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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-4: Application layer service definition — Type 4 elements

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organizationf i mprising
all national electrotechnical committees (IEC National Committees). The<objgct\ of i bromote
interpational co-operation on all questions concerning standardization in the gtricy icAlelds. To
this end and in addition to other activities, IEC publishes International dare i iffcations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (heregfte hs “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committegs™\a i interested
in tHe subject dealt with may participate in this preparatory wo 3 e hd non-
governmental organizations liaising with the IEC also participa 9 coIIaborate< closely
with |the International Organization for Standardization ( ined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technlcal 8 Y ible, i national
consensus of opinion on the relevant subjé i P i ity i from all
interpsted IEC National Committees.

3) IEC [Publications have the form of recommendations fe & i ¢ National
Compmittees in that sense. While all reason i t of IEC
Publ|cations is accurate, IEC cannot be \ for any
misipterpretation by any end user.

4) In ofder to promote interndtional uy i i ications
trangparently to the maX|m i ir ha i icati . ijergence
between any IEC Publicat \ cated in
the lptter.

5) IEC |provides ng i for any
equipment declared 10

6) Allu "

7) No |l erts and
mem 3 EC National Committees for any personal injury, property damage or
othe e tsoever, whether direct or indirect, or for costs (including legal fdes) and
expe isi publigation, use of, or reliance upon, this IEC Publication or any ofher IEC
Publ

8) Attention i \ ative references cited in this publication. Use of the referenced publicgtions is
indispensable forthe correct application of this publication

9) Attention istdrawn to the possibility that some of the elements of this IEC Publication may be the sdbject of
patept ri . not be held responsible for identifying any or all such patent rights.

NOTE Use of some of the associated protocol Types is restricted by their intellectual-property-right holders. In all
cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights permits
a particular data-link layer protocol Type to be used with physical layer and application layer protocols in Type
combinations as specified explicitly in the IEC 61784 series. Use of the various protocol Types in other
combinations may require permission of their respective intellectual-property-right holders.

International Standard IEC 61158-5-4 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-5 subseries cancel and replace
IEC 61158-5:2003. This edition of this part constitutes a technical revision. This part and its
Type 4 companion parts also cancel and replace IEC/PAS 62412, published in 2005..

This edition of IEC 61158-5 includes the following significant changes from the previous
edition:
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a) deletion of the former Type 6 fieldbus for lack of market relevance;
b) addition of new types of fieldbuses;

c) partition of part 5 of the third edition into multiple parts numbered -5-2, -5-3, ...

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

FDIS Report on voting
65C/475/FDIS 65C/486/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting jindicated in the above table.

The cgmmittee has decided that the contents of this publication
the mgintenance result date indicated on the IEC web site unde
data rglated to the specific publication . At this date, the pubfic

* recpnfirmed;
* withdrawn;
+ replaced by a revised edition, or

* amgended.

NOTE [The revision of this standard will be synehronized S of the IEC 61158 series.

The ligt of all the parts of the
communication networks — Fieldbus sp\

d until
in the

under the general title Indlustrial


http://webstore.iec.ch/
https://iecnorm.com/api/?name=670ce623045a00c6917ccdb1d6f8402d
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INTRODUCTION

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

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

Throudhout the set of fiel[dbus standards, the term "service” refers 1o thea apability
provided by one layer of the OSI Basic Reference Model to the lay bove.
Thus, the application layer service defined in this standard is a ctural

servicg, independent of administrative and implementation division

N



https://iecnorm.com/api/?name=670ce623045a00c6917ccdb1d6f8402d

61158-5-4 © IEC:2007(E) -7-

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-4: Application layer service definition — Type 4 elements

1 Scope

1.1 Overview

fieldbus communication environment. In this respect, the FAL can ben
betwegn corresponding application programs.”

of a ti
with spme defined level of certainty. Failure to co
windoy j

fieldbuls application layer in terms of

a) an| abstract model
mahipulated by users via the use of\the
b) the

c) the|[parameters assosj

takg; and
d) the interrela’@u'

The pyrpose of thi

1) thel FAL
referenc

ystems

conformance’ with the OSI Basic Reference Model (ISO/IEC 7498) and the OSI application

This andard spegifi gyer, in
layer structure (ISO/IEC 9545).

FAL services and protocols are provided by FAL application-entities (AE) contained within the
application processes. The FAL AE is composed of a set of object-oriented application service
elements (ASEs) and a layer management entity (LME) that manages the AE. The ASEs
provide communication services that operate on a set of related application process object
(APO) classes. One of the FAL ASEs is a management ASE that provides a common set of
services for the management of the instances of FAL classes.

Although these services specify, from the perspective of applications, how request and
responses are issued and delivered, they do not include a specification of what the requesting
and responding applications are to do with them. That is, the behavioral aspects of the
applications are not specified; only a definition of what requests and responses they can
send/receive is specified. This permits greater flexibility to the FAL users in standardizing
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such object behavior. In addition to these services, some supporting services are also defined
in this standard to provide access to the FAL to control certain aspects of its operation.

1.2 Specifications

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

A secondary objective is to provide migration paths from previously-existing industrial
o ) : A : . . . ) Srvices
btocols

This s
Nevert
addres

a) the
b) the

1.3

This st hstrain

ndard.

protoc

2 Nc

The fo
For da
of the

ument.
edition

IEC 60

IEC 61 al’communication networks — Fieldbus specifications — Part 3-4f Data-

link layer service inition — Type 4 elements

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

IEC 61158-6-4, Industrial communication networks — Fieldbus specifications — Part 6-4:
Application layer protocol specification — Type 4 elements

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

ISO/IEC 7498-3, Information technology — Open Systems Interconnection — Basic Reference
Model — Part 3: Naming and addressing

ISO/IEC 8822, Information technology — Open Systems Interconnection — Presentation
service definition
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ISO/IEC 8824, Information technology — Open Systems Interconnection — Specification of
Abstract Syntax Notation One (ASN.1)

ISO/IEC 9545, Information technology — Open Systems Interconnection — Application Layer
Structure

ISO/IEC 10646-1, Information technology — Universal Multiple-Octet Coded Character Set
(UCS) — Architecture and Basic Multilingual Plane

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

3 Terms and definitions
For thg purposes of this document, the following terms as defined in e aublicatiensapply:

31 SO/IEC 7498-1 terms
a) application entity
b) application process

c) application protocol data unit
d) application service element

e) application entity invocation

f) application process invocation
g) application transaction

h) reaJ: open system

i) ftra

3.2 SOJ/IEC i@te
For thg purposes of

sfer syntax

a) application-assoeiation

b) apy lication-context

c) application context name

d) application-entity-invocation
e) application-entity-type

f) application-process-invocation
g) application-process-type

h) application-service-element

i) application control service element
3.4 ISOJ/IEC 8824 terms

For the purposes of this document, the following terms as defined in ISO/IEC 8824 apply:
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a) object identifier
b) type
3.5 Fieldbus data-link layer terms

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

a) DL-Time

b) DL-Scheduling-policy
c) DLCEP

d) DLC

e) DLPDU

f) DLEDU

g) DLBAP

h) fixgd tag

i) generic tag

i) link

k) network address

I) node address

m) node
tag

n)
0) scHeduled
p) ungcheduled

3.6 Fieldbus applicatio

For thg purposes of th

3.6.1
applicption
function or data s

3.6.2
applicpti
multiple
network and>with

3.6.3
applicption process
part of a distributed application on a network, which is located on one device and
unambiguously addressed

3.6.4
application process identifier
distinguishes multiple application processes used in a device

3.6.5

application process object

component of an application process that is identifiable and accessible through an FAL
application relationship

NOTE Application process object definitions are composed of a set of values for the attributes of their class (see
the definition for Application Process Object Class Definition). Application process object definitions may be
accessed remotely using the services of the FAL Object Management ASE. FAL Object Management services can
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be used to load or update object definitions, to read object definitions, and to dynamically create and delete
application objects and their corresponding definitions.

3.6.6

application process object class

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

3.6.7
application relationship

cooperative association between two or more application-entity-invocations for the purpose of
exchange of information and coordlnatlon of their joint operatlon Th|s relat|onsh|p is actlvated
either py—the—exehange , econfigiration
activiti

3.6.8
applicption relationship application service element
applicgtion-service-element that provides the exclusive
terminating all application relationships

j and

3.6.9
applicption relationship endpoint
context and behavior of an application relationship itai of the

applicgtion processes involved in the application

NOTE |Each application process involved in the applica i i intains i icati dtionship
endpoini.

3.6.10
attribyte
description of an externak

NOTE [The attributes of a
status ipformation or govefn the bpe

Attributds are dividm@ class attributes
3.6.11

behav
indicat

provide
object.

3.6.12
bit-no
design

3.6.13
channgl

S|ng|e h\lclf‘ﬁl or Ir\glr\al link of an |np Horout

licationobject of 3 server tothe process

3.6.14
class
a set of objects, all of which represent the same kind of system component

NOTE A class is a generalisation of an object; a template for defining variables and methods. All objects in a
class are identical in form and behaviour, but usually contain different data in their attributes.

