Nesting Level Calling U |3 w N \
User Detail U \L?B)\ \ \/
/ b
Result(+) NV A Ns | s
AREP C N M | M=)
Version OD Called \\ N M M(=)
AP Descriptor Called M M(=)
, Ce& N M| ME)
i M| ME)
M M(=)
C C
Uu | UE)
U | U@E)
S S(=)
M=)
M M(=)
Max PDU Length Sending Called C
MaxPDU Length-Receiving-Called -
FAL Features Supported Called C

Argument
This parameter carries the parameters of the service invocation.

Version Object Definition Calling

This parameter specifies the version of the client's Object Definitions. Its value is null if the client does not

contain Object Definitions.
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AP Descriptor Calling

This parameter contains the value of the calling AP’s Descriptor Reference attribute if it has one. If it

does not, its value is null.

Access Protection Supported Calling

This parameter contains the value of the calling AP’s Access Protection Supported attribute if it has one.

If it does not, its value is null.

Password Calling

This parameter specifies the password to be used for the access to all objects of the server on this AR. If

access with password is not to be used on this AR, its value is null.

Accesp Groups Calling

This pprameter specifies the client's membership in specific access groups.
the acfess to all objects of the server on this AR.

Destination DL-Address

This parameter exists only when the corresponding AR
Config

DL-M¢g

This ¢
when

Nestin
This o

User Detail

This optional parameter

Resul{(+)

AP Degscriptorgalled
This pprameter contai

Accesp Protection Supported Called

g'the value of the called AP’s Descriptor Reference attribute.

Address
shed.

sed only

This parameter contains the value of the called AP’s Access Protection Supported attribute if it has one.

If it does not, its value is null.

Password Called

This parameter specifies the password to be used for the access to all objects of the client on this AR. If

access with password is not to be used on this AR, its value is null.

Access Groups Called

This parameter specifies the server's membership in specific access groups. The membership applies

for the access to all objects of the client on this AR.
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ng

This conditional parameter contains the negotiated DL-Mapping attributes for the AREP to be opened. It
is used only when the AREP to be opened is not defined.

Nesting Level Called

This optio

nal parameter indicates the nesting level supported by the responder.

User Detall

This optio

Result(-)

nal parameter contains user information.

This selegtion type parameter indicates that the service request failed.

Error Cog

This parameter shall provide the reason for the failure.

Reasd

Max HAL PDU Size Insufficient The maximum PDU lengtF
Service Not Supported
User lhitiate Denied

Versig
incom

Passw

AP Deg
Other

Max PDU
This parag|
AR.
It shall be
Max PDU
This para|
this AR.

It shall be

e

n Meaning

n Object Definition
batible
ord Error

scriptor incompatible

Length Se
meter shall spéci

meter shallsSpecify thé maximum length of the FAL PDU to be received that may be handl

transmitted, if supported, by the called FAL and shall only be part of the Initiate.cnf primiti

pthe commuhication.

ons are not

word, or the

n this

ed on

e.

FAL Services Supported Called

This parameter shall identify the optional AL services and the options supported by the server (see AR

List).

It shall be transmitted, if supported, by the called FAL and shall only be part of the Initiate.cnf primitive.

6.3.5.2
This servi

Service Procedure
ce operates through a queue.
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The requesting user submits the service request primitive to its FAL AE and starts an associated timer to
monitor the request. The AP ASE builds the Initiate Request APDU Body and conveys it on the specified
AR using the AR Establish Service request primitive. It also creates a transaction state machine.

Upon receipt of the Initiate Request APDU Body in an AR Establish service indication primitive, the
responding AP ASE decodes it. If a protocol error was encountered while decoding the received APDU
Body, the ASE uses the AR Abort Service to abort the AR. If a protocol error did not occur, the ASE

delivers an Initiate service indication primitive to its user.

If the responding user is able to successfully process the request, the user returns an Initiate service

response (+) primitive.

If the
an Init

The rgsponding AP ASE builds an Initiate service response APDU Body foya
Initiatg service error APDU Body for a response (-) primitive and conveys\it oR
AR Egtablish service response primitive.

Upon feceipt of the returned APDU Body in an AR Establish
initiating ASE delivers an Initiate service confirmation primiti
failure} and the reason for failure if a failure occurred. It alg
machipe.

Howe
receiv
transal

6.3.6 | Terminate Service

This skrvice shall be used t0
AREP|s involvement in a

6.3.6.1 Servic
The s¢rvice paramete.

Table 13 — Terminate

using an
'r:Ftive the
on state

APDU is

rface.

receiver

/lgarameter name req | .ind
Argument M M
AREP M | M=)
Locally Generated M
Terminate M M(=)
Tdentifier
Reason Code M [ M=)
Terminate Detalil U u@=)

Argument
This parameter carries the parameters of the service invocation.

Locally Generated

This parameter shall indicate whether the termination was generated locally or by the communication

partner.
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The value false is not allowed if the Terminate Identifier parameter has the value FAL and the Reason
Code parameter has the value AR Error.

Terminate Identifier

This parameter shall indicate where the reason for the termination has been detected. Possible values
are:

FAL USER
FAL APO ASE
FAL AR ASE
DLL

Reason Gode

This parameter shall specify the reason for the termination.

If the Terminate Identifier parameter has the value USER, the following va

Realson Meaning

Disqonnection The connection is relea

Vergion Object Definition ion bject Definitions are not
incompatible

Pasgword Error 2 i with the same passwofd, or the

Destriptor incompatible pported by the client.

Limited Services Permitted tatus LIMITED-SERVICES-PERMITTED.
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If the Abort Identifier parameter has the value FAL, the following values shall apply:

Reason Meaning

AR Error Faulty AR

User Error Improper, unknown or faulty service primitive received
user

FAL PDU Error

from the FAL

Unknown or faulty FAL PDU received from the AR ASE

Connection State Conflict AR Improper AR ASE service primitive

ASE

AR ASE Error Unknown or faulty AR ASE service primitive

PDU Size PDU length exceeds maximum PDU length

Heature Not Supported SERVICE-REQ PDU received from th E apd-s
not supported as a server (see FAL F
the AR)

Invoke ID Error Response Confirmed service.rsp received Yo

If the 7
suppli

Termipate Detail

This 0
of errd

6.3.6.7
The U

6.3.7
This s

Nax Services Overflow

not exist or CONFIRMED SERVIECE-

Receiving
onnection State Conflict INITIATE-
ervice Error

voke ID Error Request

bd by the AR fSE.

al information about the abort reason (max. 16 octets)
eaning is defined in the profile.

prvice shall be used to gracefully release an existing AR between APS.

ervice or option
d attribute in

Invoke ID does

ivied from the AR

AR ASE and
nding Services

e in the
atch the service

AR ASE and

shall be

. In case
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6.3.7.1  Service Primitives

The service parameters for this service are shown in table 14.

Table 14 — Conclude

Parameter name .req .ind .rsp .cnf
Argument M M(=)
AREP M M(=)
Result(+) S S(=)
AREP M M=)
Result(-) S SE)
AREP M (MK
Error Info M\MZ)
Argumen
This paraj
Result(+)
This sele
Result(-)
This sele

6.3.7.2

The Conflfrmed Servi@o

6.3.8 Reject Service

This serv rated
by the AR ASE
detects a S not

used to in
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6.3.8.1  Service Primitives

The service parameters for this service are shown in table 15.

Table 15 — Reject

Parameter name Req Ind

Argument
AREP
Reject Code
Original FAL Service Type

Qriainal Invoke |ID
)

Argum

The ajgument contains the parameters of the service request.

Reject
This p

Un
AR
AR
Ma
Ma
Du
Origin
This p

Origin
This p
Origin

This o
data ir

6.3.8.7

Original PDU Body

ent

Code
prameter indicates the reason for rejection. The valye

bupported Service
Not Established
Not Defined

K Outstanding Requests Exceeded
K PDU Size Exceeded
plicate Invoke ID

bl FAL Service Type

Service Procedure

mount of

The R

efect service is a service that operates through a queue or buffer. It may be initiated on|

y by the

FAL A

P ASE.

If any APO ASE receives a confirmed request APDU that contains a protocol error, the AP ASE builds a
Reject Request APDU and returns it on the specified AR.

Upon receipt of the Reject Request APDU, the receiving AP ASE delivers an AR-Reject.indication
primitive through the FAL ASE that issued the confirmed send request primitive, and it issues a negative
confirmation to the requesting user.
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7 Application Relationship ASE

7.1 Overview

In a distributed system, application processes communicate with each other by exchanging application
layer messages across well-defined application layer communications channels. These communication
channels are modeled in the Fieldbus Application Layer as application relationships (ARS).

ARs are responsible for conveying messages between applications according to specific communications
characteristics required by time-critical systems. Different combinations of these characteristics lead to
the definition of different types of ARs. The characteristics of ARs are defined formally as attributes of the
AR Endpoint object defined in 7.2.

The messages that are conveyed by ARs are FAL service requests and responses is submitted to

the AR ASE for transfer by an FAL Application Service Element (ASE) that rep Df the
APO being accessed. The figure below illustrates this concept. <\
FAL AP <
APO Requests and Responses X\

+ ALA
V r\\ N

AR Confirmed A Unconfirmed
Send Service Send Service
P);{tives imitives

[\\\( ASE

N é

CMance of APDUs
x By the+ AR ASE

e 15 — The AR ASE Conveys APDUs between APs
Depending on_the typ R, APDUs may be sent to one or more destination application processes
connectedl by the AR. Other characteristics of the AR determine how APDUs are to be transferred. These
characterjsti€s are described below.

7.1.1 Endpoint Context

Each AP involved in an AR contains an endpoint of the AR. Each AR endpoint is defined within the AE of
the AP. Its definition, when combined with the definitions of the other endpoints defines an AR. To ensure
communications compatibility among or between endpoints, each endpoint definition contains a set of
compatibility-related characteristics. These characteristics must be configured appropriately for each
endpoint for the AR to operate properly.

Endpoint definitions also contain a set of characteristics that describe the operation of the AR. These
characteristics, when combined with those used to specify compatibility, define the context of the
endpoint. The endpoint context is used by the AR ASE to manage the operation of the endpoint and the
conveyance of APDUs. The characteristics which comprise the endpoint context are described next.
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7.1.1.1 Endpoint Role

The role of an AREP determines the permissible behavior of an AP at the AREP. An AREP role may be
that of a client, server, peer (client and/or server), push or pull publisher, push or pull subscriber, or push
or pull publishing manager.

NOTE See concepts clause for description of clients and servers, and the push and pull models for publishers and
subscribers.

Tables 16 and 17 summarize the characteristics and combinations of each of the AREP roles.

Table 16 — Conveyance of Service Primitives by AREP Role

Client Server Peer Push Push Pull Pull Pull
Publisher Subscriber Publ Publisher Subscriber
Mgr /—
Send Sgrvice Req X X X (%\\
Recv S¢rvice Req X X X /\ \
Send Service Rsp X \ \2(
Recv S¢rvice Rsp X X “ \ > X
N
Table 17 — Valid Combinations of AREP in\an

S
Involv

AREP | Roles by Client Server Peer P &\/ Puysh Il Pull Pull
Interactfon Model {\ Publis ubgcxiber b Publ Publisher Subscriber
‘\/ Mgr

Client / Berver \/
Clien Yes es

Servg /

Peer &

Publisher /
Subscriper

ca
877

Push|Publisher G Yes
Push|Subscriber

Pull Rubl Mgr Yes

Pull Rublisher Yes

Pull § ubscribe{

7.1.12

AR endpoints‘that are dedicated provide their services directly to the FAL User. Although their bghavior is
the sgme @s“non-dedicated endpoints, the APDUs they convey contain no service specific| protocol
contro] information other than the AR control field.

FAL Users configured for dedicated ARs construct and transfer their data without using the services of
the other FAL ASEs. The format and contents of the user data conveyed over dedicated ARs are known
only through configuration.

7.1.1.3 Cardinality

The cardinality of an AR specifies, from the point of view of a client or publisher endpoint, how many
remote application processes are involved in an AR. Cardinality is never expressed from the viewpoint of
a server or a subscriber.

When expressed from the viewpoint of a client or peer endpoint, ARs are always 1-to-1. Clients are never
capable of issuing a request and waiting for responses from multiple servers.
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When expressed from the viewpoint of a publisher endpoint, they indicate that multiple subscribers are
supported. These ARs are 1-to-many. ARs that are 1-to-many provide for communications between one
application and a group of (one or more) applications. They are often referred to as multi-party and multi-
cast. To support the “pull” model of publishing, these ARs provide a management path between the
publishing manager and the publisher.

In 1-to-many ARs, the publisher endpoint identifies the remote endpoints using a group identifier, rather
than identifying each one individually as is done with 1-to-1 ARs. This permits subscribers to join and
leave ARs without disrupting the publisher endpoint context because their individual identities are not
known to the publisher endpoint. However, the publisher application may be aware of their participation,
but that information is not part of the AR endpoint context.

7.1.1.4 Conveyance Model

The conveyance model defines how APDUs are sent between endpoints of an AR. charactefistics
are used fo define these transfers:

conveyance paths

trigger|policy, and
conveyance policy.

7.1.1.4.1 | Conveyance Paths

The purppse of AR ASEs is to transfer information between isNiformation transfer
occurs over the conveyance paths of an AR. A conveyance e-way communig¢ation
path used by an endpoint for input or output.

To suppdrt the role of the application process, the eqdpoint must b igured with either one qr two
conveyance paths. Endpoints that only send, oronl i igufed with either a send or rgceive
conveyance path, and those that do both are wWith both. ARs with a single conveyancg path
are called uni-directional, and those with two aths arp called bi-directional.

Uni-directional ARs are capable veyi i yests only. To convey service responses| a bi-
directiondl AR is necessary|/Xher ~direction s support the transfer of unconfirmed sefvices
in one dirpection only, while I =CHi RS-8 t the transfer of unconfirmed and confirmed sefvices
initiated by only one i ' i

7.1.1.4.2 [ Trigger Polic
Trigger policy indicates w ahsmitted by the Data Link Layer over the network.

The first type j : triggered. User-triggered AREPs submit FAL APDUs to the Data Link
Layer for frad S AN i

The secohd type.is Ie to as network-scheduled. Network scheduled AREPs submit FAL APDUSs to
the Data Link Layer for tra

Th|S netw e cobhadulina machanicm can ha aithar oviolie Ay Ana tha
WoTr—St Sorhgrhre Cret ot o e et e T Sy enc- o oncum e

Network-scheduled ARs may also convey requests and responses asynchronously if the underlying layer
has available bandwidth through use of the compel service. These transfers occur in addition to the
scheduled transfers, and without being triggered from the network schedule.

7.1.1.4.3 Conveyance Policy

Conveyance policy indicates whether APDUs are transferred according to a buffer model or a queue
model. These models describe the method of conveying APDUs from sender to receiver.
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Buffered ARs contain conveyance paths that have a single buffer at each endpoint. Updates to the
source buffer are conveyed to the destination buffer according to the trigger policy of the AR. Updates to
either buffer replace its contents with new data. In buffered ARs, unconveyed or undelivered data that
has been replaced is lost. Additionally, data contained in a buffer may be read multiple times without
destroying its contents.

Queued ARs contain conveyance paths that are represented as a queue between endpoints. Queued
ARs convey data using a first-in first-out (FIFO) queue. Queued ARs are not overwritten; new entries are
queued until they can be conveyed and delivered.

If a queue is full, a new message will not be placed into the queue.

#qplemented
ey may be
sfer by the
50 that the
5 may be
jeve it in a

7.1.2
The AR ASE conveys FAL APDUs using the capabilities o aflyi Several
charagteristi iliti i S of each.
These precise
specif
7121
The u Loriented
service anted services may be capable ofl opening
and cl Jsmg connections if thesg sré-configured to be open.

NOTE Connectionles$\a 3 ion-exj S . Refer to IEC 61158-3 and IEC 61158-4 for definftion.
7.1.2.2 Buﬁere’ﬁl
The underlying laye ;) AR\endpoints by providing buffered or queued services. These
servicegs can be used\te S dr queues required by certain classes of endpoints.
7.1.2.3 Cych
The upderhyi N tAR endpoints by providing cyclic or acyclic services.
The upderlying o provide for the acyclic transfer of APDUs concurrently with cycliq transfer
of APDUs between ame endpoints.
7.1.2.4 {Quality of Service

The underlying layer may provide more than one quality of service. When this occurs, the AREP must be
configured to use the quality of service appropriate for the APDUs it conveys. Quality of service
parameters for AREPs are contained in the data link mappings in IEC 61158-6.

7.1.25 Segmentation

The FAL has the capability of segmenting user data conveyed by it. In addition, when the underlying layer
provides segmentation, too, the maximum length of data conveyed by the FAL in a single APDU will
increase accordingly.
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7.1.2.6 Address Format

The underlying layer may support more than one address format. When it does, all endpoints of an AR
must be mapped to compatible address formats. DL-mappings for AREPs are specified in IEC 61158-6
for the Data Link Layer (IEC 61158-3).

7.1.2.7 Timeliness

AR endpoints may be defined to support timeliness information about their transfers as calculated by the
Data Link Layer. This timeliness information is received from the Data Link Layer and forwarded to the
FAL user as a parameter of the associated FAL service. Publisher and subcriber AR endpoints support
residence, synchronized, and update timeliness. These types of timeliness are described in the
definitions of each of these endpoint types below. The mechanism used by the Data Link Layer to
calculate timeliness of published data is defined in IEC 61158-3 and IEC 61158-4. The attributes defined
by the pR—Medelto—suppert—timeliness—are—defired—n—the—DBEH—Mapping—Attrbotes—fey the

PublisherfSubscriber AREPs in IEC 61158-6.

7.1.2.8 |Duplicate FAL PDU detection

AR endpgints may be defined to support detection of the receipt of duplicate \ Data
Link Layer. An indication is received from the Data Link Layer and ' as a
parametef of the associated FAL service. The attributes defined by » ) to ASupport this
capability|are defined in the DLL Mapping Attributes in IEC 61158-

7.1.3 AR Establishment

For an AR endpoint to be used by an application proce Vhen

an AR is f@ctivated, it is referred to as "establighs

AR establishment can occur in one of three ways. K s canbe”pre-established. Pre-established
means tHat the AE that maintains the endpoint conte ted when the AP is connected fo the
network. |n this case, communications among olved in the AR may take place wfthout
first having to explicitly establisp & defihed to be pre-established.

Second, ARs can be pre-dsg . ablished! Pre-defined means that the characteristics of

the AR ate known to each & i At their contexts have not been synchronized for operatipn. In
this case| the use ofA Estab{ish s is\ggquired to synchronize them and open them for data
transfer.

Third, ARs can require definitian_and establishment. In this case, definitions have to be created
for each ¢f the ARE ing ate service. After creation, they are established using the Establish
service if they were not tre i

7.1.4  Application F

AREPs 4gre defined ~wj combination of characteristics to form different classes of ARs| The
descriptigns _ for,"each class are provided in annexes to this specification. Additional annexes (as
addenda)| may be created to define new classes as necessary.
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7.2 Application Relationship Endpoint Class Specifications

7.2.1 AR Endpoint Formal Model
The AR endpoint formal model defines the characteristics common to all AR endpoints. this class is not

capable of being instantiated. It is present only for the inheritance of its attributes and services by its
subclasses, each specified in a separate annex of this specification.

All AR endpoint attributes are accessible through system Management (see the future IEC 61158-7), and
not through the Object Management ASE services defined in this standard.

FAL ASE: AR ASE

CLASS: AR ENDPOINT

CLASS ID: 32

PARENT CLASS: TOP

SYSTEM MANAGEMENT ATTRIBUTES:

1 (m) Attribute: Local AP

2 (m) Attribute: FAL Revision

3 (m) Attribute: Dedicated (TRUE, FALSE)
4 (o) Attribute: Transfer Syntax

5 (o) Attribute: List Of Supported Attribute

SERV|CES:

1 (o) OpsService:  AR-Abort

2 (0) OpsService:  AR-Get DL-Tim
3. (o) OpsService:  AR-Status
7.2.1.1 System Manage Attrj

Local AP

This aftribute identiﬂj S

FAL Revision

This s
heade

| protocol used by this endpoint. The revision level is in the AR

f the AR

List of Supported Attributes

This optional attribute specifies the attributes supported by the object. This list contains, at a minimum,
the mandatory attributes for the class of the object.

7.2.1.2 Services

All services defined for this class are optional. When an instance of the class is defined, at least one has
to be selected.
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AR-Abort
This optional service is used to abort (abruptly terminate) an AR.

AR-Get DL-time
This optional service provides access to the Data Link Layer DL-Time service.

AR-Status

This optional service is used to indicate to the AR user that an internal event of the AREP, such as the
transmission of a network-triggered buffer, has occurred.

7.3 Application Relationship ASE Service Specifications

This subglause contains the definition of services that are unique to this ASE. The setvices defined for

this ASE are
AR-Unconfirmed Send
AR-Cqanfirmed Send
AR-Establish
AR-DgEstablish
AR-Abort
AR-Cdmpel
AR-Gqgt Buffered Message
AR-Schedule Communication

AR-C@gncel Scheduled Sequence
AR-Status
AR-XQN-OFF
AR-RgmoteRead
AR-RgmoteWrite

The servifes AR-Cor@ : ablisk 5 part

of the Rgsult paramete S and eonfirmation primitives. The FAL PDU Body may contain
either the positive or”negati ASE.
Thereforqg, these i sult(-)
parametefs that & S b FAL

User.

7.3.1 R-Uncoxfif

This service is.used to send AR-Unconfirmed request APDUs for FAL APO ASEs. The AR-Unconfjrmed
Send selvice\may be requested at either endpoint of a one-to-one bi-directional AR, at the gerver
endpoint pfa-one-to-one uni-directional AR, or at the publisher endpoint of a 1-to-many AR.

NOTE This service is described abstractly in such a way that it is capable of operating with ARs that convey FAL APDUs
through buffers or queues. This service may be implemented in such a way that the capability is provided to load the
buffer/queue, and subsequently post it for transfer by the underlying Data Link Layer. Alternatively, this service may be
implemented such that these capabilities are combined so that the user may load the buffer/queue and request its transfer
in a single operation.
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7.3.1.1 Service Primitives

The service parameters for this service are shown below.

Table 18 — AR-Unconfirmed Send

Parameter name Req Ind

Argument M M(=)
AREP M M(=)
Remote DLSAP Address C C
FAL Service Type M M(=)
FAL APDU Body ™ M=
Timeliness /\(\
Duplicate FAL PDU Body AY C (\

Argunient
The afjgument contains the parameters of the service request.

Remote DLSAP Address

This donditional parameter contains the destinatio
DLSAP address in the indication. It is present j
Confiduration Type of FREE.

