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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUNCTION BLOCKS FOR INDUSTRIAL-PROCESS MEASUREMENT
AND CONTROL SYSTEMS —

Part 1: Architecture

FOREWORD
A PAS|is a technical specification not fulfilling the requirements for a standard, ade availafle to the
public @nd established in an organization operating under given procedures.
IEC-PAB 61499-1 has been processed by IEC technical committee 65: In yrement and
control.
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following document: publicationdy t
committee ¢
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Followipg publication of this PAS, the techni ittee concerned will investjgate the
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stanfard
4) In onder to promgte InteiNgatiorfal unification, IEC National Committees undertake to apply IEC International Standards
trangparently tothe_maxifpum extent possible in their national and regional standards. Any divergence between the
IEC Standardvand the™egrfesponding national or regional standard shall be clearly indicated in the latter.
5) The|[IEC\provides no marking procedure to indicate its approval and cannot be rendered responsiblp for any
equipment declared to be in conformity with one of its standards.
6) Attention Is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The

IEC shall not be held responsible for identifying any or all such patent rights.
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1. GENERAL REQUIREMENTS
1.1. Scope

This Specification defines a generic architecture and presents guidelines for the use of function
blocks in distributed industrial-process measurement and control systems (IPMCSs). This
architecture is presented in terms of reference models, textual syntax and graphical
representations. These models, representations and syntax can be used for:

- the specification and standardization of function block types;

- the functional specification and standardization of system elements;

the |mn|amnn+ahnn inrlnpnnrloni- opnr\ifir\afinn QnQI\IQIQ and—validation r\f distributed
HG HGeAL HEaHOR <SG

IPMCSs: -

NOTE - This Specmcatlon does not restrict or spemfy the functional capabllmes of IPMCSs™® t Qir system

subsystems, and devices.

Paft of the purpose of this specification is to provide ) e use of function
blacks in other standards dealing with the support ife_cygle, including system
planning, design, implementation, validation, opera i . The models given in this
Specification are intended to be generic,,domai ; sible to the definition and

us¢ of function blocks in other standarfls orNo i i s/or application domains. It is
intended that specifications written acco in/this Specification be concise,
implementable, complete unamblguous -

This Specificati@
- Part 1, "Archité

- genera

incldding an introduction, scope, normative references,

of function block types, and rules for the behavior of instan¢es

e use of function blocks in meeting the communication requirements| of
distributed IPMCSs;

~" rules for the use of function blocks in the management of applications, resources gnd
devices in distributed IPMCSs;

- requirements to be met by compliant systems and standards.

- Part 2, "Engineering task support", will present guidance for the support of engineering
tasks in the design, implementation, operation and maintenance of distributed industrial-
process measurement and control systems constructed according to the architecture
defined in this Part.
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1.2. Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this specification. At the time of publication, the editions indicated were
valid. All normative documents are subject to revision, and parties to agreements based on this
specification are encouraged to investigate the possibility of applying the most recent editions of
the normative documents indicated below. Members of the IEC and ISO maintain registers of
currently valid International Standards.

IEC 600050-351(19987?), International Electrotechnical Vocabulary Chapter 351: Automatic
Control (2nd.Ed.)

IEC 559 (1989), Binary floating-point arithmetic for microprocessors

ISO/IEC 7498-1, Information Technology - Open S
Model, 1994
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ISO TR 8509-1987, |
Service conventions

ISO/IEC 10040-1

managementqveryj
ISO/IEC 10 1499

(UCS) - Part 1;

bet

1.3. Definitio

1.3.1. Definitionsfrgm other standards

NOTE Definitions are written out in this document for convenience. To avoid duplication, the terms alone will
be listed in the final International Standard.

For the purposes of this specification, the following terms as defined in IEC 60050-351 apply:

interface: A shared boundary between two functional units, defined by functional
characteristics, signal characteristics, or other characteristics as appropriate.

system: A set of interrelated elements considered in a defined context as a whole and
separated from its environment.

Notes: 1 -Such elements may be both material objects and concepts as well as the results thereof (e.g.
forms of organisation, mathematical methods, and programming languages)
2 - The system is considered to be separated from the environment and other external systems by an
imaginary surface, which can cut the links between them and the considered system.

For the purposes of this specification, the following terms as defined in the various Parts of ISO
2382 apply:
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NOTE - Definition numbers from ISO 2382 are given in parentheses following the definition.

data type: A set of values together with a set of permitted operations. (15.04.01)

data: A reinterpretable representation of information in a formalized manner suitable
for communication, interpretation or processing. (01.01.02)

functional unit: An entity of hardware or software, or both, capable of accomplishing
a specified purpose. (01.01.40)

mapping: A set of values having defined correspondence with the quantities or values
of another set. (02.04.05)

message: An ordered series of characters intended to convey information. (16.02.01)

ink: anicati % - whi bre
considered to be received. (16.02.03)

message source: That part of a communication system frony w ages fare
considered to originate. (16.02.02)

network: An arrangement of nodes and interconnecting

operation: A well-defined action that, when applied to WERY binatior] of
known entities, produces a new entity. (02.10.01)

parameter: A variable that is given a constant va Reci{ied application and that
may denote the application. (02.02.04)

For the purposes of this specification, the following terms ds defified(in theJ&O/AFNOR Dictiongary

of Computer Science apply: Qs
character: A member of<a sef of elenfents’\tha
established

uged for the representatipn,
organization, or control of data

connection: An associatig between functional units for conveying

information.
gnd
associated
information: i the
con@g \
Fof the purpose S icati g following term as defined in the document IEC DIS
61p08-4: Functiong » S ted systems - Part 4: Definitions and Abbreviations of

Tefms applies:

1.3.2. Additiohal Hefiniti
The following defined for the purposes of this specification.

1.3.2.1. acceptor: A function block instance which provides a socket adapter of a defined
adapter interface type.

of

open communication.

1.3.2.3. adapter connection: A connection from a plug adapter to a socket adapter of the
same adapter interface type, which carries the flows of data and events defined by the
adapter interface type.

1.3.24. adapter interface type: A fype which consists of the definition of a set of event inputs,
event outputs, data inputs, and data outputs, and whose instances are plug adapters
and socket adapters.

1.3.2.5. algorithm: A finite set of well-defined rules for the solution of a problem in a finite
number of operations.
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1.3.2.6.

NOTE:

1.3.2.7.

1.3.2.8.

1.3.2.9.

1.3.2.10.

1.3.2.11.

1.3.2.12.

1.3.2.13.

1.3.2.14.

1.3.2.15.

1.3.2.16.

1.3.2.17.

1.3.2.18.

1.3.2.

1.3.2.20.

10 Copyright © 2000, IEC

application: A software functional unit that is specific to the solution of a problem in
industrial-process measurement and control.

An application may be distributed among resources, and may communicate with other applications.

attribute: a property or characteristic of an entity, for instance, the version identifier of
a function block type specification.

basic function block type: a function block type which cannot be decomposed into
other function blocks and which utilizes an execution control chart (ECC) to control the
execution of its algorithms.

b|d|rect|onal transactlon A transact/on in WhICh a request and pOSSIb|y data are

data are conveyed from the responder back to the requester

communication connection: A connection which utilize ‘ Qiunicatjon
mapping function" of one or more resources for the conveya

communication function block: A service interface fuct/ nts
the interface between an application and the "commu f a
resource.

are

the

is used in the

block type whose algorithms and the
ly in terms of interconnected compongent

s that are executed during a common period of
stem_op’device) : A step in system design: selecting functional
programmable controller system) : A language element

wgrammable controller system as defined in IEC 61131-1.

iuration\ parameter: A parameter related to the configuration of a system,

e/indicates completion of some algorithm previously invoked by an interactjion
represented by a request primitive.

1.3.2.22.

1.3.2.23.

1.3.2.24.

excluswe control of a Iockmg object WhICh is assomated W|th the data on WhICh the
operations are performed.

data connection: An association between two function blocks for the conveyance of
data.

data input: An interface of a function block which receives data from a data
connection.

data output: An interface of a function block which supplies data to a data connection.
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1.3.2.25

1.3.2.26.

11

declaration: The mechanism for establishing the definition of an entity. A declaration
may involve attaching an identifier to the entity, and allocating attributes such as data
types and algorithms to it.

device: An independent physical entity capable of performing one or more specified

functions in a particular context and delimited by its interfaces.

NOTE - A programmable controller system as defined in IEC 61131-1 is a device in the terms of this
Specification.

1.3.2.27. device management application: An application whose primary function is the
management of a multiple resources within a device.
1.3-2:28
1.3.2.29. event: An instantaneous occurrence that is significant to schedtling the execution
an algorithm.
NOTE - The execution of an algorithm may make use of variables associated\with
1.3.2.30. event connection: An association among function
events.
1.3.2.31. event input: An interface of a function bloc eventg from an event
connection.
1.3.2.32. event input variable (El variable): A Baole ent
input.
1.3.2.33. event output: An interfacs ent
connection.
1.3.2.34. event output variable (EO(vari ent
output.
1.3.2.35. exception: An
1.3.2.36. execution an
algorithm.
NOT
i
1.3.2.37. jion
on
1.3.2. {rol chart (ECC): A graphical or textual representation of the causal
ong events at the event inputs and event outputs of a function blpck
e execution of the function block's algorithms, using execution control stafes,
executionf control transitions, and execution control actions.
1.3.2(39.” execution control initial state (EC initial state): The execution control state whiclr is
active upon initialization of an execution control chart
1.3.2.40. execution control state (EC state): A situation in which the behavior of a basic
function block with respect to its variables is determined by the algorithms associated
with the execution control state through its execution control action.
1.3.2.41. execution control transition (EC transition): The condition whereby control passes
from a predecessor execution control state to a successor execution control state.
1.3.2.42. function: A specific purpose of an entity or its characteristic action.
1.3.2.43. function block (function block instance): A software functional unit comprising an

individual, named copy of a data structure and associated operations specified by a
corresponding function block type.
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NOTE 1 - Typical operations of a function block include modification of the values of the data in its associated

data structure.

NOTE 2 - The function block instance and its corresponding function block type defined in IEC 61131-3 are

1.3.2.44.

programming language elements with a different set of features.

function block network: A network whose nodes are function blocks

or

subapplications and their parameters and whose branches are data connections and

event connections.

NOTE - This is a generalization of the function block diagram defined in IEC 61131-3.

1.3.2.45.
1.3

1.3.2.47.

1.3.2.48.

1.3.2.49.

1.3.2.50.

1.3.2.51.

1.3.2.52.

1.3.2.53.

1.3.2.54.

1.3.2.55.
1.3.2.56.

1.3.2.57.

1.3.2.58.
1.3.2.59

1.3.2(60.

NOTE - An input parameter of a function block, as defined in IEC 6113

identifier: One or more characters used to name an entity.

implementation: The developmen
system become operational.

used in one or more operations of a function block.

instance: A functional unit comprising an indjwi
a defined type.

instance name: An identifier associated Wi

internal operations (of a funttion 1 associated with an algorithn
a function block, with its e with the functional capabilities of
associated resource.

more algorithms.
output variable: A variable whose value is established by one or more operations g

of
the

pre

the

of

or

function hioele and ic cnnliod t0 o Aafa Ayt f
TOEtroH POt TS—Souppreatoa-tata-outPut:

NOTE - An output parameter of a function block, as defined in IEC 61131-3, is an output variable.

1.3.2.61.

1.3.2.62.

1.3.2.63.

1.3.2.64.

plug adapter: An instance of an adapter interface type which provides a starting point

for an adapter connection from a provider function block.

provider: A function block instance which provides a plug adapter of a defined

adapter interface type.

request primitive: A service primitive which represents an interaction in which
application invokes some algorithm provided by a service.

requester: A functional unit which initiates a fransaction via a request primitive.

an
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1.3.2.65.

resource: A functional unit which has independent control of its operation, and which
provides various services to applications, including the scheduling and execution of
algorithms.

NOTE 1- The RESOURCE defined in IEC 61131-3 is a programming language element corresponding to the

resource defined above.

NOTE 2 - A device contains one or more resources.

1.3.2.66.

1.3.2.67.

1.3

1.3.2.69.
1.3.2.70.

1.3.2.71.

1.3.2.72.

1.3.2.73.

1.3.2.74.

1.3.2.75.

resource management application: An application whose primary function is the
management of a single resource.

responder: A functional unit which concludes a transaction via a response primitive.

- an
application indicates that it has completed some algorithm previo invoked by|an

interaction represented by an indication primitive.

sample: sense and retain the instantaneous value of a variab

scheduling function: A function which selects algorithms ox_operati xegutipn,
and initiates and terminates such execution.

service: A functional capability of a resource whic 3 by angequencg of
service primitives.

pbre

service primitive: An ab&tract, i i | an

nt

socket adapter: An instance of an adapfe(interface type which provides an end pq

the programs, procedures, rul
entation pertaining to the operation of a

(]
®

d for the production, inspection or analysis of other

An instantiation of a subapplication type inside |an

ication, type: A functional unit which allows the creation of substructureg of
i’ the form of a fractal hierarchy. The body of a subapplication type

transaction: A unit of service in which a request and possibly data is conveyed from a
requester to a responder, and in which a response and possibly data may also|be

1.3.2.80.

1.3.2.81.
1.3.2.82.

1.3.2.83.

conveyed from the responder back to the requester

type: A software element which specifies the common afttributes shared by all
instances of the type.

type name: An identifier associated with and designating a type.

unidirectional transaction: A transaction in which a request and possibly data is
conveyed from an requester to a responder, and in which a response is not conveyed
from the responder back to the requester.

variable: A software entity that may take different values, one at a time.
NOTE 1 - The values of a variable are usually restricted to a certain data type.
NOTE 2 - Variables may be classified as input variables, output variables, and internal variables.
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1.4. Reference models

1.4.1. System model

For the purposes of this specification, an industrial process measurement and control system
(IPMCS) is modeled, as shown in figure 1.4.1, as a collection of devices interconnected and
communicating with each other by means of one or more communication networks. These
networks may be organized in a hierarchical manner.

Communication network(s)

Device 1 Device 2 Device 3

‘ Application A ‘
‘ Appllcat|on<

((7\
I/\/(V[

A function performed { ingle
deyice, such as appligati .1,ar may be distributed among several devices, such
as|applications ; i icati i bre
control loops in

performed in anothe

1.4.2.

Asli ice shall contaln at least one interface, that is, process interface
or ek
ne

NOTE2 A device that contains no resources is considered to be functionally equivalent to a resource as
defined in 1.4.3.

A "process Interface” provides a mapping between the physical process (analog measurements,
discrete 1/0, etc.) and the resources. Information exchanged with the physical process is
presented to the resource as data or events, or both.

Communication interfaces provide a mapping between resources and the information exchanged
via a communication network. Services provided by communication interfaces may include:

- Presentation of communicated information to the resource as data or events, or both;

- Additional services to support programming, configuration, diagnostics, etc.
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Communication link(s)

= =Data & event flow | Device boundary

Communication interface(s)

)

Resource x: 'Resource y iResource z

y i Y \
! pplication A

A : |

ApplicatonC | | ‘ Application B

, — |
: | I ¥ V V
Process interface(s) <\\\
| \\ N
Controlled process
SR

Figure 1.4.2 - Devicg model
(example: Device 2 from figure 14:1

1.4.3. Resource model

For the purposes of this Specification, a reso i jdere [ i ined
in [a device which has independent cg i
parameterized, started up, deleted, etc.,

[4%
o

data and/or events from the process and/or

The functions S
and/or events, and to return data and/or events to the

communication inté
pracess and/or cg

Aslillustrated in \ Source is modeled by the following:

- "locakapplications" (or local parts of distributed applications). The variables
handled/in this part are input and output variables and events at event inputs
and event-outpyts of function blocks that perform the operations needed by the application.

- A <process wapping" part whose function is to perform a mapping of data and evepts
between applications and process interface(s). As shown in figure 1.4.3, this mapping may
be modeled by service interface function blocks specialized for this purpose.

- A "communication mapping" part whose function is to perform a mapping of data and
events between applications and communication interfaces. As shown in figure 1.4.3, this
mapping may be modeled by service interface function blocks specialized for this purpose.

- A scheduling function which effects the execution of, and data transfer between, the
function blocks in the applications, according to the timing and sequence requirements
determined by: 1) the occurrence of events; 2) function block interconnections; and 3)
scheduling information such as periods and priorities. Means of achieving traditional
scheduling functions such as cyclic execution of a function block network are described in
IEC 61499-3.
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/N Communication interface(s)

Local application
(or local part of distributed application)

Data
Service Service
Interface . Interface

Function Algorithm Function
Block Block

Communication |mapping

Process

Process interface(s

1.4.4. Application model

se
ata

Fof the purposes of this speC|f|cat|on
nogles are function blocks o
cofnections and event co

Supapplications are i 8 ion
bldck networks. Appl cat jcation and function block instance names may
thgrefore be usg S if bek
insfance in a sy.

An A
res ipte
reg arise from communication and process interfaces or from other
fun esponses may include:

- /Interactions with communication and process interfaces

In the—contextof-this opcu;f;uatiuu, app:iuat;w ys—are—defined b_y furctiorblockrretworks opcuif ng
event and data flow among function block or subapplication instances, as illustrated in figure
1.4.4. The event flow determines the scheduling and execution by the associated resource of the
operations specified by each function block's algorithm(s), according to the rules given in clause 2
of this Part.