3.6.15
class attributes
attribute that is shared by all objects within the same class

3.6.16
class code
unique identifier assigned to each object class
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3.6.17

class specific service

service defined by a particular object class to perform a required function which is not
performed by a common service

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

3.6.18
client
a) object which uses the services of another (server) object to perform a task

b) initiator of a message to which a server reacts

3.6.19
commupnication objects
components that manage and provide a run time exchange of messag

vork

EXAMPLES: Connection Manager object, Unconnected Message Manager (UC e Router

object

3.6.20
connettion

logical|binding between application objects that may bex ces

NOTE 1] Connections may be either point-to-point or multipoint.

3.6.21
conveyance path
unidirgctional flow of APDUs across an

3.6.22
dedicgted AR
AR usegd directly by the

NOTE

3.6.23
defaul
value

an DL-

hent of

3.6.24
deviceg

physicaMard ,,\ gonnected to the link

NOTE A device contain more than one node.

3.6.25
dynanilictAR
AR that requires the use of the AR establishment procedures to place it into an established
state

3.6.26
endpoint
one of the communicating entities involved in a connection

3.6.27

error

discrepancy between a computed, observed or measured value or condition and the specified
or theoretically correct value or condition
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3.6.28
error class
general grouping for related error definitions and corresponding error codes

3.6.29
error code
identification of a specific type of error within an error class

3.6.30
event
an instance of a change of conditions

3.6.31
FAL siuonet
subnetworks composed of one or more data link segments, ide by\a subssgt|of the

network address

NOTE FAL subnets are permitted to contain bridges but not routers.

3.6.32
FIFO variable
a Varigble Object class, composed of a set of homog ments, where the first
written[element is the first element that can be read

NOTE Pn the fieldbus only one, complete elen

3.6.33
frame
denigrated synonym for DLPDU

3.6.34
interfdce
a) shgred boundary betweén tv i nits, defined by functional characteristics| signal

chgracteristi iCcs appropriate

b) collection of ~ ervices that represents a specific view on the FAL
clags

3.6.35

invocdtion

act of yisir Qtheiresource of an application process

NOTE |Eachd ath 8 ents a separate thread of control that may be described by its context. Qnce the
service b € e resource is released, the invocation ceases to exist. For service invocéations, a

service fhat has-be pted but not yet completed is referred to as an outstanding service invocation.|Also for
service |nvacations, anMxWoke ID may be used to unambiguously identify the service invocation and differgntiate it
from othler‘otitstanding service invocations.

3.6.36
index
address of an object within an application process

3.6.37

instance

the actual physical occurrence of an object within a class that identifies one of many objects
within the same object class

EXAMPLE California is an instance of the object class state.

NOTE The terms object, instance, and object instance are used to refer to a specific instance.

3.6.38
instance attributes
attribute that is unique to an object instance and not shared by the object class
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3.6.39
instantiated
object that has been created in a device

3.6.40

logical device

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

3.6.41
manufacturer ID

identificationof each Ir_\rnr'hlr‘f manufacturer h\ll a ||niqnn number

3.6.42
management information
network-accessible information that supports managing the operati e fieldbus gystem,
includihg the application layer

NOTE Managing includes functions such as controlling, monitoring, and

3.6.43
member
piece g¢f an attribute that is structured as an eleme

3.6.44
method
<object> a synonym for an operationz
invokefl by a client

E and

3.6.45
moduT
hardware or logical co

3.6.46
network
a set qf nodes cg s vening
repeaters, brigges, route

3.6.47
object
abstra¢t representatiom~of a particular component within a device, usually a collection of
related data_{i rm of variables) and methods (procedures) for operating on that data
that hgve,clearly defiried interface and behaviour

3.6.48
object specific service
service unique to the object class which defines it

3.6.49
peer
role of an AR endpoint in which it is capable of acting as both client and server

3.6.50
physical device
an automation or other network device
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3.6.51

property
a general term for descriptive information about an object

3.6.52

provider
source of a data connection

3.6.53
publis

her

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

more

ubscribers

NOTE
using a

3.6.54
publis
role of

A publisher may not be aware of the identity or the number of subscribers an
edicated AR.

it may publish)its

hing manager

publisher to request the publisher to publish a specifi
managlers are defined by this standard, pull publishing
managlers, each of which is defined separately

3.6.55

pull sybscriber
type of subscriber that recognizes rece

object

3.6.56

resouilce
a procéssing or inform

3.6.57

3.6.58

server

route endpoint@
object container cohté

esponse APDUs as pu
data

a) role of am AR

3.6.59
servic
operat
object

3.6.60

APDUs

s to a
lishing
lishing

blished

nt that

yestfrom4d

on-orfunctionthan an object and/or object class performs uponre

nother

fal
A Ca e n s A

and/or object class

subscriber

role of

an AREP in which it receives APDUs produced by a publisher

3.7 Abbreviations and symbols

AE
AL
AL
AL
AP

Application Entity

Application Layer
ME  Application Layer Management Entity
P Application Layer Protocol
0] Application Object
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AP Application Process

APDU  Application Protocol Data Unit

API Application Process ldentifier

AR Application Relationship

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

Cnf Confirmation

CR Communication Relationship
CRlEP Communication Relationship End Point
DL} (as a prefix) Data Link-

DLEC Data Link Connection

DLCEP Data Link Connection End Point
DLL Data Link Layer

DLM Data Link-management

DLBAP Data Link Service Access Point
DLBDU DL-service-data-unit

DNS Domain Name Service

DP Decentralised Peripherals

FAL Fieldbus Application Lay

FIHO First In First OQut

HM

ID

IDL

IEC

Ind

IP

ISO

LDEx

LMEE

Open_Systems Interconnect

PDlev Physical Device
PDU Protocol Data Unit
PL Physical Layer
QoS Quality of Service
REP Route Endpoint
Req Request

Rsp Response

RT Runtime

SAP Service Access Point
SCL Security Level
SDU Service Data Unit
SEM State event matrix
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SMIB System Management Information Base
SMK System Management Kernel
STD State transition diagram, used to describe object behaviour

VAO Variable Object

3.8
3.8.1

Conventions

Overview

The FAL is defined as a set of object-oriented ASEs. Each ASE is specified in a separate
subclause. Each ASE specification is composed of two parts, its class specification, and its

servicg spectification:

instang
this std

3.8.2

This standard uses the descriptive conventions given ip

General conventions

e from
ge 5 of

3.8.3

Class flefinitions are described using sists of a list of attfibutes

for the|class. The general form of the t

FAL ASE:

CLASS]: Class Name

CLASS|ID:

PARENT CLASS:

ATTRIBUTES:

1

2

3

4

4.1 Nbute name(values)

4.2 Bute name(values)

4.3 attribute name(values)

5. ( constraint expression

5.1 ( attribute name(values)

5.2 ( e’ attribute name(values)

6 (my” Attribute: attribute name(values)

6.1 (s) Attribute: attribute name(values)

6.2 (s) Attribute: attribute name(values)

SERVICES:

1 (o) OpsService: service name

2. (c) Constraint: constraint expression

2.1 (o) OpsService: service name

3 (m) MgtService: service name

(1) The "FAL ASE:" entry is the name of the FAL ASE that provides the services for the class
being specified.

(2) The "CLASS:" entry is the name of the class being specified. All objects defined using
this template will be an instance of this class. The class may be specified by this
standard, or by a user of this standard.
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(3) The "CLASS ID:" entry is a number that identifies the class being specified. This number
is 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

ID

s between 256 and 2048 are allocated for identifying user defined classes.

(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. nt class
TOP is yised as a starting point from which all other classes are defined. The use of 7O classes
defined py this standard.
(5) The "ATTRIBUTES" label indicate that the following entries s for the
class.
a) |Each of the attribute entries contains a line numbe y (m) /
dttribute type label
d optionally ¢ list of
of values, the default
b) 1 or by an object name] or by
are defined under the key attripute.
c) Each
datory
require
(6) TH for the
cla
a) n 2 indicates that the service is mandatory for the class, while|an (o)
it is optional. A (c) in this column indicates that the seryice is
conditional. When all services defined for a class are defined as optional, at legst one
has ta he selected when an instance of the class is defined
b) The label "OpsService" designates an operational service (1).
c) The label "MgtService" designates an management service (2).
d) The line number defines the sequence and the level of nesting of the line. Each
nesting level is identified by period. Nesting within the list of services is used to

specify services conditional on a constraint statement.
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3.8.4 Conventions for service definitions
3.8.4.1 General

The service model, service primitives, and time-sequence diagrams used are entirely abstract
descriptions; they do not represent a specification for implementation.

3.8.4.2 Service parameters
Service primitives 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.
Lonent

grpup of

The sqrvice specifications of this standard uses a tabular format to dg
parameters of the ASE service primitives. The parameters which
servicg primitives are set out in tables. Each table consists of up to

—_

) Pafameter name,

N

) request primitive,

w

) ind|cation primitive,

N

) response primitive, and
5) corffirm primitive.