FAL Sgrvice Type
This p

FAL APDU Body
This p

Timelihess

e request and thg
red with a Remote

P source
Address

This ¢

the local and remote timeliness status of the FAL APPU Body

contai request primitive. This parameter is present if Timgliness is
suppo! jputes of the AREP. The values associated with this paranpeter are
define Mapping Attributes in IEC 61158-6.

Duplig

This ¢ a ter indicates whether or not the receipt of a duplicate FAL PDU has been
detected bythe Data Dihk Layer. It is present if supported in the DL Mapping Attributes of the AREP.

7.3.1.2

SEeTVitE Procedure

The AR-Unconfirmed Send Service is a service that operates through a queue or buffer.

The requesting FAL ASE submits an AR-Unconfirmed send.request primitive to its AR ASE. The AR ASE
builds an AR-Unconfirmed Send request APDU. If the local AREP for the specified AR supports
timeliness, the AR ASE indicates the publishing and transmission timeliness in the APDU.

If the AREP is queued, the AR ASE queues the APDU for submission to the lower layer. If the AR is
buffered, the AR ASE replaces the previous contents of the buffer with the APDU contained in the service

primitive.
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If the AREP is user-triggered, the AR ASE immediately requests the lower layer to transfer the APDU. If
the AR is network-scheduled, the AR ASE requests the DL to transfer the data at the scheduled time.
The Data Link mapping indicates how the AR ASE coordinates its requests to transmit the data with the
Data Link Layer.

NOTE The transmission schedule is managed by the underlying layer, not the AR-ASE. Refer to IEC 61158-3 and IEC
61158-4 for further details.

Upon receipt of the AR-Unconfirmed Send request APDU, the receiving AR ASE delivers an AR-
Unconfirmed send.indication primitive to the appropriate FAL ASE as indicated by the FAL Service Type
Parameter. If the receiving AREP supports timeliness, the AR ASE includes the timeliness parameters
received from the Data Link Layer in the indication primitive.

7.3.2  AR-Confirmed Send Service
This serice is used to send confirmed request and response APDUs for FA ) The AR-
Confirmefl Send service may be requested at Client and Peer endpoints of ong ditectional|ARs.
NOTE This service is described abstractly in such a way that it is capable Rs that tonvgy FAL
APDQUs through buffers or queues. This service may be implemented in such a ability is provided fo load
the buffer/queue, and subsequently post it for transfer by the underlying Data/ hi$ service may be
implemented such that these capabilities are combined so that the user may load the\butierqueue and request its transfer
in afsingle operation.
7.3.2.1 |Service Primitives
The servife parameters for this service are s n in takle 19.
Table 19 ~ AR-Confirmed sen
Parameter name (N R& Ind Rsp Cnf
Argument \) M M(=)
AREP M M(=)
Invoke M M(=)
C C
M| M=)
M | M)
M M(=)
M M(=)
M M(=)
Source DL-Address C C
FAL Service Type M M(=)
FAL APDU Body M M(=)
Timeliness C
Argument

The argument contains the parameters of the service request.

Destination DL-Address
This conditional parameter contains the Destination DL-address.

It is present only when the

corresponding AREP supports it and is configured with a Remote Address Configuration Type of FREE.
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NOTE Not all confirmed services support this parameter. The use of this parameter when using confirmed services is a

local matter.

FAL Service Type
This parameter contains the type of the service being conveyed.

FAL APDU Body
This parameter contains the service dependent body for the APDU.

Result
This selection type parameter indicates that the service request succeeded.

Sourc¢ DL-Address

This conditional parameter contains the Source DL-address. It is present oy
AREP|supports it and is configured with a Remote Address Configuration

Mmatter.

FAL Sgrvice Type
This pprameter contains the type of the service being co

FAL APDU Body
This pprameter contains the service depe

Timelihess

This cpnditional parameter indic
if Timgliness is supported In
paramieter are defined infthe de

7.3.2.2 Servic@e
The AR-Confirmed Ser

The rgquesting i AR-Confirmed Send request primitive to its AR ASE. The
createf a tra a e to control the invocation of the service.

The AR i an ARMConfirmed Send request APDU. If the local AREP for the spec
suppofts timelj : KSE indicates the publishing and transmission timeliness in the APD
If the AREP is queued, the AR ASE queues the APDU for submission to the lower layer. If t
buffer¢d{the’ AR ASE replaces the previous contents of the buffer with the APDU contained in th

sponding

is a local

present
with this

AR ASE
ified AR
u.

he AR is
P service

primitiie

If the AREP is user-triggered, the AR ASE immediately requests the lower layer to transfer the APDU. If

the AR is network-scheduled, the AR ASE requests the DL to transfer the data at the schedu

led time.

The Data Link mapping indicates how the AR ASE coordinates its requests to transmit the data with the

Data Link Layer.

NOTE The transmission schedule is managed by the underlying layer, not the AR-ASE. Refer to IEC 61158-3 and IEC

61158-4 for further details.
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Upon receipt of the AR-Confirmed Send request APDU, the receiving AR ASE delivers an AR-Confirmed
Send indication primitive to the appropriate FAL ASE as indicated by the FAL Service Type Parameter. If
the receiving AREP supports timeliness, the AR ASE includes the timeliness parameters received from
the Data Link Layer in the indication primitive.

The responding FAL ASE submits a confirmed send response primitive to its AR ASE. The AR ASE
builds a confirmed send response APDU.

If the AREP is queued, the AR ASE queues the APDU for submission to the lower layer. If the AR is
buffered, the AR ASE replaces the previous contents of the buffer with the APDU contained in the service
primitive.

If the ARI pU. If
the AR iS time.
The datallink mapping |nd|cates how the AR ASE coordinates its requests to tra h the

Upon receipt of the confirmed send response APDU, the receiving AR ASE.wses tRk e ained
in the response APDU to associate the response with the appropriate r DAk e Ciated
transactign state machine. The AR ASE delivers an AR-Confirmed . ' itive fo the
requesting FAL ASE If the recelvmg AREP supports tlmellness QASEN imeliness
paramete Qi

If the timér expires before the sending AR ASE receivesthe » s the
associate efiv itjve to
the requ

7.3.3

This confjrmed service operates’i Hr=\ViSE : i izg their
contexts @ 20§

The endpoi ystem

Managenjent. Once 4 b and

further coordinate endpg

7.3.3.1 |Service Pri
The servife parapie i e are shown below.

able 20 — AR-Establish Service

A

Parameternam Req Ind Rsp Cnf
Argument M M(=)
AREP M M(=)
Remote DL Address C C(=)
User Data ] u@=)
Result M M(=)
AREP M M(=)
User Data U U(=)

Argument
The argument contains the parameters of the service request.
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AREP
This parameter contains sufficient information to locally identify the AREP to be established.

Remote DL Address

This conditional parameter identifies the remote DL address. If the AR to be established is supported by
a DL-Connection, then the DL-Address is a DLCEP address. If not, the DL-Address is a DLSAP address.
It is present when the AREP Remote Address Configuration Type attribute is FREE.

User Data
This optional parameter contains user supplied data that is to be conveyed with the service request.

Resul

This pprameter indicates that the service request succeeded or failed.

AREP
This pprameter contains sufficient information to locally identify the ARER to

User Data
This optional parameter contains user supplied data that is tobe it i nse.

7.3.3.4 Service Procedure
7.3.3.2.1 1-to-1 AR Establishment
When| used in support of 1-to-1 AREPs) the\ AR-Estaplish s to be

exchahged between calling and called DL as
—
The Establish Request
] AP \5 PDU is sent frpm the
| calling DLSAP|AP to a
rgquest  confirmation indication  response called DLSAP.

v | v
[ AReP g; The APDU corftains
|
|

A _| I_ identifiers for the

If the called AR
Bsgablish Request PD processes the
establishment request,
1 Establish Response PDU its AREP returps an

\ Establish Response
PDU.

4 [

=. o Y At "
Figurce 10 = L=tU=1 AR LolablSTieTit

. Called / AREPs to be related.
P DLSAP

Upon receipt of an AR-Establish request service primitive, the calling FAL issues an Establish Request
APDU to the called AP ASE that handles establishment of an AR. Upon receipt of an Establish indication
primitive, the called AP ASE examines the parameters specified in it and returns the appropriate
response in the AR-Establish response primitive.

7.3.3.2.2 1-to-Many AR Establishment

When used in support of 1-to-Many AREPs, the AR-Establish service causes local AREPs to be
established independently, as shown in figure 17:
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Each AP in the AR

v

_|

D A > < AP >|| establishes its own
| | | AREP locally by issuing

request  confirmation request  confirmation request  confirmation an ESt_a‘b“Sh request.
| v | v | Establish PDUs are not

T AREP - T AREP - T~ AREP--- exchanged.

| | | | |
| | | | | | | However, if the AR is
supported by a data

DLSAP DLSAP DLSAP ; )
link connection, DL-

PDUs are exchanged

Upon redeipt of an AR-Establish request service primitive, the calling FAL
confirmatjon service primitive to the calling AP indicating whether or not it wa
AREP. If pne of the following cases is found, it was not able to establish the ARER:

1) the¢ requested AREP is not specified within the FAL, or
2) resgources are not available to establish the requested AREP
3) fol AREPs supported by a data link connection, the Da
data link connection.
7.3.3.2.3 [ Compatible AREP Classes

The table| below provides possible combinati e
Establish|service. In this table the SERVER column o
initiate AR establishment.

not able to establig

Table 21 WMM

(N \/Caumg AREP Role
}RE% CLIENT SERVER

alled ER\\/\ \)ES YES -

REP ,e/L\éNT J\ NO NO --

o

I>

If the calle i 0 es b|ISh an AR, it issues an AR Establish response pr|m|t|ve The
returns the AR

the AR bging estab
required,
Establish|Response APDU with the Result(+) parameter to the calling AR_ASE. The calling AR|.
issues an AR<Establish confirmation primitive in which the AR parameter is specified.

Role §ER\E}Q\ YES YES -
X\

ed uses the Connection Oriented Data Link Layer and its explicit establishm

t is establishetNaefore an Establish Response APDU is returned. The called AP then retur

hblish

ish the

h the

e AR-
0 not

FAL
ser. If
ent is
ns an
ASE

7.3.3.2.4 Conflict Resolution

The normal establishment of ARs follows the general time-sequence for confirmed services. In the cases
where each endpoint of an AR concurrently issues an AR-Establish request, a conflict arises. The
algorithms for resolving conflicts of this type are specified in detail in IEC 61158-6.

7.3.4 AR-DeEstablish Service

This confirmed service is invoked by client or peer users to request the graceful termination of a 1-to-1
application relationship. Use of the AR-DeEstablish service causes the endpoints of the AR to be closed.
They may be reopened using the AR-Establish service. This service may be used on any open AREP,
whether or not the AR was pre-established or dynamically established using the AR-Establish service.
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When a request to de-establish an AR is made, the local AR ASE conveys the DeEstablish Request PDU
to the remote endpoint of the AR, and accepts no additional request PDUs from the user unless an AR-
Abort is requested. Upon receipt of a DeEstablish Response PDU, it clears all outstanding service
requests, closes the endpoint context, and informs the user using the confirm service primitive.

The remote AR ASE informs its user when an AR-DeEstablish Request PDU is received using the
indication primitive for the service. The user returns a response primitive after responding to the service
indications it received. When the remote AR ASE receives the response, it closes the endpoint context,
and returns an AR- DeEstablish Response PDU.

7.3.4.1 Service Primitives
The service parameters for this service are shown below. The use of this service is for future study.

Table 22 - AR-DeEstablish Service

Parameter name Req Ind Qsp@ C}f\

Argument M M(g\
AREP M /l\k)\ >
Invoke ID Q = R

Result (+) F\\ S S(=)
AREP M M(=)
Invoke ID G M M(=)

Result (-) S S(=)
AREP M M(=)
Invoke ID M M(=)
Error Info[\ M M(=)

Argunient
The afgument contding arameters ofythe service request.

Resulf(+)
This sglecti

ar indicates that the service request succeeded.

Resuli(-)

This sglection.type parameter indicates that the service request failed.

7.3.4.2——SETVite Procedure

The AR-DeEstablish Service is a service that operates through a queue or buffer. Its service procedure is
for future study.

7.3.5 AR-Abort Service

The service is used by the FAL User to abruptly terminate an AR. It is always successful; the receiver of
an Abort request or Abort request APDU always aborts the AR. This service may be used on any open
AREP, whether or not the AR was pre-established or dynamically established using the establish service.
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The AR-Abort Service is used to instruct the AR ASE to abruptly terminate all activity on an AREP and
place it in the Closed state. Receipt of an AR-Abort request primitive causes the AR ASE to immediately
close the AREP context and issue an Abort Request APDU to the remote AREPs. Receipt of an Abort
Request APDU causes the AR ASE to immediately close the AR AREP context and deliver an AR-Abort
request indication primitive to the user. The immediate close of each endpoint context causes all
outstanding service requests to be cleared. All subsequent service primitives and APDUs received by the
AR ASE for the aborted AR are discarded except for those of the AR-Establish service.

The AR-Abort service may be requested at either AREP of a one-to-one relationship, or at the publisher
endpoint of a 1-to-many or 1-to-all AR. Subscribers are not capable of aborting ARs with publishers,
although they may close their own endpoints through local means.

The AR ASE may also initiate the abort service when it detects unrecoverable communication failures. In
this case[ the elvers an AR-ADorT Indication primitive informing the USer_of the tajurg and
closes the endpoint context.

7.3.5.1 |Service Primitives
The servife parameters for this service are shown in table 23.

Table 23 — AR-Abort
AN\
Parameter name N\ I}d

()

AREP >M M(=)

Locally Generated M

Originator M(=)

Reason Code Q M(=)
\)\/

Argument

I

Additiorxa{bqtgik}/\ u_|u@E

Argumen
This para|

Locally G
This paraj

Originato

This para
value DLI

. The

Reason Gode

This parameter Indicates the reason for the ADOrT. It may be supplied by either the provider or e user.
One reason is defined: AR ASE error. Other reason code values may be supplied by the Data Link Layer,
or by the user.

Additional Detail

This optional parameter contains user data that accompanies the indication. When used, the value
submitted in the request primitive is delivered unchanged in the indication primitive.

7.3.5.2 Service Procedure

The abort service is a service that operates through a queue or buffer.
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If the user wishes to abort an AR, it submits an abort request primitive to its FAL AR ASE. If an AR ASE
detects an unrecoverable local failure or a communication failure, it delivers an abort indication primitive

to the endpoint user.

The FAL AR ASE builds an abort request APDU and conveys it on the specified AR if it is capable of

doing so. It also transitions the AREP state to CLOSED

Upon receipt of the Abort Request APDU, each remote FAL AR ASE transitions its AREP to CLOSED

and delivers an abort indication primitive to its user.

7.3.6  AR-compel Service

This service is used by the FAL user to request the AR ASE to convey a message which has been

deferr@d until explicitly released.

NOTE The services that operate on ARs are described abstractly in such a way that t
ARs that convey FAL APDUs through buffers or queues. These services may be i
brovided to load the buffer/queue, and subsequently post it for transfer by the ¢
Bervice.

7.3.6.1 Service Primitives
The s¢rvice parameters for this service are shown below.

Table 24 — AR-Compel vice

AN
Parameter name /\ /\\ > (R&]) ‘\Iﬁ Rsp Cnf
Argument \M\/
AREP M
Schedule ID Q U
Result (+) S
AR@ M
Statl M
Result\-) S
AR M
roRinfo M

NN

Argunient

The allgument contains the parameters of the service request.

rating with
apability is
using this

Schedule ID

This optional parameter specifies the Data Link Layer sequence to be compelled for network scheduled

ARs. The scheduling sequence is part of the DL-Mapping defined in IEC 61158-6.

Result(+)
This selection type parameter indicates that the service request succeeded.

Status

This parameter indicates the result of the service request. The following three status codes provided by

the DLL are defined:
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success
failure — inappropriate request;
failure — reason unspecified.

Result(-)

This selection type parameter indicates that the service request failed.

7.3.6.2  Service Procedure
The AR-Compel service is a service that operates through a queue or buffer.

The requesting user submits an AR compel.request primitive to its FAL AR ASE. The FAL AR ASE
issues the_corresponding Data Link Laver service request to the Data Link Laver

7.3.7 AR-Get Buffered Message Service

This local service is used by an application process to request the AR ASE 19 vhich

is being maintained in a buffer in the local Data Link Layer.

This senjce does not result in the conveyance of an APDU. It is
access a puffer through the FAL AR.

may

7.3.7.1 |Service Primitives

The servife parameters for this service are shown below: Q
Table 25 — AR-Get Buffered Messade Servi
Parameter name heq Ind Rsp Cnf
Argument \M/
M
S
M
M
C
C
C
S
AREP M
Efror Info ™M

Argument
The argument contains the parameters of the service request.

Result(+)
This selection type parameter indicates that the service request succeeded.

Decoded Buffer Data
This parameter contains the user data in the FAL APDU read from the buffer.
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Local Timeliness

This conditional parameter, if it is present and True, indicates that the Decoded Buffer Data parameter
has met the receiving timeliness criteria defined for the DLL. If its value is False, at least one of the
timeliness criteria has not been met. It is present if supported in the DL Mapping Attributes of the AREP.

Remote Timeliness

This conditional parameter, if it is present and True, indicates that the Decoded Buffer Data parameter
has met the Publisher's and transmitting DL’s timeliness criteria. If its value is False, at least one of the
timeliness criteria has not been met. It is present if supported in the DL Mapping Attributes of the AREP.

Duplicate FAL PDU Body

as been

This canditional parameter indicates whether or not the rprpipr of 3 dllpliratp EAl PDU
detected by the Data Link Layer. It is present if supported in the DL Mapping Attri of the AR
Resuli(-)

This sglection type parameter indicates that the service request failed.

7.3.7.2  Service Procedure

This sprvice requests the FAL to return the current contents of nation(+) pr

the bu

7.3.8

particu
state T

This s
Link L

ffer is empty, a confirmation(-) primitive is returned.

nachines.

prvice does not result i
hyer PDUSs.

EP.

mitive. If

fLs for a
h the AR

r of Data
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Service Primitives

The service parameters for this service are shown below.

Table 26 — AR-Schedule Communication Service

61158-5 © IEC:1999

Parameter name Req Ind Rsp Cnf
Argument M

AREP M

Invoke ID M

Schedule Information M

Argumen

Result (+)
AREP
Invoke ID
Sequence ID

3

Result (-) /\\
AREP

Invoke ID

Error Info /\

g

=2 »m

N/

The argument contains the pargmse e ervque

Schedule
This sped

Result(+)
This sele

This paraj

Result(-)
This sele

Info

ifies the Da@

Ction(type parameter indicates that the service request failed.

7.3.8.2

Service Procedure

This service requests the communication stack to create a scheduled sequence.

7.3.9 AR-Cancel Scheduled Sequence Service

This local service provides the AL user with the ability to cancel an existing sequence which has
previously been scheduled. It maps directly to the DL-Cancel-Schedule service and has no effect on the
AR state machines.

This service does not result in the conveyance of an APDU. It may, however, result in the conveyance of

Data Link

Layer PDUs.
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7.3.9.1  Service Primitives
The service parameters for this service are shown below.

Table 27 — AR-Cancel Scheduled Sequence Service

Parameter name Req Ind Rsp Cnf
Argument M

AREP M

Invoke ID M

Sequence ID M

Result (+) /\(\
AREP
Invoke ID

Result (-)
AREP

Invoke 1D
Error Info A\

The afjgument contains the parameters of

)
[l

Argunient

Sequgnce ID
This pprameter specifiespthe Ses

Resuli(+) {}
This sglection type pdra

Resuli(-)
This sglectiortype

7.3.9.7

This sgrvice reguests the communication stack to cancel an existing scheduled sequence.

7.3.10| AR-Get DL-Time Service

This service 1S defined for the FAL 10 provide the FAL USer with acCess to the DL-Time service of the
Data Link Layer. To maintain compatiblity with the DL-Time service, the service and parameters
definitions are not defined in this specification. See IEC 61158-3 for the definition of the DL-Time service.
7.3.11 AR-Status Service

This local service provides the AL user notification of a status change of the AREP.
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7.3.11.1 Service Primitives
The service parameters for this service are shown in table 28.

Table 28 — AR-Status

Parameter name Req Ind Rsp Cnf
Argument M

AREP M

Status code M

Argumen

This parameter carries the parameters of the service invocation.

Status Cqde
This spedifies the status change being reported. The following status codg

lower lpyer reset;
buffer feceived;
buffer fransmitted;

transnjission not timely;

lower layer lost schedule -- rescheduling reguired;

local cpnfirmation.
S

7.3.11.2 |Service Procedure

This servjce indicates that a significant event, as
communigation stack.

tatus code parameter, occurred |n the

7.3.12 AR-XON-OFF Servi

This local service ca

7.3.12.1 |Service Primiti

The servife paramete

Table 29 — AR-XON-OFF

AN
aWame Req Ind
\Arggp}ent M M(=)

AREP M M(=)
Hrvoke+D Mt =)
XON-OFF M M(=)

Argument
The argument contains the parameters of the service request.

XON-OFF

This parameter contains user supplied data that can be conveyed with the service request. User data can
be "ON" or "OFF"“.
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7.3.12.2 Service Procedure
The AR-XON-OFF Service is a service that operates through a queue.

The requesting FAL ASE submits an AR-XON-OFF.request primitive to its AR ASE. The AR ASE builds
an AR-XON-OFF request APDU.

NOTE The transmission schedule is managed by the underlying layer, not the AR-ASE. Refer to IEC 61158-3 and IEC
61158-4 for further details.

Upon receipt of the AR-XON-OFF request APDU, the receiving AR ASE delivers an AR-XON-
OFF.indication primitive to the appropriate FAL ASE as indicated by the FAL Service Type Parameter.

7 3 1n A PP (e H
0.9 AN TRTITIUIT RTAdU OTTVILT

This gervice provides the application process to request the AR ASE to retyie essage |which is
being maintained in a buffer in the remote Data Link Layer

7.3.1311 Service Primitives
The sgrvice parameters for this service are shown below.

Table 29 — AR-Remote Read Vic

Parameter name ( Req }d\>Rsp Cnf

Argument % A@ P\>

AREP M
Priority M

Result (+)
AREP

Decqded
Lo@)m

Remot

Lt '
SO

Argunient

O o0 2w

1%}
wn

The afjgument contains the parameters of the service request.

Priority
This argument is locally used and defined by the user to allow two data flows

Result(+)
This selection type parameter indicates that the service request succeeded.

Decoded Buffer Data
This parameter contains the user data in the FAL APDU read from the buffer.
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Local timeliness

This conditional parameter, if it is present and True, indicates that the Decoded Buffer Data parameter
has met the receiving timeliness criteria defined for the DLL. If its value is False, at least one of the
timeliness criteria has not been met. It is present if supported in the DL Mapping Attributes of the AREP.