Standards and systems complying with this Specification may specify alternative means for
scheduling of execution. Such alternative means shall be exactly specified using the elements
defined in this Specification.
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E\fent flow

>

A 4

| L | L | L

[]

A 4

\ 28 4

&
<

Data flow (\
N\

14

Af
na
inv
de

14.

1.4
A

NOTE 1 - "*" represents function block or subapplication instances.
NOTE 2 - This figure is illustrative only. The graphical representation is not normative

Figure 1.4.4 - Application model

.5. Function block model

Linction block (function block instance) is a functiona prising an individyal,

med copy of the data structure specified by a furctio ne

ocation of the function block to the next. The are

scribed in subclause 1.4.5.1, and function blge 3 are described in subcladise

52

.5.1. Characteristics of function bl

function block instance Lire
1.4.5.1:

functional “sharacteristics which are determined by combining internal data or st
information, or both, with a set of algorithms, functional capabilities of the associa
resource, or both. These functional characteristics are defined in the function block's ty

ich

ng
in

ate
ted

pe

specification
P -

NOTE - Internal state information may be represented by internal variables or by an internal representation of
an execution control state machine.
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Event inputs Event outputs

Instance name

Event flow Execution Event flow

> = Control T -

—l (hidden) I—

Type name

- | Algorithms| |—

Data flow : Data fl
hidden
> ( )
—1| Internaldata | |__
(hidden)
Data inputs #

Resource ¢
(Scheduling, communicati

The algorithms contained\i ti the
funjction block, exceptla [ qr informally by the provider of the function block.
Aditionally, the functipn g in In{ernal variables or state information, or both, which
perlsist betwee g i ock's algorithms, but which are not accessible| by
data flow conne S {

NOTE - Access tointernal vagiables-and state information of function block instances may be provided by
additiona\furctional capabilities of the associated resource, as illustrated in 3.3.

Mgans for spe [ usalrelationships among event inputs, event outputs, and execution of
algorithms 3 g auses’2 and 3 of this Part.

1.4.5.2

A function blogK typeNis a software element which specifies the characteristics of all instanceg of
thq type, inCluding:

- sIts-type name.

Tl | 4 pu | <l £ v £ <l £ rs £

IS TiurrveTr, Tidirmc o, l.y'JG "nanTtco dirifu Uructr ur oveoerion I’JULO UL\ Ad A4} UUL’JULO-
- The number, names, data type and order of input, output and internal variables.

Mechanisms for the declaration of these characteristics are defined in 2.2.1.

In addition, the function block type specification defines the functionality of instances of the type.
This functionality may be expressed as follows:
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For basic function block types, declaration mechanisms are provided in 2.2.1.2 for the
specification of algorithms, which operate on the values of input variables, output variables,
and internal variables to produce new values of output variables and internal variables. The
associations among the invocation of algorithms and the occurrence of events at event
inputs and outputs are expressed in terms of an execution control chart (ECC), using the
declaration mechanisms defined in 2.2.1.3.

The functionality of an instance of a composite function block type or a subapplication type
is declared, using the mechanisms defined in 2.3.1 and 2.4.1 respectively, in terms of data
connections and event connections among its component function blocks or
subapplications and the event and data inputs and outputs of the composite function block
or the subapplication

14

As
the
Th
req
an

ap

.5.3. Execution model for basic function blocks

The functionality of an instance of a service interface function block typei
mapping of service primitives to event inputs, event outputs, data inp
using the declaration mechanisms defined in 3.1.

described b‘% a
ts,

shown in figure 1.4.5.3-1, the execution of algorithms for basig func ' 5 by
execution control portion of a function block instance i vent inputs.
s invocation takes the form of a request to the scheduling™func ted
ource to schedule the execution of the algorithm's opérations, Upon to of
algorithm, the execution control generates zerp o ‘ as
bropriate.

NOTE 2 - Execution control jr

resource.

body.
F Igorithm execution for the case in which a
Si ant
times in this d
the
ule
les

tg: The resource scheduling function is notified that algorithm execution has ended.

t7: I'he scheduling Tunction Invokes the execution control function.

tg: The execution control function signals an event at the event output.

As shown in figure 1.4.5.3-2, the significant timing delays in this case which are of interest in
application design are:

Tsetup =t-t
Tstart = t4 - t2 (time from event at event input to beginning of algorithm execution)
Talg = t6 - t4 (algorithm execution time)

Tsinish = tg - tg (time from end of algorithm execution to event at event output)
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2 Execution control 8
function

[y

yo

\ 4

—_— ’I Algorlthm

A

3 4t 6 7
—

Scheduling function

NOTE - This figure is illustrative only. The graphical representation s not normative. \/

No i r the specification of function block execution control in the general
cas ich i desthe apove case) are defined in clause 2 of this Part.
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NOTE 1 - Depending on the problem to be solved, various requirements may exist for the synchronization of
the values of input variables with the execution of algorithms. Such requirements may include, for
example:

- Assurance that the values of variables used by an algorithm remain stable during the execution
of the algorithm.

- Assurance that the values of variables used by an algorithm correspond to the data present
upon the occurrence of the event at the event input which caused the scheduling of the
algorithm for execution.

- Assurance that the values of variables used by all algorithms scheduled for execution in a
function block correspond to the data present upon the occurrence of the event at the event
input which caused the scheduling of the first such algorithm for execution.

unpredictable if such requirements are not met.
ANNEX | of this Part describes mechanisms to meet the above requirements.
NOTE 2 - Resources may need to schedule the execution of algorithms in a
specification of attributes to facilitate such scheduling is described in AN

An| application or subapplication can be distributed by alloc plock “instanceq to
different resources in one or more devices. Since the inte a function block fare
hidden from any application or subapplication utilizing it, i muyst form an atomic nit
of [istribution. That is, all the elements contained i i k instance must|be
contained within the same resource.

Th
no
to

an

Th
an

14.7.

Fig
Fig
mg
md
md
fun

b following clauses of
ong multiple resources;

- Clause
distributi

ction blocKs.

NOTE /h- Subclause 3.3 defines service interface function block types for management of applications, and
Annex G provides examples of their usage.

or resource instances for the purpose of querying or modifying device or resource parameters.

hall
ed

ng
ted
or

ort

es.
for

of
be
jon
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Communication link(s)
Device boundary

a) Communication interface(s)
Management resource Resource y | Resource z
| Device management applicationl | Application B |
| Resource y management qlnlnlirqtinlr | /-!ppllcatlon = |
| Resource z management applicatiorr
Process in %)\

Communicatiort link(s)
O eviceboundary

b) Co@/ﬁw{nlc(zf‘k h\terfé @ ,\>
Resource x \Re\}eyrc%\y \ J Resource z

Resource x Resourc Resource z
management -- management
app@q /—\ app at‘!on

application

Appl(CS\on\& Application B
| Appllcatlon C

<\ \/\\> Process mterface(s)
AN

<\\ \/ Controlled

process

\FI u .7 - Management models -a) Shared, b) Distributed

1.4.8. Operational state models

Any‘diven system has to be designed, commissioned, operated and maintained. This is modejed
through the concept of the system "life cycle”. In turn, a system Is composed of several functional
units such as devices, resources, and applications, each of which has its own life cycle.

Different actions may have to be performed to support functional units at each step of the life
cycle. To characterize which action can be done and maintain integrity of functional units,
"operational states" must be defined, e.g., OPERATIONAL, CONFIGURABLE, LOADED,
STOPPED, etc.

Each operational state of a functional unit specifies which actions are authorized, together with an
expected behavior.
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A system may be organized in such a way that certain functional units may possess or acquire the
right of modifying the operational states of other functional units.

Examples of the use of operational states are:

- A functional unit in a RUNNING state, i.e., in execution, may not be able to receive a
download action.

- A distributed functional unit may need to maintain a consistent operational state across its

components and develop a strategy to propagate changes of operational state through
them.

Specific operational states for managed function block instances are defined in subclause 3.3.3.

@%
S
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2. FUNCTION BLOCK AND SUBAPPLICATION TYPE SPECIFICATION

2.1. Overview

As illustrated in figure 2.1, this clause defines the means for the type specification of three kinds of

blocks:

- Subclause 2.2 defines the means for specifying and determining the behavior of instances
of basic function block types, as illustrated in figure 2.1(a). In this type of function block,
execution control is specified by an execut/on control chart (ECC), and the algorithms to be

Part.

subapplications.

@@

his

igre
for

ns
ent
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El variables EO variables El variables EO variables

a) i ¢ b)

E ti | — 7 A
Control | —3 _?}1«’?‘ 7

i

\

Type identifier

Chart
Type identifier
4 M F

Algorithms L
1

Internal
variables

T T

Input variables Output variables Inpu

tput variables
Event inputs

AT
~ X

=

(N
pe\‘ide\ti ier

1o
D
T

Data inputs Data outputs

Figure 2.1 - Function block and subapplication types
a)Basic function block (subclause 2.2), b) Composite function block (subclause 2.3),

C) Subapplication (subclause 2.4)

NOTE - This figure is illustrative only. The graphical representation is not normative.
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2.2. Basic function blocks

A basic function block utilizes an execution control chart (ECC) to control the execution of its
algorithms.

2.2.1. Type declaration

As illustrated in figure 2.2.1, a basic function block type can be declared textually according to the
syntax specified in Annex B.2 or graphically according to the following rules:

1. The function block type name shall be shown at the top center of the main rectangular
block.

2. The input and oufput variable names and fype declarations shall be shown at the left and
right edges of the main rectangular block, respectively.

3. The interface of the function block type to events shall be de
subclause 2.2.1.1 of this Part.

. subclause 2.2.1.3 of this Part.

IMIT_EWENT B IMIT TD\/}J/\ MNT

EVEMNT

red
ng

as

4. Event types shall be shown outside the block adjacent to their associated event inputs or
outputs.

NOTE 1 - If no event type is given for an event input or output, it is considered to be of the default type EVENT.

NOTE 2 - An event output of type EVENT can be connected to an event input of any type, and an event input
of type EVENT can receive an event of any type.

NOTE 3 - An event output of any type other than EVENT can only be connected to an event input of the same
type or of type EVENT.

NOTE 4 - An event type is implicitly declared by its use in an event declaration.
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As illustrated in figure 2.2.1 and Annex H, the W TH qualifier or a graphical equivalent can be used
to specify which input variables or output variables shall be sampled upon the occurrence of an
event at the associated event input or event output, respectively, as described in 2.2.2.2. This
information may be used to determine the required communication services when configuring a
distributed application as described in clause 4 of this Part. Each input variable and output
variable shall appear in at least one W TH clause or its graphical equivalent.

NOTE 5 -lt is a consequence of the above requirement that provision is made for the sampling of all input
variables.

NOTE 6 - See 1.4.5.3 for an application of the WITH qualifier to the execution model of a basic function block.

NOTE 7 - See Annex C.3 of IEC 61499-2 for examples of the use of the WITH qualifier to determine
communication service requirements.

2.2.1.2. Algorithm declaration

As|shown in Annex H, algorithms associated with a basic function block £ in
thq function block type declaration according to the rules for declaratiop ck type
specification given in Annex B. Other means may also be used_fox the ification of the
idgntifiers and bodies of algorithms; however, the specification 6f Stich i the

scope of this Part.

2.2.1.3. Declaration of algorithm execution control

Th be declared in the
fun type are defined|as
Sp¢ ' 3 ing\of algorithm invocation for sdich
af Qti =€ C) consisting of EC stafes,
EQ ¢ d and interpreted as follows:
1. pe
2. or
éd identifier. The EC initial state shall have
3. [ The ECC shall Qre EC states, represented graphically as round| or
rectangular gle-gutlined shapes, with an associated identifier.
4. | The ECC can“uti [ ent input (El) variables having the same names as the

event inputs of\t K. The“associations of these variables to the event inputs shall

5. ili ~ uodify event output (EQ) variables having the same names as the
block. The associations of these variables to the event outputs

o
>
o
S
3
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o
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7. e_can Rave zero or more associated EC actions. The association of the EC actigns
with the EC state’shall be expressed in graphical or textual form.

8. | The_algorithm (if any) associated with an EC action, and the event (if any) to be issued|on
completion of the algorithm, shall be expressed in graphical or textual form.

9. An EC transition shall be represented graphically or textually as a directed link from one EC
state to another (or to the same state).

10. Each EC transition shall have an associated Boolean condition, equivalent to a Boolean
expression utilizing one or more event input variables, input variables, output variables, or
internal variables of the function block.

Figure 2.2.1.3 illustrates the elements of an ECC. An equivalent textual declaration using the
syntax of Annex B.2 is given in Annex H.

NOTE 1 According to the model given in subclause 2.2.2, the evaluation of an EC transition condition is
disabled until the algorithms associated with its predecessor EC state have completed their
execution. Therefore, for example, the 1 in the EC transitions following the EC states | NI T and
MAI Nis equivalent in this case to the use of | Nl TOand EXO, respectively.
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NOTE 2 In this restricted domain, the same symbol (e.g., | NI T) can be used to represent an EC state and
algorithm name, since the referent of the symbol can be inferred easily from its usage.

START || EC initial state

EC transition

INIT E 1

EC action
INIT| INITO | | MAIN|_| MAIN| EXO | event

EC state  algorithm

2.2

2.2

Iniialization of a basic function block instanc e functionally equivalent to

foll

NO

Th
oc

ap

ap

examplé by connecting an output of an instance of the E_RESTART type defined in Annex A to

Figure 2.2.1.3 - ECC example
NOTE 3 The text in italics is not part of the ECC.

.2. Behavior of instances

.2.1. Initialization

ariable shall be initialized to

izations shall be performed; for example, all in
nction Charts (SFCs) shall be activated and all ot

b function bieck\{ype miay also specify an initialization algorithm to be performed upon
turrence ,of<an appropriate event, for example the | NI T algorithm shown in figure 2.2.1.3.
blication..ean specify the conditions under which this algorithm is to be executed,

bropriate event input, for example the | NI T input shown in figure 2.2.1.

the

the
tial
ue

tial
her

be

the
An
for
an

2.2.2.2. Algorithm invocation

Execution of an algorithm associated with a function block instance is invoked by a request to the
scheduling function of the resource to schedule the execution of the algorithm's operations.

NOTE 1 The operations performed by an algorithm may vary from one execution to the next due to changed
internal states of the function block, even though the function block may have only a single algorithm
and a single event input triggering its execution.

Algorithm invocation for an instance of a basic function block type shall be accomplished by the
functional equivalent of the operation of its execution control chart (ECC). The operation of the
ECC shall be according to the following rules:
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1. The resource shall maintain for each event input an El variable plus a storage element
which exhibits the behavior defined by the state machine in figure 2.2.2.2-1 and table
2.2.2.21.

2. Operation of the ECC shall exhibit the behavior defined by the state machine in figure
2.2.2.2-2 and table 2.2.2.2-2.

3. The evaluation of an EC transition condition is disabled until the algorithms associated
with its predecessor EC state have completed their execution.

NOTE 2 It is a consequence of this model that multiple occurrences of an event at the same event input may
be lost at transition t2 in figure 2.2.2.2-1. The detection and processing of such loss (for example as
an exception or a fault as described in subclause 2.6) is an implementation-dependent feature.

Table 2.2.2.2-1 - States an transi/tig/néi> m tate machine
NS
state conék'@n \ \ \ )
s0 waiting f?r’eAvent
s1 )A@ltlng for E&\C t&\fln h
transition N \ \(condr\hQs\ \\/ operation
t0 L \iqpuk\Q}RQe e~ none
t1 < { <e>eqt a 'M ECC invocation requestb
t2 évehi\ wes implementation-dependent
t3 \ \pred @ none
@ This co 'rm:%s%issS edhyt\r@}cc state machine shown in Figure 2.2.2.2-2.
® Thi eratjon qQpsists ofreque ing the resource to invoke the ECC.
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2

s1

t3

& A

Figure 2.2.2.2-2 - ECC operation sta hige \/

Table 2.2.2.2-2 - States and transitions of/Eé(%e\ iQn state machine

state condition \ 7
s0 ide < N\ Y C k N
s1 scheduling algorlgg \
s2 waiting for algorithms (o CO(rrthe >
transition (\anﬁﬁn\\ \) ‘\> operations
t1 invoke ; set El variables®

confirm input mappmg
evaluate transitions ¢ (NOTE)

>
t2 (\WnW} issue events °

t3 \an gzars schedule algorithmsf

t4 algerithms complete ° clear El variables .h
set EO variables'
<\ AN, evaluate transitions ¢ (NOTE)

active state axe to be evaluated.

NOTEM\oEféWi(e olS™wgy provide means for determining the order in which the EC transitions following an
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This condition is issued by the resource at an implementation-dependent time after it has received one
or more "ECC invocation requests" from one or more of the event input state machines specified in Figure
2.2.2.2-1 and Table 2.2.2.2-1.

This operation consists of setting the values of the corresponding El input variables to TRUE (1) and
sampling the input variables associated with the event inputs by W TH declarations as described in
2.2.1.1. For each event and its associated set of input variables, this sampling shall be implemented as a
critical region.

This operation consists of issuing "input mapped" confirmations to all of the event input state machines of
the function block.

This operation consists of evaluating the conditions at all the EC transitions following the active EC state
and clearing the first EC transition (if any) for which a TRUE condition is found. "Clearing the EC transition"
consists of deactivating its predecessor EC state and activating its successor EC state.

(1), of sampling each output variable associated with the event output by a W declaratiop.\as
described in 2.2.1.1, then issuing an event at the event output followed by resetting the waluecof-the
associated EO variable to FALSE ( 0) . This sampling shall be implemented as a £7itical region.