One parameter (or component of it) i
servicg primitive columns, a code is use
primitiye specified in the column:

Dpriate
on the

M | parameter is mandatory for the(pri
U |parameter is a Usg i ) ynamic
assumed.

C |parameternis
service
(blank) parary

of the

in the

“(n)*indicates that the following note "n" contains additional information pertaihing to
the parameter and its use

3.8.4.3 Service procedures
The procedures are defined in terms of
+ the interactions between application entities through the exchange of fieldbus Application

Protocol Data Units, and

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

These procedures are applicable to instances of communication between systems which
support time-constrained communications services within the fieldbus Application Layer.
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4 Concepts

4.1 Overview

The fieldbus is intended to be used in factories and process plants to interconnect primary
automation devices (e.g. sensors, actuators, local display devices, annunciators,
programmable logic controllers, small single loop controllers, and stand-alone field controls)
with control and monitoring equipment located in control rooms.

Primary automation devices are associated with the lowest levels of the industrial automation
hierarchy and perform a limited set of functions within a definite time window. Some of these
functions_-include diqgnnctir‘c] data validation _and h:mdling of mnltiplp inpln‘c and outputs.

These [primary automation devices, also termed field devices, are locatéd rocess
fluids, the fabricated part, the machine, the operator and the envirgr [ sitions
the fieldbus at the lowest levels of the Computer Integrated Manufacturing CI itgcture.

Some pf the expected benefits in using fieldbus are reduction i iri ' i bunt of
data exchanged, wider distribution of control between the 3 gnd the
control room equipment, and the satisfaction of time critic

This spbclause describes fundamentals of the EAL. D i 3 Ho i i about
each pf the FAL ASEs can be found i i of the
Commpnication Model specifications.

4.2 Architectural relationships

4.2.1 | Relationship to the Application of\the

The fupctions of the FAL he i ding to OSI layering principles. Hgwever,
its architectural relationship t is different, as shown in Figure 1.

— The FAL i ) with extensions to cover time{critical
requirements. $ i g ayer Structure standard (ISO/IEC 9545) was ulsed as
a bpsis for speci

— The FAL dir S ervicg's of the underlying layer. The underlying layer may be
thel data |j > ayer in between. When using the underlying layer, the FAL may
provide i gsociated with the OSI Middle Layers for proper mapping onto

the riyg g\
A\

OSI Application Layer Eieldbus-Application Layer
I (possibly non-existent)
Layers
OSI Data Link Layer Data Link Layer
OSI Physical Layer Physical Layer
| |
Physical Medium Physical Medium

Figure 1 — Relationship to the OSI basic reference model
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4.2.2 Relationships to other fieldbus entities
4.2.2.1 General

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 u([uits. It does this using a set of data transfer services and a set of Suppaqrting/sérvices
used tp control the operational aspects of the Data Link Layer.

System Mgt Fieldbus User <\\x

Fieldbus
Applic ion}‘%yer

i NNV

gg@f:éfm@ I%

N
\%

ALME

~

4.2.2.2 Use of the

The figldbus Ap'
directly to the fieldby

The D ods types of services to the FAL for the transfer ¢f data
betwesd . DLSAPs, DLCEPs).

4.2.2.3 ieldbus applications

Fieldb:lln are represented to the network as application processes (APs). APs are
the components of\a distributed system that may be individually identified and addressegd.

Each he AP.
That is, each AP communicates with other APs through its AE. In this sense, the AE provides
a window of visibility into the AP.

APs contain identifiable components that are also visible across the network. These
components are represented to the network as 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.
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4.2.2.4 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.

4.2.2.5 Access to FAL layer management entities

One layer management entity (LME) may be 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)
providgs the FAL portion of the SMIB. How the SMIB is implemented is béyond the/sdope of
this stgndard.

4.3 Fieldbus Application Layer structure
4.31 Overview

The structure of the FAL is a reflnement of the OSI AI|ca ion Layer Structure (1I$O/IEC
9545). 56 TS of ISO/IEC| 9545.
Certair 3545 for the fleldbus

The FA
+ OS] defines a single type of applicatie g qunications channel, the associalion, to
corjnect APs to each other. The F prlication Relationship (AR), off which

theye are several types, to permit g ges (APs) to communicate with each

Othf .
« Th

and not the presentation layer. Therefore,

thefre is no explici : tior\ contexkavaitable to the FAL. Between the same pair (or
set) of data linksenrvi ess poéints\the FAL protocol may not be used concurrenily with
other applicat S

4.3.2 Fundamen

The operatio i eal open systems is modeled in terms of interactions bgtween
time-ctitical . ts these APs to pass commands and data between them.

Cooperatic e APs requires that they share sufficient information to interact ang carry
out prgcessing(activiliesth a coordinated manner. Their activities may be restricted to g single
fieldbus segment, or fhey may span multiple segments. The FAL has been designed ysing a
moduITr architecturé’to support the messaging requirements of these applications.

Cooperation between APs also sometimes requires that they share a common sense of time.
The FAL or the Data Link Layer (IEC 61158-3 and IEC 61158-4) may provide for the
distribution of time to all devices. They also may define local device services that can be used
by APs to access the distributed time.

The remainder of this subclause describes each of the modular components of the
architecture and their relationships with each other. The components of the FAL are modeled
as objects, each of which provides a set of FAL communication services for use by
applications. The FAL objects and their relationships are described below. The detailed
specifications of FAL objects and their services are provided in the following clauses of this
standard. IEC 61158-6 specifies the protocols necessary to convey these object services
between applications.
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4.3.3 Fieldbus application processes
4.3.3.1 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 ISO 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.

4.3.3. Communication services

Fieldblis APs communicate with each other using confirmed ar i brvices
(ISO/IEC 10731). The services defined in this standard for the FA sp i tics of
the sefvices as seen by the requesting and respondmg APs Esages

used he AP
behavi

Confirr

Unconfi bsages
from o is no
relatio en the
reque

4.3.3.3

4.3.3.3.1 General

Within|the fieldb i . chieve
their fynctional ¢ tlvs. Nocco dtion of
these interactions\af i

For ex
messa
These
publish

ent, interactions may be based on request/regponse
s, or on data/events sent by one AP for use by pthers.
tions between APs are referred to as client/server and

The servi uppoited "by an interaction model are conveyed by application relatjonship
endpoints (AREPs) agsociated with the communicating APs. The role that the AREP plays in
the int¢raction (e.g. client, server, peer, publisher, subscriber) is defined as an attributq of the
AREP.

4.3.3.3.2 Client/server interactions

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

confirmed service requests
Client - Server

(requester [ - - responder)
Unconfirmed service replies and

confirmed service responses

Figure 3 — Client/server interactions

Publisher/subscriber interactions

4.3.3.11.3.1

Publisher/subscriber interactions, on the other hand, involve a sing
group pf one or more subscriber APs. This type of interaction ha$
variations of two models of interaction between APs, the "pull"

both nodels,

scope pf this standard.

4.3.3.3.3.2

In the|"pull"

manager, and broadcasts (or multicasts) its resp®
managler is responsible only for initiating pubkshihg

managler.

Confirmed FAL service
this type of interactign dif
confirmed requ
publisher. Howewery
response not just to
published informa

Therefpre, th

The s
referre

General

the setup of the publishing AP is performed by

Pull model interactions

model, the publisher receives a requ M a remote pub
s, network. The pul

and a
upport
del. In
de the

lishing
lishing

quest to the publisher.

Subscllibers wishing to receive the publishedN\data-li by the
publisher. In this fashion, data is "pull lishing
tics of
typical
hd the
ns the
ive the
g plished by having the Data Link Layer transmit the
response to a grouyp a th an to the individual address of the publishing mgnager.
the publisher contains the published data and is multicast to

the publishing managerand tqQ all subscribers.
cengecurs in the behavior of the subscribers. Pull model subsdribers,
hscribers, are capable of accepting published data in confirmed $ervice
praving issued the corresponding request. Figure 4 illustrates| these

responses(withou

concepts.
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confirmed service request
for
Pull published information
Publishing >
M anager <4 Pull
Publisher
Pull confirmed serv'ic'e response
Subscriber containing
published information
i
i
I
Pull
<«
Subscriber

4.3.3.3.3.3 Push model interactions

In the |"push" model, two services may be used
confirmed service is used by the subscriber to re
this request is returned to the subscribé ,

excharnge is only necessary when th

APs.

inform
uncon
this faghion, it is confi

Subsctlibers for
publishers. Figure

The U}conflrmed service used in the Pu

\\corfgrmed service request to

~X
N

™
<\

subscribe to publishing

confirmed service response to indicate
capability to publish

Push
Publisher

d. The
nse to

ioh. This

fferent

iqute its

correct
ion. In

ted by

PusiT
Subscriber

4—

Push
Subscriber

4_

unconfirmed service request containing
published information

Figure 5 — Push model interactions
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4.3.3.3.3.4 Timeliness of published information

To support the perishable nature of published information, the FAL may support four types of
timeliness defined for publisher/subscriber interactions. Each make it possible for subscribers
of published data to determine if the data they are receiving is up-to-date or “stale”. These
types are realized through mechanisms within the Data Link Layer (DLL). Each is described
briefly below. For a more detailed description, refer to IEC 61158-3 and IEC 61158-4.