Remote timeliness

This conditional parameter, if it is present and True, indicates that the Decoded Buffer Data parameter
has met the Publisher's and transmitting DL’s timeliness criteria. If its value is False, at least one of the
timeliness criteria has not been met. It is present if supported in the the DL Mapping Attributes of the
AREP.

Result(-)
This selegtion type parameter indicates that the service request failed.

7.3.13.2 |Service Procedure

This service requests the FAL to return the current contents of the remote ; g 4€ pf the
contents |n a confirmation(+) primitive. If the buffer is empty, a confirmag it

7.3.14 AR-Remote Write Service

This service provides the AL user with the ability to trigger a ¢ g local

buffer.

7.3.14.1 |Service Primitives

The servife parameters for this service are shown in

Table 30 —
Parameter name \ \( N2 W1 Reg Ind Rsp Cnf
Argument M
AREPQ M
Priority M
Data M
S
M
Result (-) S
AREP M
Error Info M

Argument
The argument contains the parameters of the service request.

Priority
This argument is locally used and defined by the user to allow two data flows.

Decoded Buffer Data
This argument is used to contain the APDU to be written.
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Result(+)
This selection type parameter indicates that the service request succeeded.

Result(-)
This selection type parameter indicates that the service request failed.

5.3.14.2 Service Procedure

This service requests the FAL to write the contents of the local buffer and to trigger the data transfer. A
confirmation(+) primitive is sent when the service succeeds. If the service fails, a confirmation(-) primitive
is returned.

@%
S
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8 Data Type ASE

8.1 Overview

Fieldbus data types specify the machine independent syntax for application data conveyed by FAL
services. The Fieldbus application layer supports the definition and transfer of both basic and constructed
data types. Encoding rules for the data types specified in this clause are provided in IEC 61158-6.

Basic types are atomic types that cannot be decomposed into more elemental types. Constructed types
are types composed of basic types and other constructed types. Their complexity and depth of nesting is
not constrained by this technical specification.

Data type
is accom
type clasg.

types
data

xed Length

-| Boolean

-| Integer§ I
-| Unsigned8 I

I I

=

=

@

jw)

=1

lel

5

93
/\/7
Vv

[ 1 BitString
_I 7
| Float32 NCompact
\Booleq;g\(ray

| | Sompay tBéD\
Tra Defined Data
\ Types
| UNICODE
String
| UNICODE Char” |
|J=|I
—'l binary 11mcu || -/

Figure 18 — Data Type Class Hierarchy

The data type definitions in figure 18 are represented as a class/format/instance structure beginning with
data type class entitled "Data Type". The formats for data types are defined by the data type class and
are represented in figure 18.

The basic data classes are used to define fixed length and bitstring 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.
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The constructed types specified in this standard are strings, arrays and structures. There are no standard
types defined for arrays and structures.
8.1.1 Overview Of Basic Types

Most basic types are defined from a set of ISO/IEC 8824 types (simple types). Some ISO/IEC 8824 types
have been extended for Fieldbus specific use (specific types).

Simple types are ISO/IEC 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 fypes have a constant length. Two variations are defined, one for defining ( be length
is an integral number of octets, and one for defining data types whose length j

ion for the

NOTE Boolean, Integer, OctetString, VisibleString, and UniversalTime are defined
iCat initions as

burpose of assigning Fieldbus class identifiers to them. This technical speci Q
Epecified in ISO/IEC 8824.

8.1.1.1 Fixed Length Types
The length of Fixed length types is an integral number of

8.1.2 | Overview of Constructed Types

Constfucted data types are needed to cCg jety of information present on the
Fieldbus. There are two kinds of constructe ¢ e i technical specification, arfays and
structures.

8.1.2.1 Strings

A stripg is composed ¢ 5 a i number, of homogeneously typed fixed-length
elemepts.

8.1.2.2 Arrays 3

An array is compo S ed set™f homogeneously typed elements. This technical specification

of/array elements, but it does require that each element be of the

placeq no restriction ont
i ber of elements in an array may not be changed.

same ype. Oncedefiged, the

8.1.2.3

A strufture isSmade grdered set of heterogenously typed elements called fields. Like arfays, this
technital specification dpes not restrict the data type of fields. However, the fields within a strycture do
not haje to-be of the Same type.

8.1.2. Nestmgtevet

This technical specification permits arrays and structures to contain arrays and structures. It places no
restriction on the number of nesting levels allowed. However, the FAL services defined to access data
provide for partial access to the level negotiated by the Initiate service. The default number of levels for
partial access is one.

When an array or structure contains constructed elements, access to a single element in its entirety is
always provided. Access to subelements of the constructed element is also provided, but only when
explicitly negotiated during AR establishment, or when explicitly preconfigured on pre-established ARs.

NOTE For example, suppose that a data type named "employee" is defined to contain the structure "employee name",
and "employee name" is defined to contain "last name" and "first name". To access the "employee" structure, the FAL
permits independent access to the entire structure and to the first level field "employee name". Without explicitly
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negotiating partial access to more than one level, independent access to "last name" or "first name" would not be possible;
their values could only be accessed together as a unit through access to "employee" or "employee name".

8.1.3 Specification of User Defined Data Types

Users may find it necessary to define custom data types for their own applications. User defined types
are supported by this technical specification as instances of data type classes.

User defined types are specified in the same manner that all FAL objects are specified. They are defined
by providing values for the attributes specified for their class.
8.1.4 Transfer of User Data

User data_is transferred between applications by the FAI protocol All encoding and decoding are
performed by the FAL user.

The ruleq for encoding user data in FAL protocol data units is data type depéndent s are
defined irf IEC 61158-6. User-defined data types for which there are no encodifig ed as
a variablg-length sequence of octets. The format of the data within the octet st [ A e liser.

8.2 Fornpal Definition of Data Type Objects
8.2.1 [Data Type Class

The data type class specifies the root of the data type class tree. top of
the FAL dlass tree.

FAL ASE DATATYPE A

CLASS: DATA TYPE

CLASS ID: STRUCTURE), 12 (ARRAY)
PARENT|CLASS:

ATTRIBUTES:

1 (m) Key Attribute:

2 (}E Key At@e c

3 (m) Attributes E NGTH, STRING, STRUCTURE, ARRAY)
4 (¢) Constraipt;

4.1 (m) Osgtet hengt

5 (¢) = STRUCTURE

5.1 (m) Nuwrber of Fields

5.2 (m) ist of Fields

521 (9) Field Name

5.22 (m) e Field Data Type

6 (¢) ~,‘Constraint: Format = ARRAY

6.1 ( ) Attribute: Number of Array Elements

6.2 (m) Attribute : Array Element Data Type

8.2.1.1 Attributes
Format
This attribute identifies the data type as a fixed-length, string, array, or data structure.

Octet Length

This conditional attribute defines the representation of the dimensions of the associated type object. It is
present when 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.
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Number of Fields

This 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

This 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 O (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

This _conditional nprinnal attribute anpr‘ifipq the name of the field It may he present when the value of

the format attribute is "STRUCTURE".

Figld Data Type

This conditional attribute specifies the data type of the field. It is pres e format
atfribute is "STRUCTURE". This attribute may itself specify 3QNs ge ¢ither by
referencing a constructed data type definition by its numeric id, © K i ¢ ted data

type definition here. When embedding a description, the Embedd iption shown
bglow is used.

Number of Array Elements

This cpnditional attribute defines the number of ele R\ f Qe. indexed
startinpg at “0” through “n-1" where the sizé of 5 3 e i i i wvhen the
value pf the format attribute is "ARRAY".

Array Element Data Type

This cpnditional attribute spécifi e da s . he array
have the same data type. It is S ' i [ . This|attribute
may i{Felf specify a cong itherk f i ition by its
numellic id, or by embedd structedidatatype definition here. When embedding a description, the
Embeglded Data @

Embeg¢ided Data Type R

This aftribute i |s use template
below|define SR ype class,
except for ; ; $ used to
define[n ame

Attribute: Format(FIXED LENGTH, STRING, STRUCTURE, ARRAY)

2 Constraint: Format = FIXED LENGTH | STRING
2.1 (m) Attribute: Data Type Numeric ID value

2.2 (m) Attribute: Octet Length

3 (c) Constraint: Format = STRUCTURE

3.1 (m) Attribute: Number of Fields

3.2 (m) Attribute: List of Fields

3.2.1 (m) Attribute: Embedded Data Type Description

4 (c) Constraint: Format = ARRAY

4.1 (m) Attribute: Number of Array Elements

4.2 (m) Attribute: Embedded Data Type Description
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8.3 FAL Defined Data Types
8.3.1 Fixed Length Types

8.3.1.1 Boolean

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric ldentifier = 1

2 Data Type Name = Boolean

3 Format = FIXED LENGTH
4.1 Octet Length = 1

This datajtypeexpresses a Booteam datatype withrthe vatues TRUEandFALSE:

8.3.1.2 |Integer8

CLASS: Data Type
ATTRIBUTES:

1 Oata Type Numeric Identifier = 2

2 Oata Type Name = Integer8

3 Hormat = FIXED LEN@TH
4.1 Qctet Length =

This inteder type is a two’s complement binarys

8.3.1.3 |[Integerl6
CLASS:
ATTRIBUTES:
1
2
3
4.1 Qctet Length

This inteder type is a t/

(w]

ata Type Numeric lden

)

ata Type Name

n

ormat

p)y number with a length of two octets.

8.3.1.4 |Intege

CLASS: Data Type
ATTRIBUTES:

1 Oata Type Numeri¢’ldentifier = 4

2 Qata, Type Name = Integer32

3 Fermat = FxEBHENGTH

4.1 Octet Length
This integer type is a two’s complement binary number with a length of four octets.

Il
N
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8.3.1.5 Unsigned8

CLASS:

ATTRIBUTES:

1 Data Type Numeric Identifier
2 Data Type Name

3 Format

4.1 Octet Length

This type is a binary number. The most
most significant bit of the binary number;

—105 -

Data Type

5

Unsigned8
FIXED LENGTH
1

significant bit of the most significant byte is always used as the
no sign bit is included. This type has a length of one octet.

8.3.1.6 Unsignedl16

CLASS: Data Type

ATTRIBUTES:

1 Data Type Numeric Identifier = 6

2 Data Type Name = Unsigned16

3 Format = FIXED LENGT

4.1 Octet Length = 2

This type is a binary number. The most significant bit of e is always usead as the
most gignificant bit of the binary number; no sign bit/is\ nsigned type has a length of two
octets

8.3.1.T Unsigned32

CLASS: ata

ATTRIBUTES: %

1 Data Type Numefic Ide

2 Data Type Nameg nsigned32

3 Format IXED LENGTH

4.1 Octet Length

This type is a bin significant bit of the most significant byte is always used as the
most significa QUMDBET; no sign bit is included. This unsigned type has a length of four
octets

8.3.1.8

CLASS: Data Type

ATTRIBUTES:

1 Data Type Numeric Identifier = 8

2 Data Type Name = Float32

3 Format = FIXED LENGTH

4.1 Octet Length = 4

This type has a length of four octets. The format for float32 is that defined by ANSI/IEEE 754 as single

precision.
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8.3.1.9
CLASS:
ATTRIBU

Float64

TES:

1 Data Type Numeric Identifier

2 Data Type Name

3 F

ormat

4.1 Octet Length
This type has a length of eight octets. The format for float64 is that defined by ANSI/IEEE 754 as double
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Data Type

15

Float64

FIXED LENGTH
8

precision.

8.3.1.10 [BinaryDate

CLASS: Data Type

ATTRIBUTES:

1 Oata Type Numeric Identifier = 11

2 Qata Type Name = BinaryDate

3 Format = FIXED LENGTH

4.1 Qctet Length = 7

This data] type is composed of six elements of unsigned va S 3 time.
The first plement is an Unsigned16 data type and gives\tf i . The
second dlement is an Unsigned8 data type s S third
element is an Unsigned8 data type and gives the f is an
Unsigned8 data type. Its upper three (3) bits give tt e the
day of the month. The fifth element is an Unsj ent is
UnsignedB data type and gives the year.

8.3.1.11 | TimeOfDay

CLASS:

ATTRIBUTES: Q

1 Qata Type Numefti

2 Qata Type Nam®s TimeOfDay

3 Hormat FIXED LENGTH

4.1 Qctet LeRgth 6

This data tyge i of Ywo elements of unsigned values and expresses the time of day and the
date. The firs elfiis\an gigned32 data type and gives the time after the midnight in millisegonds.
The seconpd elemeéngis anUnsigned16 data type and gives the date.

8.3.1.12 |TimeDifference

CLASS: Pata—Fype

ATTRIBUTES:

1 Data Type Numeric ldentifier = 13

2 Data Type Name = TimeDifference

3 Format = FIXED LENGTH

4.1 Octet Length

This data type is composed of two elements of unsigned values that express the difference in time. The
first element is an Unsigned32 data type that provides the fractional portion of one day in milliseconds.
The optional second element is an Unsigned16 data type that provides the difference in days.

40r6
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8.3.1.13 TimeValue

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric Identifier = 21

2 Data Type Name = Time Value

3 Format = FIXED LENGTH

4.1 Octet Length 8

This simple type expresses the time or time difference in a two’'s complement binary number with a
length of eight octets. The unit of time is 1/32 millisecond.

8.3.1.14 Ooniversal rime

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric Identifier = 16

2 Data Type Name = UniversalTime
3 Format = FIXED LENGT,

4.1 Octet Length = 12

This simple type is composed of twelve elements of type Visi ing: J 1t is the
same ps that defined in ISO/IEC 8824, except that theocal ting

8.3.1.15 FieldbusTime
CLASS:
ATTRIBUTES:

1 Data Type Numeric
2 Data Type Name
3 Format IXED LENGTH
4.1 Octet Le

This dpta type is defing his standard as DL-Time.

8.3.2.16 BiItSt

CLASS Data Type
ATTRIBUY

1 22

2 Data-Fype Na = Bitstring8

3 Format = FIXED LENGTH
51 Octer Lengin = T

This type contains 1 element of type BitString.
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8.3.2.17 BitString16
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CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric Identifier = 23

2 Data Type Name = Bitstring16

3 Format = FIXED LENGTH
5.1 Octet Length = 2

8.3.2.18 BiItString32

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric ldentifier = 24

2 Qata Type Name = Bitstring32

3 Hormat = FIXED LENGTH
5.1 Qctet Length = 4

8.3.1.19 |(VisibleStringl

CLASS: Data Type
ATTRIBUTES:

1 Oata Type Numeric Identifier =

2 Data Type Name =

3 Hormat =

4.1 Qctet Length
This typelis defined as a single

8.3.1.20 | VisibleString2
CLASS:
ATTRIBUTES:
1 O

ing type.

2 O = VisibleString2

3 H = FIXED LENGTH
4.1 g = 2

This type

8.3.1.21 |VisjbleString4

CLASS: Data—Fype
ATTRIBUTES:

1 Data Type Numeric Identifier = 27

2 Data Type Name = VisibleString4

3 Format = FIXED LENGTH
4.1 Octet Length = 4

This type contains four elements of type VisibleString.
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8.3.1.22 VisibleString8

CLASS:

ATTRIBUTES:

1 Data Type Numeric Identifier
2 Data Type Name

3 Format

4.1 Octet Length

—-109 -

Data Type

28
VisibleString8
FIXED LENGTH
8

This type contains eight elements of type VisibleString.

8.3.1.23 VisibleString16

CLASS:
ATTRIBUTES:

1 Data Type Numeric Identifier
2 Data Type Name

3 Format

4.1 Octet Length

Data Type

29
VisibleString16
FIXED LENGTH
16

This type contains 16 elements of type VisibleString.

8.3.1.24 OctetStringl
CLASS:
ATTRIBUTES:

1 Data Type Numeric Identifier
2 Data Type Name
3 Format

4.1 Octet Length

This type has a Ie@of O

8.3.1.25 OctetString
CLASS:

ATTRIBUTES

1 dentifier
2

3 Format

4.1 Octet'Length
This type.has a length of two octets

Data Type

31

OctetString2
FIXED LENGTH
2

8.3.1.26 OctetString4

CLASS:

ATTRIBUTES:

1 Data Type Numeric Identifier
2 Data Type Name

3 Format

4.1 Octet Length

This type has a length of four octets.

Data Type

32

OctetString4
FIXED LENGTH
4
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8.3.1.27 OctetString8

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric Identifier = 33

2 Data Type Name = OctetString8

3 Format = FIXED LENGTH

4.1 Octet Length
This octet string type has a length of eight octets.

8

8.3.1.28 OctetStringl6

CLASS:
ATTRIBU
1 D
2 D
3 F
4.1 d
This type

8.3.1.29

CLASS:

ATTRIBU
1 O
2 O
3 H
4.1 d

This type
most sigr
this type,
inclusive.

8.3.1.30
CLASS:
ATTRIBU
1 O
2 O

TES:

ata Type Numeric Identifier
ata Type Name

ormat

ctet Length

has a length of 16 octets.

BCD

TES:
ata Type Numeric Identifier
ata Type Name
ormat

ctet Length

is a binary
ificant bit o
the least signifig
The most sighifi

TES:
ata Type
ata Type Name

rmat

Data Type

34
OctetString16
FIXED LENGTH

Data Type

36

UnicodeChar
EIXED LENGTH

1s the
et. In
nine

3 H

4.1 Octet Length

This type is defined as a single character in the UNICODE string type.

2
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8.3.1.31 BinaryTimeO

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric Identifier = 40

2 Data Type Name = BinaryTimeO

3 Format = FIXED LENGTH

4.1 Octet Length 2

This type is a binary number. The most significant bit of the most significant byte is always used as the
most significant bit of the binary number; no sign bit is included. This type has a length of two octets. The
unit of time for this type is 10 ps.

8.3.1.32 BinaryTimel

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric Identifier = 41

2 Data Type Name = BinaryTimel

3 Format = FIXED LENGT

4.1 Octet Length 2

This type is a binary number. The most significant bj gnifi yte is always usdd as the
most gignificant bit of the binary number; i N as a length of two octets. The
unit offtime for this type is 100 ps.

8.3.1.33 BinaryTime2
CLASS:

ATTRIBUTES:

1 Data Type Num Iden

2 Data TypeAtam BinaryTime2

3 Format @ FIXED LENGTH

4.1 2

This ty significant bit of the most significant byte is always usdd as the
most §i ber; no sign bit is included. This type has a length of two ocfets. The
unit offti

8.3.1.3

CLASS: Data Type

ATTRIBUTES:

1 . o _

2 Data Type Name = BinaryTime3

3 Format = FIXED LENGTH

4.1 Octet Length = 2

This type is a binary number. The most significant bit of the most significant byte is always used as the
most significant bit of the binary number; no sign bit is included. This type has a length of two octets. The
unit of time for this type is 10 ms.
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8.3.1.35
CLASS:
ATTRIBU

BinaryTime4

TES:

1 Data Type Numeric Identifier

2 Data Type Name

3 F

ormat

4.1 Octet Length

This type

is a binary number. The most

most significant bit of the binary number;
unit of time for this type is 10 ps.
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Data Type

= 44

= BinaryTime4

= FIXED LENGTH
4

significant bit of the most significant byte is always used as the
no sign bit is included. This type has a length of four octets. The

8.3.1.36 |BinaryTime5

CLASS: Data Type

ATTRIBUTES:

1 Qata Type Numeric Identifier = 45

2 Qata Type Name = BinaryTime5

3 Hormat = FIXED LENGTH

4.1 Qctet Length = 4

This typelis a binary number. The most 1S the
most significant bit of the binary number; . The
unit of tirme for this type is 100 ps.

8.3.1.37 |BinaryTime6

CLASS:

ATTRIBUTES:

1 Qata Type Numeric

2 Data Type N

3 Hormat @ FIXED LENGTH

4.1 Qctet Length 4

This typelis a binar ificant bit of the most significant byte is always used as the
most sigrificant ; o sign bit is included. This type has a length of four octetg. The
unit of time for this type I

8.3.1.38 |BinaryJimeX

CLASS: Data Type

ATTRIBUTES:

1 ata—Type-Numericldentifier—— 47

2 Data Type Name = BinaryTime7

3 Format = FIXED LENGTH

4.1 Octet Length = 4

This type is a binary number. The most significant bit of the most significant byte is always used as the
most significant bit of the binary number; no sign bit is included. This type has a length of six octets. The
unit of time for this type is 1 ms.
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8.3.1.39 BinaryTime8

CLASS:

ATTRIBUTES:

1 Data Type Numeric Identifier =
2 Data Type Name =
3 Format =
4.1 Octet Length =

-113 -

Data Type

48

BinaryTime8
FIXED LENGTH
6

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

unit of time for this type is 10 ps.

8.3.1.40 BinaryTime9

CLASS: Data Type
ATTRIBUTES:

1 Data Type Numeric Identifier = 49

2 Data Type Name = BinaryTime9

3 Format = FIXED LENGT
4.1 Octet Length = 6

This type is a binary number. The most significant bj yte is always usdd as the
most gignificant bit of the binary number; pe.sign bj 3ry time type has a length of six
octets| The unit of time for this type is 106

8.3.2 | String Types

8.3.2.1 \VisibleString %

CLASS: Data
ATTRIBUTES:

1 Data Typ@e fie

2 Data Type VisibleString

3 Format STRING

4.1 Octet Lengt = 1

This type isndefined asthe ’ SO string type

8.3.2.1

CLASS: Data Type
ATTRIBUTES:

1 Data T ype Numeric taemntifier = 10

2 Data Type Name = OctetString

3 Format = STRING

4.1 Octet Length = 1

An OctetString is an ordered sequence of octets, numbered from 1 to n. For the purposes of discussion,
octet 1 of the sequence is referred to as the first octet. IEC 61158-6 defines the order of transmission.
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8.3.2.3  BitString

CLASS:

ATTRIBUTES:

1 Data Type Numeric Identifier =
2 Data Type Name =
3 Format =
5.1 Octet Length =

Data Type

14
Bitstring
STRING
1

This string type is defined as a series of eight bits, numbered from 0 to 7.

61158-5 © IEC:1999

8.3.2.4 CompactBooleanArray

CLASS: Data Type

ATTRIBUTES:

1 Data Type Numeric ldentifier = 37

2 Qata Type Name = CompactBooleanArray

3 Hormat = STRING

6.1 Qctet Length = 1

In this type, each bit value of O (zero) represents Boolea ach bit value| of 1
represents TRUE.

8.3.2.5 [CompactBCDArray

CLASS:

ATTRIBUTES:

1 Qata Type Numeric Identjfier

2 Data Type Name

3 Hormat

4.1 Qctet Length

This type]| is used to@ es of
octets. The first octet cg . [f the
number gf BCD valuesg’is value
"1111"

8.3.26 |U

CLASS: Data Type

ATTRIBUTES:

1 Oata Type Numeric Identifier = 39

2 QataType Name = UnicodeString

3 Format = STRING

4.1 Octet Length = 2

This type is defined as the UNICODE string type.