EC actions associated with the active EC state.
This condition consists of the completion of execution of all the algorith

the transition conditions of the previously cleared transition.

This operation consists of setting to TRUE (1) the valu the E
blocks of the active EC state. ~

2.2

.2.3. Algorithm execution

Algorithm execution in a basic function blo 3 ist/of ecution of a finite sequence|of
operations determined by implementation-depe ules appropriate to the language [in
which the algorithm is written, the re i i xecutes, and the domain to which it
afplies. Algorithm executjd gutionno he last operation in this sequence.
If an algorithm implement executions of the algorithm are necessary
to[recognize or perfo 3 ere is no association between those state
changes and th nt
oytput generati

NOTE  The m
2.3. Compo
2.3.1. Type
The declaration of~s0mposite function block types shall follow the rules given in subclause 2.p.1
with the_exception that event inputs and event outputs of the component function blocks can|be

intercénnected with the event inputs and event outputs of the composite function block| to
reth‘ﬂﬁ_ﬂ_ﬂ_l_Bl_k_t_I‘h_t_ﬂ—l_resen € Sequencing and causallty of function block nvocations. The tollowing rules shall

apply to this usage:

1.

Each event input of the composite function block shall be connected to exactly one event
input of exactly one component function block, or to exactly one event output of the
composite function block, with the exception that the graphical shorthand for event splitting
shown in Figure A.1 of Annex A may be employed.

Each event input of a component function block shall be connected to no more than one
event output of exactly one other component function block, or to no more than one event
input of the composite function block, with the exception that the graphical shorthand for
event merging shown in Figure A.1 of Annex A may be employed.
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3. Each event output of a component function block shall be connected to no more than one
event input of exactly one other component function block, or to no more than one event
output of the composite function block, with the exception that the graphical shorthand for
event splitting shown in Figure A.1 of Annex A may be employed.

4. Each event output of the composite function block shall be connected from exactly one
event output of exactly one component function block, or from exactly one event input of the
composite function block, with the exception that the graphical shorthand for event merging
shown in Figure A.1 of Annex A may be employed.

5. Use of the W TH qualifier in the declaration of event inputs and event outputs of composite
function block types is perm|tted However, it is not requ|red that each mput variable and

he
results~in the
or.inferface
service function blocks.
NOTE 1 Software tools may provide means of elimination of redundant sampling i the\i
6. Instances of subapplication types as defined in subclause the
specification of a composite function block type.
Data inputs and data outputs of the component function blés mterconnected with the
data inputs and data outputs of the composite function btock 6w of data within
thg ;
1. uts
bite
2. ata
the
3. uts
bite
4, ata
the
. END_VAR or VAR _QUTPUT. . . END_VAR construct
sogjatey witk_an i ut or output event respectlvely by a W TH construct, this will result in the
assosjated)input or output variable, respectively, as in the case of basic function block
t is not associated with an input or output event, then the associated data
ssed directly to or from the component function blocks via the connections described
Fid 3. i es the application of these rules to the example Pl _REAL function block.
Figure 2.3:1-1(a) shdéws the graphical representation of the external interfaces and 2.3.1-1(b)
shows the" graphical construction of its body. Figure 2.3.1-2 shows the interfaces and execufjon
contral for the function block type PI D_CALC used in the body of the PI _REAL example.
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a) EVENT —IMIT  INIT O EVEMT
EVENT g EX ExO g EWENT
:IIZ'I_REAL
BOCOL —m—{HOLD XO0OU T34 REAL
REAL—pm— P
REAL—s—SF
RELL - Hp
REAL—m— K] <\(\
TIME B{CYCLE
AN
b CALC \)
[MIT IMIT IMITO
Ex H{PRE PRED
POST POSTO
:F"IID_CALL:
P P ETER
SP 5P wio g:
kP KPP
K1kl <
04T
R
tQT y
C
We function block PI _REAL example
ernal/interfaces, b) Graphical body
NOTE 3 i f this function block type is given in Annex H.
NOTE 4 e only. Details of the specification are not normative.
a) \> EVEMT IMIT  INITO & EVEMT
EVEMT 7— FRE FREC f EVEMT
EVEMT —3 POST POSTO B—EVEMT
| [
FID CALC
REAL g P ETERM i REAL
REAL B 5P HOUT 88—/ REAL
REAL i kP
REAL H— k]
REAL B TD
REAL B ITERM
REAL = DTEREM
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[TNTT |—{THIT[THITO |
1
IMIT
| A
FOST START FRE
1 1\\
[FOST[—{FOST[POSTO] PRE}—PRE[PRED

Ei

2.3

Inv
ac

complished as follows:

a) External interfaces, b) Execution control

NOTE 5 A full textual declaration of this function block type is given in Annex H.

NOTE 6 This example is illustrative only. Details of the specification are not normatja.

.2. Behavior of instances

ocation and execution of component function blocks in cg

component function block, with an
component function block.

If an event output of
component functio

with an occ ce
If an even@
composite fun

shall cause
function

Th

1. Type'specifi¢ation

block shall cause the scheduling of an invocati i i the
the

be

If an event input of the composite function block is génne C 3 ck,
occurrence of an event at the event input shall/cayss, the erati the

F a

nd

c hall
cause the scheduling invocati v i i ck,

the
ek
site

eir

déclaration of subapplication types is similar to the declaration of composite function blpck

bk — Jocymd o0 4 1 m el [ LT 1 ! [T
t COo doS UCTIINICU 1T SUDUIAdUSE L.£. 1T, WIUT UIS TACTPUOIT widl 1S UCHITITUL ARTYWOUOIUS STidll
’

SUBAPPLI CATI ON. . END_SUBAPPLI CATI ON. The following rules shall apply to this usage:

be

1. The W TH qualifier shall not be used in the declaration of event inputs and event outputs of
subapplication types, since sampling of inputs and outputs is only provided for function

block instances and not for subapplication instances.

2. Each event input of the subapplication shall be connected to exactly one event input

of

exactly one component function block or component subapplication, or to exactly one event

output of the subapplication.
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3. Each event input of a component function block or component subapplication shall be

connected to no more than one event output of exactly one other component function block
or component subapplication, or to no more than one event input of the subapplication.

. Each event output of a component function block or component subapplication shall be

connected to no more than one event input of exactly one other component function block
or component subapplication, or to no more than one event output of the subapplication.

. Each event output of the subapplication shall be connected from exactly one event output of

exactly one component function block or component subapplication, or from exactly one
event input of the subapplication.

NOTE 1 Component function blocks may include instances of the event processing blocks defined in Annex

Da
be
of

A, for example to "split" events using instances of the E_SPLI T block, to "merge" events using
instances of the E_MERGE block, or for both cases, using the equivalent graphical 3

fa inputs and data outputs of the component function blocks or compone i an
interconnected with the data inputs and data outputs of the subapplicatd ow
jata within the subapplication. The following rules shall apply to this dsage:
Each data input of the subapplication can be connected to zerg ! or
more component function blocks or component subapplicatigns, o S ata
outputs of the subapplication, or both
Each data input of a component function block~or temp pplicati be
connected to no more than one data output of exattly ene other i or
component subapplication, or to no more than pne\data inpyto 9
Each data output of a componerit je ‘ ) € icati be
connected to zero or more dataNnputs © i or
component subapplications, or to zero\or mere
Each data output of the subapplication L of
exactly one componenifunction blog » ication, ata

EXAMPL ustrates the application of these rules to the example
igure 2.4.1(a) shows the graphical representation offits
5 shows the graphical construction of its body. The body of
8 pllcatlon example uses the function block type Pl D_CALC frpm

of input and utput varjakles; th
co ts bapplications \iathé\conhe
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a) EVENT —{INIT INITO[—EWEMNT
EVENT —E EXO[—EVENT
FI_REAL_&PPL
BOOL—HOLD  xOUT[—REAL
REAL—FV
REAL—SF
REAL——(KF
REAL—KI
THTE TTEEE
/
b
CALEC INTEGRAL_TERM
IMIT-IMIT  INITO INIT INITI:I
EX—|FRE  FREO EX Exci
FOST POSTO[EXD
] [ INTEGRAL_REAL
FID_CALC HOLD —HOL g T
FW—FY  ETERM
SF—SF XOUTFX0UT EYEL —
P —|KF
K1kl
oD <
ITERM
0—{DTERM /
\
tion PI L APPL example
Graphlcal body
NOTE3 A fu{j\:} i i icatign type is given in Annex H.
NOTE 4 This 8IS\ v s of the specification are not normative.

2.4.2. Behavior©f

Inocation ¢ component function blocks or component subapplications within

subapplicatigns s

1. ] If @ t of \the subapplication is connected to an event output of the block,
occurre 3N eyent at the event input shall cause the generation of an event at the
associatetheventgutput.

2. | If an'gvent input of the subapplication is connected to an event input of a component funcfon
block’ or component subapplication, occurrence of an event at the event input of
subapplication shall cause the scheduling of an invocation of the execution control function of
the component function block or component subapplication, with an occurrence of an event at
the associated event input of the component function block or component subapplication.

3. If an event output of a component function block or component subapplication is connected to

an event input of a second component function block or component subapplication,
occurrence of an event at the event output of the first block shall cause the scheduling of an
invocation of the execution control function of the second block, with an occurrence of an
event at the associated event input of the second block.
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4. If an event output of a component function block or component subapplication is connected to
an event output of the subapplication, occurrence of an event at the event output of the
component block shall cause the generation of an event at the associated event output of the
subapplication.

Since subapplications do not explicitly create variables, no specific initialization procedures are
applicable to subapplication instances.

2.5. Adapter interfaces

Adapter interfaces can be used to provide a compact representation of a specified set of event
and_data flows As illustrated in fignrp 25 an nr*lnpfpr interface fy'np pm\/idpc a means for defi 'ng
a gubset (the plug adapter) of the inputs and outputs of a provider function block which can|be
inserted into a matching subset of corresponding outputs and inputs (the sqcket apter) of|an
acgeptor function block. Thus, the adapter interface represents the event g ich
thg provider supplies a service to the acceptor, or vice versa, depen of
prqvider/acceptor interactions, which may be represented by sequence as
described in subclause 3.1.2.

NOTE A given function block type may function as a provider, an aggeptsy,,
contain more than one plug or socket instance of one or mor@pl\'

AcCI ‘ \‘>

aduwpter connection

PRI

igure 2.5 - Adapter interfaces - Conceptual model

PRY - Provider type, PRI - Provider instance

CT - Acceptor type, ACI - Acceptor instance

ter type, PLI - Plug instance, SKI - Socket instance

OTE -Yhis figure is illustrative only. The graphical representation is not normative.

2.8.1. Type specification

Anladapfer interface type declaration shall define only the interface tfype name and its contaimed
event and data interfaces. These shall be defined graphically or textually in the same manner as
the type name, event interfaces and data interfaces of a basic function block type as defined at
the beginning of subclause 2.2.1 and subclause 2.2.1.1, with the exception that the keywords for
beginning and ending the textual type declaration shall be ADAPTER. . . END_ADAPTER. Textual
syntax for the declaration of adapter interfaces is given in Annex B.7.

EXAMPLE - The adapter interface illustrated in Figure 2.5.1 represents the operation of
transferring a workpiece from an "upstream" piece of transfer equipment represented by a
provider of the plug adapter to a "downstream" piece of equipment represented by an
acceptor with a corresponding socket adapter. As illustrated in Figure 2.5.1(b), the typical
operation of this interaction consists of the following sequence:
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1. An event in the upstream equipment, e.g., arrival of a workpiece at the unload position,
causes a LD event, typically interpreted as a "load" command, to be transmitted to the
downstream equipment. Associated with this event is a sensor value WO, indicating
whether a workpiece is actually present for transfer, plus some measured property or
set of properties of the workpiece, in this case its color.

2. A subsequent event in the downstream equipment, e.g., completion of the load setup,
causes an UNLD event, typically interpreted as a command to release the workpiece, to
be sent to the upstream equipment.

3. Subsequently a CNF event, typically interpreted as confirmation of the workpiece release,
is passed from the upstream to the downstream equipment to complete the operation.
At this point the WO output is typically FALSE and the value of the WKPC output has|no
significance.

a) b)

normal_operatio

Lk

EVENT —UNLD LD |5 EVENT
CHF B— EVENT
LD_UNLD
W B-E— B o0L
kPG —EHE— COLOR

2.5.2.
The

his“adapter type is given in Annex H.
Details of the specification are not normative.
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. END_PLUGS block, declaring the instance nafne
of each plug. In the graph|cal representatlon of function block tyﬁ es

Adapterinterface jnstances to be used as sockets in instances of a function block type shal
be deglared inits type declaration in a SOCKETS. . . END_SOCKETS block, declaring the
instance name and adapter interface type of each socket. In the graphical representation of

function block types and instances, sockets shall be shown as input variables with specialized

textual or graphical indication that they are not ordinary input variables.

Inputs and outputs of a plug shall be used within its function block type declaration in the
same manner as inputs and outputs of the function block.

Inputs and outputs of a socket shall be used within its function block type declaration in the
same manner as outputs and inputs of the function block, respectively.

Insertion of plugs into sockets shall be specified in an ADAPTER CONNECTI ONS. ..
END_CONNECTI ONS  block in the declaration of the resource type, resource instance, or
composite function block type containing the respective provider and acceptor instances.
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6. Inthe body of a composite function block type, a socket is represented as a function block
with the same pinout as the corresponding adapter interface type. Similarly, a plug is
represented as a function block with the inputs and outputs of the corresponding adapter
interface type reversed.

7. Insertion of plugs into sockets shall be subject to the following constraints:

* Aplug can only be inserted into a socket of the same adapter interface type.
* Aplug can only be inserted into zero or one socket at a time.
« A socket can only accept zero or one plug at a time.

Aol n ahob. H™Y had 1 £ of bt " -t A © bk

I\ PIUH wdim Ul Ily VU TMTTOoUTICU TTT A OUUVUNULTIT VULIT ATU TTT UTS odiTTe TOoUVuUrve.,

8. | Management function blocks as described in 3.3 may provide facilities for
creation, deletion, and querying of adapter connections.

EXAMPLE 1 - An instance of the XBAR_M/CA type illustrated in . s bpth
a provider of a plug interface (LDU PLG) and an acc i ket Nnterface
(LDU_SKT). In so doing, it serves to abstract and encdpsula actipns of |an
instance of the XBAR_MVC type with "upstream" and "d
a) b \\/
EWVENT INIT INITO EVENT
- IMITD
HEAR_WWTA,

INT f—WF LOU_PLG»> —— LD_UMLD DN SKT —LLDU_FLG

INT R u N{— UNLEIﬁ-DEEI—|_LEI UHLD

TIKE snTL C RETRACTED CHF

TIME g7 % :| |:

color e P m\_ﬁ/ HBAR_WNC LD_UNLD

UIHT EHLEM il W0 i

UINT s—nl WEPC LocoL WEPC —WEPLC

UINT £ n@ W W

LD |UNLD >>LDH{K‘\ W VR

DTL—{DTL
oT-oT
BKGD —|BKGD
LEM—LEN
Dla—{DOla,
DIk —DIR

Figure 2.5.2-1 - lllustration of provider and acceptor function block type declarations

a_)_[n_ter_farn, h) Body

NOTE 1 - A full textual declaration of this example is given in Annex H.

NOTE 2 - This example is illustrative only. Details of the specification are not normative.

NOTE 3 - Although this example presents only a composite type, provider and acceptor function block types
may be either basic or composite.
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EXAMPLE 2 - Figure 2.5.2-2 illustrates a resource configuration containing two instances
of the XBAR_MVCA type illustrated in Figure 2.5.2-1. The SUPPLY instance acts as an
acceptor ("downstream unit") for the HM block and a provider ("upstream unit") for the
BORE block, while the TAKEOFF instance fulfills corresponding roles for the BORE and
UNLOAD blocks, respectively.

XSPACE

il SPOUT
NI IHITO TooL INIT INITO
NIT INITOD
et REQ MO UNLOAD
N [A=PARE | INIT INITO
LD_PLGS> — 1 L
IN_COLOR START
SFIN LD
1o o
INIT INITD }
OUTFBORE.TOOL s

2
- X2
SUPPLY BORE A \

INIT INITD INIT INIT
1:| VﬁKEDFF
IT IMITO
XBAR_MYCA /\ A i

BORIHENMY
=:LDU_SKT LDU_PLGE=> LOUNG R LDU LGH\ XBAR MVCA

> =rLDU_SKT LDU_PLG:= —

be
KsS.
of
ND-

to

indicate the ogeurrence and type of exceptions and faults, as noted in subclause 3.1.2.
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3. SERVICE INTERFACE FUNCTION BLOCKS

This clause defines general principles for the specification of types and the behavior of instances
of service interface function blocks, and for two specific types of service interface function blocks,
i.e., communication function blocks and management function blocks.

3.1. General principles

A service interface function block provides one or more services to an application, based on a
mapping of service primitives to the function block's event inputs, event outputs, data inputs and
data outputs.

The external interfaces of service interface function block types have (the sa
appearance as basic function block types. However, the inputs and outpdts
function block types have specialized semantics, and the behavior of in

defined through a specialized graphical notation for sequences of service

this Specification.

3.1.1. Type specification

Declaration of service interface function block types ent
ou puts data inputs and data outputs listed in tabl ice
prd < of
the
Cks
ce,

block instance, e.g., local initialization of a communication
e module.

ock instance.