Type Description

Transparent This type of timeliness allows the user application process to determine the timeliness quality
of data that it generates and have the timeliness quality accompany the information when it is
transferred across the network. In this type of timeliness, the network provides no computation

or measurement of timeliness It merely conveys the timeliness quality praovided with the data

by the user application process.

Resifdence When the FAL submits data from the publishing AP to the DLL for
a timer. If the timer expires before the data has been transmitted

L starts
uffer as

Synghronized This type of timeliness requires the coordination of two pigt . One s

received from the network a timer starts in each of th \ ting g ntly,
isRig ‘statio e
transmitted data is received from the network at a_subscribin ss
attribute for the data is set to TRUE. It remai i 3 nc mark
or until the timer expires. Data received aftef the timer‘expire gfore the next syng mark
does not cause the timeliness attribute to b 3 UE”. reset to TRUE if|data is

publisher station with the tjrneli atiribut E majntains the setting of FALSE at

Update This type of timeliness require inatj e two pieces of published
information defined for synch j imsli s, In this type, the sync mark also starts|a timer
in each of the participating/ stations. Like sjxgchronized timeliness, expiration of the timer
always causes the timeliness at 3 FALSE. Unlike synchronized timeliness,
receipt of ne 8 ithNp the time window started with the receip{ of a

4.3.3.

AP stpuct
The infernals of Ajé e dYpy one, or more Application Process Objects (APOs)
and accessed throug : =’ Application Entities (AEs). AEs provide the communication
capabilities of the . ieldbs AP, there is one and only one FAL AE. APOs are the
netwo i i specific capabilities (user application process objgcts) of

An A i definition of the attributes and services of an AP. The standard class
defined in this standard. User defined classes also may be spégcified.
entifiers (described in 3.8.2) are assigned from a set reserved for this purpose.T

4.3.3.6 AP type

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

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

From the perspective of the FAL, an APO is modeled as a network accessible object
contained within an AP or within another APO (APOs may contain other APOs). APOs provide
the network definition for objects contained within an AP that are remotely accessible. The
definiti femote
APs fgr remote access. The FAL services, as shown in Figure 6, are.provided by, the FAL

commynications entity of the AP, known as the FAL Applications Entitw(F LK/

services for remote
acce\ss to APO

//// /)
FAL 7
AE
User Request
and Response

Data

object

/i requester

V4
S
x%\ezes conveyed by the FAL
[ quests

real object. Local aspects of the AP convert betwgen the
al object and the internal AP view of the real object.

responder Y
/7

ARQ provides network
iew of real object

In Figy
throug
networ

To sup publisher/subscriber model of interaction, information about the real objg¢ct can
be pufli ~ APO. Remote APs acting as subscribers see the APO view] of the
published i ration\instead of having to know any of the real object specific details.

4.3.4.2 APO classes

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

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

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

User defined classes are defined as subclasses of standardized APO Classes or of other
user-defined classes. They may be defined by identifying new attributes or by indicating that
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optional attributes for the parent class are mandatory for the subclass. The conventions for
defining classes defined in 3.8.2 may be used for this purpose. The method for registering or
otherwise making these new class definitions available for public use is beyond the scope of
this standard.

4.3.4.3 APOs as instances of APO classes

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

Each APO defined for an AP is an instance of an APO Class. Each APO provides the network
view of_a real object contained in an AP. An APQO js defined by

(1) selgecting the attributes from its APO Class template that are to be agsgssible ¥tam the real

object,

(2) asdigning values to one or more attributes indicated as key in the \ ibutes
are| used to identify the APO;

(3) asgigning values to zero, one, or more non-key attributes
are| used to characterize the APO;

ributes

(4) selecting the services from the template that ma XPs to accgss the

rejl object.

Subclguse 3.8.2 of this standard specifi entjon class templates. [These
convenfti 3 conditional attributes and
servicgs.

Mandaory attributes and services afe requi be\present in all APOs of the| class.
Optionpl attributes and sepy i APO by APO basis, for inclusion in
an APP. Conditional attfbuts sehi ined with an accompanying constraint

statemlent. Constraint sta S i he cohditions that indicate whether or not the
attribute is to be prese

4.3.4.4 Apo@

APO ty

As des APO
class. APO
from tha one or
more ( ept for
the ke pe is a

generi¢

4.3.5

4.3.51 Definition of FAL AE

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

A

—TFAL AE

FAL ASE ‘

service conveyance to remote AEs

Figure 7 — Application entity structure

4.3.5.2 AE type

ApplicItion entities that provide the same set of ASEs are 0 pe. Two AEs that

share @ common set of ASEs are capable of communj

4.3.6 Fieldbus application service elements

4.3.6.1 General

An ap SO/IEC 9545, is a set of application
functio { application-entity-invocationg for a
specific purpose. ASEs prow S weying requests and responses|to and
from application processé i as defined above, are represented by a

collectlon of ASE invogatio

4.3.6.2 FAL<>ic
FAL Services conye

ice is

n FAL

5ts are

the AP
AE to

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

4.3.6.3 Definition of FAL ASEs
4.3.6.3.1 General

A modular approach has been taken in the definition of FAL ASEs. The ASEs defined for the
FAL are also object-oriented. In general, ASEs provide a set of services designed for one
specific object class or for a related set of classes. Common object management ASEs, when
present, provide a common set of management services applicable to all classes of objects.

To support remote access to the AP, the Application Relationship ASE is defined. It provides
services to the AP for defining and establishing communication relationships with other APs,
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and it provides services to the other ASEs for conveying their service requests and
responses.

Each FAL ASE defines a set of services, APDUs, and procedures that operate on the classes
that it represents. Only a subset of the ASE services may be provided to meet the needs of an
application. Profiles may be used to define such subsets. Definition of profiles is beyond the
scope of this standard.

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 an
example set of the FAL ASEs and their architectural relationships. All APO ASEs follow this
example

FAL AP

ASE Requests and Responses \/

S S
Y Y Y LR AR

ECOE | CARSER

AR [ASE

b e e
N

o,
EERTIEE SN A T

A N ]

b@ /
Q onveyance Us the+ AR ASE
AN

gement ASE

jes]

igure 8 — Example FAL ASEs

A spegial, 0bject ntamagement ASE may be specified for the FAL to provide services [for the
ment of objects. Its services are used to access object attributes, and create and
delete j i . i TSi bjects
accessed though the FAL. The specific operational services that apply to each object type are
specified in the definition of the ASE for the object type. Figure 9 illustrates the integration of
management and operational services for an object within an AP.



https://iecnorm.com/api/?name=670ce623045a00c6917ccdb1d6f8402d

61158-5-4 © IEC:2007(E) -31-

Application Process

MGT ¢ . | Target
ASE mgt services Object Attributes
describe
FAL AE l

| APO | y ops services N Target
ASE P Object

~— v/(\

Figure 9 — FAL management of objects

4.3.6.3.3 AP ASE

An AP
define

ASE may be specified for the identification apd

4.3.6.3.4 APO ASEs

ce€ssing the APOs of an A

APO qunication Model.

4.3.6.3.5 AR ASE

To acgomplish the task of conveying service requests and responses, three types of ag

ributes
list its

P. The

at are
layer
g at the
borting
b user.

users

tivities

for the| sending user and three corresponding types for the receiving user are defined.

At the

sending user, they accept service requests and responses to be conveyed. Second, they
select the type of FAL APDU that will be used to convey the request or response and encode
the service parameters into its body portion. Then they submit the encoded APDU body to the

AR ASE for conveyance.

At the receiving user, they receive encoded APDU bodies from the AR ASE. They decode the
APDU bodies and extract the service parameters conveyed by them. To conclude the
conveyance, they deliver the service request or response to the user. Figure 10 illustrates

these concepts.
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Service Parameters
/ FAL APDU Body
FAL AE FAL AE —
l FAL

FAL
. FAL FAL
service o APO «—>»| AR < FAL > AR | «—» APO «—> real
user ASE ASE APDUs ASE ASE object

STIVICCPIITTVES

Figure 10 — ASE service conveyance

4.3.6.5 FAL presentation context

The pregsentation context in the OSI environment is used té~distinguisk e ASE
from ahother, and to identify the transfer syntax rules dsed.t : ‘ . wever,
the fieldbus communications architecture does not | < entafion layer. Thgrefore,
an alternate mechanism is provided for the F pes  of
Commpnication Models.

4.3.7 Application relationships
4.3.7.1 Definition of AR

ARs represent communi€atiqn ] APs. They define how information is
communicated betwe ! RV terized by how it conveys ASE sgervice
requests and response er. These characteristics are described be¢low.
4.3.7.

ARs alle defined as s 3 ting’APs. The AR ASE in each AP manages an endpoint
of the AR, and int a ext. The local context of an AR endpoint is used|by the
AR ASE to con 5 of APDUs on the AR.