8.4 Data type ASE Service Specification

There are no operational services defined for the type object.
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9 Variable ASE

9.1 Overview

In the Fieldbus environment, application processes contain data that remote applications are able to read
and write. The variable ASE defines the network visible attributes of application data and provides a set
of services used to read, write, and report their values. Common FAL management services are used to
create and delete variable objects and to access their attributes.

Two classes of variable APOs are defined by the Variable Model, individual variables and variable lists.
Individual variables are used to specify access to application data of any FAL-defined or user-defined
data type. Services defined to access individual variables can be used to access one or more entire
variab[eS or one or more entries (per variable) in an array or one or more fields (per varaple) in a
structure.

Variah
individual variables can be used to access a variable list.

access

Two types of operation are supported by variable services, “be . i i st effort”
services succeed when at least one of the referenced values €an b ; o services
succeed when all of the referenced values can be accessed il if& annot be
accessed.

When|supported by the appropriate type 0 i elati b can be
used tp support two different access models,the £li r model.

The client/server model is characterized b a server

applicgition that responds accordingly. The ; if there
are ng requests, the server generates no f|

The pliblisher/subscriber mé S i jlata onto
the n hing t § used to
publish it and listen for the dat

Two models are ". In the
"pull" model, the publig to it. The
publis hd to the
subsc

In the are able
to indicat ces, the
publishing gr sontrg)s’ the activity of the publisher and the characteristics of the application
relatio network
using

Subsctibers in both models receive the published data through a local copy of the data maintainéd by the

FAL. As the data is received from the network, the local copy is updated and made available to the
subscriber. When the subscriber wishes to access the data, it accesses the local copy, instead of issuing
a read request to the remote variable as would happen in the client/server model. If the appropriate
AREP attributes are set, timeliness information will be included with the data.

The FAL AR ASE supports both publisher/subscriber models by multi-casting the published data on
buffered, network scheduled application relationships. The exact characteristics of the transfers are
controlled by the attribute settings of the application relationship.

The formal model of the variable model is presented next, followed by a description of its services. IEC
61158-6 describes the abstract syntax and procedures for its protocol.
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9.1.1 Requirements for Access to Variables

The structure of a variable value is defined by its data type. A variable's data type may be of any valid
standardized or user defined data type. Standardized types and the facilities for defining user types are
specified by the Data Type Model.

As the Data Type Model permits nesting of data structures and arrays to more than one level, the
services defined for variable access permit partial access to any nesting level. Partial access means
independent access to several components of each structure or array referenced. That is, if constructed
type "A" contains constructed type "B", then partial access is provided to "B", and also to components of
"B".

9.2 Variable Model Class Specification

9.2.1 dimple Variable Formal Model

FAL ASE VARIABLE ASE
CLASS: SIMPLE VARIABLE
CLASS I1D: 7
PARENT|CLASS: TOP
ATTRIBUTES:

1 Key Attribute:  Symbolic Address
2 Attribute: Data Type

3 Attribute: Length

4 Constraint: Data Type Forma
4.1 Attribute: RUE, FALSE) -- see note below
5 Attribute:

5.1 Attribute:

5.2 Attribute:

5.3 Attribute:

6 Attribu

SERVIC

1

2

3

4 \/rite List

5 Information Report
6 Ops Information Report List
7 OpsService: Exchange

8 OpsService: Exchange List

NOTE The constraint is TRUE when a variable is being defined as an array.

9.2.1.1 Attributes
Symbolic Address

This optional key attribute specifies a symbolic reference for the variable. This attribute provides a
second name space for defining variables that is separate from that of the variable name to ensure that
duplication of hames in separate name spaces do not create a problem. The symbolic address may be
used to assign variable names independent of how they are named within a given system.
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A space (" ") character may not be embedded in the middle of a symbolic address. However, using it as
leading or trailing fillers is permitted. Such fillers are not to be interpreted as part of the symbolic address.
The use of leading or trailing fillers permits fixed-length character string usage.

NOTE For example, a device manufacturer may use the symbolic address to name the data acquired from a local input
channel as "port 1". A user of that data may create a second variable for the data using the variable name "temperature"”.

Data Type
This attribute is the numeric identifier of a FIXED-LENGTH or STRING data type.

this at

LENG hta type.

Varialjle Length Conveyance

This donditional Boolean attribute, when TRUE, indicates that onl Y€ string are
conveyed. When FALSE, all octets of the string are conveyed, eve 2\ he string
value.[This attribute is present only for variables with the STRING ¢a

Access Privilege

This aftribute specifies the access controls defined for g

P4ssword
Th

Adcess Groups

This attribute identifies w variable.

Meore than one acceg

Adgcess Right@
This attribute defing

- | Right to Wyite\fo

th

- | Right.to M all Communication Partners

egistered Password

- | Rightto Read for all Communication Partners

Local Detail
This attribute contains local information.

9.2.1.2 Services

All services defined for this class are optional. When an instance of the class is defined, at least one has
to be supported.

Read

This optional service may be used to read a single variable object or variable list object. This service may
be used in both the client/server model and the publisher/subscriber pull model.
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Write

This optional service may be used to update a single variable object or variable list object. This service
may be used only in the client/server model.

Read List

This optional service may be used to read multiple variable objects or components of multiple variable
objects or a single variable list object. The number of referenced variables/components or variable
objects in the list is a device constructor matter. Each of the referenced variables/components or
variables in the list is accessed and returned in a “best effort” fashion, such that at least one value is to
be returned for the service to succeed. This service may be used only in the client/server model.

Write List

This optignal service may be used to update multiple variable objects or single co
variable ¢bjects or a single variable list object. The number of referenced varia ts or
variable gbjects in the list is a device constructor matter. Each of the referenced nts or
variables|in the list are updated in a “best effort” fashion, such that at least o albe i S ated for
the servige to succeed. This service may be used only in the client/server mods|.

ponents ofimultiple

Information Report

ble or
Criber

This optignal service is an unconfirmed service that may be u
variable list object. This service may be used in both the cliep
push model.

Informatign Report List

This optignal unconfirmed service may be usetkto repo i arjable objects or single components
of multiple variable objects or a singté i ject. The number of refer¢gnced
variablesjcomponents or variable objects in ist evice constructor matter. This service may be
used in bpth the client/server mode S

Exchangsg

This optignal service jgN\a cogfirmed\se be used to write the value of a remote variable or
variable list and rea K iabledr variable list in one operation. This service mpy be
used in the client/servé s ship between the specified variables and User |ayer

Exchange Function is ou ' thjs-technical specification.

Exchange List

This optignal | service be used to update multiple variable objects or single components of
multiple Jaria shjectsyar a single variable list object and to read multiple variable objects or gingle
componepts of wulti ariakle objects or a single variable list object in one operation. The number of
referenced variahleSfIcomponents or variable objects in the list is a device constructor matter. Each pf the
referenced variables/components or variables in the list is updated/accessed in a “best effort” faghion,
such that| at’least one value is to be updated/returned for the service to succeed. This service mpy be
used only in.the client/server model. The relationship between the specified variables and a User | ayer
Exchange Function is outside the scope of this technical specification.
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9.2.2  Array Variable Formal Model

FAL ASE: VARIABLE ASE

CLASS: ARRAY VARIABLE

CLASS ID: 8

PARENT CLASS: TOP

ATTRIBUTES:

1 (0) Key Attribute:  Symbolic Address

2 (m) Attribute: Data Type

2.1 (s Attribute: Data Type D

2.2 (s) Attribute: Embedded Data Type

3 (c) Constraint: Data Type Format = ARRAY | FIXED-LENGTH
3.1 (0) Attribute: Element Length

4 (c) Constraint: Data Type Format = STRING

4.1 (o) Attribute: Variable Length Conveyance (TRU
5 (o) Attribute: Number of Elements

6 (m) Attribute: Access Privilege

6.1 (m) Attribute: Password

6.2 (m) Attribute:
6.3 (m) Attribute:
7 (m) Attribute:
SERVICES:

(0) OpsService:
(o) OpsService:

0 N o o A WN P
—~
o
N

Exchange List

9.2.2.1 Attribute
Symbglic’Address
See't f

Data Type
This attribute specifies the data type for elements of the array.

Data Type ID

This attribute is the numeric identifier of a data type associated with the array. If the format of the data
type is ARRAY, this attribute is the data type of the array. If the data type is FIXED-LENGTH or STRING,
this attribute is the data type of an array element.
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Embedded Data Type

This attribute is used to embed the data type description in the array definition. The contents for this
attribute are shown in the Data Type model.

Element Length

This conditional attribute indicates the length of an array element with an ARRAY, FIXED-LENGTH or
STRING data type. For array elements with STRING data types, this attribute is used to define the length
of an array element in octets. For variables with an ARRAY or FIXED-LENGTH data type, this attribute is
used to reflect the length of an array element as specified by the data type.

Variable-length Conveyance

This condliti

conveyed
value. Th

Number @

This attrild
variables
shown beg

Metho

1 Reference to a data type with the format

of A

2 Reference to a data type with the forma

of A

Access P
See the d

Local Detiai

This attrilj

9.2.2.2
See the d

f Elements

low.
d

RRAY:

IXED-LENGTH or STRING

[ivilege

escription of this a

. When FALSE, all octets of the string are conveyed, even if they are
s attribute is present only for arrays with a STRING data type.
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art of the

Q

ined in the Simple Variable class above.

efined in the Simple Variable class above.

ing are

string

.|Array

h are

array

b array
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9.2.3 Record Variable Formal Model

FAL ASE: VARIABLE ASE
CLASS: RECORD VARIABLE
CLASS ID: 9

PARENT CLASS: TOP

ATTRIBUTES:

1 (0) Key Attribute:  Symbolic Address

2 (m) Attribute: Data Type

2.1 (s Attribute: Data Type D

2.2 (s) Attribute: Embedded Data Type
3 (m) Attribute: Access Privilege

3.1 (m) Attribute: Password

3.2 (m) Attribute: Access Groups
3.3 (m) Attribute: Access Rights

4 (m) Attribute: List of Local Detail
SERV|CES:

(o) OpsService: Read

(o) OpsService:  Write

(o) OpsService: Read List

1

2

3

4 (o) OpsService:  Write List
5 (o) OpsService:

6 (o) OpsService:

7 (0) OpsService

8 (0)

9.2.31

See thHe descrip efined for the Simple Variable class above.

Data Type

This a}tribute spes je data type for elements of the array.

Data Type ID
This attribute is the numeric identifier of a STRUCTURE data type.

Embedded Data Type

This attribute is used to embed the data type description in the record definition. The contents for this
attribute are shown in the Data Type model.

Access Privilege
See the description of this attribute defined for the Simple Variable class above.
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Password
See the description of this attribute defined for the Simple Variable class above.

Access Groups
See the description of this attribute defined for the Simple Variable class above.

Access Rights
See the description of this attribute defined for the Simple Variable class above.

List of Local Detail
This attribute contains the local detail for each element (field) of the record.

61158-5 © IEC:1999

9.2.3.2 |[Services
See the description of the services defined for the Simple Variable class abov

9.2.4 Mariable List Formal Model

FAL ASE VARIABLE ASE
CLASS: VARIABLE LIST
CLASS ID:

PARENT|CLASS:

ATTRIBUTES:

1 (m) Attribute: i
2 (:l:) Attribute:

3 (¢) Attribute: %

4 (m) Attribute:

4.1 (m) Attribute:

42 (i) Attri

4.3 (m) Attribute

SERVICHS:

1 (0)

2 (0)

3 (0)

4 (0)

5 (0) : Exchange

6 (o) ,OpsService: Exchange List
7 (0).</ OpsService: Information Report
8 ( ' ' Eport st

9.2.4.1 Attributes
Number of Entries

This attribute contains the number of variables in the list.

List of Variables

This attribute identifies the variables (only simple, array or record variable objects) by Key Attribute that

are contained in the list.
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Deletable

This attribute indicates, when TRUE, that the variable list can be deleted using the Delete service. The
value of this attribute is always TRUE for objects dynamically created with the Object Management ASE

Create Service.

Access Privilege

This attribute specifies the access controls defined for this variable list. It is composed of the following:

Password

This attribute contains the password for the access rights. Its value is null if it is not used.

Adcess Groups

This attribute identifies which of the eight user-defined access groups are dej

More than one access group may be defined.

Adcess Rights
This attribute defines the type of access defined for the variable lis
- | Rightto Delete for Access Groups
— | Right to Write for Access Groups
- | Rightto Read for Access Groups

- | Right to Delete for the registered/Passwo,

9.2.4.1
See the description

Service

9.3 Mariable A

This spbclaus
this A$E<are:

Read
Write
Read\Llist

the var

Write List

Information Report
Information Report List
Exchange

Exchange List

able list.

fined for

The exact nature of the operation of variable services is determined, in part, by the application

relationship over which they operate.
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9.3.1 Read Service

This confirmed service may be used to read the value of a variable object or variable list object. It may be
used with application relationships configured to support the client/server model, or it may be used with

61158-5 © IEC:1999

application relationships configured to support the publisher/subscriber "pull* model.

93.11

Service Primitives

The service parameters for this service are shown in table 31.

Table 31 — Read service parameters

Parameter name

Req Ind

Rsp

Cnf

Argument

AREP

Invoke ID

Variable Specifier
Key Attribute
Key Attribute and Component ID
Numeric Address and Data Length

Data Type Requested

Object Revision Requested

Best Effort Requested

G SYTUTIT

>

/

Argument

Result (+) S S(=)
AREP Q M M(=)
Invoke ID M M(=)
List of Acce t M M(=)
Error S S(=)
Returned D S S(5)

M M(=)
C C(®)
C C(3)
C C(=)

Restilt (-) S S(=)
AREP M M(=)
Invoke ID M M(=)
Error Info M M(=)

This parameter carries the parameters of the service invocation.

Variable Specifier

This selector type parameter specifies the variable, variable list, or an element of an array or record

variable.
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Key Attribute
This parameter identifies the variable or variable list by one of its key attributes.

Key Attribute and Component Identifier

This parameter identifies the field of a constructed data type variable by a combination of one of its
key attributes and the field identifier of a data structure or an index into an array. This parameter may

identify a component with a nesting level greater than one if supported by the AP.

Numeric Address/Data Length

This parameter provides the numeric address and the data length of the data to be read. The
mapping between this parameter and the actual memory address in a real system is a local matter.

Data Type Requested
This optional parameter indicates that the data type of each variable should he

Object Revision Requested
This gptional parameter is used to request that the value of the ob

data.

be returned. A

value pf TRUE indicates that object revision is desired. A value of RALSE \ndiCates thatobject revision is

not desired. If the Object Revision is requested, but is not suppoxted
fails.

Best Hffort Requested

iad object, the service

This cpnditional, optional parameter is u i J0est tg i est effort” read of a varialle list. In

the “best effort” read, the service succeeds\f atleas i e variable list can be read

Resuli(+)

This sglection type parameter Indicajes
List of|/Access Result

variable list, then
order ¢f the variab

Error $tatus

This delection\ type™pa
variables i i

Returned Data

This sglection-type p
effort”|was'not requested for a variable list.

This parameter c ins 0N ed by the remote AP. If “best effort” was requesfed for a
i /The order of the response in the list is the same as the
le

vhen “best effort” was requested for a variable list and orje of the

meter contains the data returned by the remote AP. It is always present if “best

Value

This parameter contains the value read. For each of the variables, this parameter contains the value of
the variable. For variable lists, this parameter contains the values of each of the variables in the list
concatenated together in the order that they appear in the list. If any of the variables in a variable list

could not be read, the service fails.

Data Type
This optional parameter indicates that the data type of each value is returned.
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Object Revision

This conditional parameter contains the object revision of the specified object. It is present if the object
revision was requested.

Timeliness

This conditional parameter indicates the Data Link Layer timeliness status for the referenced variable, or
variable list object. This parameter is present if it is supported on the specified AR.

Result(-)
This selection type parameter indicates that the service request failed.

9312 SUIVibU PIULUU‘UIC

The Conflrmed Service Procedure specified in clause 4 applies to this service.

The Read Service is an "all or nothing" service. All or nothing means that the Sexvie € if the
requested value, or values in the case of a variable list object, are read and re

If the obj¢ct specified to read is a variable list object, the value, data ~ ¢ bbject
revision (yvhen requested) of the variables in the variable list are refurned:

A timelingss parameter is included in the indication primitiye i Body
supports fimeliness.

9.3.2 Read List Service

This confjrmed service is used to read the vatue bct. It
may be uged with application relationships configu ) '

It operates in a "best effort” faski ' riable
or one variable in a varial i f ssfully
accessed, the returned dat
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9.3.2.1  Service Primitives
The service parameters for this service are shown in table 32.

Table 32 — Read List Service Parameters

Parameter name Req Ind Rsp Cnf
Argument M M(=)
AREP M M(=)
Invoke ID M M(=)
Data Type Requested U u@=)
List Of \/ariahle. Qpnnifinrc (N Q(—\
Key Attribute S S(=)
Key Attribute and Component ID(s) S S(=)
List Of Numeric Addresses and Data S

S(
Lengths /\
Object Revision Requested UQX:)

)

Result (+) S(=)
AREP \\>M M(=)
Invoke ID ®> M M(=)
List of Access Results M M(=)
List of Data Types C C(=)
List of Data M M(=)

Error Status S S(=)
Value S S(=)
Value S S(=)
S S(=)
M M(=)
M M(=)
M M(=)

Argum

This pprameter carries’the parameters of the service invocation.

Data Type Requested

This optional parameter is used to request that the type description of the List of data parameter be
returned. A value of TRUE indicates that the type description is desired. A value of FALSE indicates that
type description is not desired. This request can be used only with List of Variable Specifiers selection.

List of Variable Specifiers

This parameter individually identifies a list of variables and/or components of variables to be read or one
variable list to be read. The nesting level of the components to be read can be equal to or greater than
one.
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Key Attribute
This selection type parameter specifies a Variable or Variable list Identifier key attribute values.

Key Attribute And Component ID(s)

This parameter identifies the components of a constructed data type variable by a combination of
one of its key attributes and the components path ID(s).

List Of Numeric Addresses and Data Lengths

This parameter provides the numeric address and the data length of the variable objects to be read. The
mapping between this parameter and the actual memory address in a real system is a local matter. This
selection is allowed to access only the data of variable object

NOTE The Numeric Address parameters may be useful to specify a variable or a certain me ion.i called
senjce user. These addresses are not global. One example of the use of the parameters is tg gpecify a pointer.to g target
memory location.

Object Revision Requested

This optignal parameter is used to request that the value of the objecf\revisi fribute ed. A
value of TRUE indicates that object revision is desired for all variabtes i : ALSE
indicates fthat object revision is not desired for any variable.

Result(+)
This selegtion type parameter indicates that th

List of Acgess Results

This pargmeter contains an indicator for eag icator
must be TRUE otherwise it must be FALSE.

List of Data Types

This optignal parameter pro

List of Data

This pargmeter contaips Qr m bbject
revision read. The error y 3 Her in
which thgy were des i . nition.
For each|variable (] 9 3 e the
value or the value i isioh of the variable object (if requested). Otherwise it must be an| error
status. THe Teturne |so be an error status if the object revision is requested and the vafriable

object ac¢essed dgoesiot\suppdrt the object revision attribute.

Errof Status

This|parameter indicates the most probable reason why the operation failed using the error|class
and error code defined for the read service.

Value

This parameter contains a value read. For variables, this parameter contains the value of the
variable. For variable lists, this parameter contains the values of each of the variables in the list
concatenated in the order in which they appear in the list.

Value with Object Revision

This parameter contains a value read plus the object revision of the variable object. For variables,
this parameter contains the value of the variable. For variable lists, this parameter contains the
values of each of the variables in the list concatenated in the order in which they appear in the list.
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Result(-)
This selection type parameter indicates that the service request failed.

9.3.2.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

The Read List Service is a "best effort". Best effort means that the service succeeds if at least one value
is read.

If the user is not able to read at least one of the values, the service fails and the user issues a Read List
Service response (-) primitive indicating the reason.

When|requested, the data type descriptions are returned. When requested, the object revision|attribute
value |s returned concatenated with the value of the variable.

9.3.3 | Write Service

This cpnfirmed service is used to write the value of a variable. It is ng o isher/suibscriber

®
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9.3.3.1
The service parameters for this service are shown in table 33.

Service Primitives

Table 33 — Write Service Parameters

61158-5 © IEC:1999

Parameter name Req Ind Rsp Cnf

Argument M M=) | M(=) | M(=)
AREP M M(=)

Invoke ID M M(=)
Variable Specifier M M(=)
I(ny Attribute (N Q(—)
Key Attribute and Component ID S S(=) \
Numeric Address and Data Length S S(=)
Value M M(=) >
Data Type U = x
Object Revision U U(=)
Best Effort Requested /U\<U\—

Result (+) S(=)
AREP > M M(=)
Invoke ID M M(=)
List of Error Status > C C(®

Result (-) Q S S(=)
AREP M M(=)
Invoke M M M(=)
Error <§> M M(=)

N\

ter$ of the service request.

Argumen

The argument cottain pra

Variable $pe

This parameter spesifies the variable, variable list, or an element of an array or record variable.
Key Attribute
This parameter iaemtifies the variabte or varabte tist by one of its key attributes:

Key Attribute and Component Identifier

This parameter identifies the field of a constructed data type variable by a combination of one of its
key attributes and the field identifier of a data structure or an index into an array. This parameter may
identify a component with a nesting level greater than one if supported by the AP.

Numeric Address/Data Length

This parameter provides the numeric address and the data length of the data to be written. The
mapping between this parameter and the actual memory address in a real system is a local matter.
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Value

This parameter contains the value to write. For variables, this parameter contains the value of the
variable. For variable lists, this parameter contains the values of each of the variables in the list
concatenated together in the order that they appear in the list.

NOTE If any variable in a variable list object cannot be updated, none of the variables in the variable list object will be
updated, and the write will fail.
Data Type
This optional parameter contains the data type of the values in the Value parameter.
Object Revision
This Liptional parameter contains the expected object revision of the variable resent, it
indicates that the AP containing the variable is to compare the value of this\parame e Object
Revisipn of the variable before applying the write.
Best Hffort Requested
This cpnditional, optional parameter is used to request to perfor le list. In

Resul{(+)

This s

List of

This p
succe
variab

Resuli(-)

This s

9.3.3.1
The C

The Wri

reques

9.3.4

This ¢
object

blection type parameter indicates that the servige

Status

Arameter contains more than one statu
5s or the reason for failure. The order i
e list.

Blection type i
i C

bnfirmed service“is used to write the values of multiple variables or variables in a single va|
The-number of variables referenced or defined in the list is a device local matter. It may

ndicates
bs in the

nly if the

riable list
be used

with a

plic¢ation relationships configured to support the client/server model

It operates in a "best effort" fashion, such that the service succeeds if the value for at least one variable
or variable in a variable list is written, otherwise it fails.
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9.3.4.1 Service Primitives
The service parameters for this service are shown in table 34.