SP,

T
S|
(o
F
Tlhi iput shall bé mapped to a request primitive of the service provided by the function
b
F
T

his event innut shall he mapned to a response pnrimitive of the service nrovided by the
Ll Ll T T L J

function block instance.
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Table 3.1.1 - Standard inputs and outputs for service interface function blocks

Event outputs

INITO

This event output shall be mapped to a confirm primitive which indicates completion of a
service initialization procedure.

CNF

This event output shall be mapped to a confirm primitive of the service provided by the function
block instance.

I IND

Tlhis event output shall be mapped to an indication primitive of the service provided bydthe

fiinction block instance.
Data inputs
a : BOOL
Tlhis input represents a qualifier on the service primitives mappe

nstance, if this input is TRUE upon the occurrence of an
ig requested; if it is FALSE, termination of the service j re/qges d:

HARAMS : ANY

Tlhis input contains one or more parathet iCe, typically as elements
of an instance of a structured data types When , the function block type
specification shall define its data type a

NOTE 1 A service interface function block type
inputs for this input.

ecificatjo Sybstitute one or more service parameter

(n

D1, ..., SDm:

—
> Data outputs

Tlhis vatiab nts a quaiifier on the service primitives mapped to the event outputs. For
inst lue of this output upon the occurrence of an | NI TOevent indicates
successful i lizati the service; a FALSE value indicates unsuccessful initialization.

qTATUS. { M)

Tlhis utput shall be of a data type appropriate to express the status of the service upon the
oceurrence of an event output.

NOTE 3 A service specification may indicate that the value of this output is irrelevant for some situations,
e.g., for | NI TO+, | ND+ and CNF+ as described in 3.1.2.

RD 1, ..., RD.n: ANY

These outputs contain the data associated with confirm and indication primitives. The function
block type specification shall define the data types and initial values of these outputs, and shall
define their associations with event outputs in an event sequence diagram as described in
3.1.2.

NOTE 4 The function block type specification may define other names for these outputs.
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(a) (b)

EVENT ——|INIT INITO H—— EVENT EVENT —— T ol evenT
EWENT —¢ :lRED E':”F - EVENT EVENT —& RSP IND BH—EWVENT
REQUESTER RESPONDER
BOOL =5l el I L BOOL—-8{al o0 E-E—e0aL
ANY ST |FARAMS STATUS PR ANY AN B {PARAMS STATUS HE-8—— ANy
ANY 15D 1 RD_T— R ANY ANy —B—sD_1 RD_1 —8— ANy
ANY —B—50_m RD_n —8—— ANY ANy —8—sp_m D | Ay

NOTE 2 - The data types of the SD 1, .. ., SD ninputs and RD_1, ... RD_|

Figure 3.1.1 - Example service interface function blocks!

block types.

some non-generic data type, for instance | NT or WORD, in concref
function block types illustrated here.

3.1.2. Behavior of instances
The the
corresponding function block type spec can; utilize the time-sequence
diggrams described in ISO Technical R ' , hall
belsubject to the following rules
1.
see
or
2. , [he
igure
ipn,
|as

here the service is provided primarily by a resource-initiated interaction, the
resourceshall be in the left-hand field and the application in the right-hand field,|as
illustrated in figure 3.1 .2(b).

. blocks, the notatlon of flgure 3a) of ISO TR 8509 shall be used as |IIustrated in Annex F.2.

Service primitives shall be indicated by horizontal arrows as in ISO TR 8509. The name of
the event representing the service primitive shall be written adjacent to the arrow, and
means shall be provided to determine the names of the input and/or output variables
representing the data associated with the primitive.

When a Q input is present in the function block type definition, the suffix "+" shall be used
in conjunction with an event input name to indicate that the value of the Q input is TRUE
upon the occurrence of the associated event, and the suffix "-" shall be used to indicate that
it is FALSE.
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6. When a QOoutput is present in the function block type definition, the suffix "+" shall be used
in conjunction with an event output name to indicate that the value of the QO output is TRUE
upon the occurrence of the associated event, and the suffix "-" shall be used to indicate that

it is FALSE.

7. The standard semantics of asserted (+) and negated (-) events shall be as specified in table

3.1.2.

Figure 3.1.2 illustrates normal sequences of service initiation, data transfer, and service
termination. Service interface function block type specifications can utilize similar diagrams to
specify all relevant sequences of service primitives and their associated data under both normal

and abnormal conditions.
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(a)

REQIIESTER
FIT+
IMITC+

REQIJESTER
REG+
CMF+

narmal_establishment

RESOURCE

notnal_data_transfer

RESOURCE

application_intiated_termination

(b)

natmal_establis

RESPOMNDER
REGIJESTER RESOURCE
MIT-
MIT-
IMITE-
ITEO- Q
quence diagrams
a) Diagra uest/confirmation) interactions
b) Diagr (indication/response) interactions

rvice primitive semantics

Primjtive

Semantics

N

Request for service establishment

WO\

Request for service termination

Indication of establishment of normal service

Rejection of service establishment request
or indication of service termination

REQ+ Normal request for service

REQ Disabled request for service
CNF+ Normal confirmation of service
CNF- Indication of abnormal service condition
| ND+ Indication of normal service arrival

| ND- Indication of abnormal service condition
RSP+ Normal response by application
RSP- Abnormal response by application
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3.2. Communication function blocks

Communication function blocks provide interfaces between applications and the "communication
mapping" functions of resources as defined in 14.3; hence, they are service interface function
blocks as described in 3.1.

Like other service interface function blocks, a communication function block may be of either
basic or composite type, as long its operation can be represented by a mapping of service
primitives to the function block's event inputs, event outputs, data inputs and data outputs.

This subclause provides rules for the declaration of communication function block types and for
the behavior of instances of such function block types. Annex F.2 defines generic communication
function_block types far unidirectional and bidirectional transactions and gi\/pq rules for the

implementation-dependent customization of these types.

3.2.1. Type specification

Deglaration of communication function block types shall utilize the meags defi 3.1
for|the declaration of service interface function block types, with the. spexialized antie wn
in table 3.2.1 for input and output variables.

Table 3.2.1 - Variable semantics for communi@

Variable /Sg_'na\ntiQs Q \

PARAMS This input provides para uMn connection
associated with\the co jCdti tion block instance. This shal

SD 1,..., SD_m | These inputs représentda }‘G\b?ransferred along the
oramupication\conneetion specified by the PARANMS input upon the
ccurkgnce o Q+of R primitive, as appropriate. ®

i t

repres \sthe/status of the communication connection,

RD 1,..., KRD) GW represent data received along the communication
% ctiorr specified by the PARANMS input upon the occurrence of an
1

CNF+ primitive, as appropriate.

nction block type declarations may define constraints between RD 1, . . ., RD n

. SD_minputs of corresponding function block instances. For example. the
of the RD outputs may be constrained to match the number and types of the
corresponding\SD inputs.

2 Commwinication™fdnction block type declarations shall define the number and type of the SD_1,..., SD_m
inputs and RD_1,...,RD_n outputs, and may assign them other names.

3.2.2-Behavierofinstanees

As illustrated in Annex F.2, the behavior of instances of communication function block types shall
be defined in the corresponding communication function block type declaration, utilizing the
means specified for service interface function blocks in subclause 3.1 with the specialized service
primitive semantics given in table 3.2.2. Such specification shall include service primitive
sequences for:

- normal and abnormal establishment and release of communication connections;

- normal and abnormal data transfer.
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Table 3.2.2 - Service primitive semantics for communication function blocks

Primitive Semantics
I'NI T+ Request for communication connection establishment
I'NIT- Request for communication connection release
I NI TO+ Indication of communication connection establishment
INITO Rejection of communication connection establishment request
or indication of communication connection release
REQ'" NOTTTIdl Tequest 10l dald ransier
REQ Disabled request for data transfer,
CNF+ Normal confirmation of data tﬂ{;f\ér (\

CNF- Indication of abnormal data{{arﬁ{é\

| ND+ Indication of normal ateﬁs\{\\al\ \ >

| ND- Indication of abn@’rﬁ@c\ta‘%@ll

RSP+ Normal response %ap\pl@aﬁ@\ha d\at\Mal
RSP- Abnormal resp/o\née b@ppli}akion\to\dﬁ%a arrival
\VZd

Thls subclause defines requirements s es for the management| of
applications, and the behaviors of functi ndex _the control of management function
blacks.

3.3. Management function blocks

3.3.1. Requirements

Exiending the functignak requi i ication management" in Subclause 8.3.2| of

ISQ/IEC 7498-110 sation, model of this Part indicates that services |for
mgnagement .‘@ Jicatignshit IPMCSs should be able to perform the following

funictions:

rt, stop, delete, query the existence and attributes of, and
availability and status of:

ate, initialize, start, stop, delete, query the existence and attributes of, and
ion of changes in availability and status of resources.

2) In a dece, ¢
provide’ notifica
NOTE sI" The provisions of this subclause are not intended to meet the requirements for system management

addressed in ISO/IEC 7498-4 and ISO/IEC 10040, except as such requirements are addressed by
isted funchi

NOTE 2 This subclause only deals with item (1) above, i.e., the management of applications in resources. A
framework for device management is described in Annex G.

NOTE 3 The associations among resources, applications, and function block instances are defined in system
configurations as described in 4.2.

NOTE 4 Starting and termination of a distributed application is performed by an appropriate software tool.

3.3.2. Type specification

Figure 3.3.2-1 illustrates the general form of management function block types whose instances
meet the application management requirements defined above.
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EVENT BINIT INITO EVENT
EWVENT o REQ CHF 3 EVENT
I
MANASER
BOOL - 0| QO BOOL
S TRIMG B—PARAMS STATUS —EH UINT
UINT i Chil RESULT B—BvTE[S1Z2]

BYTE[S12]—8 OBJECT

Figure 3.3.2-1 - Generic management function block t

NOTE 1 In particular implementations, the type name (MANAGER in this examplé
the managed resource.

NOTE 2 For these function block types, the specific CVD and OBJECT inputs anthR tput replace
the generic SD_1 and SD_2 inputs and RD_1 output describe@\
NOTE 3 The I NI T and PARAMS inputs and | NI TO output present in a particular
implementation.
NOTE 4 When present, the type and values of the PA are  imp entation-dependent
parameters of the resource type.
The behavior of instances and input/ function block types shall
follow the rules given in subclause 3.1 g aceNunction block types with applicatipn-
initiated interactions, with the additional b, i in figure"3.3.2-2 for unsuccessful service
inijation and requests.
unsuccessiul command_arrar
MM GER MANAGER resource
EQ+
peformCommand
CHNF-
ice primitive sequences for unsuccessful service
ecificationf of this function block type, including all service sequences, is given in Annex H
to be executed shall be expressed by the value of the CVD input gf a
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Th

Alt
blo

The

e values and corresponding semantics of the STATUS output of
shall be as described in Table 3.3.2-2 to express the result of perférmin

Table 3.3.2-1 - CMD input values and semantics
Val ue | Command Semantics
0 CREATE Create specified object
1 DELETE Delete specified object
2 START Start specified object
3 STOP Stop specified object
4 READ Read data from access path
5 VR TE Write data fo access path
6 Kl LL Make specified object unrunnable
7 QUERY |Request information on specified }@t‘

agement ctiorf bl

specifi

Table 3.3.2-2 - STATUS output values @e\aﬁ?‘c{

Val ue St at us / Semanti ;\ \

; S e

1 BAD_PARAVE |\ ¢"\Invalid PARAMS.infut value

2 | LacaL_TERM NATI ON | "\ "\ Mpplisation-iaitiatéd termination

3 [SySTEMTERM NATION| (* _ \&ystemnnitiated termination

4 NOT_RFAEQ/ \ W\g\er |\\t‘/ble to process the command

5 UNSUPP[Q?I@_ND a Requ ed command is not supported

6 UNSUPP \T\QZ’E \Qequested object type is not supported

7 “Q\O_>U&\LO3~]€CT Referenced object does not exist

8 [ W@I}B\\%d\/\ Invalid object specification syntax

9 | L}\D_ODERQM, Commanded operation is invalid for specified object
10 \%L\D_\S{Aﬁ Commanded operation is invalid for current object state
<1\ \ @ERNKQN Previous transaction still pending

AN
hough the

ck instances sh

d command.

bck

actyal lengths of the OBJECT input and RESULT output of management function

e implementation-dependent.

e OBJECT |nput shall speC|fy the obJect to be operated on accordlng to the ClvD |nput and

RESL c S
The contents of these strlngs shaII conS|st of |mplementat|on dependent encodlngs of objects
defined as non-terminal symbols in Annex B and referenced in table 3.3.2-3. These encodings
may use the | EC61499- FBMGT abstract syntax and encoding rules defined in Annex F.3.The actual
lengths of these BYTE arrays depend on the particular object and encoding supplied.

NOTE 6 The maximum allowable length of the OBJECT input and RESULT output is an implementation-

dependent parameter; the value of 512 given in 3.3.2-1 is illustrative.
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Table 3.3.2-3 - Command syntax

CVD OBJECT RESULT
CREATE type_decl aration dat a_type_nane
fb_type_declaration fb_type_nane
fb_instance_definition fb_instance_reference
connection_definition connection_start_point
access_pat h_decl aration access_pat h_nane
DELETE dat a_t ype_nane dat a_t ype_nane

fb_type_nane fb t )Ré_naﬁ\
fb_instance _reference fb_i nst/a\ﬁ{e‘_rgf\e{eN
connection_definition connec\[\io\{v fi\l'{ﬁ\oy
access_pat h_nane Q{cce pé&\h}{@@
START fb_instance_reference Qhﬁ{\st%\n{‘e_r\? erence

appl i cation_nane \%\N C\QM_name
STCOP fb_instance_refer ence j 7 f b}\nst\am./e_r ef erence

applicati (yr\n\arre/\\ >\/ ( C) a@i cati on_nane

Kl LL fb_instance_r er\aQ}e\ \ Wnst ance_reference
QUERY al | _dat a_ﬁr?ef\ data_type_ |ist
all _f/tQ;}Qes\\ fb_type_list

N \Qat\s\‘(typeE\E{Q\J \\/ type_decl aration

\\t y[&g\\an‘e ~— fb_type_decl aration

A
S?'”%h‘\\w fb_status
A(\aq\(er\ M > poi nt connecti on_end_points
\ zh&gl\c\at i}n_name fb_instance |i st

(\ \ \ \ar\cas'ss_pat h_nane access_path_decl arati on
R}ZAD\\ \\ &cc%és_pat h_nane accessed _data

V\RI\FE\\\ \\}ccess_pat h_data access_pat h_nane

NOTE 1 Sew.2-1 for the integer values of the CMD input corresponding to the commands listed above.

NOTE 2-The READ“and WRITE commands are limited to a single access path at a time. Other standards may
define more complex services, e.g., for multi-variable access, with appropriate service interfaces.

It shall be an error, resulting in a STATUS code of | NVALI D_OBJECT, if a CREATE command
attempts to create:

- a function block whose instance name duplicates that of an existing function block within
the same resource,

- aduplicate connection, or

- multiple connections to a data input.

The single exception to the above rule is that a CREATE command can replace a connection of a
parameter to a data input with a new parameter connection.
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It shall be an error, resulting in a STATUS code of UNSUPPORTED TYPE, if a CREATE command
attempts to create a function block instance or parameter of a type which is not known to the
management function block.
It shall be an error, resulting in a STATUS code of | NVALI D_CPERATI ON, if a DELETE command
attempts to delete a function block type, function block instance, data type or connection which is
defined in the type specification of the managed resource.

The semantics of the START and STOP commands shall be as follows:

1.
2.

START and STCP of a function block instance shall be as defined in subclause 3.3.3.

START and STOP of an application shall be equivalent to START and STOP, respectively, of
function block instances in the application contained within the managed resource.

all

Sp

3.3.3.

Fu

ope

. STOP of a management function block instance shall be equivalent to STOP of all funet

Ecialized semantics for the QUERY command shall be a

block instances within the managed resource.

STOP command, and at the coLD outputs otherwise.

in Figure 3.3.3-1 refer to a value of the CMVD input,
anagement function block upon the occurrence g

* ~ | NVALI D_STATE: The currently active state does not have a transition condition
the specified CVD value.

jon

jon
sly

.,UF
us

LT
ne

the

ibit
31,

as
f a

nall
Her

for

for

e« UNSUPPORTED TYPE: The CMD value is CREATE, and the function block instance

does not exist, but the function block type is unknown to the MANAGER instance, i.

the guard condition t ype_def i ned is FALSE.

e.,

* | NVALI D_OPERATI ON: The CVD value is DELETE, and the function block instance is
in the STOPPED or Kl LLED state, but the function block instance is declared in the
device or resource type specification, i.e., the guard condition i s_del et abl e is

FALSE.
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3. The normal _conmmand_sequence of primitives shown for the MANAGER function block
type shall follow a C\VD+ service primitive under all other conditions, with a value of RDY
for the STATUS output as defined in Table 3.3.2-2, and a corresponding value for the
RESULT output as defined in Table 3.3.2-3.

4, The semantics of the actions shown in Figure 3.3.3-1 shall be as follows:

 runEG nput s: While a state containing this action is active, operation of the state
machine shown in Figure 2.2.2.2-1 is enabled for all event inputs. If the managed
function block is a service interface, invocation of service primitives by events at the
event inputs is enabled. If the managed function block is a service interface,
invocation of service primitives by events at the event inputs is enabled.