ét of endpoints of compatible classes. AR endpoint classes arge used
to representsARNendpoints that convey APDUs in the same way. Through the standardization
of endpoint classes;vARs for different models of interaction can be defined.

4.3.7.4 AR cardinality

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

4.3.7.5 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.
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4.3.7.6 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.

4.3.7.7 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.

When
r, it is

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

Certair le only
of responding to service requests. This part of the i ) ifies the
requirgment for an AR to be capable of conveying requests.in iR i i in one
directign.

4.3.7.8 AREP buffers and queues

AREPY4 may be modeled as a queue AREP
are delivered in the order received for ffered
AREP jis different. In this case, an APDUto be\corve buffer

for trapsfer. When the Data Link Laye galﬁcs ge network, it transmits the contents

of the puffer.

When the AR ASE recki
the buffer whether or
transfdr, it is presexved
in the |[buffer, a PD
changipg its conten

ves ance request, it replaces the previous contents of
. Once an APDU is written into a buffer for
next APDU to be transm|tted replaces it| While

ffer or

At the APDU
into a : he AR ASE. When a subsequent APDU is received, it overwrites
the pre 1s A ; f buffer
is not i it does not destroy or change the contents of the buffer, allowing the
contenfs to~be ] i

4.3.7.9 gdered and scheduled conveyance
Another—tharacteristic—ofan—AREP—is—when thcy convey service regtests and—responses.

AREPs that convey them upon submission by the user are called user-triggered. Their
conveyance is asynchronous with respect to network operation.

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

4.3.7.10 AREP timeliness

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

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 data that
reflects the type of timeliness configured for it by management. The Data Link Layer
compuies the timeliness of received data and then delivers it to the AREP_The data js then

delivered to the user AP through the appropriate ASE.

4.3.7.11 Definition and creation of AREPs

AREP (definitions specify instances of AREP classes. AREPs sdef ¢y may
be defined using a “create” service if their AE supports this capa

AREPY may be pre-defined and pre-established, or th Mmically
established. Figure 11 depicts these two cases. ynamic
definitipn and establishment or they may be dynamicall i e used

withouf any establishment (they are defined ir;@

AP . \%
N

~
o

;
) )~

defined, but
x \ ot established
N Established AR

Figure 11 — Defined and established AREPs

4.3.71 i ination

ARs may be established either before the operational phase of the AP or during its operation.
When established during the operation of an AP, the AR is established through the exchange
of AR APDUs.

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

4.4 Fieldbus Application Layer naming and addressing
4.4.1 General

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

4.4.2 Identifying objects accessed through the FAL
4.4.21 General

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 attr' u
definitions for APOs. Within these APO definitions, two types of key a
used, mames and numeric identifiers.

in thg class
nmonly

4.4.2.2 Names

Names A named
within ) e the ame of gn APO
is spegific to the AP in which it reS|des the aSS|gnme IS8 ithin the

systent in which it is configured.

Names nake it

possible to provide meaningful inform&i

Names g short,
compressed form of a name. They are ty Iy, Sim¥ . not as
easy tg understand as de 3

4.4.2.3 Numeric identifie

Numerjc identifi ficient
use within the fie ir AP.
4.4.3

Fieldblis adg e FAL
are thdg

4.5 Arch

The symmary of FAL architecture is presented in this Clause. Figure 12 illustraies the
major ¢ermponents of the FAL architecture and how they relate to each other.
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AP
FAL AE
—— AR ASE —
EEE—
from input conveyance path
remote - Real
AREP(s) \ L\ Object
N
AR < AREP
to /
remote g
AREP(S) output conveyance path < Real
~ | | I— L\ Object

Figure| 12 depicts an AP that communicates thro nts its

interngl real objects as APOs for remote access

the rer
convey

s service requests and respon

FP that
ocated

in remopte APs.

4.6 FAL service procedures
4.6.1 FAL confirmed se

The repuesting user sub irme S ppriate

FAL ASE builds the on the
specified AR.

Upon 1 ps it. If
a protg b to its
user.
If the irns  a
confir

If the fesponding use€r is unable to successfully process the request, the service fails gnd the
user ispués a confirmed service response (-) primitive indicating the reason.

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

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

4.6.2 FAL unconfirmed service procedures

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

4.7 Common FAL attributes

In the specifications of the FAL classes that follow, many classes use the following attributes.
Therefore, these attributes are defined here instead of with the other attributes for each of the
classes, except for the Data Type class.

ATTRIBUTES:

1 (o) Key Attribute:  Numeric Identifier
2 (o) Key Attribute: Name

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

Numetic Identifier

rthand
itles for
for the

This optional key attribute specifies the numeric id of th
refererjce by the FAL protocol to identify the object.
identification purposes: numeric identifier or name or
Data Tlype model.

Name

This optional key attribute specifies the na ibilities for
identification purposes: numeric identifi

User description

This optional attribute coptain 2 q i e information about the object.

level of the object It is a structured a tribute

both a|Major Rev ] ision W|th a value range 0 to 15 for each. The use of

major/minor fields jis ide‘the following features:
Major revi
The j isiqn/ field sofntains the major revision value for the object. A changg to the
ma'[ i el s that interoperability is affected by the change.
Mi

The¢ Minor Revision field contains the minor revision value for the object. A changg to the

minor{revision indicates that interoperability was not affected by the change -- [that is
uslmﬁthmmmmrmmm i i i T i j hen its

minor revision is changed, provided that the major revision remains the same.

4.8 Common FAL service parameters

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

AREP

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

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

FAL ASE/FAL class

This parameter specifies the FAL ASE (e.g. AP, AR, Variable, Data Type, Event, Function
Invocation, Load Region) and the FAL Class within the ASE (e.g. AREP, Variable List,
Notifier, Action).

Numeric ID

This pgrameter is

This parameter provides error information for service errors. It is retdrned\ bervice

This parameter indicates the general class of er 3 alles™a ifi in the
inition of Error Code parameter, below.

Error code

This parameter identifies the specifi

Additional code

This optional parameter identifie
specific to the object b

the errorxg
ing accesed.n
primitive is delivered ynchanged in\the con i

Adgitional detail

This optiona) para tai user gata that accompanies the negative response.
WhHhen used, bitted inNtheMesponse primitive is delivered unchanged] in the
primg

comnfirmation

ered when processing the request
e value submitted in the response

49 APDU sizé

APDU i odel dependent.

5 TypeH

5.1 Concepts

5.1.1 —Overview

The concepts of this model basically follow the common concepts with a few exceptions. The
basic principle described in 4.2.2.1 through 4.2.2.3 are applicable for this clause. This Type
supports Gateway functionality within the application layer. Part of this can also be
recognised from the common concepts. However, to promote readability, some elements from
the Clause 4 are repeated in this clause.

5.1.2 Application entities
5.1.21 Definition of FAL AE

An FAL AE provides a set of services to enable communications between APs in a fieldbus
environment. These services enable a user application in a Client to access user objects in a
server.
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The functionality of the FAL AE can be divided into two groups.

Application Relation (AR). The AR functionality is responsible for arranging the transportation
of APDUs via the network.

Variable Access (VA). The Variable Access functionality is responsible for coding and
encoding of APDUs. In a server the VA also convey data directly to / from user objects. How
this is done is a local matter and out of scope for this standard.

5.1.2.2 FAL services

prvices
Route

The sery 7 S 8 v
AR are called AR ASE services and services for the Variable Accéss are

for the
Endpo

The FAL services provide access to local AR objects, and proyid gquests
and rgsponses for access to real objects modelled as FA i j e FAL
provid¢s as well confirmed as unconfirmed services. Servic the AP
containing the real object.

Figure|13 illustrates the FAL AE and the architectur

Y Y

AR ASE ]

>bAR ASE Service Primitives

A A A

Conveyance of APDUs by the AR ASE

'

DL layer.

Figure 13 — FAL AE

5.1.2.3 AR ASE
To support access to the remote AP, the Application Relationship ASE is defined. It provides

services to the AP for accessing communication-related parameters, and it provides services
to the REP ASE for conveying service requests and responses.

The AR ASE provides services at the endpoints of ARs (AREPSs).
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5.1.2.4 REP ASE

The REP ASE provides a set of services used to read and write network visible attributes of
Variable Objects and their application data. As only one ASE type is used remotely, the type
is implicit and not transferred.

5.1.2.5 FAL service conveyance and gateway

The FAL AE provides services to convey requests and responses between User Applications
and Variable Objects including Gateway functionality.

In a distributed system, application processes communicate with each other by exchanging
applicgtion layer messages. The AR is defined to support the on-d hge of
confirmed and unconfirmed services between two application processes: §s data
link sgrvices are used for the exchanges. The data link layer either
acknowledged or unacknowledged.