Table 34 — Write List Service Parameters

Parameter name Req Ind Rsp Cnf
Argument M(=)

AREP M(=)

Invoke 1D M(=)

List of Variable Specifiers

I(n\]/ Attribute

S=)
S=)

Key Attribute and Component ID(s) S(=) \
List of Numeric Addresses and Data Lengths S(=)
List of Data Types u@=) >
List of Data = x

Value S

Value with Object Revision

Result (+) <

V&)wmzcwmnmzzz
—d
0 Z

S(=)

AREP M(=)
Invoke ID M(=)
List of Variable Data Access Statuses M(=)
List of Error Statuses Q C(®)
Result (-) S S(=)
AREP M M(=)
Invoke@ M M(=)
Error Inf,o\<\ M M(=)

N

Argumen

This param eters of the service invocation.

List of Vafiable Sp

This parameter individualty identifies multiple variables and/or components of variables to be written or a
single vafiable-list to be written. The nesting level of the components to be written can be equal|to or
greater than:one

Key Attribute
This parameter identifies the variable or variable list by one of its key attributes.

Key Attribute and Component ID(s)

This parameter identifies components of a constructed data type variable by a combination of one of
its key attributes and the component path 1D(s).
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List of Numeric Addresses and Data Lengths

This parameter provides the numeric address and the data length of the data to be written. The mapping
between this parameter and the actual memory address in a real system is a local matter.

List of Data Types
This optional parameter provides the type description of the values in the List of Data parameter.

List of Data

This parameter contains one or more values or one or more values with object revision to write. The
values with/without object revision are concatenated in the order in which they are described in the
preceding parameters. For variable lists this is always the order of the list definition.

alue
his parameter contains a value to write. For variables, this paramete e valye of the
vpriable. For variable lists, this parameter contains the values of ea e Vo s in the list

cpncatenated in the order in which they appear in the list.

alue with Object Revision

his parameter contains a value to write plus the expected shjectygyi & variable object. For
vpriables, this parameter contains the value of the ahles P iabte” lists, this parameter
cpntains the values of each of the variables in thé in the order in wiich they
pear in the list.

Resuli(+)

This sglection type parameter indicates that the

List of|Variable Data Access

This garameter contains anN\ndicator for & aaCcessed. If an access succeeds, the |indicator
must e TRUE, otherwiseN

List of|Error Statu
This parameter contajris a gach individual variable or variable in variable list for which
the acpess failed. THg B f stetuses is the same as the order of the objects identified in the

service request.

Result(-)
This sglettion type

9.3.4.2
The Cpnfirmed Service Procedure specified in clause 4 applies to this service.

The Write List Service is a "best effort” service. Best effort means that the service succeeds if at least
one value is written.

If the responding user is able to write the value for at least one of the requested variables, the user
returns a Write List Service response (+) primitive.

If the user is not able to write at least one of the values, the user issues a Write List Service response (-)
primitive indicating the reason.
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9.3.5 Information Report Service

This unconfirmed service is used by an application process to report the value of a variable to receiver(s)
designated by the AR.

9.3.5.1 Service Primitives

The service parameters for this service are shown in table 35.

Table 35 — Information Report Service

Argumen
This para|

Destinatiq

This parg
Address
Report sh

Source D
This parg

Remote Address.Coni

Report is[to be-sent.

Parameter name Req Ind

Argument M M(=)
AREP M M(=)
Destination DL-Address C

Source DL-Address
Variable Specifier
Key Attribute
Key Attribute and Component ID
Numeric Address and Data Length
Value
Object Revision
Data Type

Timeliness
Duplicate FAL PDU Body —~_ C

e invocation.

ponding AREP supports it and is configured with a Remote
es the remote address to which the requested Information

wien the corresponding AREP supports it and and is configured with a
ion Type of FREE. It identifies the source address from which the Information

Variable \.;pc\.,EﬁC|

This selector type parameter specifies the variable, variable list, or an element of an array or record

variable.

Key Attribute

This parameter identifies the variable or variable list by one of its key attributes.

Key Attribute and Component Identifier

This parameter identifies the field of a constructed data type variable by a combination of one of its
key attributes and the field identifier of a data structure or an index into an array. This parameter may
identify a component with a nesting level greater than one if supported by the AP.
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Numeric Address and Data Length

This parameter provides the numeric address and data length reported.

Value

This parameter contains the value. For variables, this parameter contains the value of the variable. For

variab

le lists, this parameter contains the values of each of the variables in the list concatenated together

in the order that they appear in the list.

Object Revision

This optional parameter contains the expected object revision of the variable object. When present, it
indicates that the calling service user wishes the server to check the current Object Revision parameter

of the
object

Data Type

This o

Timeli

This ¢
variab

Duplicate FAL PDU Body

This donditional parameter indicates w

detect

9.3.5.7 Service Procedure

The U

A timgliness parameter
suppof

9.3.6

Thisu
object
list is 4

yvariable to he ||pdatpd If Qlllnlnnrtpd the server nnly updatpq the value of a variable in the list if its
revision attribute is equivalent to the value of this parameter.

ptional parameter contains the data type of the values in the Value parak

€SS

:)nd|t|onal parameter |nd|cates the Data Link Layer timeliness s riable, or

as been

d by the Data Link Layer. It is pres EP.

DU Body

ts timeliness
Information :é

ues with
ined in the
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9.3.6.1 Service Primitives
The service parameters for this service are shown in table 36.

Table 36 — Information Report List Service

Parameter name Req Ind

M(=)
M(=)

Argument
AREP
Destination DL-Address
Source DL-Address

List of \/ariable. Qpnr‘ifinrc

Key Attribute
Key Attribute and Component IDs

List of Numeric Addresses and Data
Lengths

List of Data Types
List of Data <
Value

Value with Object Revision

Timeliness <(> C
Duplicate FAL PDU @k C
s

Argumen w
This parameter carries the para c 5 ocation.
Destinatign DL-Address

This pargmeter exis @
Address Configuratio ol

Report List is to be sent

u%
wonnp 0=

(

ponding/AREP supports it and is configured with a Remote

Source D] -Address

This pargmeter exists onfy orresponding AREP supports it and is configured with a Remote
Address |Cenfiguratio It indicates the source address from which the indicated
Informatign R

List of Vafiable. Specifiers
This parameterindividually identifies multiple variables and/or components of variables to be writtei or a

i 1ahle list to he written  The nastina lovel of the comnonents ta he written can he caual
single va g p gualto or

greater than one.

Key Attribute

This parameter identifies the variable or variable list by one of its key attributes.

Key Attribute and Component ID(s)

This parameter identifies components of a constructed data type variable by a combination of one of
its key attributes and the components path ID(s).
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List of Numeric Addresses and Data Lengths

This parameter provides the numeric address and the data length of the data to be written. The mapping
between this parameter and the actual memory address in a real system is a local matter.

List of Data Types
This optional parameter provides the type description of the values in the List of Data parameter.

List of Data

This parameter contains one or more values or one or more values with object revision to write. The
values with/without object revision are concatenated in the order in which they are described in the
preceding parameters. For variable lists this is always the order of the list definition.

MValue
Tlhis parameter contains a value to write. For variables, this paramete e of the
vpriable. For variable lists, this parameter contains the values of ea in the list
cpncatenated in the order in which they appear in the list.
\Malue with Object Revision
Tlhis parameter contains a value to write plus the expected shjectygyi & variable object. For
vpriables, this parameter contains the value of the ahles P iabte” lists, this parameter
cpntains the values of each of the variables in thé in the order in wiich they
appear in the list.
Timelipess
This cpnditional parameter indicates the Dats ) inelinessfor the list of values. It is gresent if
timeliness is defined for the specified AR.
Duplicate FAL PDU Body
This donditional paramete as been
detectpd by the Data Lin EP.

9.3.6.7
The Uhconfirmed

If the pbject i & revision
of the|vari i (QHE St that the
variablesCappeanin t

A timgliness parameter\is included in the indication primitive if the AR that conveyed the APIDU Body
suppofts timgliness.

h S I
9.3.7 LExchanrge-Senrvice

This confirmed service is used to write the value of one variable or variable list object, and read the value
of another variable or a variable list object in a single operation. The order of processing the read and
write by the responding user is not specified by the FAL.


https://iecnorm.com/api/?name=78e1861f571a5703d2a16365403729e9

—-138 - 61158-5 © IEC:1999

9.3.7.1  Service Primitives
The service parameters for this service are shown in table 37.

Table 37 — Exchange Service Parameters

Variable to Read
Specifier
Key Attribute
Key Attribute and Element
Numeric Address and DataTength
Data Type Requested

Parameter name Req Ind Rsp Cnf
Argument M M(=)
AREP M | M=)
Invoke ID M M(=)
Variable to Write M M(=)
Qpnnifinr (N Q(—)
Key Attribute s |sE \
Key Attribute and Element ID S S(=)
Numeric Address and Data Length S S(=) >
Value M < x
Data Type U U(=)
Object Revision U < U=
)
g
U

Object Revisig

Result (+ S S(=)
AREP M M(=)
M M(=)

M M(=)

M M(=)

S S(=)

S S(=)

M M(=)

Data type C C(=)
Object Revision C C(=z)
Result (-) S S(=)
AREP M | M)
Invoke 1D M M(=)
Error Info M M(=)

Argument
The argument contains the parameters of the service request.
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Specifier for Variable to Write

This parameter specifies the variable, variable list, or variable field to be updated.

Key Attribute
This parameter identifies the variable or variable list by one of its key attributes.

Key Attribute and Element Identifier

This parameter identifies the field of a constructed data type variable by a combination of one of its
key attributes and the field identifier of a data structure or an index into an array. This parameter may
identify an element with a nesting level greater than one if supported by the AP.

. Aral ol IO e L "
leIIUIIb AUUTESS/Udld LTI

TH
m

Value

This g
variab
conca

Data 1
This o

Objec
This o

Objec

Variah
This s

Ke

Thi

K4

TH
ke

is parameter provides the numeric address and the data length of the
hpping between this parameter and the actual memory address in a rea a\ocal

to Write

NOTE If any variable in a variable list cannot be updated, none of the
bnd the write will fail.

ype

Revision of the v3

le Specifier@

is parameter Tdentifies the field of a constructed data type variable by a combination of g
y atfributes and the field identifier of a data structure or an index into an array. This param

SIS

id

Q be wriﬁ;‘en. The

atter.

e of the
the list

e updated,

d. When

ne of its
eter may

bntify an element with a nesting level greater than one if supported by the AP.

Numeric Address/Data Length

This parameter provides the numeric address and the data length of the data to be read. The
mapping between this parameter and the actual memory address in a real system is a local matter.

Data Type Requested

This optional parameter indicates that the data type of each variable should be returned with the data.


https://iecnorm.com/api/?name=78e1861f571a5703d2a16365403729e9

—140 - 61158-5 © IEC:1999

Object Revision Requested

This optional parameter is used to request that the value of the object revision attribute be returned. A
value of TRUE indicates that object revision is desired. A value of FALSE indicates that object revision is
not desired. If the Object Revision is requested, but is not supported for the specified object, the service
fails.

Result (+)
The Result (+) parameter indicates that the service request succeeded.

Write Status

This parameter indicates whether or not the variable was updated as requested. If it was not updated, it
indicates the most pmhahlp reason why the nppmrinn failed ||Qing the error class and error code defined

for the wrjte service.

Read Regponse

This parameter provides the data value corresponding to the Variable Specifier to n the

request pfimitive. This parameter indicates the result of the read operation.

Error|Status

acified- object was” not succesgful. It
Ng, the.erroy class and error|code

This parameter is used to indicate that the access to thé
indicates the most probable reason why the operation
defingd for the read service.

Retunned Value

This parameter contains the value of the a variable list object. If the identified
varialple was a variable list object, then this param Qntain a concatenated set of valugs for
each |variable in the list.

alue

Df the

\

This parameter co
% he list
o

ariable. For x¥ahabl
bncatenated

NOTE Because th are ifie or any
varigble in the variable list obje y g

—
=,
n
Q
)
=
o

Q

bject Revision

—

his’ conditional parameter contains the object revision of the specified object. It is present|if the
ject revision was requested.

(@)

Result(-)
This selection type parameter indicates that the service request failed.

9.3.7.2  Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

The Exchange Service is a "best effort" service. Best effort means that the service succeeds if either of
the requested read or write operations succeeds.
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If a variable list was specified for the variable to write, the value and object revision (when present) of
each variable in the variable list are concatenated in the Exchange Request APDU Body in the order that
the variables appear in the variable list.

If a variable list was specified for the variable to read, the value and object revision (when present) of
each variable in the variable list are concatenated in the Exchange Response APDU Body in the order
that the variables appear in the variable list.

9.3.8 Exchange List Service

This confirmed service is used to write multiple variable objects or single components of multiple variable
objects or a single variable list object and to read multiple variable objects or single components of
multiple variable objects or a single variable list object in a single operation. The order of processing the
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9.3.8.1 Service Primitives
The service parameters for this service are shown in table 38.

Table 38 — Exchange List Service Parameters

Parameter name Req Ind Rsp Cnf
Argument M(=)
AREP M(=)
Invoke ID M(=)
Variables to Write M(=)
List of \ariable Qpnnifinrc Q(—)
Key Attribute S(=) \
Key Attribute and Component IDs S(=)
List of Numeric Addresses and Data S(=) /\ >
Lengths
List of Data Types x
List of Data
Value

Value with Object Revision
Variables to Read
List of Variable Specifiers
Key Attribute

Key Attribute and Compongent IQ

C C UJW%%ZC nw n n h 25

U(=)

U(=)
S S(=)
M M(=)
M M(=)
M M(=)
C C(=)
list of Access Results M M(=)
tist of Data Types C C(=)
tistof Data VI VI(=)
Error Status S S(=)
Value S S(=)
Value With Object Revision S S(=)
Result (-) S S(=)
AREP M M(=)
Invoke ID M M(=)
Error Info M M(=)
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Argument

The argument contains the parameters of the service request.

Variables to Write

This parameter contains information related to the variables to be updated.

Li

st of Variable Specifiers

This parameter individually identifies multiple variables and/or components of variables to be written
or a single variable list to be written. The nesting level of the components to be written can be equal
to or greater than one.

L

Thi

4 -

o< 4 -

Key Attribute
This parameter identifies the variable or variable list by one of its key

Key Attribute and Component ID(s)
This parameter identifies the component of a constructed

one of its key attributes and the components path ID(s

st of Numeric Addresses and Data Lengths

his parameter conjaiQs ohe or c or more values with object revision to W

hlues W|th/W|t|out tenated in the order in WhICh they are describ

receding p

valde to write. For variables, this parameter contains the val
~ th|s parameter contalns the values of each of the variables

abject. For variables, this parameter contains the value of the variable. For variable
parameter contains the values of each of the variables in the list concatenated in the

nation of

matter.

eter.

rite. The
ed in the

ue of the
n the list

variable
ists, this
order in

wikbiaehb-thav—ann yoio o Lot
Wi Ty appTar T e ot

Variables to Read

This parameter carries information related to the variables to be read.

L

ist of Variable Specifiers

This parameter individually identifies multiple variables and/or components of variables to be written
or a single variable list to be read. The nesting level of the components to be read can be equal to or

g

reater than one.

Key Attribute
This parameter identifies the variable or variable list by one of its key attributes.
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Key Attribute and Component ID(s)

This parameter identifies the component of a constructed data type variable by a combination of
one of its key attributes and the component path ID(s).

List of Numeric Addresses and Data Lengths

This parameter provides the numeric address and the data length of the data to be read. The
mapping between this parameter and the actual memory address in a real system is a local matter.

Data Type Requested

This optional parameter is used to request that the data type be returned. A value of TRUE indicates
that data type is desired. A value of FALSE indicates that data type is not desired.

Objgct Revision Requested
This|optional parameter is used to request that the value of the object revisi rned.
A vdlue of TRUE indicates that object revision is desired. A value of bbject

revis

Result (+
The Resu

List of Wi

This parg
must be 1

ion is not desired.

It (+) parameter indicates that the service request succeede

te Access Results

meter contains an indicator for each
'RUE otherwise it must be FALSE.

List of Er

or Statuses

service r quest.

List of Relad Access Results

This pargmeter cont

statuses |or values with
describe

or a vari

icator

Which
n the

able accessed. If an access succeeds the indicator

ins one or more error statuses, values or values with object revision read. The error
Vithout object revision are concatenated in the order in which they|were
in‘the’ request. For variable lists this is always the order of the list definition. For each vafiable
blevin a variable list successfully accessed, the returned data must be the value or the|value

with object revision of the variable object (if requested). Otherwise it must be an error status. The
returned data must also be an error status if the object revision is requested and the variable object

accessed does not support the object revision attribute.

Error Status

This parameter indicates the most probable reason why the operation failed using the error class

and error code defined for the read service.
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Value

This parameter contains a value read. For variables, this parameter contains the value of the
variable. For variable lists, this parameter contains the values of each of the variables in the list
concatenated in the order in which they appear in the list.

Value with Object Revision

This parameter contains a value read plus the object revision of the variable object. For variables,
this parameter contains the value of the variable. For variable lists, this parameter contains the
values of each of the variables in the list concatenated in the order in which they appear in the list.

Result(-)

This selection type parameter indicates that the service request failed

9.3.8.2 Service Procedure
The Cpnfirmed Service Procedure specified in clause 4 applies to this service

The Ekchange Service is a "best effort" service. Best effort means ifleither of
the requested read or write operations succeeds.

The write operation succeeds if the access to any variabl iable list
succeegds.

The rgad operation succeeds if any variablesacces if ©s in the variable list sycceeds.

&
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10 Event ASE

10.1 Overview

The FAL event model defines three event related objects, event objects for the definition of events and
their messages, event notifiers for the distribution of event messages, and event lists for the acquisition
of event summary information from a group of event objects.

Event objects are used to define messages used to report event occurrences. Event messages contain
information that identifies and describes occurrences of events. To simplify the processing of event
messages, event objects are defined to generate messages using one of four defined formats.

NOTE For example, event objects may be defined that generate event messages containing a time-tag-and/or a
megsage count for event occurrences.

Notifiers are responsible for collecting event messages from event objects,
in a singl
submitted in a single service invocation is limited by the maximum APD
the AR. Hgure 19 illustrates this concept.

Deftection of Event
Occurrence

T

Event
Object \

Event Messages /

Describe and Report
Event Occurences

Recovery requests
are returned to the >

notifier Event
Subscribdr

De

To provid t notification process notifiers may be defined to use one of four types of
event notlfications\to sarry gvent messages. Once defined, a notifier always uses the same type of pvent
notification to carry one ormore different types of event messages.

If an applicatiomprocess faits toreceive ore or more event notifications, a notificatiom recovery Service is
provided for it to request a retransmission from the notifier.

In addition, the get event summary service is provided to permit an application process to query one or
more event objects to select those that meet certain criteria pertaining to the current state of the event
objects. An event list object is defined that allows event objects to be grouped together to simplify the
guery process.

The AR endpoint class used to distribute event notifications is specified by one of the natifier attributes.
An event attribute is used to specify which AR distributes the notifications.
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Queued ARs are most often used because they prevent event notifications from being overwritten before
they are read. When the purpose of the notification is to sighal a change in the state of a field device AP,
buffered ARs may be used.

NOTE When no events have occurred during a specified period of time notifiers may choose to generate a special
"heartbeat" event notification that indicates to subscribers that the natifier is still alive. These special notifications look like
the last normal notification sent except that they do not contain the event messages. Heartbeat notifications are defined to
permit event subscribers to determine if they have missed an event notification.

In this model, application processes are responsible for providing the functions for event, notifier, and
event list objects, and the FAL is responsible for providing communication services designed specifically
for them. The application process detects events, builds event messages and aggregates them together.
It distributes the aggregated set using the FAL event notification service. At the receiving end, subscriber
application _processes can use one of two event acknowledgment services to acknowledge event
occurrences.

The rgmainder of this clause specifies the class definitions and services for € O and event list

@%
S
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10.2 Event Model Class Specifications

This subclause provides formal class definitions for FAL event objects. Each class definition specifies a
type of event class as a combination of its attributes and the FAL services defined for them.

10.2.1 Event Formal Model

FAL ASE: EVENT ASE

CLASS: EVENT

CLASS ID: 4

PARENT CLASS: TOP

ATTRIBUTES:

1 (m) Attribute: Event Status

11 (9) Attribute: Active (TRUE,FALSE)
1.2 (9) Attribute: Detected (TRUE,FALSE)
1.3 (m) Attribute: Enabled (TRUE,FALSE)
1.4 (0) Attribute: Acknowledged (TRUE,FALSE)
2 (m) Attribute: Message Type  (SIMPLE,

3 (m) Attribute:

3.1 (m) Attri

3.2 (m) Attributé;

3.3 (m) ibute:

4 (9) j ported Event Info

4.1 (0)

4.2 (9) Detection Time

5 (¢) essage Type = SIMPLE WITH DATA |
REPORTED EVENT COUNT WITH DATA |
EVENT DETECTION TIME WITH DATA |
COMPOSITE WITH DATA)

5.1 (c) Attribute: Event Data Specifier

51.1 (9) Attribute: Variable 1D

5.1.2 (s) Attribute: Data Type ID and Length

6 (c) Constraint: Event Status.Acknowledgment Supported = TRUE

6.1 (0) Attribute: Acknowledgment Data Specifier

6.1.1 (s) Attribute: Variable 1D

6.1.2 (s) Attribute: Data Type ID and Length
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ICES:
(o) OpsService:  Acknowledge Event
(0) OpsService: Acknowledge Event List
(o) OpsService: Enable Event
(0) OpsService: Enable Event List
(o) OpsService: Get Event Summary
(0) OpsService: Get Event Summary List
(o) OpsService: Query Event Summary List

10.2.1
Event

This 4§
attribu

A

TH
e\

Dé¢tected

T
ar

En

Th
ug
re

Ad

ha

ge
th

T—AtTbotes

Status

ttribute indicates the status of the event. The status is indicated 2
fes: active, detected, enabled, acknowledgment support, and ackna
tive

is optional attribute indicates, when TRUE, that events &

ent occurrences are not detected.

NOTE The notifier object also has an enable attribute used Qntyo 1qi/the event notificationg
penerated.

is optional attribute indicates, whe
e TRUE.