* runECC: While a state containing this action is active, operatio ate
machine shown in Figure 2.2.2.2-2 is enabled. If the managed funct| bloegk i a
service interface, generation of events corresponding to servig ent
inputs is enabled.

» stopAl gorithm Execution of the currently active aigegit! i S Mi £ed
immediately. If the managed function block is a servis ~ i ions

are terminated immediately.

if any) is allowed

 conpl et eAl gorit hm Execution of the curre y
g, the currently acfive

to complete. If the managed function block’i
service primitive is allowed to complete.

* initialize: Forces all i § and the utionycontrol chart (ECC) stpte
machine to their respective\niti tes.SAll variables are initialized to their initial

values as defined in 2.2.2.1. ianblock is a service interface, the
service is placed in a state ¢ in

5. The actions desrlbe i i i jon

beyo

NOTE 2 Speci
restoratiq

ances of the E_RESTART block described in Annex A to generate events
er appropriate algorithms upon power loss and restoration.
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CREATE[ tupe_defireed ]

IDLE

entry: inbialize

TRESET

RUMMING ( KILLED

do: runECC kILL - 3
do: runE Cinputs Lentry. stnpﬁ.l%frm\m

STOP . :EQ
STapT EL TE[|§_ rabie |
™

STOPPED

entry: completedlgorithm
do: runE Cinputs

RESET

As
co
Hol
do
the
op
co

Su
RU
giv

described i@z,
htrol mechani

wever, the rules, gi

en in Table 3.3

applications is entirely deferred to the execu[/jf(')n

function blocks and component subapplications.

es

not explicitly §pekifi thexelatiq ps between the time of sampling of the input variables and
executiop ent function blocks. This could lead to indeterminacy in the
bration ¢ artisularly when they contain service interface function blocks|as
mponent fipction-bloc

ch indeter oided by substituting the RUNNING state of Figure 3.3.3-2 for the
NNING s guré 3.3.3-1. The explanation of the states and transitions in this diagran is



https://iecnorm.com/api/?name=167fae3619af5b4b3401326fe3a6670c

Copyright © 2000, IEC

53

RUNNING

[Auiezcent
entry: enableSlz

| nputE went SemviceEvent

Al it

Sampling

entry: digableS|s

Samplir:ﬁliumpleted

( Active 1
Lentr_l,l: transmitl nputs J @
R /\ \..-\
\\\ AN
Figure 3.3.3-2 - RUNNING state for composite-funetion blocks

Table 3.3.3 - Substates nsitigwrga\;

'o@of Figure 3.3.3-2

State esén,p\/v(
Quiescent All component fun in the Quiescent state and no events
a/qpendmg at\eve t i
Sampling }\Qﬁlable b\ngf S led corresponding to all active event
[\ osite function block.
Active K M&g&lo}hgkv\en\%and data within the function block is enabled.
Transitio}\/ \ x Condition
InputEver{(\ Ne\‘e\nt ha@arrived on at least one event input.
SerVIc n t least one event is pending at an output of a component service
interfage function block.
Sam nM ampling of all input variables corresponding to active event inputs has
een completed.

AIIQu&\)

All component function blocks have returned to their Quiescent state

U7

gener.

Action Description
| Ll + H oot £ tH kl 1 + + 'H
eﬂ‘ab"‘e‘s"s | == Rleiv]iv] \JUIIIPUIIUIIL QU VIUTC TTIICTTAUT TUTTUUUTT VIUUNO U IU\.{UUDL uUIIUIGLIUII \vJ
events at their event outputs.
disableSlIs Disable component service interface function blocks from requesting

ation of events at their event outputs.

transmitinputs

Transmit events from all active event inputs of the composite function block to
their corresponding destinations.
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4. CONFIGURATION OF FUNCTIONAL UNITS AND SYSTEMS

This clause contains rules for the configuration of industrial-process measurement and control
systems (IPMCSs) according to the following model:

1.
2.
3.

An IPMCS consists of interconnected devices.
A device is an instance of a corresponding device type.

The functional capabilities of a device type are described in terms of its associated
resources.

Th
de
the
s

C

4.1
Th

4.1
Th

4. A resource is an instance of a corresponding resource type.

5. The functional capabilities of a resource type are described in terms of the function(block
types which can be instantiated, and the particular function block insta in
all instances of the resource type.

b configuration of an IPMCS is thus considered to consist of the corfigiiation af)its Sciafed
ices and applications, including the allocation of function block i ine ication to
resources associated with the devices. This clause define to

pport this process:

- Subclause 4.1 defines rules for the functional specifisatio € gnd

devices.

- Subclause 4.2 defines rules for the configurati® inte ted
devices and applications.

. Functional specification of types

s subclause defines rules for the fun
1. Functional specifi€atio

b functional specifica

- the resourge t

- the instar@

- an

- types, and initial values of any function block instances that are

eht in each instance of the resource type;

- any‘data corggctions and event connections that are automatically present in each instance
of the resource type;

-\.dny access paths that are automatically present in each instance of the resource type.

NOTE 1 - Additional information may be supplied with resource type specifications, including:

- the time (identified as "Talg" in figure 1.4.5.3-2) required for execution of each algorithm of function
blocks of a specified type in an instance of the resource;

- the maximum number of instances of specified function block types that can exist in each instance of the
resource;

- trade-offs among function block instances, e.g., whether two instances of function block type "A" may be
traded for one instance of type "B", etc.
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NOTE 2 - The functional specifications of a resource's communication and process interfaces, including the
kind and degree of compliance to applicable standards, is beyond the scope of this Specification
except as such interfaces are represented by service interface function blocks.

4.1.2. Functional specification of device types
The functional specification of a device type shall include:
- the device type name;
- the instance name, data type, and initialization of each of the device parameters;

- the instance name, type name, and initialization of each function block instance that is
qllfnmqfir‘ally prpqpnt ineach instance of the device fylnr:-;

- any data connections and event connections that are automatically
instance of the device type;

- declarations of the resource instances which are present in each it
type. Each such declaration shall contain:

1. the resource instance name and type name;

2. the instance name, type name, and initialization of, L is
automatically present in the resource instance in e ice type;
3. any data connections and event connectiohs the
resource instance in each instance of the device $yp
4. any access paths that are i gsource instance in each
instance of the device type.
NOTE 1 - Iltems (2), (3) and (4) above are cops
NOTE 2 - The functional spes flcatlons of al device
and degree of
4.2. Configura%
This subclause ne trol

systems, devices, 16

4.2.1. Config

The configukation of@ Sixsterns

the -configuratio
4:2:3.

of each device and its associated resources, as specified in subclafise

4.4.2.. Specification of applications

The specification of an application shall consist of:
- its name in the form of an identifier;

- the instance name, type name, data connections and event connections of each function
block and subapplication in the application.

It shall be an error if the name of an application is not unique within the scope of the system.

4.2.3. Configuration of devices and resources

The configuration of a device shall consist of:
1) the instance name and type name of the device;
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2) configuration-specific values for the device parameters;

3) the resource types supported by the device instance in addition to those specified for the
device type;

4) the instance name and type name of each function block instance that is present in the
device instance in addition to those defined for the device type;

5) any data connections and event connections that are present in the device instance in
addition to those defined for the device type;

6) the resource types supported by the device instance in addition to those specified for the
device type;

7) the configuration of each of the resources in the device. These consist of any resou

rce

It 4
SY9
T

0

Re

instances defined in the device type specification, plus any additional resources assogiated
with the specific device instance.
hall be an error if the instance name of each device is not unique y the
tem.
b configuration of a resource shall consist of:
1) its instance name and type name;
2) the data types and function block types supported by the
3) the instance name, type name, and initialization ¢ is
present in the resource instance;
4) any data connections, event connections and the
resource instance;
5) any access paths that are presett in
source configuration shall be subject to
a. The name of a function block instance allogate hall
consist of the application name cqncat [ . the
application with a period (" 3 \FB2. If subapplications are instantiated in
the application i I 5/name (or names, if more than ¢ne
subapplication is\nes serted in the concatenation before the respeciive
function blogk i
b. Items (2@ k onsidered to be in addition to the correspondjng
elements d i icexangPresource type specifications as defined in subclauges
C ction block instances, data connections and event connectiopns
pljcations allocated to the resource.
d include communication function blocks, data connections, event
Qusyand_adapter connections as necessary to establish and maintain the data gnd
e. £m (3) may include the mapping of function block instances in the applicafjon
t0 function block instances existing in the resource as a result of type definition |as
described in 4.1.1.

f. It shall be an error if:

 the instance name of a resource is not unique within the scope of the device

containing it;

» any function block instance in an application is not allocated to exactly one resource.

Automated means may be provided to meet the above requirements. Providers of such means
shall either provide unambiguous rules by which their operation can be determined, or shall
provide means by which the results of the application of such means can be examined and
modified.
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5. COMPLIANCE

This clause contains rules for compliance with the provisions of this Part of this Specification.
Compliance requirements are defined for industrial process measurement and control systems,

devices, and standards.

5.1. Compliant systems and subsystems

A system which is compliant with this Part may provide features not specified in this Part. Such
features shall be described in a document which identifies them as "extensions to IEC 61499-1"
and specifies their mapping to the elements described in this Part.

5.4. Compliant devices

Ty
ac

cording to the rules given in clause 3.

DeVvices complying with this Part of this specification shall be chara

thr

Th
ca

be compliance classes, namely:

° Class 0: Simple devices
° Class 1: Simple programmable devices
° Class 2: User-reprogrammable deviceg

s compliance is specified in terms of
N respond, as given in table 5.2.

bes and instances of devices complying with this Part of this specificati

ice
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Table 5.2 - Device compliance classes

Copyright © 2000, IEC

CVD 2 OBJECT CLASSO0 | CLASS1 | CLASS 2
CREATE type_decl aration Required
fb_type_declaration Required

fb_instance definition Required Required

connect i on_definition Required” | Required | Required

access_pat h_decl arati on Required © | Required °

DELETE dat a_t ype_nane ] Required
fb_type_nane A \Qquired
fb_instance_reference /F&%u{ \Qeq ired
connection_definition \%aq\kx Md

access_pat h_nane \ ﬁé{{ éq \&e%wiredC

START fb_instance_reference Ré}ui\r&]\ Med> Required
appl i cati on_nane /R\eqh}'t{:h\ Re&tyred Required

STOP fb_instance_referenc \/)I}éq)u'\re& Required | Required
applicati @_}1{”%\\ 6 seéuh)eq\,/ Required | Required

Kl LL fb_instance_r e\/fxgr e\;QE\ N/ Required | Required
QUERY al | _dat a_(yp Eequired Required | Required
(\dQ 7}’0}(\@9@5\\5 . S Required | Required | Required

[\ E{t zﬁt y(pg_h\ ) Required

K Mpk\\aqe\ Required

\) fqokl nsﬁ\anéekréf\e\énce Required | Required
\CONE‘{\ W\ot/ poi nt Required Required

\ }ﬂ\ n_nane Required | Required

\ \\a _pat h_name Required ® | Required
@D \ \a>ccess_pat h_nane Required ° | Required® | Required °
VRl TE \ access_path_data Required ° | Required® | Required

2 See 3.3:2-for definitién of the semantics of these commands
b Only connection of a new parameter value to a data input of a function block is required of Class 0 devices.
“This capability is required only in devices that support access paths.
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5.3. Compliant standards

A standard which is compliant with this Part shall include specifications of:

the kinds of applications addressed by the compliant standard;
the functional scope addressed by the compliant standard, i.e., system, device or resource;

the function block types to be used to implement the applications within the functional scope
of the compliant standard, in the format defined in clause 2 or clause 3;

the means to be used to meet the requirements in clause 4 for configuration of entities
within the functional scope of the compliant standard;

the means to be used to meet the requirements of subclause 3.2 for communication among

Fu
def

Fu
or

A
or
un
asy

ompliant standard shall also specify:

bmbiguous mapping to 9 iNg defined in Annex B of this Part and their
sociated textual or graphije

EH H H 1o o £ tH | £ 4l L £ + ol ol
CITUtCo vilrmmr ure ruriouuridl OUUPG T uare Ourl IPIIGI nowarivuary,
the means to be used to meet the requirements of subclause 3.3 fe anagement| of
entities within the functional scope of the compliant standard.

any additional requirements beyond those of this Part which mus
of the compliant standard;

- any requirements of this Part which need not be met within the complignt
standard.

thermore, if the means used to specify the provisions ef asQ dard-differ from thgse

ined in this Part, the compliant standard shall define

- the mapping between such means in the compli dard e defined in this Part;

- any other such means employed r‘d beyond those defined in this
Part.

thermore, if any such exceptions or extensi 3 fentifi he appropriate IEC Committee

Subcommittee shall be notified of the(possible n& odifications of this Part.

—
)
[=7
o
-t
n
o}
@
=
=1
@
Q
-
-
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)
0
)
=3
o
@
C
=7
=
D

. d,
epresentations provided that it specifies|an
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ANNEX A - EVENT FUNCTION BLOCKS (normative)

Instances of the function block types shown in table A.1 can be used for the generation and
processing of events in composite function blocks; in subapplications; in the definition of resource
and device types; and in the configuration of applications, resources and devices.

Those function block types shown in this Annex which utilize execution control charts are basic
function block types. Where textual declarations of algorithms are given for these function block
types, the language used is the Structured Text (ST) language defined in IEC 61131-3.

Reference implementations for some of the function block types in this Annex are given as
cofmposite function block type definitions. These implementations are normative only in the sefse
thgt the functional behaviors of compliant implementations shall be equivalgnt™te_thoseof’ the
reference implementation, where the following considerations apply to th parameters
defined in 1.4.5.3:

N

- The parameters Tsetup, Tstart and Tfinish are considered to b
function blocks in the reference implementation.
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Table A.1 - Event function blocks
NOTE - Full textual specifications of all function block types shown in this table are given in Annex H.
No. Description
Interface ECC/Algorithms/Service sequences
1 Split an event
EVENT —El EOQ1[—EWENT
EOQZ [—EWENT
1 | =4
E_SPLIT
Eoq{
ED
E’I:ué\

The occurrence of an event at EI causes the occurrence of events
(n=2 in the above example).

AR

Merge (OR) of multlple(eV&Q

EWEMT

[he occurrence of an event at any of
an event at

< N
e mput El
th b ve xample

, El n causes the occurrence ¢

—h

o events

§ (\R%@WS
N

. 1
Elz EM

Elz
R 1

Permiss

™~

ive propagation of an event

EWENT

E‘JENT—B—'% E

E_FERMIT
FERMIT

h
=

BoOOL

ﬁ

EIZFERMIT

START

EIZNOT PERMIT
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Table A.1 - Event function blocks

NOTE - Full textual specifications of all function block types shown in this table are given in Annex H.

5 Selection between two events

EWENT H—EID EQ[—EWEMT 5 E Im
EVENT —H El1

:| |: NOT &

E_SELECT \4;-
BOOL—E8s NOT & [sTaRT]

1=

=

6 Switching (demultiplexing) an event L~

EVENT —B—EI ECO[—EWEMT EIZNOT &
ECQ1[—EWENT
E_SWITCH
pooL—8E—3

7
EWENT —B—START EO[—EWENT
EWENT STOP
j |: i input before the occurrence
E_DEL#AY T+
TIME —EHDT
8 \\( (}eaier\t\gof\r\egtart events
coNd_ regtart wuarm_restart
REZOURKE RESTART RESOURCE E_RESTART
it restart
COLD i R b
stapping
RESOURCE E_RESTART

stap
STOP

1. An event issyed at the COLD output upon "cold restart" of the associated resource.

2. Aneventis |ssued at the WARM output upon "warm restart" of the associated resource.

1%
o

3w An event is issued at the STOP output (if possible) prior to "stopping" of the associat
resource.

NOTE - See IEC 61131-3 for a discussion of "cold restart" and "warm restart".
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Table A.1 - Event function blocks

NOTE - Full textual specifications of all function block types shown in this table are given in Annex H.

9 Periodic (cyclic) generation of an event

=

EVENT —H—{START EQ[—EWENT

EWVENT STOF START START EO EO

] [ STOP-STOP
E_CYCLE ] |:

TIME —BHDT E DELAT
. LDTAanLT
An event occurs at EO at an interval DT after the
odcurrence of an event at START, and at intervals of DT
thereafter until the occurrence of an event at STOP. .
10 Generation of a finite train of even@\ \\ \
ANEEAN
EVENT —B—START EO—f—EVENT { \ \‘( >
EVENT STOP TR GAT b
N B cuU cUo J E ég SRaRT EO EQ
= R START-R RO E \s SEL
[IWE —E—DT W FE— UINT :l [ E
E_CTU f ?_SWI H E_DEL&Y
INT BN
L N ] vy (SIVAN LTCT
1 A
NQJE - Seetable entry # efinition of the E_CTU type.

=

An event occurs at EO at an interval DT (after the osglircence of an event at El , and at intervals|of
D1l thereafter, until N occurrgnces have heen\gengrat event occurs at the STOP input.

N\

2
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Table A.1 - Event function blocks

NOTE - Full textual specifications of all function block types shown in this table are given in Annex H.