5.1.2. Application relationships
5.1.2.6.1 Definition of AR

The AR is responsible for conveying messages bet
conveyed are FAL service requests and responses.
submitfed to the AR ASE for transfer, Within
Endpoint (AREP).

e messages that are
seryce est and respgnse is
3 nI@)ne Qbject type exist, the AR-

5.1.2.6.2 AR-endpoints

An AR}Endpoint (AREP) re S ithi . TThe AR
Send $ervice conveys ARD NQaii ' i ici E. The
AREP [is a system m 3 [ of the
related DLE.

AREP
ributes

This Type has @
objectg are declaréd

network visible. S these
Variab
When to the

5.1.3.1 Overview

This Type supports gateway functionality. To identify the destination of a request, a route
description is used. This route description holding a complete list of points to pass is sent with
the request. On its way to the destination, the route evolves in such a way that it always
contains the route back to the requester and the route to the destination. The elements in the
route are endpoint and DL addresses.

5.1.3.2 Route endpoint

Within the REP ASE, Route Endpoint objects (REPs) represent endpoints, holding a Route
description. An REP represents the starting point for conveying a message. An REP also
represents the destination of the APDU.
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5.1.3.3 Identification of endpoints

The endpoints are identified by endpoint addresses. These EP addresses are numerical
Addresses, taken within an AE from the same name space of numbers, to achieve a unique
identification. These EP addresses are used to identify AREPs and REPs.

5.1.3.4 DL addresses

The DLE is identified from the Link by a DL-address. DL-addresses are defined in
IEC 61158-4-4, but as they are part of the route, they are mentioned here. There is a one to
one relation between the DL-address of a DLE and the endpoint address of the corresponding
AREP.

5.1.3.5I Route

The cgdmplete Route contains a Destination-Route and a Source-Rogdte\

The D nce of
Endpo always
indicat

The Source Route in the same way describes how (o fj nt that
initiate way to

the de
or RER.

AREP

5.1.3.64

A Des e local
AREP. hrough
gatewsd AREP
addres Source

addres

The AH
own D

erts its
e link.

When . of the
Destin -address). The corresponding AREP inserts its own| AREP
addres rent Source Route before conveying the request to a REH or an

At the destination REP the Destination-Route holds the endpoint address of the REP, dnd the
Sourcg Roedte holds the complete route back to the requesting REP.

If any error appears with a request on its way to the destination, the current Source Route can
be used for returning an error response.

5.1.4 Architecture summary

A summary of the FAL architecture is presented in Figure 14. It illustrates the major
components of the FAL architecture and how they relate to each other.
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Server

User Request User Request

5.1.5
5.1.5.1

This s
overvig

REP ASE REP ASE REP ASE
AREP AREP
AREF AREF AREF /
DLEX DLE ¥ DLE¥ DLE;’\& (%E*\
PHL PHL PHL PHL D \WL
A | 4 A

] EP(address) % DLaddress

FAL service procedures ang

Overview

bclause describes service procedurés™or
w of the FAL servi roc s\is g i

es. An
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Requesting User

FAL

Route Service
request
Primitive

A Request /
REP Set/ Get Confirmation

VAO

5.1.5.2
At req
The us

applicati

includi

The re
addres
convey
by the

/,______
A
m
v
|
_i,/'
|
|
|
|

AR ASE Route info +
APDU

. The REP ASE builds the related confirmed request AP
s it onrthesARBP
first-element” of the Destination route. The REP ASE starts an associated ti

monito

he REP
lf.l and
, using an AR Send request primitive. The AREP address is indlicated

e user
e REP,

mer to

I thé request.

The AREP builds a request DLSDU and submits the route info together with the DLSDU to its
DLE. The DLE sends the DLSDU at the first opportunity.

At responding server AP:

Upon receipt of the DLSDU, the receiving AREP builds an APDU and delivers the APDU and
the received Route to the addressed REP by an AR Send indication primitive.

The REP ASE handles the indication by data exchange with the addressed Variable Object,
builds the related unconfirmed response APDU and conveys it on the AREP, using an AR
Send request primitive. The received Source route is used as Destination route for the

respon

Se.
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The AREP builds a request DLSDU and submits the route info, together with the DLSDU to its
DLE. It is the task of the DL layer to decide whether to “queue” the DLSDU or send it
immediately.

If the REP ASE is not able to process the indication and respond within “MaxIndicationDelay”,
the REP ASE shall submit an AR Acknowledge request primitive to the receiving AREP, and
in this way free the Token. The AR Acknowledge is submitted to the DLE.

At requesting AP receiving the response:

Upon receipt of the response DLSDU, the receiving AREP conveys the response to the REP
ASE. The destination address conveyed to the REP ASE holds the endpoint address of the

requesti g user
applicgtion. This is accomplished by the user invocation of the REP ASE RESPQNSE"\Skrvice.
If the {imer expires before the requesting REP has received the res ancels
the assgociated transaction state machine and delivers the Error resy to the

user application.

5.1.5.3 Confirmed service time sequence diagram

Figure|16 shows the time sequence diagram for the

User FAL AE Net
REP ASE |AR ASE

a Data to/from

Indisation real objects

-—
>\1 Handles —

Confirmed
REQUEST AR SEND

o

RTUEST

=)

ime sequence diagram for the confirmed services

Indication | ——

AR SEND
REQUEST

—

/\

16 -

5.1.5.4
At reqpesting AP:

d request service procedure

The user application uses the REP ASE service "'Reserve REP™ 10 reserve a REP. The user
application then uses the REP ASE service "Set REP Attribute" to set attributes of the REP,
including the Destination Route to the remote REP.

The requesting user submits an unconfirmed request primitive to the REP ASE with the REP
address as a parameter. The REP ASE builds the related unconfirmed request APDU and
conveys it on the AREP, using an AR Send request primitive. The AREP address is indicated
by the first element of the Destination route.

The AREP builds a request DLSDU and submits the route info together with the DLSDU to its
DLE. The DLE sends the DLSDU at the first opportunity.
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At responding server AP:

Upon receipt of the DLSDU, the receiving AREP builds an APDU and delivers that and the

received Route to the addressed REP by an AR Send indication primitive.

The REP ASE handles the indication by data exchange with the addressed Variable Object.

5.1.5.5 Unconfirmed service time sequence diagram

Figure 17 shows the time sequence diagram for the unconfirmed services.

User FAL AE Network FAL AE Us
REP ASE |AR ASE AR ASE REP ASE
N
Uconfirmed AR SEND
REQUEST AR SEND REQUEST taMorea
REQUEST as jec
_ indication q q
> anyles
> —Q InWication \

5.1.5.6

Upon 1
local destination. If the en

the RHP ASE. If the endfoink ad
pass itjon to the network (G 3

For copfirmed serVige F
the regponse is

the "squrce AREP".

JdicationDelay”.

5.2
5.21
5.2.11

The Vari
FAL s

variables.“The encoding rules for basic variables and constructed variables as spec

vledge is submitted to the “source AREP”
MaxIndicationDelay" is an attri

pryices. The™application layer supports the transfer of both basic and cons

to the
bred to
sed to

unless
bute of

ved by
fructed

fied in

this subclause are provided in IEC 61158-6-4.

Variable Objects (VAOs) are defined as instances of a variable class. The Variable ASE
provides access to VAOs. VAOs are identified by a numeric Variable Identifier, and are

instances of a variable class.

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 free.

Constructed types are packed according to the encoding rules for constructed types. The
structure of a constructed type is not network visible. The structure of a constructed type is

generated by a compiler and transferred by other means.
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All variable classes have the common attributes Variable Identifier, Data Type Identifier, Octet
length, Read enable, Write enable and Write protected. All variable classes have the common
services Read, Write, Get Variable Attribute and Set Variable Attribute.

This standard recommends using floating point representation of measurement values scaled
in Sl units.

5.21.2 Basic variable types

Basic variable types have a constant length. The length of basic variable types is an integral
number of octets. Defining new basic variable types is accomplished by defining new basic
variable type classes

5.2.1.3 Constructed variable types

5.2.1.31 Overview

Constructed variable types are needed to completely convey tht i i resent
on the : in this
standard: Complex, String, BitString and FIFO. Defining i ) . ariable
types is accomplished by defining new constructed variable

On the § e.g. a
single ffield of a complex variable or g p rt of a
variable, addressing with offset and « E i . Se nce (in
octets the bit
numbelr in one octet.

5.2.1.3.2 Complex var

A Comfplex variable typ

An Array is composed>o andard
places|no restriction on t be of
the same type. Oncg defi

A Strugture i ) : et of heterogeneously typed elements called fieldls. Like
Arrays| this ¢ ostrict the type of fields. However, the fields within a Stfucture
can be

5.2.1.3. tring \variable type

A String iscomposed of an ordered set of an Actual Number of Elements field and a jumber
of honjegeneously typed elements. Once defined, the maximum number of elements in a

String may notbe changed.

5.2.1.3.4 BitString variable type

A BitString is defined as a series of bits. Once defined, the number of elements in a BitString
may not be changed. The octet length of a BitString is the integral part of ((the number of
elements + 7) divided by 8).