Boolean

FALSE,

are to be

currence

abled

is attribute indicate L messages are to be reported to the related notifier
on detection~of e SE, event messages are not to be generated and
borted whe *@‘9

NOTE The notjfierq a abte attribute used to control whether or not the event notificationg are to be
benerated.

knowledged

nt object
ve been
ates that
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This attribute specifies which type of event message is generated when an event occurs. The defined

messages types and their structure are:

Type Contents
SIMPLE MSG Event Numeric ID
REPORTED EVENT Event Numeric ID
COUNT

Last Detected Event Info.Count

EVENT DETECTION Event Numeric ID
TIME

Last Reported Event Info.Detection Time
GOMPOSITE Event Numeric ID

Last Reported Event Info.Count
Last Reported Event Info.Detection
SIMPLE MSG WITH Event Numeric ID

DATA
Event Data Identified
Specifier
REPORTED EVENT Event Numeric ID
GOUNT
WITH DATA

Event

HVENT DETECTIOQ

TIME

WITH DATA EventInfo.Detection Time
dentified by the Event

GOMPOSITE uprieric ID

DATA

eported Event Info.Count
ast Reported Event Info.Detection Time

Event Data Identified by the Event
Specifier

Access Privilege

This attribute-specifies-the-access-controls-defined-for this-event-ltis composed-of-the following.
L ™ 1)

Data

Data

Data

Password

This attribute contains the password for the access rights. Its value is null if it is not used.

Access Groups

This attribute identifies which of the eight user-defined access groups are defined for the event. More

than one access group may be defined.
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Access Rights

This attribute defines the type of access defined for the event. Valid values are:

- Right to Acknowledge for registered Password

- Right to Enable/Disable for registered Password

— Right to Acknowledge for the Access Groups

- Right to Enable/Disable for the Access Groups

- Right to Acknowledge for all Communication Partners

- Right to Enable/Disable for all Communication Partners

Last Reported Event Info

This optional attribute contains the count and time of detection of the last reported

Count

This optional attribute counts the number of reported event occurr
edch event occurrence detected and reported. When the eve
odcurrences are not counted.

REPORTED EVENT COUNT or COMPOSITE, its updat

Dé¢tection Time

This optional attribute
type attribute is set
messages.

NOTE The@
ndicates this attribyté

Event [Data Specifi

y one for
bd event

g used to
s set to

des.

presence
; the value

message
in event

$ presence

This gonditio I-ty t data is
specified [ i y simply
specifyinguits d ngth This attribute is present when the Message Type |nd|cates that event

data ig to be Rcluch

Variable |D

This\s€lection type attribute identifies a variable object or a variable list object contained in the same

AP as the event whose value is to be incorporated into an event message.

Data Type ID and Length

This selection type attribute identifies the data type and length of the user data that is to be
incorporated into an event message. Depending on the data type, the length may be defined by the

data type.

Acknowledgment Data Specifier

This optional attribute specifies user data to be included in an acknowledgment message.
Acknowledgment data is specified by either identifying a variable object to be incorporated into an

acknowledgment message, or by simply specifying its data type.
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Variable ID

This selection type attribute identifies a variable object or a variable list object contained in the same
AP as the event whose value is to be incorporated into an acknowledgment message.

Data Type ID and Length

This selection type attribute identifies the data type and length of the user data that is to be
incorporated into an acknowledgment message.

10.2.1.2 Services

All services defined for this class are optional. When an instance of the class is defined, at least one has
to be selected.

Acknowlgdge Event

This optignal confirmed service is provided to permit a subscriber of an event tg
an event nessage.

ipt of

Acknowlgdge Event List

This optignal confirmed service is provided to permit a subscriber ofan | t of a
list of event messages generated by one or more specified event obje

Enable Eyent
This optignal service is provided to permita s

Enable Eyent List

This optignal service is provided to permit a syb

Get Event Summary
This optignal service provides

Get Even} Summary{?
This optignal service previd

Query Event Summar

This optignal se bd on

selection [criteria.
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10.2.2 Event List Formal Model

FAL ASE: EVENT ASE

CLASS: EVENT LIST

CLASS ID: 17

PARENT CLASS: TOP

ATTRIBUTES:

1 (m) Attribute: Number of Entries

2 (m) Attribute: List Of Events

SERV[CES:

1 (o) OpsService:  Get Event Summary List

2 (0) OpsService: Query Event Summary List

10.2.211 Attributes
Number of Entries

This aftribute contains the number of events in the list.

List of|Events

This aftribute identifies the event objects g

10.2.212 Services

All senvices defined for this class are optignal.

to be gelected.

Get Eyent Summary List
This optional servic:g
Query|Event Summdr
This d i
select

one has

ased on
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10.2.3 Notifier Formal Model

This subclause provides formal class definitions for notifier objects. Notifiers provide the ability to send
event notifications composed of event occurrence messages from one or more event objects.

FAL ASE: EVENT ASE
CLASS: NOTIFIER
CLASS ID: 18
PARENT CLASS: TOP
ATTRIBUTES:
(m) Attribute: Enabled (TRUE,FALSE)
2 (m) Attribute: Notification AREP Class
3 (m) Attribute: Notification AREP
4 (m) Attribute: Notification Type (BASIC,

SEQUENCED,

5 (¢) Attribute:

6 (¢) Attribute:

7 (0) Attribute:

8 (¢) Attribute:
SERVICHS:

1 (mn) OpsService:
2 (:[; OpsS

10.2.3.1 |Attribute

Enabled
When THUE, thi [ ind at the notifier object is enabled. When enabled the notifier pbject
groups eyenf messageSftom one or more event objects together and submits them in a single invogation

of the event notificafi

When FALSEthe notifilerObject is disabled. When disabled, the notifier is inactive. It does not issue any
event notlficatien service requests.

Notification AREP Class
This attribute identifies the class of the AREP required to convey event notifications.

Notification AREP

This attribute identifies the AREP configured to convey event notifications. This AREP is also the AREP
used for reporting the event notifications generated as the result of an event recovery request.
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Notification Type

This attribute specifies the type of notification issued by the notifier. The defined notification types are:

Type Contents
BASIC Notifier ID
SEQUENCED Notifier ID

Tl

Sequence Number
ME OF NOTIFICATION Notifier ID
Notification Time-Tag

COMPOUND Notifier ID

Contal

This aftribute specifies the types of event messages that may be co

notifie
constr
notific

Contained Message Type
SIMPLE

RE

EVENT DETECTION TIME
COMPOSITE messages in all notifications are
ITE.

SIMPLE WITH DATA event messages in all notifications are of type S

REPORTED E event messages in all notifications are
REPORTED EVENT COUNT WITH DATA.

EVENT DETEC All event messages in all notifications are of typs
DETECTION TIME WITH DATA.

COMPOSH N D All event messages in all notifications are
COMPOSITE WITH DATA.

Contalneds

This &
data.
wheth

Sequence Number

Time-Tag

ned Message Type

PORTED EVENT COUNT

Fvent.messagesfor each of the event message types may contain data. This attribute
br ornot event messages that are defined for an event object to contain data are capable

transférred in an event notification generated by this notifier object.

ed by the
cation is
he event

IMPLE.
of type

EVENT

of type

IMPLE.
of type

EVENT

of type

E, indicates that event messages conveyed by the notifier may contain event

ndicates
of being

Last Notification Sequence Number

The conditional attribute contains the last sequence number used. It is incremented for each event
notification service invocation. When the value of this attribute rolls-over, it rolls-over to 1, skipping 0. The
value 0 is always used to indicate that no event notifications have been generated. It is mandatory when
the value of notification type is SEQUENCE or COMPOUND.

NOTE The FAL does not check to see if the roll-over has been performed properly.

List of

Events

This optional attribute identifies the events that are configured for this notifier.
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10.2.3.2 Services
Event Notification

This service is provided to permit notifier object to report the occurrence of one or more events in a single
service invocation.

Notification Recovery

This optional service is provided to permit one or more event notification subscribers to request that the
notifier resend one or more event notifications that it has retained. If this service is supported, then the
Sequence Number attribute is required.

10.3 Event ASE Service Specifications

This subdfause contains the definition of Services that are unique to this ASE. The services detingd for
this ASE are:

Acknowledge Event
Acknowledge Event List
Enable Event

Enablg Event List
Event Notification

Notification Recovery

Get Eyent Summary
Get EJent Summary List
Query|Event Summary
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10.3.1 Acknowledge Event

This service allows the acknowledgment of a reported event.

10.3.1.1 Service Primitives
The service parameters for this service are shown on table 39.

Table 39 —Acknowledge Event

Parameter name req | .ind | .rsp | .cnf
Argument M M=
)
AREP M [M(=
)
Invoke ID M |M(= <
)
Key Attribute M [M(=
)
Reported Event M [M(= <\
Count \\
Result(+) ®S/| S(=)
AREP h(z
T
Invoke ID M |[M(=
)
Res S |S(=)
=P M [M(=
& >
VORe 1D M |M(=
)
or M M(:
A :
Argunient
The ajgument COR e parameters of the service request.
Key Attribute

This parameter 1dentifies the variable or variable ISt by one of Its Key attributes.

Reported Event Count
This parameter is used to select a previously generated event message by the reported event count.

Result(+)
This selection type parameter indicates that the service request succeeded.

Result(-)
This selection type parameter indicates that the service request failed.
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10.3.1.2 Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

The association between the event identified in this service and the corresponding event object in the
receiving AP is performed by the FAL user.

10.3.2 Acknowledge Event List Service

This confirmed service is used by an AP receiving an event message to acknowledge receipt of one or
more event messages. The service contains an acknowledgment policy parameter that indicates for each
specified event message, whether only that event message is to be acknowledged or whether all event
messages that were generated by the same event object up to and including the specified event are to
be acknowledged. The Acknowledge Event List is a best effort service.

@%
S
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10.3.2.1 Service Primitives
The service parameters for this service are shown in table 40.

Table 40 —Acknowledge Event List Service Parameters

Parameter name req | .ind |.rsp | .cnf
Argument M M(=
)
AREP M | M=
)
Invoke 1D M |[M(=
)
Acknowledgment Policy (of C(=)
Messages to Ack M [M(=
)
List Of Event ID M [M(=
) /\x
List Of Message U =) \
Specifier \
Reported Event Count (= \
Event Detection Time (%
List Of Acknaviledgment U(
Data \/
Result(+) \ s |sE
\ M | M(=
)
M | M(=
O )
M | M(=
)
C |C(
S |S(®
\ P M [M(=
)
Invoke ID M M(=
)
Errorinfo it =
)

Argument
The argument contains the parameters of the service request.

Acknowledgment Policy

This conditional parameter indicates whether only the specified message is to be acknowledged or
whether all messages up to and including the specified message are to be acknowledged. It is present
only when the List of Messages to Ack parameter identifies a single message.
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Messages to Ack
This parameter contains the messages of all events to be acknowledged.

List of Event ID
This parameter identifies the events being acknowledged by this service.

List of Message Specifier

61158-5 © IEC:1999

This optional parameter specifies which messages are to be acknowledged for each event by this
service invocation. If this parameter is not present, all messages for the event are to be

acknowledged.

TV =l |
1

If the a\,ll\l IUVV:CdUI 1l It pU:IL,y ;I |u'i\.,atc> Or\IL T
this pprameter is to be acknowledged.

If the]acknowledgment policy indicates UP TO AND INCLUDING, then th
parameter, and all messages generated before it, are to be acknowledg

Reported Event Count
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vent count.
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vent Detection Time

= M

his optional parameter is used to g
he event detection.

—

List of Acknowledgment Data

oDl Ll [—y) il e
o oMU D HITTT Uy UTT TIcooayt TUTTIUT d by

y this

orted

me of

This uded in an event acknowledgment in
additi he type of this data is specified hy the
Ackn j
Result(+)
This sele t the'server was able to successfully acknowledge at least one gvent
object am 3 -
Listo
This \ S ilvfe/success result of all the event objects acknowledged.

List of Error

This parameter indisatgs the reason for failure for each failed acknowledgement.

Result(-)

This selection indicates that the service request failed.

10.3.2.2 Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

The association between the events referenced by the Event Acknowledgement service and the

corresponding event object in the receiving AP is performed by the FAL user.

10.3.3 Enable Event Service

This service allows the enabling or disabling of the Event Object.
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10.3.3.1 Service Primitives
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The service parameters for this service are shown in table 41.

Table 41 — Enable event

Parameter name .req | .ind | .rsp | .cnf
Argument M [M(=)

AREP M [M(=)

Invoke ID M | M=)

Key Attribute M | M(=)

Enabls Flag M M=)

Result(+)
AREP
Invoke ID

Result(-)
AREP
Invoke ID

Error Info

<
/\

S

Argunient

The ajgument contains the sexvice specifi par%ers tl ervice request.

Key Attribute
This pprameter ide?tifie
Enabl¢ Flag

Resul
This s

Resulf(-)

N/

This sgleCtion type parameter indicates that the service request failed.

10.3.3.2 Service Procedure

The Confirmed Service Procedure specified in clause 4 applies to this service.

10.3.4 Event Notification Service

FALSE,

This unconfirmed service is used by a notifier of an FAL AP to notify other APs that one or more events
have occurred. When this service is used without including a list of event messages, the event
notification is regarded as a “heartbeat” event natification. This service is unconfirmed.
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10.3.4.1 Service Primitives
The service parameters for this service are shown in table 42.

Table 42 — Event Notification Service Parameters

Parameter name Req Ind
Argument M M(=)
AREP M M(=)
Destination DL-Address C
Source DL-Address C
Notifier 1D

Sequence Number
Notification Time
List of Event Messages
List of Event Key Attributes
List of Event Data Types
List of EventMessage Contents
Reported Event Count

Event Detection Time
Event Data /\(x

Argumen

Destination DL-Address

This pargmeter exists only
Address Configurati
Notificatign is to be se

mote
Fvent

Source D|.-Address

This pargmeter exi orresponding AREP supports it and is configured with a Remote
Address Configurati R . It indicates the source address from which the indicated Event
Notificatign j

Notifier 10

This conditional parameter identifies the notifier issuing the event notification. It is present if the AP has
more tharr onenotifier defined for it.

Sequence Number

This optional parameter is the sequence number for the event notification. It may be used for notification
recovery purposes.

Notification Time

This optional parameter is the time tag for the event notification.
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List of Event Messages
This optional parameter contains the list of event messages that are to be reported. It may

contain

messages from one or more event objects, each containing the same set of parameters (specified by the
Contained Message Type attribute of the Notifier object). The contents of each message are specified by
its event object and must be consistent with that specified for the Notifier object. When this parameter is

not present, the event notification is treated as a “heartbeat” notification.

List of Event Key Attributes
This parameter identifies each of the specific events being acknowledged by this service.

List of Event Data Types

This_conditional _optional parameter indicates the data type of each of the event data par

meters.

This parameter may be present only if the event data parameter is presen
pgrameter is present, this parameter may be present, but is not required to 8

List of Event Message Contents
TH

Reported Event Count

TH
is

Eyent Detection Time

TH
ds
the specified notifier.

S and. if that message type is supj

Eyent Data

This conditional parametef
uded to identi
event object a i

10.3.4
The U

10.3.5
This s

If the ;evient data

ects.

prameter
nessage

his parameter is present oply if it is

orted by

n to that

specified
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10.3.5.1 Service Primitives

The service parameters for this service are shown in table 43.

Table 43 — Enable Event List

61158-5 © IEC:1999

Parameter name req | .ind |.rsp [ .cnf
Argument M [M(=)
AREP M | M=)
Invoke ID M | M=)
List Of Key M | M(=)
Attributes

List Of Enable M | M(=)
Flags

Result(+)

AREP

Invoke ID

List Of Enable
Result

List Of Error 6
Result(-) K
AREP \

5

zzz((

Argumen Q
The argument contains.the

List of Kely Attributes
This parameter igénti

List of Enpbf

This parameter, indicates Yor €
the respertive event

Result(+)

ach event, whether the corresponding event object is to be enabled (when
ag is TRUE), or to be disabled (when the respective event flag is FALSE).

This selection type parameter indicates that the service request succeeded.

List of Enable Result

This list of Boolean parameter indicates for each event that was to be enabled or disabled, if the Enable
or Disable action was successful (Enable Result = TRUE) or failed (Enable Result = FALSE).

List of Error

This list of error parameter provides information on the kind of error occurred for each event whose

Enable or Disable Action failed.
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Result(-)
This selection type parameter indicates that the service request failed.

10.3.5.2 Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service. The Enable Eventlist is a

“best effort” service.
10.3.6 Notification Recovery Service

This unconfirmed service is used to request that a specified number of retained event notifications be
returned. Notifications are returned using the event notification service.

10.3.6[1 Service Primitives

The s¢rvice parameters for this service are shown in table 44.

Table 44 — Notification recovery service parameg’ré\

Parameter name /%q\

N
Argument QX& M(=
AREP \ <

Destination DL-Address

Source DL-Address 6 C

Notifier ID M(=)
Number To Recover U u@=)
Sequence Number, o~ U U(=)

Argunient

The ajgument contains t

Destination DL-Ad

This parameter exis Remote
Addrefs Configuratio S bquested

Source D
This Remote
Address Config ndicated

This parameter identifies the notifier to which this service is directed.

Number to recover

This optional parameter specifies the number of event notifications to be re-sent. If this number is greater
than the actual number stored, then only the available notifications will be sent. The default for this is one.

Sequence Number

This optional parameter specifies the sequence number of the oldest event notification to be re-sent. If
not present, the last notification sent is being requested. It may be used only when the specified notifier
uses sequence numbers.
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The Unconfirmed Service Procedure specified in clause 4 applies to this service.

61158-5 © IEC:1999

Recovery is performed by the responding AP by re-issuing Event Notification service requests containing

the notification messages to be recovered.

10.3.7 Get Event Summary Service

This confirmed service is used to request summary information for a specified event object.

10.3.7.1 Service Primitives

The service parameters for this service are shown in table 45.

Table 45 — Get Event Summary Service Parameters

Parameter name Reg Ind /R%p K(%f\ >
Argument M
AREP M x
Invoke ID M <
Event ID A/I\
Recovered Message Requested
Object Revision Requested ¢Z
Result (+) S S(=)
AREP > M M(=)
Invoke ID Q M M(=)
Event Status M M(=)
Active M M(=)
Detécted M M(=)
M | M=)
d M M(=)
M | M=)
C C(=)
C C(=)
Result (-) S S(=)
AREP M M(=)
Invoke ID M M(=)
Error Info M M(=)

Argument

The argument contains the parameters of the service request.

Event ID

This mandatory parameter identifies the event object for which the event summary is being requested.
An event list object cannot be specified because the members of the list may be dynamically changed by
the AP, making it necessary to identify each event in the response.
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Recovered Message Requested

This optional parameter specifies, when TRUE, that the last message generated by the event is to be

returned.

Object Revision Requested

This optional parameter is used to request that the value of the object revision attribute be returned. A
value of TRUE indicates that object revision is desired. A value of FALSE indicates that object revision is
not desired. If the Object Revision is requested, but is not supported for the specified object, the service

fails.

Result(+)

This selection indicates that the service request succeeded

Event|Status

This pprameter contains the values of the event status attribute. It indicatg
status|is indicated as a combination of Boolean parameters: active, detected
suppoft, and acknowledged.

De¢tected

This Boolean parameter indicates, when TRUE, that the“conditi
are TRUE.

Adtive

This Boolean parameter indicates, wh
evlent occurrences are not detected.

ent. The

vledgment

currence

FALSE,

Enabled

This Boolean parametek indicd that event messages are to be reportdd to the
related notifier upo i . If FALSE, event messages are npt to be
ggnerated and reported w ‘

Agknowledgme

This Boolean pafa ' heh TRUE, that this event object supports the acknowledgment
offevent message

Agknowledged

This aQ\ patareterindicates, when TRUE, that all event messages generated for this event
oljject hav 8 ledged. This attribute will also be TRUE if no event messages have been

ggnerated 'or

the event.object is4vaiting for an acknowledgment.

ates that

Recovered-ivt €ssage

This conditional parameter is present if the service request specified message recovery was requested.

When present, this parameter contains the recovered event message.

Object Revision

This conditional parameter contains the object revision of the specified object. It is present if the object

revision was requested.

Result(-)
This selection type parameter indicates that the service request failed.
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10.3.7.2 Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

The Get Event Summary Service is an "all or nothing" service that operates through a queue or buffer. All
or nothing means that the service succeeds only if the requested summary is returned.

@%
S
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10.3.8 Get Event Summary List Service

10.3.8.1 Service Primitives

The service parameters for this service are shown in table 46.

Table 46 — Get Event Summary List Service Parameters

Recovered Message Requested
Object Revision Requested

Result (+)
AREP
Invoke ID

Event Summaries
List Of Event ID

Object Revision
Recovered Message

O//>cmg

N
X
N

Parameter name Req Ind Rsp Cnf
Argument M M(=)
AREP M | M=)
Invoke ID M M(=)
Stmary-RetHests M M=)
Requested Events M=)
All Events S(=)

List of Events S(

S(=)
M(=)
M(=)
M(=)
C()
M(=)
M(=)
S()
S(=)
M(=)
M(=)
M(=)
M(=)
M(=)
M(=)
C()
C()

Result (-)
AREP
Invoke ID

Error Info

4
=T =20 o2 0mvmm=z2o2o0

S(=)
M(=)
M(=)

M=)

Argument

The argument contains the parameters of the service request.



https://iecnorm.com/api/?name=78e1861f571a5703d2a16365403729e9

—-170 - 61158-5 © IEC:1999

Summary Requests

This mandatory parameter specifies a list of events, and the summary information for each, that is being
requested. Each entry in the list may identify either an event or an event list object. Each entry in the list
also identifies the summary information that is being requested. If an entry identifies an event list, then
the summary information requested will apply to all events in the event list.

Requested Events

This mandatory parameter indicates that summaries are being requested for all events, or it contains
a list that identifies the event objects for which event summaries are being requested.

All Events

This selection type parameter indicates that summaries are heing requested for all events

Ljst of Events

This selection type parameter is a list that contains the identifiers of thé\& 3 t lists
for which event summaries are being requested. When selected, the list i at|least
ope entry.

Recoyered Message Requested

This gptional parameter specifies, when TRUE, that the la to be
returned.

Obje¢t Revision Requested

This pptional parameter is used to request thatths rned.

A value of TRUE indicates that object reyision : ¢ of FALSE indicates that pbject
revisi but is not supported for the spgcified
objec

Result(+)
This sele

Event Su

This para
as the org

equested event. The order of the information is the same
ced in the service request.

List o
This diti meter Ndentifies each event for which an event summary or error stafus is

returr

List of Access Result

This list.of Boolean parameters provides for each event for which an event summary was requested
an information, whether the access was successful (Access Result = TRUE) or not (Access Result =
FALSE).

List of Response

This parameter contains an error status indicator or the event summary for each requested event.
The order of the information is the same as the order in which the objects were referenced in the
service request.
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Error Status

This selection type parameter specifies if the condition which triggers the reporting of the event is
active. A value of TRUE indicates that the underlying condition which triggers the event is active.
A value of FALSE indicates that the underlying condition which triggers the event is not active.

Event Summary
This selection type parameter contains the summary information for the specified event.

Event Status

This parameter contains the values of the event status attribute. It indicates the status of the
event. The status is indicated as a combination of Boolean parameters: active, detected,
enabled acknowledgment support_and acknowledged

Detected

This Boolean parameter indicates, when TRUE, that thé
event occurrence are TRUE.

cting an

Active
of being

reported
essages

icates, when TRUE, that all event messages generated for
acknowledged. This attribute will also be TRUE if no event
generated or if the event object does not | support
The value FALSE indicates that the event object is waiting for an

ijcut RCV;D;UI I
This conditional parameter contains the object revision of the specified object. It is present if
the object revision was requested.