11 Generation of a finite train of events (table driven)

EVENT —B—{START EOEF—EVENT ETRL bLY
EVENT sTOP START—{INIT CLKO START EOf—EQD

:| I: CLK STOP-{STOP

E_TABLE :| |: :| |:
TIME[H] —BoT o E— UINT E_TABLE_CTRL E_DELAY
UINT &1y DTDT oTo oT

NN CwF oy
[

An event occurs at EO at an interval DT[ 0] after the occurrence of an secopnd
evVent occurs at an interval DT[ 1] after the first, etc., until N occurrence n generated|or
ar] event occurs at the STOP input. The current event count is maintain
NOTE 1 - In this example implementation, N <= 4.
NOTE 2 - Implementation using the E_TABLE_CTRL function block tprd belo tive
requirement. Equivalent functionality may be implemented by varidus
EVENT —B{INIT CLKOB— EVENT
EVENT CLK
] [ Ne0
E_TABLE_CTRL
TIME[] —§{DT LTOE— TIME
UINT BN CWE—UuINT N | HIT CLKﬂ

TEF TEF|cLko]| CLK

CwE=MINGS,N-13

[ME3, M- 17 CLOCKED

AL GORI THM I Al | THM STEP I N ST:
cv CV = CV+1,;
DTO = DT DTO : = DT[ CV];
FND_AL GORI THM END_ALGORI THM
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Table A.1 - Event function blocks

NOTE - Full textual specifications of all function block types shown in this table are given in Annex H.

odg
hg

12 Generation of a finite train of separate events (table driven)
EVENT —B—{START EO0— EVENT EVT_GEN EVT_DMX
EVENT STOP EO1— EVENT START-START EO El EOQO[EOOD
S A STOF—-{STOF ECH[FEO
EO3 —EVENT :| |: B2 Ene
:l |: E_TABLE ECE[FEQS
E_N_TABLE LTeT W 1 L
TIMER —SpT H={H |_E_[:-Eru1ux
UINT BN
An event occurs at EQO at an interval DT[ 0] after the occurrence of nt

curs at EQ2 an interval DT[ 1] after the occurrence of the event at E
ve been generated or an event occurs at the STOP input.
NOTE 1 - In this example implementation, N <= 4.

eS

EVENT—F—El  EOO—EVENT
EC4 —EVENT
EC2 —EVENT
EO3 [—EVENT
1 L
E_DEMU,
UINT —Ek

e Wn bistable (Set dominant)

e of an event at the Rinput. If simultaneous S and R eve

Rant. An event is issued at the EO output when the value o

et
hts

[RESET—RESET]E

EVE

1
&NDT 5 RENOT 5
« e

SER OR NOT R} S&(R OR NOT R)

END_ALGORI THM

[sET—sET[EO] [MuLa]
ALGORI THM SET IN ST :  (* Set Q*) ALGORI THM RESET IN ST : (* Reset Q *)
Q:= TRUE ; Q:= FALSE :

END_ALGORI THM
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Table A.1 - Event function blocks

NOTE - Full textual specifications of all function block types shown in this table are given in Annex H.

14 Event-driven bistable (Reset dominant)

The output Qis setto 1 ( TRUE) upon the occurrence of an event at the S input, and is reset
to 0 (FALSE) upon the occurrence of an event at the Rinput. If simultaneous S and R events
occur, the R input is dominant. An event is issued at the EO output when the value of Q

changes.
1—rESET|—RESET[ED
EVENT —|5 EO[f— EVENT | & o)
EVENT —|R
7 NULO — R[5 OR NOT 5)
E_RS

BH—poadL

SENOT R

NOTE - Algorithms SET and RESET are the same as for E_ SR

s /Qmat%gtag\{%(q{\ 3

EVENT CLK EO EVENT \) |HESET —{LaTcH]ED
N

E_D_FF CLK&NDTD
pooL—&o @ A EII:I
AL GORI THM LATCH T
Q:= ELK&D .;._K&D
END ALCI]?I
|SET|—|LATI2H|ED| |NLIL1|
16 \ \ \\‘B/oolean rising edge detection
o S
EVENT El-CLK EO El  EON
E0M FEQ
E_D_FF i
Qe @ E_SUiTCH
&
7 Boolean falling edge detection
o 0

EVENT

El-CLK EO El ECO[EQ
EWVENT EOH

E_D_FF i
op @ E_SWITCH
L s

E_F_TRIG
al
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Table A.1 - Event function blocks

NOTE - Full textual specifications of all function block types shown in this table are given in Annex H.

18 Event-driven Up Counter
EWENT —f—CU cuo & EVENT H Hm
EWENT R RO H—EVENT
1 [ R T cuacvsssas)
E_CTU 1 CU&CW=R5535)
UINT—B—PY  oEBf—p0ooL
[l e = = LHINT ¢

NLILJ

Cv :=0; CV—CV+l

=0 =

Vv = PV);

END_ALGORI THM END ALC-ZCRI THM

G

=

€q

ALGORI THM R IN ST: (* Reset *) ALGORI THM CU I N ST:
3 | %

bphical shorthand notations may be substituted for the E_SPLI
represéntation, s wn in figure A.1(b)

table A.1. For example, the shorthand (implicit)
Livalent to the explicit representation in figure A.1( a)

n s defin

ed

(a)

(b)

E_SPLIT

TI EO1 —:|;<\
EO2 2
| C
_ME

k

&S

C

1,

\A\QEvent split and merge

licikrepresentation, b) Implicit representation

Irrelevant detail is suppressed in the above figure.
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ANNEX B - TEXTUAL SYNTAX (normative)

B.1. Syntax specification technique

The textual constructs in this Annex are specified in terms of a syntax, which specifies the
allowable combinations of symbols which can be used to define a program; and a set of
semantics, which specify the meanings of the symbol combinations defined by the syntax.

B.1.1. Syntax

A syntax is defined by a set of terminal symbols to be utilized for program specification; a sef of
non-terminal symbols defined in terms of the terminal symbols; and a set 6 eductionyrules
spgcifying those definitions.

B.1.1.1. Terminal symbols

The terminal symbols for textual specifications of entities de of
combinations of the characters in the "ISO-646 IRV" given as Tabl 6.

For the purposes of this Specification, terminal textual Sy \Si ate
character string enclosed in paired single or double ¢ a bol
regresented by the character string ABC can be represgnted.by e€ithie

or

This allows the representation of strings , a
terminal symbol consisting of the doubls
A 9 no

B.1

Non-terminal te
ung@lerline ch

sented by strings of lower-case letters, numbers, and the
a lower-case letter. For instance, the strings

nont er mlL

angd
non_term2
are valid nonterm symbols, while the strings

3nonterm

angd

—nont er nw

are not.

B.1.1.3. Production rules

The production rules given in this Part form an extended grammar in which each rule has the form
non_t erm nal _synbol ::= extended_structure

This rule can be read as:

"Anon_termn nal _synbol can consist of an ext ended_st ructure."
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Extended structures can be constructed according to the following rules:

1) The null string, NI L, is an extended structure.

2) A terminal symbol is an extended structure.

3) A non-terminal symbol is an extended structure.

4) If Sis an extended structure, then the following expressions are also extended structures:
('S), meaning S itself.

{ S}, closure, meaning zero or more concatenations of S.

o

Q] b H
L <1, OPUUIr, Tricariityg £&1TU Ul UTTTS ULLUTTTTIUT Ul O.

5) If S1 and S2 are extended structures, then the following expresg are extended

structures:

S1 | S2, alternation, meaning a choice of

6) Concatenation precedes alternation, thatis, S1 | S2_S3 Is
S1 | (S2 S3),andS1 S2 | S3is equivalent to

B.1.2. Semantics

Semantics are defined in this Specification by apr OXig > , ng
thg production rules, which referencesg eSeri ] i i es.
Standard options available to the user and veqder are\specified | i

In some cases it is more convenient to embed foN| i In
sug¢h cases, this information is delimifed by pai a , , ic

i nformati on>.
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B.2. Function block and subapplication type specification

B.2.1 Function block type specification

The syntax defined in this subclause can be used for the textual specification of function block
types according to the rules given in clauses 2 and 3 of this Part.

SYNTAX:

fb_type_declaration ::=

" FUNCTI ON_BLOCK' fb_type_nane
fb_interface list
[fb_internal variable_ list] <only for basic FB>
[fb_instance_I|ist] <only for conposite FB>

[plug_list]
[ socket _1ist]

[fb_connection_list] <only for conpositeé
[fb_ecc_decl aration] <only for basic FE
{fb_al gorithmdeclaration} <only for

[fb_service_decl arati on] <only for
" END_FUNCTI ON_BLOCK

fb_interface_list
[ event _i nput _

st]
[ event output i st]
[i nput _ varlable _list]
[out put_variable_list]
event _input_list ::=
" EVENT_I NPUT'
{event _i nput _decl aratio
' END_EVENT

event _out put _|i st
" EVENT_QOUTP

{event _out p
' END_E\@
i TeC

_input _nane |

event _type ]

e {',' input_variable_nane}] ';

event output nane [
.ble nanme {'

event _type ]

out put _vari abl e_name}] ';

fb_internal_varlable_llst 1=
»YAR {internal var _declaration ';'} 'END VAR

i nput _var_dectaratiom .=
i nput _variabl e _nane {'

" input_variable_nane} ':' var_spec_init
out put _var_declaration ::=
out put _vari abl e_nane {'

out put _vari abl e_nane} var_spec_init

i nternal var_declaration ::=
internal _variable _nane {',' internal _variabl e _nane}
"' var_spec_init

var_spec_init ::= located var_spec_init <as specified in Annex E. 1>
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fb_instance list ::="'FBS
{fb_instance_definition ';"'}
' END_FBS
fb_instance definition ::= fb_instance nanme ':' fb_type_nane
plug list ::="PLUGS
{plug_nane {',' plug nane} ':' adapter _type nane ';'}
" END_PLUGS
socket list ::="'SOCKETS
{socket _nane {',' socket _nane} ':' adapter_type nane ';'}
' END_SOCKETS
fb[ connection_ list ::= <may be enpty, e.g. for basic FB>

[event conn_list]
[data_conn_list]
[adapter _conn_list]

event _conn_list ::=

" EVENT_CONNECTI ONS
{event conn}

' END_CONNECTI ONS

event_conn :: =
((fb_instance_nane '.' event_out put
| (plug_name '.' event_inpu

'"TO ((fb_instance_nane i

| (plug_name ".'

| event i nput_name 'TO

| (plug_nane '.'
| ((fb_instance_nane '.'

| (plug_nane
'"TO event_o

dafa_conn_list :
" DATA_CONNEQ

dafa_conn ::

i At put _vari abl e_nane

) nput _vari abl e_nane
abl e nane | constant)

e’ name '.' input_variabl e_name)
'.' output_variable_nane)) ';'
out put _vari abl e_nane)

. i nput _vari abl e_nane))
_variable_nane ';'

adppt erconn_list ;=
» ADAPTER_CONNECTI ONS
{adapter conn}

" END_CONNECTI ONS
adapter_conn ::=

((fb_instance_nanme '.' plug_nane ) | socket_ nane)
"TO ((fb_instance_name '.' socket_nanme ) | plug_nane) ';
fb_ecc_declaration ::=
" EC_STATES
{ec_state} <first state is initial state>
" END_STATES

' EC_TRANSI TI ONS'
{ec_transition}
" END_TRANSI Tl ONS
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ec_state ::= ec_state_nane
[':" ec_action {',

ec_action}] ';'
ec_action ::= algorithmnanme | '-> event_output_nane
| algorithmnane '->' event output_name

ec_transition =
ec_state_nane
'"TO ec_state_nane

;=" ec_transition_condition ';

ec_transition_condition ::=
<Bool ean expressi on as defined in conpliant standards>

<May utilize 1nput, output, Irnternal and event varl abl es>

fblal gorithmdeclaration ::=

"ALGORI THM al gorithmnane 'IN | anguage_type ':
al gori t hm body

" END_ALGORI THM

gorithm body ::= <as defined in conpliant standa

a

fb| service _declaration ::=
'SERVI CE' service_ interface nane '/

{service_sequence}
" END_SERVI CE

sefvice_interface_nanme ::=

sefvi ce_sequence ::=
' SEQUENCE' sequence_nane

{service_transaction ';
" END_SEQUENCE

sefvice_transactio

[ nput _ser \put _service primtive

i nput _variabl e _nane}] ')

service_interface_name '.' (' NULL'
event _out put _nane
".'" event _input_nane)

ari able_name {',' output_variable_name}] ')')

al poriithmnane ::= identifier
eclLstate nane .= identifier

event _input_nane ::= identifier

event _output_nane ::= identifier
event _type ::=identifier

fb_instance _nane ::= identifier

fb_ type nane ::= identifier

i nput_variable name ::= identifier
internal _variable_nanme ::= identifier

| anguage_type ::= identifier
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out put_variable _nanme ::= identifier
plug nane ::= identifier
sequence_nane ::= identifier

socket _nane ::= identifier

B.2.2 Subapplication type specification

The syntax defined in this subclause can be used for the textual specification of subapplication
types according to the rules given in clause 2 of this Part.

The Ihr'ndll(‘ﬁﬂhQ gi\/nn inB21also apply to this subclause

SY|NTAX:

supapplication_type_declaration ::=

' SUBAPPLI CATI ON' subapp_t ype_nane
subapp_interface_list
[fb_instance_list]
[ subapp_i nstance_li st]
[ subapp_connection_list]

' END_SUBAPPLI CATI ON

supapp_interface_list

[subapp_event_inpdf_list]

[ subapp_event out put _Iist]

[i nput _variable_ |ist]

[out put _variable_list]
supapp_event _input _list ::=

" EVENT_I NPUT'

" END_EVENT

supapp_event _out put
" EVENT_QUTPUX

' END_EVENT'

papp_event
event _i npw

S

c

supapp_event<o

supapp_i : S ' SUBAPPS'
; stanse_définition ';'}
supapp_in \ initi :: = subapp_instance_name ':' subapp_type_name

supapp_seonnecti™dn_list ::=
[(subapp_event _conn_li st]
[ [subapp_data_conn_li st]

subapp_event _conn_list ::=
" EVENT_CONNECTI ONS'
{subapp_event _conn}
" END_CONNECTI ONS

subapp_event _conn :: =
(fb_subapp_name '.' event_out put _nane
'TO fb_subapp_nane '.' event_input_nane ';")
| (event _input_name 'TO fb_subapp_name '.' event_input_name ';")
| (fb_subapp_nane '.' event_output_name 'TO event_output_nane ';')

fb_subapp_name ::= fb_instance_name | subapp_instance_nane
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subapp_data conn_list ::=
' DATA_CONNECTI ONS
{subapp_data_conn}
' END_CONNECTI ONS

subapp_data_conn :: =
((( fb_subapp_nane out put _vari abl e_nane )
| input_variable nane | constant)
'"TO fb_subapp_nane '.' input_variable nane ';"')
| ((fb_subapp_name '.' output_variabl e _nane)

'"TO output_variable nane ';")
subapp_type _nane ::= identifier
supapp_i nstance_nane ::= identifier

B.3. Configuration elements

The syntax defined in this subclause can be used for the textual spec | es,
device types, applications, and system configurations according to iVe of
thig Part.

The productions given in B.2 also apply to this subclause.

SY|NTAX:

application_configuration ::=
" APPL| CATI ON' appl i cation_name
[fb_instance_|ist]
[ subapp_i nstance_|i st]
[ subapp_connection_list]
" END_APPLI CATI ON

syptem configuration
{application_
devi ce_config
{devi ce_conN
[ devi ce par

[ mappi
"END_S

deyi ce_config

ane

devi ce_nane devi ce_type_nane

depi ce_param conn :: =
constant 'TO device_nane

i nput _vari abl e_nane ';

resource_type list ::="'RESOURCE TYPES
{resource_type_name ';'}
' END_RESOURCE_TYPES

resource_configuration ::=
' RESOURCE' resource_instance_nane
[fb_type_list]
[config fb_instance |ist]
[config_connection_list]
[ access_pat hs]
' END_RESOURCE'

fb_type_list ::="'FB TYPES {fb_type name ';'} 'END FB_TYPES

resource_type_nane
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config fb instance list ::="FBS {config fb_ instance} ' END FBS
config fb_ instance ::= fb_instance_ref _definition ';'
fb_instance ref definition ::= fb_instance reference ':' fb_type_nane
fb_instance reference ::= [app_hierarchy _name] fb_instance_nane
app_hi erarchy_nanme : = application_name '.'{subapp_instance nane '.'}

config _connection_list ::=
[config event _conn_list]
[config data conn_|ist]
[config adapter_conn_list]

copfig _event _conn_list ::="'"EVENT_CONNECTI ONS
{config _event_ conn}
' END_CONNECTI ONS

copfig event _conn ::= fb_instance_reference
'"TO fb_instance_reference '.' event _input_nans

copfig data conn_list ::="DATA CONNECTI ONS
{config data_conn}
' END_CONNECTI ONS

copfig data conn ::=
((fb_instance_reference
'"TO fb_instance_reference

copfig _adapter_conn_list ::=
{config_adapter_conn}
' END_CONNECTI ONS

copfi g_adapter_conn ::= fb_ingtance_ pl ug_nane
"TO fb_instance_reference ' ;
acpess_paths ::= " VAR
access_pat h_deckar at ss_patth/decl arati on}

" END_VAR

acress_pat h_decl a
access_

acgess_path ::

h [access_direction]

fb_instance _nanme} '.' synbolic_variabl
acpess_dkr ect R~ | ' READ_ WRI TE
depji ce_typesspeciyfication ::=

' DEVI-CE_ devi ce_type_nane
[*nput _variable |ist]

A1

[resource_type_|ist] <if not given, defined by resource instance

{resour-ce—i-hstance}
[fb_instance_list]
[ devtype_connection_list]
[ devt ype_access_pat hs]

' END_DEVI CE_TYPE'

devtype_connection_list ::=
[devtype_event conn_|li st]
[devtype_data_conn_list]
[ devtype_adapter _conn_list]
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devtype_event _conn_list ::=
' EVENT_CONNECTI ONS
{devtype_event conn}
' END_CONNECTI ONS

devtype_event _conn ::= fb_instance_nane
'"TO fb_instance_nane '

'.' event _out put _nane
event i nput_nane ';'
devtype data conn_list ::=
' DATA_CONNECTI ONS
{devtype_data_conn}

" END_CONNECTI ONS

devt ype data conn =
(fb_i nstance_nane out put _vari abl e_nane
| input_variable nane | constant)
'"TO fb_instance_name '.' input_variable nanme ';'

deptype_adapter_conn_list ::= ' ADAPTER CONNECTI ONS
{devt ype adapt er_conn}
' END_CONNECTI ONS

deptype_adapter_conn ::= fb_instance_nane '.' plug
"TO fb_instance_nane '.' '

socket _nane ';
deptype_access_paths ::= 'VAR ACCESS
{devtype_access_pat h_decl arati on}
' END_VAR

deptype_access_pat h_decl arati of
access_path _nane ':' dew

esS_direction] ';
dejtype_access_path ::=
fb_instance_name ['.' fb_j synbol i c_vari abl e
<synbol i c_variabl e is defyne z 81-3, Annex B.1.4>

repource_i nstance :

" RESOURCE' resource_type_nane

repource_type i C8 2 ' RESOURCE_TYPE' resource_type_nane

gi ven, defined by function block instances>

mappi ngs PI NGS' nappi ng {mappi ng} ' END_NMAPPI NGS'
mappi ng\ = fb_instance_reference 'ON fb_resource_reference ';'

f b| K’ €source_reference = resource_hi erarchy fb_instance_nane

resource_hierarchy ::= device_nanme ['.' resource_instance_nane]
systemnane ::= identifier

device nane::= identifier

device_type_nane::= identifier

application_nane ::= identifier

resource_instance_nane::= identifier

resource_type_nanme::= identifier

access_path_nane ::= identifier
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B.4. Common elements

Where syntactic productions are not given for non-terminal symbols in this Annex, the syntactic
productions and corresponding semantics given in Annex B of IEC 61131-3 shall apply.