5.2.1.3.5 FIFO variable type

A FIFO queue is composed of a set of homogeneously typed elements. This standard places
no restriction on the type of FIFO elements, but it does require that each element be of the
same type. The first written element will be the first element that can be read. On the fieldbus
only one, complete element can be transferred as a result of one service invocation.
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5.2.2 Variable model class specification
5.2.21 Variable model
5.2.211 Formal model

The Variable formal model defines the characteristics common to all Variable classes. This
class is not capable of being instantiated. It is present only for the inheritance of its attributes
and services of its subclasses.

FAL ASE: VARIABLE ASE
CLASS: VARIABLE

CLASSJID: T

PARENT CLASS: TOP
ATTRIBUTES:

1 (m) Key Attribute: Variable Identifier
2 Attribute: VariableTypeldentifier
3 Attribute: Octet Length

4 Attribute: Read enable

5

6

A W N

OpsService: Set Variable

(o)

(0)

(o)

(o) Attribute: Write enable

(o) Attribute: Write protected
SERVICES:
1 (m) OpsService: Read

(m) OpsService: Write

(o) OpsService: Get Variable ibute

(0) i

5.2.2.1.2 Attributes

Variablle identifier
This aftribute ide@e
VariablleTypeldentifie
This d i

Intege
or FIF

stantiating the variable type class.

2 variable type as a Boolean, Integer8, Intgger16,
8, Float32, Float64, UNICODE Char, Array, String, Stfucture
ifier is a numerical identifier, defined in IEC 61158-6.]In this

standa ipti cofresponding to the identifier is stated.

Octet |e

This opti < g indicates the length in octets of the data of the Variable Object.|For all
types Q octet length indicates the total number of octets. For FIFO types, octet

length lindicates the humber of octets in one element.

Read enable

The value of this optional attribute indicates, whether the data value of the Variable Object
can be read via the fieldbus.

Write enable

The value of this optional attribute indicates, whether the data value of the Variable Object
can be updated via the fieldbus.

Write protected

The value of this optional attribute indicates, whether the data value of the Variable Object
can only be updated via the fieldbus under certain conditions. The conditions for permitting
update of a Write protected VAO are out of scope of this standard.
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5.2.2.1.3 Services

Read
This service is used to read the data value of the Variable Object.

Write
This service is used to update the data value of the Variable Object.

Get variable attribute
This service is used to read an attribute of the Variable Object.

Set varrablteattribute
This sgrvice is used to update an attribute of the Variable Object.
5.2.3 Basic variable type specifications
5.2.3.1 Boolean variable type model

5.2.3.1.1 Formal model

This data type expresses a Boolean variable type wi as TRUE and FALSE.

FAL ASE: VARIABLE ASE
CLASS BOOLEAN VARIABLE TYP.
CLASS|ID: 2

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:

1 (m) OpsService:

2 (m) OpsServicg

3 (m)

5.2.3.1.

Variabl
attribut

2
3

[
~

¢ following constant values of the following (parent clas

5.2.3.1.
And

This sg¢rvice is used to update the data value of the Variable Object, by storing the resllt of a
logical AND operation.

Or

This service is used to update the data value of the Variable Object, by storing the result of a
logical OR operation.

Test-And-Set

This service is used to read and update the data value of the Variable Object, by returning the
result of a logical AND operation, and storing the result of a logical OR operation.
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5.2.3.2

Integer8 variable type model

5.2.3.2.1 Formal model

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

FAL ASE: VARIABLE ASE
CLASS: INTEGERS8 VARIABLE TYPE
CLASS ID: 3

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:

1
2
3

5.2.3.2.

Variablg Objects of this class will have the following constant vak
attributes:

2
3

5.2.3.2.

And

This s¢
logical

Or

This sgrvice is used tq

logical

Test-jnd-Set

This s

result ¢of a logical™®

5.2.3.3

5.2.3.3.

This integer type

(m) OpsService: And
(m) OpsService: Or
(m) OpsService: Test-And-Set

2 Attributes

9

VariableTypeldentifier = Integer8
Octet Length =1

3 Services

rvice is used to update the data
AND operation.

OR oper

o’s complement binary number with a length of two octets.

n
~

LIt of a

LIt of a

ing the

FAL ASE: VARIABLE ASE
CLASS: INTEGER16 VARIABLE TYPE
CLASS ID: 4

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:

1
2

(m) OpsService: And
(m) OpsService: Or

5.2.3.3.2 Attributes

Variable Objects of this class will have the following constant values of the following (parent
class) attributes:

2

VariableTypeldentifier = Integer16
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3 Octet Length =2

5.2.3.3.3 Services

And

This service is used to update the data value of the Variable Object, by storing the result of a
logical AND operation.

Or

This service is used to update the data value of the Variable Object, by storing the result of a
logical OR operation.

5.2.3. Integer32 variable type model
5.2.3.4.1 Formal model

This integer type is a two’s complement binary number with a le rgcte
FAL ASE: VARIABLE ASE
CLASS INTEGER32 VARIABLE TYPE
CLASS|ID: 5

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:

1 (m) OpsService: And

2 (m) OpsService: Or

5.2.3.4.2 Attributes

Variablg Objects of this glass Wjll h
attributes:

2 VariableT ldeR
3 Octet Len@
5.2.3.4.3

And

This sgrvjce is
logical|A

ve the folloy stant values of the following (parent clags)

e data value of the Variable Object, by storing the resllt of a

Or

This s¢rvice is usedto update the data value of the Variable Object, by storing the resplt of a
logical|@R operation.

5.2.3.5 Unsigned8 variable type model
5.2.3.5.1 Formal model

This integer type is a binary number with a length of one octet. The most significant bit is
always used as the most significant bit of the binary number; no sign bit is included.

FAL ASE: VARIABLE ASE
CLASS: UNSIGNEDS8 VARIABLE TYPE
CLASS ID: 6

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:
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1 (m) OpsService: And

2 (m) OpsService: Or

3 (m) OpsService: Test-And-Set

5.2.3.5.2 Attributes

attributes:

2 VariableTypeldentifier = Unsigned8

3 Octet Length =1

5.2.3.5.3—Servitces
And

This sé¢rvice is used to update the data value of the Variable Objec

logical|AND operation.

Or

This sé¢rvice is used to update the data value of the Variak

logical|OR operation.

Test-Alnd-Set

This s

rvice is used to read and update.the datz
result i

bf a logical AND operation, and¢storing

5.2.3.6
5.2.3.4.1

This integer type is a
most sjgnificant octet
bit is included.

FAL AY
CLASS
CLASS
PAREN
ATTRIB
SERVICE
1
2

5.2.3.6.2

Attributes

iakJe Object, by return
OR operation.

two octets. The most significant bi
ignificant bit of the binary number; po sign

LIt of a

LIt of a

ing the

of the

Variable Objects of this class will have the following constant values of the following (parent class)

attributes:
2 VariableTypeldentifier = Unsigned16
3 Octet Length =2

5.2.3.6.3
And

Services

This service is used to update the data value of the Variable Object, by storing the result of a

logical AND operation.

Or

This service is used to update the data value of the Variable Object, by storing the result of a

logical OR operation.
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5.2.3.7 Float32 variable type model
5.2.3.7.1 Formal model

This type has a length of four octets. The format for Float32 is that defined by IEC 60559 as
single precision.

FAL ASE: VARIABLE ASE
CLASS: FLOAT32 VARIABLE TYPE
CLASS ID: 8

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:

5.2.3.7.2 Attributes

Variablg Objects of this class will have the following constant values o
attributes:

2 VariableTypeldentifier = Float32
3 Octet Length =4

5.2.3.8 Float64 variable type model

5.2.3.8.1 Formal model

This type has a length of eight octets.
double] precision.

that defined by IEC 60p59 as

FAL ASE:
CLASS
CLASS]|ID:

PARENT CLASS:
ATTRIB
SERVI(

5.2.3.8.

Variabl
attribut

2
3

5.2.3.9 UNICODE char variable type model

5.2.3.9.1 Formal model

This type has a length of two octets. It is defined as a single UNICODE character.

FAL ASE: VARIABLE ASE
CLASS: UNICODE CHAR VARIABLE TYPE
CLASS ID: 10

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:
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5.2.3.9.2 Attributes

Variable Objects of this class will have the following constant values of the following (parent class)
attributes:

2 VariableTypeldentifier = UNICODE Char
3 Octet Length =2

5.24 Constructed variable type specifications
5.24.1 Complex variable type model

5.241.1 Formal model

A Comfplex Variable is an Array or a Structure.

An Array is composed of an ordered set of homogeneously typed ) i andard
places|no restriction on the type of array elements, but it does requi t be of

A Strugture is made of an ordered set of heterogeneousl o 5. Like
Arrays| this standard does not restrict the type of fields he f ructure
can bef of different types.

FAL ASE: VARIABLE ASE
CLASS COMPLEX VARIABLE TYH
CLASS|ID: 11

PARENT CLASS: VARIABLE
ATTRIBUTES:
SERVICES:

1 (m) OpsService:
2 (m) OpsService
3 (

5.2.4.1,.