Result(-)
This selection type parameter indicates that the service request failed.

10.3.8.2 Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.
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The Get Event Summary List Service is a "best effort” service that operates through a queue or buffer.
Best effort means that the service succeeds if at least one event summary is returned. If the user is not
able to read at least one of the values, the service fails and the user issues a Get Event Summary List
Service response (-) primitive indicating the reason.

10.3.9 Query Event Summary List Service

This confirmed service provides the means for an application to request that all events, an event list, or a
list of events be searched according to the criterion provided. The list of valid criteria supported by the
responding application process is defined by the List of Event Summary Selection Criteria attribute of the
responding AP. A supported criterion may define either an individual event characteristic, or a
combination of event characteristics.

Re-SerecteR-cHeHa—a Bthe—-aeHea—toar—evYeRt—hay—pe-sa e R—a eRt-eHataE e—-Ster—a status,
whether it is enabled or disabled, or whether it is has been acknowledged. It is also possible to speti -defi criteria
such as the events related to a particular operating unit or a piece of equipment.

&
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10.3.9.1 Service Primitives
The service parameters for this service are shown in table 47.

Table 47 — Query Event Summary List Service Parameters

Parameter name Req Ind Rsp Cnf
Argument M M(=)
AREP M | M)
Invoke ID M M(=)
Events to Search M M=)
All Fvents S S(=)
List of Events S S(=)
Selection Criterion M M(=)
Recovered Message Requested 0]
Object Revision Requested ]

o Q\
NS
Result (+) Q S S(=)
AREP F\ M| M=)
Invoke ID \ M M(=)
Event Summaries Q > M M(=)
List Of Event ID C C(=)
List Of Access Result M M(=)
List Of Response M M(=)
M M(=)
M M(=)
M M(=)
M M(=)
M M(=)
M M(=)
C C(=)
C C(=®)
S S(=)
M M(=)
Invoke ID M M(=)
Error Info M_ | ME)

Argument
The argument contains the parameters of the service request.

Events to Search

This parameter identifies the event objects that are to be searched. The events are identified by
specifying all events, an event list, or a list of events.
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All Events
This selection type parameter indicates that all events are to be searched.

List of Events

This selection type parameter specifies events that are to be searched. The events may be specified
as a list of event objects, a list of event list objects, or a combination of the two. When selected, the
list must contain at least one entry.

Selection Criterion

This parameter identifies the criterion to use in the selection process. The value used must be contained
in the List of Event Summary Selection Criteria attribute of the AP containing the events to be searched.

Recovergd Message Requested

This optignal parameter specifies, when TRUE, that the last message generate to be

returned.

Object Revision Requested

This optignal parameter is used to request that the value of the objest revisi it ed. A
value of TRUE indicates that object revision is desired. A value of FALSENNndi ion is
not desirgd. If the Object Revision is requested, but is not supy ifi j Brvice
fails.

Result(+)

This selegtion indicates that the service request succesd

Event Summaries

This parameter contains the suyr

List of Event ID

This gonditional j
criterion is “none

List of Access Res

bction

This list of Boglean\parame bd an
information, W t S v sult =
FALSE).

List of Respo

This parameter co s an error status indicator or the event summary for each returned event
summary.~Fhe order of the information is the same as the order in which the objects were refer¢nced
in thel service request.

Event status

This parameter specifies, when TRUE, that the conditions for detecting an event are currently TRUE.
This parameter has the value FALSE if the conditions are FALSE or if the event object is not active.

Active

This parameter specifies, when TRUE, that event detection is active for the event. When active, the
event object detects when events occur. When inactive, it does not.
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Enabled
This parameter specifies the value of the Enabled attribute of the identified Event object.

Unacknowledged

This parameter, when TRUE, specifies that the event object does not have outstanding event
occurrences for which it is awaiting acknowledgments, or that its does not support acknowledgment.
If the Event is waiting for acknowledgments this parameter has a value of FALSE.

Recovered Message

This conditional parameter is present if the service request specified message recovery was
requested. When present, this parameter contains the recovered event message.

Object Revision

ion was
cted.

This conditional parameter is present if the service request specifi
refluested. When present, this parameter contains the object revision g

D

Resuli(-)
This sglection type parameter indicates that the service request f&ited.

10.3.9,2 Service Procedure

The Cpnfirmed Service Procedure specified in clause 4 appli€s to,this

The uery Event Summary Service is & ates through a queue or buffer.
Best dffort means that the service succeeds i mary is returned. If the uger is not
able t¢ obtain the summary for at least one—= 8 ice fails and the user issues a Qugry Event
Sumnary Service response (-) primitive indica
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11 Load Region ASE

11.1 Overview

A Load Region represents an unstructured memory area whose contents may be uploaded (read) or
downloaded (written). Unstructured in this context means that the memory area is represented only as an
ordered sequence of octets. No other structure is apparent.

Load regions may represent an unnamed volatile memory area, such as that implemented by dynamic
computer memory, or a named non-volatile memory object, such as a file. The contents of a load region
are referred to as a load image. Load images may contain programs or data. The transfer of a load
image to or from a load region is performed using the load process.

To maintLin integrity, only one load process for a load region is permitted at a time. The Load) Region
State attr ioni indi ion is empt ing downlopded,

or loadeg initi [ i J) Ji may be
cleared ufi

The Uplo i indi . Thi i g eparate the
state of th i [ i S ts\uploatled (dumped).

This load or upload of on€ of its
load regi as parameters of the
request. 4 segryents is to be accomplished
using the 9

NOT

Load imajge segments are pulled\yy haying 3 6ad image issue requests for them. The
AP that rontains the load i s. b i he requested segment, indicating with a
parameter when the final seg

Load imapge segmentg’ are AV P £ontaining the load image send individual segments
to the recpiver and wait fot a e i tes whether the segment was received. In this case, the

sender inflicates when thé

After the . the AP that initiated the transfer ends the load procefss by
issuing a 8 mote AP. The terminate request may also be used by eith¢r AP
when an AP de i e process cannot be completed successfully.

11.2 Log

Load Redions aresmodeled’as server objects. The Load Region Model below specifies the attributefs and
services used.by client APs to download and upload load regions. The specification of the client |AP is
beyond the.scope of this specification.
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11.2.1 Load Region Formal Model

FAL ASE: LOAD REGION ASE
CLASS: LOAD REGION

CLASS ID: 2

PARENT CLASS: TOP

ATTRIBUTES:

1 (m) Attribute: Load Region Size

2 (m) Attribute: Access Privilege

2.1 (my Atribute: Password

2.2 (m) Attribute: Access Groups

2.3 (m) Attribute: Access Rights

3 (m) Attribute: Local Address

4 (m) Attribute: Load Region State

5 (m) Attribute: Upload State

6 (m) Attribute: Number of Related Objects |
7 (o) Attribute: List of Related Objects

7.1 (m) Attribute: ClassID

7.2 (m) Attribute: Numeri

7.2 (m) Attribute: In Use Flag NES )

8 (o) Attribute:

9 (o) Attribute:

10 (o) Attribute: RUE/FALSE) Default: FALSE
11 (©

11.1 | (o)

12 (0)

13

14

SERV

1 Initiate Load

2 Push Segment
3 Pull Segment

4 (m)-" Ops Service:  Terminate Load
5 foy—Ops-Service—DBiscard

11.2.1.1 Attributes
Load Region Size
This attribute specifies the maximum size of the Load Region in octets.

Access Privilege
This attribute specifies the access controls defined for this load region. It is composed of the following:
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Password
This attribute contains the password for the access rights. Its value is null if it is not used.

Access Groups

This attribute identifies which of the eight user-defined access groups are defined for the load region.
More than one access group may be defined.

Access Rights
This attribute defines the type of access defined for the load region. Valid values are:
- Rightto Use in a FI for the Access Groups

- ighf to \Write for the Access Grol TalS

ight to Read for the Access Groups
ight to Use in a FI for the registered Password

ight to Write for the registered Password

ight to Use in a FI for all Communication Partners

ight to Write for all Communication Partners

R
R
R
- Right to Read for the registered Password
R
R
R

ight to Read for all Communication Partners

Local Address
This attripute is a locally significant address okthe Yqad QT h e FFFFFFFF hex indicatep that
no local address is available.

Load Redion State
This attrijute specifies the state af the ) "he values of this attribute are:
NOT DOWNLOADABLE | Thi ate | e Load Region is not capable of peing

DOWNLOADABLE S M 3’that the Load Region is empty, but is capable of |being

DOWNLOADIN i evindicates that the download sequence has been initiated.

DOWNLOZ E transient state indicates that the download sequence has failed, byt has

DOWNLOAD SUCCESS This transient state indicates that the download sequence has succegded,
but has not yet been terminated.

LOADED This state indicates that the download sequence has terminated
successfully.

IN-USE This state indicates that the Load Region is loaded and is currently being
used.

Download State attribute constraints:

A Load Region object whose contents are stored in non-erasable memory cannot support downloading
transfers. Its valid state values are LOADED and IN USE
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A Load Region object whose contents are stored in erasable memory supports downloading transfers. Its

valid state values are DOWNLOADABLE, DOWNLOADED, DOWNLOADING,
DOWNLOADING_FAILURE, DOWNLOADING_SUCCESS, LOADED and IN_USE,

NOTE The state NOT DOWNLOADABLE state is reserved for Load Regions whose contents are stored in erasable
memory, but who have encountered a temporary condition that does not allow them to be downloaded. contents of Load
Region objects located in an Application Process paying client role.

Upload State
This attribute specifies the state of the Upload Process of the Load Region.

NOT UPLOADABLE

This state indicates that the Load Region is not capable of being uploaded.

UPLIOADABLE This state indicates that the Load Region is capable of-being uploaded.
UPLIOADING This state indicates that the upload sequence has b
CONIPLETING UPLOAD This transient state indicates that the up 3 s cepapleted, but
has not yet been terminated.
Uploagl State attribute constraints:

A Loafl Region object whose contents are stored in erasable mg pport Uploading transfers.
Its valid state values are UPLOADABLE, UPLOADINEG ) LOADING

Numb

This 4§
curren

This a

a related Action ob i

NOTE The NOT UPLOADABLE state is res ad Regiansdvhose contents are stored in erasable memotfy, but who

tribute is ine

objects or Function Invocation objects which

nction Invocation object enters the RUNNING state or

This altribute is degrexpentedheack time & related Function Invocation object leaves the RUNNING state
or a related Action objest €

If the attriptite sharable en several Function Invocation objects and Action objects may share
the L ents; otherwise only one Function Invocation or Action object can be attaghed and

use the contents©ith

List of|Related Object

objec

This dptional attribute specifies the Function Invocation and Action objects sharing the contents of the

Load Region. Each Function Invocation object or Action object is identified by specifying its class
identifier and its numeric identifier.

This list is respectively increased/decreased each time a related Function Invocation object or Action
object is created or deleted.

Class ID

This attribute is the class identifier for the related object.

Numeric ID

This attribute is the numeric identifier for the related object.
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In Use Flag

This attribute is TRUE if the related object is a Function Invocation object in the RUNNING state or if
the related object is an Action object that is currently executing.

Contents Size

This optional attribute specifies the length of the data contained in the Load Region. The length is
indicated in octets. If the state of the load region is DOWNLOADABLE, then the value of this attribute is
Zero.

Load Image Name
This optional attribute specifies the name of load image contained in the load region.

Fixed-Lerlgth Segments

This optignal attribute specifies, when TRUE, that the load region supports the ad of

fixed length segments only. The default value for this attribute is FALSE.

Fixed-Seﬁment Length

This condlitional attribute specifies the length in octets of the fixed® . b and
downloaded from this load region. The attribute is present when the Fixec¢ \ ibute is
TRUE.

Intersegment Request Timeout

This optignal attribute specifies the timeout peériod

Sharable

This attribute indicates, when TRUE, that the L
Function |[nvocation/Action objeg

dach\Region\gbjgct contents may be used by multiple
this attribute is TRUE.

S a list of capabilities and/or the number of octets to

Local Detail
This attriute contain ditie
be transferred.

11.2.1.2 |Services

Initiate Ldad

This service i 3 o initiate the download or upload of a Load Region. A parameter of
the servige 4ndicates W e load image will be transferred into the Load Region using the¢ Pull
Segment|or from the<, ioh using the Push Segment service.

Push Segment
This optignal’service is used to transfer load segments in the request/indication primitives. Although this

1 H Bianal +1 4 Py £+l Ara-aerni-teanafar e Poch Caocnaaont " G antoa i
Service IS optoTan—ac IeaSt Ot Ot iC—SCYmeTiC tanSteT SCTVICC ST USTT— oSty e O il STyt nt, IS

required.

Pull Segment

This optional service is used to request that a load segment be returned in the response/confirmation
primitives. Although this service is optional, at least one of the segment transfer services, Push Segment
or Pull Segment, is required.

Terminate Load
This service is used by an AP to terminate the load process.
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Discard
This optional service is used to clear the contents of the load region.

11.3 Load Region Service Specification

This subclause contains the definition of services that are unique to this ASE. The services defined for
this ASE are:

Initiate Load
Terminate Load
Push Segment

Pull Segment
Disgard

@%
S
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11.3.1 Initiate Load Service

This confirmed service is used to request the download or upload of a load region. A parameter of the
service indicates whether the load image is to be transferred by the requester using the Pull Segment or
Push Segment service. When a download is being requested for a load region in a remote AP (identified
by the called load region key attribute) that does not yet exist, the responding AP may either dynamically
create the load region and return a positive response, or return a negative response that indicates that
the load region does not exist.

11.3.1.1 Service Primitives
The service parameters for this service are shown in table 48.

Table 48 — Initiate Load Service Parameters

Parameter name Req Ind Rs{ E}(
Argument h
AREP
Invoke ID
Load Region Key Attribute
Calling
Called
Load Type

Load Service To Use
Load Service Initiator
Additional Information
Result (+) Q
AREP
Invok&<z>
Additio

The argument contains the parameters of the service request.

Son

S()
M(=)
M(=)
U=

c < owm

S(=)
M(=)
M(=)
M(=)
Q)

0= <=0

Argumen

Load Region Key Attribute
This parameter identifies the load region to be downloaded or to be uploaded.

Calling

This selection type parameter identifies the load region of the requester. It is selected if the requester
is the server.
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Called

This selection type parameter identifies the load region of the responder. It is selected if the

requester is the client.

Load Type

This parameter specifies whether the load is an UPLOAD (out of the load region) or a DOWNLOAD (into

the load region).

Load Service to Use

This parameter specifies that the load region is to be transferred from the remote AP using either the Pull

Segment or the Push Segment service.

Load $ervice Initiator

This pprameter specifies, when TRUE, that the load service identified by the
initiatgd by the AP initiating this service. When FALSE, the remote AP is tgAhiti

Additional Information

This optional parameter contains additional information, such a
to be transferred. It may be present if the requester is the server:

Resul{(+)
This sglection type parameter indicates thaj.the servi

Additignal Detail

This o

octets e server.

Resuli(-)
This s

Called

This ¢
transfer.

11.3.1
The C

11.3.2

This cpnfirmed service is used to terminate the load process. It may be used upon successful cg

[ is to be

of octets

Umber of

pared to

mpletion

of the Joad or to abort a load in progress. It may be requested by either endpoint.

If the load process has completed, it is always issued by the AP that issued the initiate service that

started the load process. If the load process is being aborted,

a) the load region sending the image returns to the UPLOADABLE Upload State;

b) the load region receiving the image deletes the incomplete load from its load region and r
the DOWNLOADABLE State.

eturns to
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11.3.2.1 Service Primitives
The service parameters for this service are shown in table 49.

Table 49 — Terminate Load Service Parameters

Parameter name Req Ind Rsp | Cnf
Argument M M(=)
AREP M M(=)
Invoke ID M M(=)
Load Region Key Attribute M M(=)
Load Type M M=)
Load Service Used M M(=) \
Terminate Reason C C(=) {
Result (+) \ (= >
AREP S\d M
Invoke ID < \\M\/>/I(:)
Terminate Reason o \> C(=)
Result (-) > S S(=)
AREP M | M=)
Invoke ID M M(=)
Error Info M M(=)
Argumen
The arguient contai ep

Load Redion Key Attributé

This pargmeter specf] Attributes of the Load Region for which the load is |peing
terminatef.

Load Type
This paramete > lype of load being terminated. Valid values are UPLOAD and DOWNLQAD.

Load Seryice Ysed

This parameter indicates the type of load service used to transfer load segments. Valid values are PUSH
and PULL:

Terminate Reason

This conditional parameter indicates the success or failure of the load process. It is present if the server
issues the terminate request.

Result(+)

This selection type parameter indicates that the service request succeeded.
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Terminate Reason

This conditional parameter indicates the success or failure of the load process. It is present if the client
issues the terminate request to terminate a download.

Result(-)
This selection type parameter indicates that the service request failed.

11.3.2.2 Service Procedure
The Confirmed Service Procedure specified in clause 4 applies to this service.

11.3.3 Push Segment Service

This cpnfirmed service is used after the load process has been initiated to transfera _single dogd image
segmgnt in its request and indication primitives. The response and confirmatign primitives-arg used to
convey the success or failure of the segment transfer. This service may be Wsead Uppoxrt uplgads and
downlpads.

11.3.3|1 Service Primitives

The se¢rvice parameters for this service are shown in table 50.

Table 50 — Push Segment Sepvice amete

~
Parameter name f\\/ /{ée)q\ d Rsp | Cnf
Argument h %I;/'IK\)/ =)
AREP M(=)
Invoke ID M M(=)
Load Type Q M M(=)
Load Regjon Ke M M(=)
Segment r U U(=)
Lota M M(=)
More M M(=)
S S(=)
M M(=)
< M M(=)
S S(=)
AREP M M(=)
Invoke 1D M M(=)
Error Info M M(=)

Argument
The argument contains the parameters of the service request.

Load Type

This parameter specifies whether the load is an UPLOAD (out of the load region) or a DOWNLOAD (into
the load region).
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Load Region Key Attributes
This parameter specifies one of the key attributes of the Load Region whose image is to be transferred.

NOTE The load region is local if this service is being used for an upload. The load region is remote if this service is being
used for a download.

Segment Number

This optional parameter identifies the number of the segment which is being transferred. Segment
numbers are ascending integers beginning with the value one (1).

Load Data
This parameter contains the data to be loaded

More Follows
This parameter indicates whether or not any additional data remains to be tra

Result(+)
This sele

Result(-)
This sele

11.3.3.2
The Conf

11.34 P

load

This conflrmed service is used s
i ed to

image segment be returned
support uploads and downlg



https://iecnorm.com/api/?name=78e1861f571a5703d2a16365403729e9

61158-5 © IEC:1999 —187 -

11.3.4.1 Service Primitives
The service parameters for this service are shown in table 51.

Table 51 — Pull Segment Service Parameters

Parameter name Req Ind Rsp | Cnf
Argument M M(=)

AREP M M(=)

Invoke ID M M(=)

Load Type M M(=)

Load Dnginn l(n\]/ Attribute M I\/I(—)

Segment Number U U(=)

Result (+)
AREP /\
Invoke ID

Load Data QX&
More Follows F\

Result (-) 6 >
AREP

SNk

S(=)
M(=)
Invoke ID M(=)
Error Info M(=)

Argunient

The afjgument co@ the

Load Type

This pprameter specifie is an UPLOAD (out of the load region) or a DOWNLQAD (into
the logd regiony:

Load Regi
This pprameter specifi e’of the key attributes of the Load Region whose image is to be trangferred.

NOTE-~ The load region is remote if this service is being used for an upload. The load region is local if this service is being
ised for/a download.

Segment Number

This optional parameter identifies the number of the segment which is being requested. Segment
numbers are ascending integers beginning with the value one (1).

Result(+)
This selection type parameter indicates that the service request succeeded.

Load Data
This parameter contains the data to be downloaded or uploaded.
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More Follows

This parameter indicates whether or not any additional data remains to be transmitted.

Result(-)
This selection type parameter indicates that the service request failed.

11.3.4.2 Service Procedure

The Confirmed Service Procedure specified in clause 4 applies to this service.

11.3.5 Discard Service

This confitmed-service is used-to regquest that the contents of a load rnginn be discarded

61158-5 © IEC:1999

11.3.5.1 | Service Primitives
The servife parameters for this service are shown in table 52.

Table 52 — Discard Service Parameters (\

Parameter name Req( N{s\p Cnf
Argument A/I\ 5
AREP
Invoke ID
Load Region Key Attribute
Result (+) > S S(=)
AREP Q M M(=)
Invoke ID M M(=)
Result (@ S S(=)
AREP M M(=)
Invoke<|i))\ M M(=)
Err6iinf M_| ME)

N

Argumen

The argument coritaiqs the\parameters of the service request.

Load Redion/Key Attribute

This parameter Specifies one of the Key attnbutes of the Load Region object Whose contents are

discarded.

Result(+)
This selection indicates that the service request succeeded.

Result(-)
This selection type parameter indicates that the service request failed.

11.3.5.2 Service Procedure

The Confirmed Service Procedure specified in clause 4 applies to this service.

to be
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11.4 Load Region State Machines

This document defines state machines for three types of transfers.

Pull_Uploading:

Pull_Downloading:

The load region contents are retrieved from a Load Region object, segment
by segment, by a Client AP.

A load image contained in a Client AP is copied into a Load Region object,
segment by segment, at the request of the server AP that contains the load
region. That is, the Server AP requests the client to send the segments of
the load image. This kind of transfer is allowed for erasable load regions. Its
state diagram and transitions table give additional information related to a
non-erasable load region contents.

Push_Downloading:

Other kinds of transfer are beyond the scope of this technical

11.4.1] Pull Upload State Machine

This k|nd of transfer uses the following seryi

A Seryer may initiate an uploading transfer
a Client. This primitive tells the CI|ent toi

client

A Clie
Servel.
Once
Servel.

11.4.1

The fg
differg

A load image contained in a client AP are sent to ead Region object,
segment by segment, by the client AP. Upon regsjpt of ea hent, the

Server AP that contains the load region copi on. This
kind of transfer is allowed for erasable load lgram and
transitions table give additional informatis able load

region contents.

mitive to
. Once the

€ it issues an Initiate_Load.Req primitive to a
of a specified load region object will e pulled.
the transfer by issuing a Terminate_Load.Req to the

equencing of service primitives. In the table below, T1 and|T2 show
oad, one hy the server AP (T1) and one by the client AP (T2)

\?L User(Client) FAL User(Server)
Owner of called Load Region

Initiate_Load.Ind &-(T 1)------ Initiate_Load.Req

Laitiat 1 R L2 Laitiaot 1 il LT £ torct o o

titate—oad-Reg 2 tattate—oac-tnd {Fransterstarted)

Initiate_Load.Cnf &----(T2)------- Initiate_Load.Rsp

Pull_Segment.Req = ----—- (T3)--—--> Pull_Segment.Ind (Segments Transferred)

Pull_Segment.Cnf &----(T3)------- Pull_Segment.Rsp

Terminate_Load.Req - (T4)---—--> Terminate_Load.Ind (Transfer ended)

Terminate_Load.Cnf & (T4)---—-- Terminate_Load.Rsp

Initiate_Load.Rsp ~ ----——- (T1)---—--> Initiate_Load.Cnf
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11.4.1.2 Service Parameter Value Constraints
Table 54 summarizes the service parameter constraints.