B.5. Supporting productions for management commands

The syntax defined in this subclause is referenced in tables 3.3.2-3 and 5.2.

SYNTAX:

data _type list ::="'DATA TYPES {data type nanme ';'} 'END DATA TYPES

cofmection_deftnitiom 7 =
connection_start_point

connecti on_end_poi nt

cophnection_start _point ::= fb_instance_reference

cophnection_end_points ::=
connection_end_point {',

connection_end_point}

cophnection_end _point ::= fb_instance_reference
identifier

atfachment _poi nt

acpess_path_data ::= access_path_nane
acpessed data ::= data elenment {',' data

dafa_el enment ::= constant | enunmerate

| array_initialization
al| data types ::= "'"ALL DATA
al| _fb_types ::="ALL_FB TYPES
fb[status ::= "IDLE | 'RUNNI | ' KILLED

B.YT. Tagged data types

SY|INTAX:
t apged_t ype_@x

" TYPE

| '"PRIVATE'] (integer | hex_integer) '["'

ese productions shall be used for the assignment of tags as defined in ISO/IEC 8824 to deriyed
a types.definedas specified in this Annex and Annex E. As defined in ISO/IEC 8824, the class
tads ARPLICATI ON and PRI VATE shall be used except for types to be used only in context-spedific

tadging,

B.7. Adapter interface types

SYNTAX:

adapter _type_declaration ::=
' ADAPTER adapter_type nane
fb_interface_li st
" END_ADAPTER

adapter_type_nane ::= identifier
SEMANTICS: See 2.5.
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ANNEX C - OBJECT MODELS (informative)

This Annex presents object models for some of the classes which may be used in Engineering
Support Systems (ESS) to support the design, implementation, commissioning and operation of
Industrial-Process Measurement and Control Systems (IPMCSs) constructed according to the

architecture defined in this Part.

The notation used in this Annex is the Unified Modeling Language (UML). References to extensive
documentation of this notation can be found on the Internet at the Uniform Resource Locator

(URL) http://lwww.rational.com/uml/ .

n this Annex, object class Siring Is used In 1able C.

implemented as strings.

T 10 model implementation-dependent objects,
such as the source and destination of data and event connections, which may

er_may not-be

C.1. ESS Models
Figure C.1 presents an overview of the major classes in the ESS y/stgm)
for{an industrial-process measurement and control system (IPMC8&), a dencg to
thq classes of objects in the IPMCS. Descriptions of the classes i én in Taple
C.1.
/
. LiI:urar_l,lEIg\me{nt
Declaration | 1 1 quppigr; tM ﬁ‘ep\n:nsitn:nr_l,l
WERION g
t'E‘_\-k‘_ V \ ®

> |

\E'#Q:'\’\ Syztembd anager

~ A

Tester

Figure C.1 - ESS Overview
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Table C.1 - ESS Class descriptions

Declaration

This is the abstract superclass for declarations.

Editor

Instances of this class provide the editing functions on declarations
necessary to support the EDIT use case.

LibraryElement

This is the abstract superclass of objects which may be stored in repositories
and which may be imported and exported in the textual syntax defined in IEC
61499-1. Such objects have supplier (vendor, programmer, etc.) and
version(version number, date, etc.) attributes to assist in management, in
addition to a name (inherited from NamedDeclaration - see C.1.2) as a key

attribute.

Repository Instances of this class provide persistent storage and retrjeval o ibrary
elements. They may also provide version control service

SystemManager | Instances of this class provide the functions necesgary to.sup he
INSTALL and OPERATE use cases.

Tepter This class extends the capabilities of the Syst thqer Iagé,\tO/?upport
the operations of the TEST use case. A \

Topl

C.1.1 Library elements

The subclasses of LibraryElement are
B of IEC 61499-1 corresponding to each

This class models the generic behayiorsof s m»et Wengineering
support of IPMCSs. ~

NIDN
FB\N@ egclaration
]

NN

Suhappllcatlnf:\ﬁ.lpebe\claratlc(\

AdapterT ypeDeclaration

R

M\S@DBQL&EK@H

LibraryE lement SystemConfiguration

_A

RegourceTypeDeckaration DeviceTvpel eclaration

Figure C.1.1 - Library elements
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Table C.1.1 - Syntactic productions for library elements

Class

Syntactic production

DataTypeDeclaration

type_decl aration

FBTypeDeclaration

fb_type_declaration

AdapterTypeDeclaration

adapter _type_decl aration

ResourceTypeDeclaration

resource_type_specification

DeviceTypeDeclaration

devi ce_type_specification

SystemConfiguration

system confi gWon

C.1
Fig
tod

.2 Declarations

subclasses are listed in Table C.1.2.

NOTE:

of IEC 61499-1 and the generation of a string represe

%@

respectively.

9,

N\

'sta eNin the orrespondlng syntax,
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Declaration
BtoSting()
WframS tring(]
[ |
M amedD eclaration ConnectionD eclaration
pname : Sting Tpere : Shing
fhpdst : Shing
fgetName[]

Sroetit == $
[ | /—\

D ataConnectionD eclaration EventConnectionD eclaration /ﬁ‘éwc,aﬁcunf@:t@tmn

| | | \\\l\)

EventDeclaration AlgarithmD eclaration LibramE lement
N Fiksu:uur\.lZ/nflguratln

=

ohvpe : String /é\\

DataT ppeleclaration] )T[pe&aclh@n

NN N

EventOutputD eclaration Y ariableD eclar;ﬁéﬂ —FEInstanceDeclaration
7

A~ A

I [ N ]
Input‘v’ariableDeclaratin‘u\ DﬁtQutVariiﬂéQecI}rqﬁm\_Mernaf‘-.-’arial:uleDeclaratiun
T

Q
N 2

EventlnputDeclaration

.1.2 - Declarations

i
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Table C.1.2 - Syntactic productions for declarations

Class Syntactic production
AlgorithmDeclaration fb_al gorithmdecl aration
DataConnectionDeclaration data_conn
DeviceConfiguration devi ce_configuration
EventConnectionDeclaration event _conn
EventinputDeclaration event _i nput _decl arati on
EventOutputDeclaration event _out put _decl ar ati/o.n\
FBInstanceDeclaration fb_i nstance_defini thgn .
InputVariableDeclaration i nput _var _decl \Y\Qn\\ \
InternalVariableDeclaration i nternal _Var(ﬁec\l\gr §¢\I\\n
OutputVariableDeclaration out put _V/aA’XBP\CI a\r\a\r&i E)Q

ResourceConfiguration r WI\IN E}QOK)

C.1.3. Function block network declarations

Fidure C.1.3 shows the relationships afnong th€ elenients of lock network declarations.
Sep C.1.2 for definitions of the aggregated classes in this di

FN etMD\qclaraN

1 0.

QMMHEMD %‘lqrat@u EventConnectionDeclaration
NS
\\\\/// 1.7

FBInstanceleclaration

- - - -

FBTupeleclaration

C.1.4. Function block type declarations

Figure C.1.4 shows the relationships among the elements of function block type declarations.
Syntactic productions for the classes EventinputDeclaration, EventOutputDeclaration,
InputVariableDeclaration, OutputVariableDeclaration, InternalVariableDeclaration, and the
component classes of FBNetworkDeclaration are given in Table C.1.2. The syntactic
productions fb_ecc_decl aration and f b_servi ce_decl arati on in Annex B.2 of IEC 61499-
1 correspond to classes ECCDeclaration and ServiceDeclaration, respectively.

NOTES
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1. Declarations of subapplications are represented by instances of the class BasicFBTypeDeclaration

83

which contain no event W TH data associations.

2. NamedDeclaration is the abstract superclass of declarations which have names, e.g., type names

or instance names.

EventlnputDieclaration

0.:

EventOutputDeclaration

0.x n.:=
1 1

FBTupelizclaration

0.x

0.x

LR T

Inputy ariableDeclaration

0.x

|:|“x

0 utput\-’ariable[}:qgkara‘tiur(
AN

AN
<

SO\

B azicFBT ypeleclaration

CompositeFB Type[ﬁn&lar?ﬁ@q

\%\IFB T _I,}S@D eclaration
N\

IntermnalyanableD eclaration

0.

R

et@nrvk[il ﬂ{u:larﬁtiu:u)
\\ \\ |

AlgorithmD eclaration

(1
ECKD ecfaratiog
X \
)

ServiceDeclaration

C.1
Fid
an
obj

ock type declarations

ent
ng
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Syzhem 1 17 Device | 1. Rezounce

1
FBManager 1=

Squeny()
M anagedObject Wrreate]] systembanager
< % ol [frarm ESS)
1.5 1 delete|]
& ztarl]]
@stop(]
L TAT]
[ |
t anagedConnection NamedObject
Tpsrc 2 Sting name : String
Tgpdst : Sting o

I [ SO IN
FETwpe FBlhztance /_\\Q\abslypﬁ
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Table C.2-1 - IPMCS classes

block type as defined in IEC 61499-1.

IPMCS class Description Corresponding ESS class
DataType An instance of this class is a data type DataTypeDeclaration
as defined in IEC 61499-1.
Device An instance of this class represents a DeviceConfiguration
device as defined in IEC 61499-1.
FBInstance An instance of this class is a function FBInstanceDeclaration
block instance as defined in
FBManager An instance of this class provides the SystemManager
management services defined in IEC
61499-1-3.3. PN
FBType An instance of this class is a function wbpe\lj}cl\}lqtﬁn

ManagedConnection

Instances of this class can be acce

by an instance of the FBManager ctass
using the source and destjrfation
combination as a uniqye k%

-

x ﬁec ionDéclaratio

ManagedObject This is the gbstract s pr\&lag of none
objects
instance of the FBMahager\class\Such
objects may have plief (wendor;
programmer/ etc.) 5 ersion
number, date) etc.) atikibu 3Sist in
/~ \nanagem nt.
NamedObject NamedDeclarationt

TR& isthe a \@Cscuep)srclass of
jests whichygan be aceessed by name
by a tanse of the FBManager class.

N
Resource <\\,$a§
A\

ni ta}cs%\o;}is class represents a
ou fined in IEC 61499-1.

ResourceConfiguratio

=]

System

A in\s’tan_ce/of this class represents an
Industrial-Process Measurement and
Control System (IPMCS).

SystemConfiguration

Figure C. NSD

Mationships among the elements of a function block instance and|its

associated fultstion block type. Instances of the classes in Figure C.2-2 represent the identically

named objects in

61499-1.
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[mput ariableD eclaration
~ -2 [from ES5)

CompiledCode

Qutputy ariableD eclaration

[fram ESS]

A,

0.7 0.#
T [ FEType 1
g — 1
N 0 7 . MG
0. 7 T

EventlnputDeclaration
- [from E55)

Eventinput

0.x

l:lnx

[nputy anable

0.:

FEBlnstance

0.7

\‘T&ternéf{.%ﬁkble

[from ES5]

EventOutputD eclar%
AN

N\

kventMt AN
N\ ~N
ANEEA\ @

_B{Jtput‘-.fariable

(N
ic:n\bbc types and instances
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ANNEX D - RELATIONSHIP TO IEC 61131-3(informative)

Functions and function blocks as defined in IEC 61131-3 can be used for the declaration of
algorithms in basic function block types as specified in clause 2 of this Part. Annex D.1 defines
rules for the conversion of IEC 61131-3 functions and function block types into simple function
block types so that they can be used in the specification of applications and resource types.
Annex D.2 defines event-driven versions of IEC 61131-3 functions and function blocks for the
same uses.

D.1

As
fun

Simple function blocl

ction blocks according to the following rules:

1. Simple function blocks are represented as service interface functi
initiated interactions as shown in figure 3.1.1(a) of this Part.

corresponding input and output variables of the
block type.

hat
ple

bl

SNIEL QO ——B0ooL
| STATUS —H UINT
B—pHZ ouT & INT

InitialiZation ¥ ified in subclause 2.4.2 of IEC 61131-3 for variables, and as specifijed

IEC 61131-3 for Sequential Function Chart (SFC) elements.

The-occurrence” of an INIT+ service primitive is equivalent to "cold restart”" initialization
defined in the above mentioned subclauses of IEC 61131-3, followed by an INITO+ serv

as
ice

primitive with a STATUS value of zero (0).

The occurrence of an INIT- or REQ- service primitive has no effect except to cause an INITO-

or CNF-service primitive, respectively, with a STATUS value of one (1).

The occurrence of a REQ+ service primitive causes the execution of the algorithm specified in

the function block body, according to the rules given in IEC 61131-3 for the language in wh
the algorithm is programmed.

ich

Successful execution of the algorithm in response to a REQ+ primitive results in a CNF+

primitive with a STATUS value of zero (0).

If an error occurs during the execution of the algorithm, the result is a CNF- primitive with a

STATUS value determined according to table D.1.
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Table D.1 - Semantics of STATUS values

Value Semantics
0 Normal operation
1 I NI T- or REQ- propagation
2 Type conversion error
3 Numerical result exceeds range for data type
4 Division by zero
5 Selector (K) out of range for MUX function TN
6 Invalid character position specified
7 Result exceeds maximum string Igﬁé\\h\ \
8 Simultaneously true, non-prioritized transitiong/i Qe@s}\@\ky e
9 Action control conte/rvhcgﬁror\ \
10 Return from function Wkﬁss}q\w\)
11 Iteration fails t?{?rrﬁx@te >
D.2. Event-driven functions and fun \/
IEC iven
sygtems according to the rules given in

In
be
sh
blg
blg

NOTE - If "daigy-bhaining" of CNEF
the ence4ill stop

any of the delay functions provided_by the timer funct
ple of a conversion of the standard IEC 61131-3 CTU functjon

the

ust
bck
on
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ANNEX E - COMMON ELEMENTS (normative)

E.1 Compliance requirement

Implementations of this Specification shall comply with the requirements of subclauses 1.5.1, 2.1,
2.2, 2.3 and 2.4 and the associated elements of Annex B of IEC 61131-3, 2nd edition, for the
syntax and semantics of textual representation of common elements, with the exceptions and
extensions noted below.

Where syntactic productions are not given for non-terminal symbols in Annex B of this Part, the

co

E.2.

Im
defi
lite
the
fun

E.J

The
Spe

Ta

ral of STRI NG or V\STRI Nthpe, contamlng a string whose syntd
directly represented variable notation, may be used as a
ction block which provides access to the corresponding vari

Extensions

TBT: ARRAY[ 0. \
END_VAR

VAR

BI TS: g
TBT:
END_VAR

responding syntactic productions given in Annex B of IEC 61131-3 shall apply.
Exceptions
)Iementatlons of this Specification shall not utilize the d/rect/y repges

in Feature 6
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ANNEX F - INFORMATION EXCHANGE (informative)

NOTE - The contents of this Annex may be considered normative in that other Standards may specify that
compliance to its provisions is required, and industrial-process measurement and control systems
and devices that comply with its provisions may claim such compliance.

. Use of application layer facilities
NOTE - See ISO/IEC 7498-1 for definitions of terms used in this subclause but not defined in this Specification.