Variabl
attribute:

This sérvice’is used to update the data value of the Variable Object, by storing the resllt of a
logicallAND aperati ion i i only.

Or

This service is used to update the data value of the Variable Object, by storing the result of a
logical OR operation. The operation is legal on subelements of integer or boolean type only.
Test-And-Set

This service is used to read and update the data value of the Variable Object, by returning the
result of a logical AND operation, and storing the result of a logical OR operation. The
operation is legal on subelements of Integer8, Unsigned8 or boolean type only.


https://iecnorm.com/api/?name=670ce623045a00c6917ccdb1d6f8402d

- 54 - 61158-5-4 © |IEC:2007(E)

5.2.4.2 String variable type model
5.24.2.1 Formal model

A String is composed of an ordered set of an Actual Number of Elements field and a number
of homogeneously typed elements. Once defined, the maximum number of elements in a
String may not be changed.

FAL ASE: VARIABLE ASE
CLASS: STRING VARIABLE TYPE
CLASS ID: 12

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:

1 (m) OpsService: And

2 (m) OpsService: Or

3 (m) OpsService: Test-And-Set

5.2.4.2.2 Attributes

D
~

Variablg Objects of this class will have the following consta
attribute:

2 VariableTypeldentifier = String

J

5.2.4.2.3 Services

And

This sérvice is used to upd LIt of a
logicallAND operation. T only.
Or

LIt of a
DN ly.

This service is used towupdat
logical|OR oper
Test-Alnd-Set

This s ing the
result jof a n. The
operatfon is legal ongut 9

5.2.4.3

5.2.4.3.

A BitString is defined as a series of bits. Once defined, the number of bits in a BitString may
not be changed. The octet length of a BitString is the integral part of ((the number of bits + 7)
divided by 8).

FAL ASE: VARIABLE ASE
CLASS: BITSTRING VARIABLE TYPE
CLASS ID: 13

PARENT CLASS: VARIABLE
ATTRIBUTES:

SERVICES:

1 (m) OpsService: And

2 (m) OpsService: Or

3 (m) OpsService: Test-And-Set
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5.2.4.3.2 Attributes

Variable Objects of this class will have the following constant value of the following (parent class)

attribute:
2 VariableTypeldentifier = BitString

5.2.4.3.3 Services
And

This service is used to update the data value of the Variable Object, by storing the result of a

logical AND operation. The operation is legal on a subelement (which is a bit) only.

Or
This slrvice is used to update the data value of the Variable Object, by
logical|OR operation. The operation is legal on a subelement (which i

Test-Alnd-Set

This service is used to read and update the data value of the
result jof a logical AND operation, and storing the result
operatfon is legal on a subelement (which is a bit) only.

5.2.4.] FIFO variable type model
1

5.2.4.4. Formal model

A FIFQ queue is composed of a set o
no resfriction on the type of FIFO elemes
same fype. The first written element wijll b

only o

FAL ASE:

CLASS FIFO VAR

CLASS|ID:

PARENT CLASS:Q

ATTRIBUTES:

1 (m)

2 (m)

3 (m) e’elements
4 p Used elements
5 ReRead

6 ReWrite

5.2.4.4‘.2 Attributes

LIt of a

ing the

ion. The

places
of the

Variable Objects of this class will have the following constant value of the following (parent

class) attribute:
2 VariableTypeldentifier = FIFO

Octet length
The octet length of a FIFO indicates the length of a single element.

Next element in

Next Element In is an Integer16, which holds the index number for the next element to be

written to the FIFO.
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Next element out

Next Element Out is an Integer16, which holds the index number for the next element to be
read from the FIFO.

Free elements

This attribute is an Integer16 which holds the current number of free elements in the FIFO (=
0 if full).

Used elements

This attribute is an Integer16 which holds the current number of used elements in the FIFO (=
0 if empty).

Rereatli

Reread is a Boolean. When the value of Reread is TRUE, a Read

read element, instead of returning and removing the element indeg

This fTiIity can be used if a transmission error resulted in a faul
ite

prepiously
ant Out.

Rewr

Rewrite is a Boolean. When the value of Rewrite is TR te the
previ(;\r : acility” can be usged if a
transmlission error resulted in a faulty write of an elefhe

5.2.4.4.3 Services

Overview

The sdrvices defined in the Variable ASE wds ariable
Objects. The services are invoked by a \ e REP
ASE REQUEST Service ¢ i - for the
documgntation of these para e

Read

This sprvice is dsed th the
request. The value o

Write

This sprvice | ~ ) paft of) the specified variable. The data passed with the
request is weittenNnt ne specified variable. No data is returned in the responde.
And

This service~perform 6gical AND of (part of) the specified variable and the data passed
with the request_The\result is stored in (part of) the variable. The service is used tp clear
individpal, bits' in a>wariable without first reading the variable and afterwards writing thg result
back tg the’variable. No data is returned in the response.

Or

This service performs a logical OR of (part of) the specified variable and the data passed with
the request. The result is stored in (part of) the variable. The service is used to set individual
bits in a variable without first reading the variable and afterwards writing the result back to the
variable. No data is returned in the response.

Test-And-Set

This service performs a logical AND of (part of) the specified variable and the data passed in
the request. The result of the AND operation is returned in the response. Then a logical OR
operation of (part of) the specified variable and the data passed in the request is performed.
The result of the OR operation is stored in (part of) the variable. The service is used to set
individual bits in a variable, and in the same transmission read their state prior to the
operation.
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Get variable attribute

This service is used to read an attribute of the specified Variable Object. The attribute is
specified by the offset parameter.

Set variable attribute

This service is used to update an attribute of the specified Variable Object. The attribute is
specified by the offset parameter.

5.2.5 Route endpoint ASE

5.2.5.1 Overview

In the ffieldbus environment, application processes contain data that remlote apyplicatigns are

able tq read and write. The data is accessed by means of the REP/ASE offers
servicgs to user applications in clients. The services REQUEST af ve the
accesq to real Variable Objects (VAOs) located in a server. In P ASE
conveys data to / from the real Variable Object and returns resp0On bt REP
Attribute, Set REP Attribute, Reserve REP and Free REP are a

Route |endpoint

Description

The Ropute Endpoint class is defined to support th¢ on y bd and
unconfirmed services between two applicatio S es for
conveying APDUs.

An REP is an object container, containing. i 9 of-a variable type. It performs the
access nique within an REP. The request
service he Variable Object ID is one|of the

An REP in the proxy confaine s S emote REP in a Server. The remote REP is
in the real container rale. C Qute attribute of the REP in the client ho|ds the
Route o the re i it represents.

The RE when the data length exceeds the MaxDataSizZe
When ig’sey e der of segments is indicated by the offset part of the AHDU.
To init Qia proxy Variable Object, the user application uses Reserve REP tp get a
REP c - i S

The atfributes of the”/REP are set, including the Destination Route to the remote REP. [This is
done hy\thé Set REP Attribute service. The requesting user then issues a REQUEST pfimitive
with the REP ID and a Variable Object ID as parameters. The REP ASE builds a request
APDU, and passes that along with Route Info in an AR Send request.

Following a successful transmission, if the REQUEST was confirmed, the AREP receives a
response APDU and conveys that to the requesting REP by an AR Send indication. The user
application can now read the result by issuing a RESPONSE primitive, with the REP ID as a
parameter.

5.2.5.2 Route endpoint model

Formal Model

FAL ASE: Route Endpoint ASE
CLASS: Route Endpoint

CLASS ID: 1
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PARENT CLASS: TOP
ATTRIBUTES:

1. (m) Key Attribute: Endpoint Address
2. (m) Attribute: Role (Proxy object / Real object)
3. (m) Attribute: REP State

4. (m) Attribute: Priority

5. (m) Attribute: Confirmation

6. (m) Attribute: Destination Route
7. (m) Attribute: Source route

8. (m) Attribute: Progress

9. (m) Attribute- Capabilities

10. (m) Attribute: Flat addressing
SERVICES:

1. (m) OpsService: REQUEST

2. (m) OpsService: RESPONSE

3. (m) OpsService: Reserve REP

4. (m) OpsService: Free REP

5. (m) OpsService: Get REP Attribute
6 (m

. ) OpsService: Set REP Attribute
5.2.5.2.1 Attributes
5.2.5.21.1 Endpoint address

This ke

5.2.5.2.1.2 ROLE

This aftribute spegifie
Proxy Q 20}

eceive
contair resp proxy
Real cpntainer ¥ 3 b firmed

5.2.5.2.

This dAttri s the state of the REP. The values for this attribute are| IDLE
RESERVED,,WAI FOR RESPONSE, RESPONSE RECEIVED or NOT IN USE.

5.2.5.2.1.4 Priority

The DLL may provide the possibility to send high priority APDUs before APDUs of lower
priority. The priority only refers to the request on the local link, not requests passing gateways
and not the response.

5.2.5.2.1.5 Confirmation

This attribute indicates whether the request has to be to confirmed or unconfirmed. The
response is always returned unconfirmed. If the Destination Route contains one or more
broadcast addresses (126) this attribute shall be set to unconfirmed.
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