Table 54 - Pull Upload Service Parameter Constraints

Transition Number Parameter constraints

T1 Initiate_Load

Calling Load Region Key attribute selected,
Load Type : = upload,

Service To Use : = Pull_Segment,

Load Service Initiator : = FALSE

T2 Initiate_Load

Called Load Region Key Attribute selected,

LUQCI‘ Tpr . UP:UC\\J

Service To Use : = Pull_Segment

Load Service Initiator : = TRUE (_
T3 Pull_Segment N

Load Type : = upload,
Segment Number : = ordered 1 to n if any
More Follows : = TRUE/FALSE with FALSE for the last se|

T4 Terminate_Load \
Load Type : = upload, <\

Load Service Used : = Pull_Segment
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11.4.1.3 Upload State Transition Table
Table 55 gives the upload state transitions.

Table 55 - Pull Upload State Table

Transition Current State Event/Action Next State
1 UPLOADABLE Initiate_Load.Ind UPLOADING
&&Load Region State of this object is in state
DOWNLOADABLE Il LOADED II IN USE
Initiate_Load.Rsp(+)
the load region image is segmented in accordance
with fixed-length attribute constraints into n segments
S oamae. — ).
grreT - 7
2 UPLOADING Pull_Segment.Ind PLOADING
&& Segments Left To Transfer > 1
&&service succeeds(e.g. compliance with Intersegment/Re
Time Out attribute constraint if supported) <
Pull_Segment.Rsp(+)
Segment Number : = Segments Left To Trapsfer (i )
with More Follows : = TRUE
Segments Left To Transfer : = -1 (\ \
3 UPLOADING Pull_Segment.Ind AN UPLOADING
Exist if &&Segments Left To Transfer =
supportg: &&service fails(e.g. no compli egAime
Intersedmnt QOut attribute constraint if s
Req Time
Out Pull_Segmént.R3p(-)
4 UPLOADING Pull_Segmentind COMPLETING UPLOAD
5 UPLW \A UPLOADABILE
lo&d.Rsp(-)
/\ . = object state conflict
6 UPLOADING o bortiad UPLOADABIE
LETIN
PLOA
7 < COMPLETING Términate_Upload.Ind UPLOADABIE
A
Terminate_Upload.Rsp(+)
8 upP DAB Initiate_Load.Ind UPLOADABILE
&& Load Region State attribute is not in state:
DOWNLOADABLE Il LOADED II IN USE

baitiata—] P = AN
tatC oAt \SPTy

with Error Info : = object constraint conflict

11.4.2 Pull Download State Machine

This kind of transfer uses the following services: Initiate Load, Pull Segment and Terminate Load.

A Server may initiate a downloading transfer. In this case it issues an Initiate_Load.Req service primitive
to a Client. This primitive tells the Client to initiate downloading transfer for a specified Load Region
object. Once the Server has pulled the contents, the Client issues an Initiate_Load.Rsp(+/-) to the Server.
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A Client may initiate the downloading transfers. In this case it issues an Initiate_Load.req primitive to a
Server. This primitive tells the Server to pull the contents of a specified load region object. Once the
Server has pulled the contents, it ends the transfer by issuing a Terminate_Load.Req to the Client
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11.4.2.1 Sequencing of Service Primitives

The following table summarizes the sequencing of service primitives.

Table 56 - Pull Download Sequencing of Service Primitives

FAL User(a Client) FAL User(a Server)

Owner of a calling Object Owner of called Object
Initiate_Load.Ind &--—(T 1)------ Initiate_Load.Req
Initiate_Loag.Req @~ ----—- (T2)--—--> Initiate_Load.Ind (Transfer started)
Initiate_Loaf.Cnf &----(T2)------- Initiate_Load.Rsp
Pull_Segmgnt.Ind Semmmeem (T3)----- Pull_Segment.Req (Transfer continu
Pull_SegmgntRsp = - (T3)----—-> Pull_Segment.Cnf N
Terminate_{ oad.Ind <emmmeen (T4)----- Terminate_Load.Req (Transfepended)
Terminate_| oad.Rsp --—-(T4)-----> Terminate_Load.Cnf /&
Initiate_LoaH.Rsp - (T1)-—--> Initiate_Load.Cnf N NN
11.4.2.2 |Service Parameter Constraints

Table 57

summarizes the service parameter constraints

Table 57 - Pull Downl

d Seyvice Paxamete

Transition Number / Paramete\\c&qtramts\
T1 Initiate_Load:
Callin tribute-sélected, \/
T2
T3
llows : = TRUE/FALSE with FALSE for the last segment
T4

Woad
oad Yype : = download,

Load Service Used : = Pull_Segment
erminate Reason contained in the request

61158-5 © IEC:1999
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11.4.2.3 Download State Transition Table
Table 58 gives the download state transitions.

Table 58 - Pull Download State Table

Transition Current State Event/Action Next State
1 DOWNLOADABLE Initiate_Load.Ind DOWNLOADING
&&Upload State = UPLOADABLE
Initiate_Load.Rsp(+)
Pull_Segment.Req
2 DOWNLOADABLE Initiate_Load.Ind DOWNLOADABLE
&&Upload State <>UPLOADABLE
Initiate_Load.Rsp(-)
Error Info : = object constraint conflict (\
3 DOWNLOADING Pull_Segment.Cnf(+) N DOWNLOADING
&&More Follows=TRUE Q
Store received data
Pull_Segment.Req (\
4 DOWNLOADING Pull_Segment.Cnf(+) N DOWNLOAD
&&More Follows=FALSE W SUCCESS
Store received data
Terminate_Load.Req
Terminate Reason : ﬂh@@[\\
5 DOWNLOADING Pull_Segment.Cnf(- U DOWNLOAD FAILURE
e
6 DOWNLOADING, Abort.Ind DOWNLOADABLE
DOWNLOAD
FAILURE, iscard recejved data
DOWNLOAD I\
SUCCESS (\
7 Dowr\@ F\giz T%W#-) DOWNLOADABLE
xgcar eceived data
8 DOWNL @Mad.cm(-) DOWNLOADABLE
SUCCESS
Dis received data
9 Dggm rminate_Load.Cnf(+) LOADED
SUCCESS
N Update Contents Size attribute if present
10 OABED. Initiate_Load.Ind DOWNLOADING
\BR \/ &&Uplgad state attribute in state UPLOADABLE
&&service succeeds(e;g erasable load region contents)
Initiate_Load.Rsp(+)
11 LOADED Discard.Ind DOWNLOADABLE
&&Upload State attribute in state UPLOADABLE
&&service succeeds(e.g. erasable load region contents)
Discard.Rsp(+)
12 IN USE Number of Related object In Use attribute incremented IN USE

&&its new value > 1

Set Related Object In Use flag value to TRUE if present
(Start/Resume)

(continued on page 194)
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Table 58 (concluded)
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13 IN USE Number of Related Object In Use attribute decremented IN USE
&&its new value >0
Set Related Object In Use flag value to FALSE if any
(Reset/Stop/Kill)
14 LOADED Initiate_Load.Ind LOADED
&&Upload State attribute in state <> UPLOADABLE
Il Service fails(e.g. non erasable load region contents)
Initiate_Load.Rsp(-)
Error Info : = object constraint conflict
15 LOADED Discard.Ind LOADED
$&-Uptead-Stateatiributer-state<>URESABABEE
Il Service fails(e.g. non erasable load region contents)
Discard.Rsp(-)
Error Info : = object constraint conflict /\
16 LOADED Number of Related Object In Use attribute increment | SE\)
&&its new value=1
Set Related Object In Use flag value to T if aqy
(Start/Stop, Related objects are FI)
17 IN USE Number of Related Object In Use Aftri emented | {OADED
&&its new value=0

1143 P
This kind

A Server

object. O

A Client

to a Sery
pushed. (
to the Se

11.4.3.1
Table 59 pummani

€s the sequencing of service primitives.

Table 59 - Push Download Sequencing of Service Primitives

imitive
egion

il be
d.req

FAL User(a Client)
Owner of a calling Object

FAL User(a Server)
Owner of called Object

Initiate_Load.Ind &--—-(T 1)

----- Initiate_Load.Req

Initiate_Load.Req - (T2)----—-> Initiate_Load.Ind (Transfer started)
Initiate_Load.Cnf & (T2)----—-- Initiate_Load.Rsp

Push_Segment.Req @ - (T3)----—-> Push_Segment.Ind (Transfer continued)
Push_Segment.Cnf &---(T3)------- Push_Segment.Rsp

Terminate_Load.Req ~ ------- (T4)--—--> Terminate_Load.Ind (Transfer ended)
Terminate_Load.Cnf &----(T4)------- Terminate_Load.Rsp

Initiate_Load.Rsp - (T1)----—-> Initiate_Load.Cnf
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11.4.3
The fo

.2 Service Parameter Constraints

llowing table summarizes the service parameter constraints.

Table 60 - Push Download Service Paramete

r Constraints

Transition Number Parameter constraints

Tl

Initiate_Load:
Calling Load Region Key Attribute selected,
Load Type : = download,
Service To Use : = Push_Segment,
Load Service Initiator : = FALSE

T2

Initiate_Load
Called Load Region Key Attribute selected,

Load Type : = upload
Service To Use : = Push_Segment
Load Service Initiator : = TRUE

T3

Pull_Segment
Load Type : = upload,
Segment Number : = ordered 1 to n if any
More Follows : = TRUE/FALSE with FALSE for the |

—
RN

T4

Terminate_Load \
Load Type : = upload,
Load Service Used : = Pull_Segment
Terminate Reason contained in the respﬁée\

11.4.3
Table

2

3 Download State Transition Tabl 6
61 gives the upload state transitions:
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Table 61 - Push Download State Table
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Transition Current State Event Next State
1 DOWNLOADABLE Initiate_Load.Ind DOWNLOADING
&&Upload state attribute in state UPLOADABLE
Initiate_Load.Rsp(+)
2 DOWNLOADABLE Initiate_Load.Ind DOWNLOADABLE
&&Upload state attribute in state <>UPLOADABLE
Initiate_Load.Rsp(-)
with Error Info : = object constraint conflict
3 DOWNLOADING Push_Segment.Ind DOWNLOADING
&&More Follows=TRUE
&&compliance with Inter Segment Req Time Out constraint
Push_Segment.Rsp(+)
4 DOWNLOADING Push_Segment.Ind DOWNLSAD
&&More Follows=FALSE UEBESS
&&compliance with Inter Segment Req Time Out constain
Push_Segment.Rsp(+) {\
5 DOWNLOADING Push_Segment.Ind S DOWNLOAD FAILURE
exist if &&More Follows=TRUE Il FALSE
supports &&no compliance with Inter Segmexrit Req~Kime~Qut constraint
Inter
Segment Push.Segment.Rsp(-)
Req Time Discard receiveg data /\(\ /\
Out
6 DOWNLOADING, Abort.Ind ) NS DOWNLOADABLE
DOWNLOAD
FAILURE, Discard received-data
DOWNLOAD
SUCCESS (N
7 DOWNLOAD FAILURE i oal .Ind\) DOWNLOADABLE
\Q;m ate_Load.RSP{t/-)
[\ erminﬁ&ieaso : sueeéss/failure
8 DOWNLOA T ate ) aw DOWNLOADABLE
SUCCESX > fail
Q 5p0)
[minate Reason : = failure
<\ \DQ ived data
9 DOWNLO Terminate_Load.Ind LOADED
SUCCESS sefvice succeeds(e.g. all segments received)
Update Contents Size attribute if present
Terminate_Load.Rsp(+)
Terminate Reason : = success
10 LOADED Initiate_Load.Ind DOWNLOADING
&&Upload State attribute in state UPLOADABLE
&&service succeeds(e;g erasable load region contents)
Initiate_Load.Rsp(+)
11 LOADED Discard.Ind DOWNLOADABLE
&&Upload State attribute in state UPLOADABLE
&&service succeeds(e.g. erasable load region contents)
Discard.Rsp(+)
12 IN USE Number of Related object In Use attribute incremented IN USE

&&its new value > 1

Set Related Object In Use flag value to TRUE if any
(Start/Resume)

(continued on page 197)
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Table 61 (concluded)

13 IN USE Number of Related Object In Use attribute decremented IN USE
&&its new value >0
Set Related Object In Use flag value to FALSE if any
(Reset/Stop/Kill)
14 LOADED Initiate_Load.Ind LOADED
&&Upload State attribute in state <> UPLOADABLE
Il Service fails(e.g. non erasable load region contents)
Initiate_Load.Rsp(-)
Error Info : = object constraint conflict
15 LOADED Discard.Ind LOADED
$&Dplead-Stateatirbttetn-state-<>URECADABLE
|| Service fails(e.g. non erasable load region contents)
Discard.Rsp(-)
Error Info : = object constraint conflict /\ C
16 LOADED Number of Related Object In Use attribute incre IN\QE)
&&its new value=1
Set Related Object In Use flag value t UK
(Start/Stop, Related objects are FI)
17 IN USE Number of Related Object In Us ibute decréknented LOADED

&&its new value=0

Set Related Object In Use\{] LSE\f any
(Reset/StopiKill, Rel objects aje F

¥
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12 Function Invocation ASE

12.1 Overview

The FAL function invocation model defines two objects, the stateless action object and the state-oriented
function invocation object.

Stateless function invocations, referred to as actions, run to completion when invoked and cannot be
interrupted. In addition, some atomic actions return a value in response to being invoked, while others do
not. Those that do may be used to model software functions, and those that do not may be used to model
software procedures.

State-orignted function invocations, on the other hand, may be controlled during theip-execution. Sefvices
are defingd to suspend, resume, or abort them once they have been invoked. They(do not\eturn)avalue
in responke to being started. If it is necessary to abort a function invocation onc then
it must bg defined as state-oriented.
State-orignted function invocations represent the network view of a spegific Tryocation® S ction.
If the usgr function can be invoked more than once simultaneousl : ign i cation
objects afe needed to represent each invocation.
State-orignted function invocations may be used to model 5 that
may be started and controlled.
NO1 yback”
ope d later
resy
To supp tional
invocations includes optional attribites that
The rem4i hction
invocatio
12.2 Func
This subg i '|t|ons for state- orlented functlon invocation and sta‘leless
action obj i of its
attributes
12.2.1 H
The functfion i i s models the state-oriented function invocation. It may be used to fodel
software processes or usef functions whose operation may be controlled.
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12.2.1.1 Function Invocation Formal Model

FAL ASE: FUNCTION INVOCATION ASE
CLASS: FUNCTION INVOCATION
CLASS ID: 3

PARENT CLASS: TOP

ATTRIBUTES:

1 (m) Attribute: Access Privilege

1.1 (m) Attribute: Password

1.2 () Attribute: AG6eSS-GHoHpS

1.3 (m) Attribute: Access Rights

2 (m) Attribute: Deletable (TRUE,FALSE)

1 (m) Attribute: Reusable (TRUE,FALSE) Default : TRUE
2 (m) Attribute: Function Invocation State

4 (m) Attribute: Number of Related Objects In Use
3 (o) Attribute: List of Related Objects

3.1 (o) Attribute: ClassID

3.2 (o) Attribute: Numeric ID

5.2 (m) Attribute:

4 (c) Constraint:

4.1 (0) Attribute:

5 (c) Constraint:

5.1 (0) Attribute:

6 (©

6.1 (0)

7 (©

7.1 (0)

8 & Supported

8.1 Service Argument Data Type
9 Last Execution Argument
SERV|CES:

1 Start

2 (0)._) OpsService:  Stop

3 (@) OpsService: Resume

4 (o) OpsService: Reset

5 (0) OpsService: Kill
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12.2.1.1.1 Attributes
Access Privilege

This attribute specifies the access controls defined for this function invocation. It is composed of the
following:

Password
This attribute contains the password for the access rights. Its value is null if it is not used.

Access Groups

This attribute identifies which of the eight user-defined access groups are defined for the function
invocation. More than one access group may be defined.

Access Rights
This attribute defines the type of access defined for the function invocation

ight to Delete for Access Groups(see note)

ight to Start for Access Groups

ight to Stop for Access Groups
ight to Resume for Access Groups

ight to Reset for Access Groups

ight to Kill for Access Groups

ight to Kill f@
ight to Deletear

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

NOTE /The'right to delete has no meaning if the function invocation object is not deletable. This right requires the|use of
the Pbjeet Management Delete service, and not an operational service of the Function Invocation class.

Deletable

This attribute indicates, when TRUE, that the function invocation can be deleted using the Delete service.
The value of this attribute is always TRUE for objects dynamically created with the Object Management
ASE Create Service.

Reusable
This attribute indicates, when TRUE, that the function invocation may be executed more than once.
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Function Invocation State

This attribute indicates the current state of the function invocation. An enumerated set of values has been
defined, and may be extended for local use within the AP to describe transient states of the Function
Invocation. These transient state values for this attribute, however, are not visible over the network. The
transitions between states and the events that cause transitions are user-defined.

UNRUNNABLE This state indicates that the function invocation is not executing and may not be
executed.
IDLE This state indicates that the function invocation is not executing, but is capable of
being executed.
RIpNINHNG Fhisstateindicates that thefunctiominvocationisexecuting:
STOPPED This state indicates that the execution of a fun S been
suspended.
STARTING This transient state indicates that the functig ared for
execution. Function invocations in this state are
STOPPING This transient state indicates that the-executic is in the
process of being stopped and its cohtext sa
RESUMING This transient state jrdi inv ation is in the process| of being
returned to the exe C evieuslysaved context.
RESETTING This transient state j nction invocation is being reset to|its initial
context and remov i
Numbgr of Related Objects I
This aftribute indicates the vumpber of rela Region objects defined for this function invocation that
are cyrrently in the is incremented/decremented each time a relajed Load
Region Object St tri jives the
constrpints for thesefrafns|
List of
This o
Cl
TH
Nuimerie’1D

In-use flag

This attribute indicates, when TRUE, that the related object is currently in the IN USE state. This
attribute is updated each time the related Load Region Object state attibute goes/leaves the IN USE
state. The Load Region State Machine gives the constraints for these transitions

Start Service Argument Data Type

This attribute identifies the data type for each of the execution arguments for the start service supported
by this function invocation. This attribute is present if the function invocation supports the start service. If
the start service is supported but has no execution argument, the value of this attribute is NULL.
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Stop Service Argument Data Type

This attribute identifies the data type for the execution argument for the stop service supported by this
function invocation. This attribute is present if the function invocation supports the stop service. If the
stop service is supported but has no execution argument, the value of this attribute is NULL.

Resume Service Argument Data Type

This attribute identifies the data type for the execution argument for the resume service supported by this
function invocation. This attribute is present if the function invocation supports the resume service. If the
resume service is supported but has no execution argument, the value of this attribute is NULL.

Reset Service Argument Data Type

This attrihute_identifies the data type for the execution argument for the reset service anpnrfpd V4 this
function invocation. This attribute is present if the function invocation supports the reset servige. |If the
reset seryice is supported but has no execution argument, the value of this attribute

Kill Servige Argument Data Type

This attripute identifies the data type for the execution argument for i i ) y this
function inpvocation. This attribute is present if the function invocation syppor ill serviee. If the kill
service is i [ '

Last Exegution Argument
This optignal attribute contains the value for the Execution-A

12.2.1.1.2 Services
Start

This optig
present, i

S not

Stop
This optig

Resume

This optig

Reset
This optig

Kill

This optignal service is used to request that the current execution of the function invocation be aborted so
that it may.net.be resumed. Once killed, the context of the function execution is lost.

12.2.2 Action Class Definition

The Action Class is used to define stateless function invocations. Stateless function invocations run to
completion when invoked. Their execution may not be aborted using the services of the FAL. They may
return a result using the Return service.
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12.2.2.1 Action Formal Model

FAL ASE: FUNCTION INVOCATION ASE

CLASS: ACTION

CLASS ID: 19

PARENT CLASS: TOP

ATTRIBUTES:

1 (m) Attribute: Reusable (TRUE,FALSE) Default : TRUE
2 (o) Attribute: List of Related Objects

3.1 {r)—Atiribute: Classib

3.2 (m) Attribute: Numeric ID

3.2 (m) Attribute:

4 (o) Attribute:

5 (c) Constraint:
5.1 (o) Attribute:
SERV|CES:

1 (m) OpsService:
2 (o) OpsService:

12.2.2|1.1 Attributes
Reusdble

This altribute indicates, when TRUE, that tke aa b cuted more than once.

List of|[Related Objects

This optional atffibut
Clpss ID

This attribute i

Ndimeric 1D

This attribute indie

T

In Use Flag (TRUE, FALSE)
Action Invoke Service Argument Data Type
Action Return Service Supported

Action Return Service Argumen

Action Invoke
Action Return

ates, when TRUE, that the related object is currently in the IN USE st
atfribute”is updated each time the Load Region Object State attribute goes/leaves the IN U

Action Invoke Service Argument Data Type

ate. This
SE state.

This attribute identifies the data type for the execution argument for the action invoke service supported
by this action. This attribute is present if the action supports the action invoke service. If the action invoke

service is supported but has no execution argument, the value of this attribute is NULL.

Action Return Service Argument Data Type

This attribute identifies the data type for the execution argument for the action invoke service supported
by this action. This attribute is present if the action supports the action invoke service. If the action invoke

service is supported but has no execution argument, the value of this attribute is NULL.
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12.2.2.1.2 Services
Action Invoke
This mandatory service is used to call the action object with an argument list.

Action Return
This optional service is used by the action object to return the results of its invocation.

12.3 Function Invocation Model Service Specifications

This subclause contains the definition of services that are unique to this ASE. The services defined for
this ASE are:

Start
Stop
Resume
Reset
Kill

Action|Invoke
Action|Return

12.3.1 Start Service

This conflrmed service is used to request that a fyncti

12.3.1.1 |Service Primitives
The servife parameters for this service are shown

Ta
AN
Param ete;\narile Req Ind Rsp Cnf
Argume?\) \> M M(=)
AREP M M(=)
M M(=)
M| M3
Argurqent U u@=)

Result S S(=)
AREP M | M=)
Invoke ID M M(=)

Result (-) S S(=)
AREP M | M=)
Invoke 1D M M(=)
Error Info M M(=)
Function Invocation State C Cc(®)

Argument
This parameter carries the parameters of the service invocation.
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