Subclause 7.1.3.2 of ISO/IEC 7498-1 identifies a number of facilities provided by application-

en
inf
pré
req
the

0)

a)
b)
d)

e) agreement

g)

f) s

F.3

ftles (1., emntities T the appifcation fayer) 10 _enable appiication-processes t0 excid
prmation. To provide these facilities, the application-entities use applicationsprotocols. s

se facilities, when provided by appropriate application-entities.
NOTE 1 - A resource is an application-process as defined in ISO/IEC 7498-1.

Annex F.3.

nformation transfer,

agreement o

. Communication function block types

Th

s \Subclause defines generic _communication function block types for unidirectional 3

ge
nd

nd

bidirectional transactions. Implementation-dependent customizations of these types should
adhere to the following rules:

- The implementation shall specify the data types and semantics of values of the data inputs

and data outputs of each such function block type.

- The implementation shall specify the treatment of abnormal data transfer.

- The implementation shall specify any differences between the behavior of instances of such

function block types and the behaviors specified in this clause.
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F.2.1. Function blocks for unidirectional transactions

Figures F.2.1-1 through F.2.1-4 provide type declarations and typical service primitive sequences
of function blocks which provide unidirectional transactions over a communication connection.
Such a connection consists of one instance of PUBLISH and one or more instances of
SUBSCRIBE type.

NOTE - See Annex H for full textual specifications of these function block types.

EVENT B INIT INITO 5 EWENT EWENT BINIT INITO 5 EVEMT
EVENT —H REQ CHNF F—EVENT EWENT — RSP IMD B— EVENT
] L
JF*l.lEll.lSHI_ suBsCRIBE /] | )

BOOL —E-E ol ooHfSE—peooL  BOOL—E-E 0l C\ oL
ANY B PaRAamMs STATUS —EE ANY  ANY B FARAMS 15 8 \i
ANY £ s0_1

ANY & Sh_m

NOTE 1 - The data types and semantics of the PARAMS input a
dependent.

NOTE 2 - The number (m) and types of the received data LA
types of the transmitted data SD 1, . (\"%m

normal_establishment
FUBLISH SUBSCRIBE

IMIT+ j
IMITO+

subscriber_rejected_establishment

FUBLISH SUBSCRIBE
INIT+
IMITO-
i : necti \e&gblishment for unidirectional transactions
NOTE 1 - Th means ich\communication connections are set up are beyond the scope of this
NOTE 2\: Data r may b€ required in order to determine whether the required constraints on
t per Note 2 of figure F.2.1-1.
NO syntaxes defined in subclause F.3 may be used to make the determination described
narmal_data_transfer
PUBLISH | sUBSCRIBE
REQ+
MO+
CMF+
Be—— RSP+

Figure F.2.1-3 - Normal unidirectional data transfer

NOTE - Treatment of abnormal data transfer is implementation-dependent.
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publizher_initiated_disconnect subscriber_initiated_disconnect

FUBLISH SUBSCRIBE FUBLISH SUBSCRIBE
INIT- INIT-
INITO- INITO-

INITO-

system_publisher_disconnect system_subscriber_disconnect
FUBLISH SUBSCRIBE PUBLISH SUBSCRIBE
IMITO- INITO-

| q—r INITO-

F.2
Fig
fun
co

.2. Function blocks for bidirectional transactions

ures F.2.2-1 through F.2.2-4 provide type declarations and X ences|
ction blocks which provide bidirectional transactions over @& con wation copnection. Suc
nection consists of one instance of CLIENT type and ope.j

Figure F.2.1-4- Connection release in unidirectional data

of
h a

V/H®T 1T 0 5

EVENT BINIT INITOE = = EVENT
EVENT —B——REQ  CNF B—RSF/  IND B— EVENT
1 [

CLIENT SERVER
BOOL—fHE BE— 0| Q0 —-—pooL
STRING B STATUS —EHH—STRING
ANY B—sDb_1 RD_A @ ANY
ANY B—S0_n RD_m £ ANY

1 - The data typé€s and i input and STATUS output are implementation-dependent.
2-Thenu ifed data RD_1, . . ., RD_mcorrespond to the number and types of the

the received data RD_1, . . . , RD_n correspond to the number and types of the
..., SDn.
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narmal_establishment

server_rejected establishment

CLIENT SERVER CLIENT SERVER
MIT+ IMIT+
IMITO+ IMITO-
INIT+
MULL
NITO+
client_rejected establishment rermate establishment rejection
CLIENT SERVER CUENT SERY
INIT+ INIT+
IMITO-

M LILL
INITO-

NOTE 2 - The transfer syntaxes defined in Annex

above.

[

I

In

CLIENT

IMITO-

sener_initiated_disconnect

SERVER CLIENT
IMIT- (MITO-
IMITO-

IMIT-

system_initiated _disconnect
SERWES

AT

Figure F.2.2-4 - Connection release in bidirectional data transfer
a) Client initiated, b) Server initiated, c) System initiated
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F.3. Transfer syntaxes

NOTE 1 - The contents of this subclause may be considered normative in that compliant standards and
systems can specify a context within which the specified transfer syntaxes shall be employed.

NOTE 2 - Recommended contexts for the use of these transfer syntaxes are given at the beginning of
subclauses F.3.1.1 and F.3.1.2 respectively.

A transfer syntax is defined in terms of an abstract syntax describing the types of data to be
transferred, and a set of encoding rules for encoded representation of instances of the data types
so defined. This Annex utilizes Abstract Syntax Notation One (ASN.1), as defined in ISO/IEC
8824, to define two abstract syntaxes: IEC61499-FBDATA for normal data transfer and
IEC61499-FBMGT for transfer of application management data.

Tw

F.3

Th
sy

Th
lite)

1.

.3.1. Abstract syntaxes

0 sets of encoding rules are given in this Annex:

1, Annex F.3.1 defines BASIC encoding rules.

effort required for fixed length types.

» "ldentifier octets" are not used for individ
types, since the type of each element i

.1.1. IEC61499-FBDATA

» transferring valyes from i ~ munication function block to the RD outp
of the compmunicgatio i at the opposite end of a communication connectid
» determini & straints ¥on corresponding number and type of variab
between SD input : UK gre met as noted in Figures F.2.1-1 and F.2.2-1.
b use of the a inéd in this subclause for the transfer of data expressed
rals and : S\subject to the following semantic RULES:
Whe = data’type in this module (for example, BOOL) corresponds to the na
of adata efi in IEC 61131-3, the type definition given is intended for the transfe
data of vding IEC 61131-3 data type.
The values © sibleString" for the data types DATE and TI ME_OF_DAY is restricted to

textoal syntax for these data types as defined in IEC 61131-3.

TA

the

ng

ata

act

uts

les

as

me
of

the

The notation [t ypel D] implies that the tag of the data consists of the value of the t ypel Dfi

eld

of the type definition of the corresponding derived data type, established as specified
F.3.1.2.

in

The value of an Enuner at edDat a item consists of the cardinal position (beginning at zero) of

the corresponding identifier in the sequence of identifiers defined for the correspond

ing

Enuner at edType, established as specified in F.3.1.2. The semantics of these data types are

as specified for enumerated data types in IEC 61131-3.

The specific type of a SubrangeDat a item is specified in a Subr angeType, established

as

specified in F.3.1.2. The semantics of these data types are as specified for subrange data

types in IEC 61131-3.
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6. The type of the elements of an ARRAY data item is specified in an ArrayType, established
as specified in F.3.1.2. The semantics of these data types are as specified for array data
types in IEC 61131-3.

7. The types of the elements of a STRUCT data item are specified in a Struct uredType as
defined in F.3.1.2. The semantics of these data types are as specified for structured data
types in IEC 61131-3.

ASN.1 MODULE
| EC61499- FBDATA DEFI NI TIONS :: =

BEGHN

EXPORTS FBDat aSequence, FBDat a,
Fi xedLengt hl nt eger, Fi xedLengt hReal, TIME, AnyDate,
Fi xedLengt hBit Stri ng, Signedlnteger, Unsignedl ntegg
DATE, TI ME_OF_DAY, DATE_AND_TIME, STRING WSTRI
DWORD, LWORD, DirectlyDerivedData, EnumeratedDat’
ARRAY, STRUCT;

El ement ar yDat a, BOOL,

FBpat aSequence ::= [ APPLI CATION 22] I MPLICI T SEQUE
FBpat a ::= CHO CE{ El enent aryDat a, Deri vedDat aj
El enentaryData :: = CHO CEf

BOOL,
Fi xedLengt hl nt eger,

Fi xedLengt hReal ,

TI MVE,

AnyDat e,

AnyString,

Fi xedLengt hBi t Stri ng}
kedLengt hl nt eger
gnedl nt eger

5i gnedl nt eger
kedLengt hReal

Fi
S
Un
Fi

Unsi gnedl nt eger}
DY'NT}

DREAL]
AY, DATE_AND_TI ME}

AnyDate ::=
AnyString : ¢ }
Fi kedLengt hBi BYTE, WORD, DWORD, LWORD}

BOOL ::

BOOLO :: MPLI CI T NULL
BOCOLL :: | MPLI CI' T NULL
SINT ; | MPLI CI' T | NTEGER( - 128. .127)
INT | MPLICI T | NTEGER(-32768. . 32767)
DINT :: | MPLICI' T | NTEGER( - 2147483648. . 2147483647)
LI NT :: 8
I I\/PLI[CI T | NTEGER( - 9223372036854775808. . 9223372036854775807)
US| NF,:: = [ APPLI CATI ON 6] | MPLICIT | NTEGER(O. . 255)
U NT = TAPPLHCATIHON— 7 WPEHCIHT TINTECER( 0 65535)
UDI NT ::= [APPLI CATION 8] I MPLICIT | NTEGER(O. .4294967296)
ULINT ::= [APPLI CATION 9] IMPLICIT I NTEGER(O. .18446744073709551615)
REAL ::= [ APPLI CATION 10] I MPLICIT OCTET STRI NG (Sl ZE(4))
LREAL ::= [ APPLI CATION 11] IMPLICI T OCTET STRI NG (SI ZE(8))
TIME ::= [ APPLI CATION 12] IMPLICIT LINT -- Duration in 1us units
DATE ::= [APPLI CATION 13] IMPLICIT ULINT -- See Table F.3.2.2.

TI ME_OF_DAY: : = [ APPLI CATI ON 14]
DATE_AND_TI ME: : = [ APPLI CATI ON 15]
STRING :: = [ APPLI CATI ON 16]

IMPLICIT ULINT -- See Table F.3.2.2.
IMPLICIT ULINT -- See Table F.3.2.2.
I MPLICI T OCTET STRING -- 1 octet/char
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BYTE ::= [APPLI CATION 17] IMPLICIT BIT STRI NG (SI ZE(8))

WORD ::= [ APPLI CATION 18] IMPLICIT BIT STRI NG (Sl ZE(16))

DWORD ::= [APPLI CATION 19] IMPLICIT BIT STRI NG (Sl ZE(32))

LWORD ::= [APPLI CATION 20] IMPLICIT BIT STRING (Sl ZE(64))

WSTRI NG ::= [APPLI CATION 21] IMPLICIT OCTET STRING -- 2 octets/char
DerivedData ::= CHO CE{

DirectlyDerivedDat a,
Enuner at edDat a,
Subr angeDat a,

ARRAY,

STRUCT}
DifectlyDerivedData ::= [typel D] | MPLICIT El enent aryDat a
EnuneratedData ::= [typel D] I MPLICIT U NT
SuprangeData ::= [typelD] I MPLICIT Fi xedLengt hl nt eger
ARRAY ::= [typel D] I MPLICI T SEQUENCE OF El enent aryData : e
STRUCT ::= [typel D IMPLICI T SEQUENCE - -
END

F.3.1.2. IEC61499-FBMGT

The transfer syntax obtained by applying the BASIC encoding dese .3.2.1 to the abstract
syntax in this subclause is recommended for stand T g OBJECT input and
RESULT output of instances of the MANAGER functi ; fined.in subclause 3.3.2.

Taple F.3.1.2 shows the recommended usage types defined in this subcladise
for|the encoding of entities declared in the\text ified jn Annexes B and E.

(BN
IEC%/\QQ\-F?MGT\}\(Pe\\B . declaration syntax
Mebﬁfl Bﬁ\ ) type_decl aration
/{nctkoW\\Q/pé%\Ql t\T\Q fb_type_decl aration
F§\C> n@ ock@stﬁ@ebe\\u/tl on fb_instance_definition
A<Ooh\éf:\t\'\onbej/i\m\ty6n connecti on_definition
<\ \d{en\f\Qe/ identifier

/\FU\X{ BQBq\ckck\\st anceRef erence fb_i nstance_reference

\a\l I MTypes all _data_types
\Q Funoti onBl ockTypes ? all _fb_types
\Connectl onEndPoi nt connecti on_end_poi nt
“AccessPat hDef i ni ti on access_pat h_decl aration
AccessPat hDat a access_pat h_data
FBDat a accessed_data

#This is a context-tagged NULL type.

The abstract syntax defined in ASN. 1 MODULE | EC61499- FBMGT DEFI NI TI ONS given below is
subject to the following semantic RULES:

1. For derived types, the base type and initial value of each element is the same as the type
and value of the corresponding "initialValue" element.

2. The rules for initialization of arrays referenced in Annex E, including the rules for incomplete
sets of initial values, apply to the use of ArrayType initial values as well as values of
ARRAY variables.
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ASN.1 MODULE
| EC61499- FBMGT DEFINITIONS :: =

BEG N
| MPORTS FBDat a, Enuner at edDat a, Fi xedLengt hl nt eger FROM | EC61499- FBDATA,
FBComandCbj ect ::= CHO CE{

dat aTypeDefinition [0] IMPLICI T DataTypeDefinition,
functionBl ockTypeDefinition [1]

I MPLI CI' T Functi onBl ockTypeDefinition,
functionBl ockl nstanceDefinition [2]

| MPLICI' T FunctionBl ockl nstanceDefi nition,
connectionDefinition [3] IMPLICIT ConnectionDefinition
dat aTypeName [4] IMPLICIT ldentifier,
functionBl ockTypeNane [5] IMPLICIT Identifier,
functionBl ockl nst anceRef erence [ 6]

I MPLI CI' T Functi onBl ockl nst anceRef er ence,
applicationNane [7] IMPLICIT Identifier,
al | Dat aTypes [8] I MPLICIT NULL,
al | Functi onBl ockTypes [9] | MPLICI T NULL,
connecti onEndPoint [10] I MPLICIT Connecti onE
accessPathDefinition [11] I MPLICI T Accessk
accessPathNane [12] IMPLICIT ldentifier
accessPathData [13] | MPLICI T AccessPat

FBCommandResul t ::= CHO CE{
dat aTypeName [0] IMPLICIT ldentifjie
functionBl ockTypeNane [1]
functi onBl ockl nst anceRef

| MPLI CI' T Functi onBl ockl ns
connectionDefinition [3] : i orDef i ni ti on,
appl i cati onName [ 4] RN
dat aTypelLi st [5] | MPLICI

Jyp
| MPLICI T Funct

tionBl ockl nst anceRef er ence,
| MPLICI T AccessPat hDefinition,

| dent i MN s A String -- Syntax per "identifier" in B. 4.1
AN Sy = SET{

KPLICI T Identifier,

typel D MPLI CI' T Typel D,

t ypeSpec aTypeSpeci fi cati on,

description [2] IMPLICIT VisibleString OPTI ONAL}

TypelD ::= OCTET STRING -- |SO 8825 encoded tag val ue

Dat aTypeSpeci fication ::= CHO CE{

directlyDerivedType FBDat a,

[0] IMPLICIT Enurerat edType,

[1] IMPLICI T SubrangeType,

[2] IMPLICIT ArrayType,

[3 IMPLICIT StructuredType

Enuner at edType :: = SEQUENCE{
values [0] IMPLICIT SEQUENCE OF Ildentifier,
initialValue [1] I MPLICIT Enumer at edDat a}
Subr angeType ::= SEQUENCE{
m nVal ue Fi xedLengt hl nt eger,

]

Da
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maxVal ue Fi xedLengt hl nt eger,

i nitialValue Fi xedLengthlnteger} -- Al of sane type
ArrayType ::= SEQUENCE{

limts [O] IMPLICIT SEQUENCE OF SubscriptLimts,

initialValue [1] I MPLICIT ARRAY}
SubscriptLimts ::= SEQUENCE{

m nSubscri pt Fi xedLengt hl nt eger,

maxSubscri pt Fi xedLengt hl nt eger}
StructuredType ::= SEQUENCE OF Vari abl eDefinition
Vari abl eDefinition ::= SEQUENCE{

name |dentifier,

i tTal-varue FBDat 3,
description VisibleString OPTI ONAL}

Fupcti onBl ockTypeDefinition ::= SEQUENCE{

nanme |dentifier,

event | nputs SEQUENCE OF Event Speci ficati on,
event Qut put s SEQUENCE OF Event Speci fi cati on,
dat al nputs SEQUENCE OF Vari abl eDefi nition,
dat aQut put s SEQUENCE OF Vari abl eDefinition,
body OCTET STRI NG OPTI ONAL}
Event Speci fication ::= SEQUENCE{

name ldentifier,

wi t hLi st SEQUENCE OF Identifier}

Fupcti onBl ockl nstanceDefinition ::= §
applicati onName ldentifie
i nstanceName |dentifier,
typeNane ldentifier}

Fuhcti onBl ockl nst anceRef er ence
applicati onNanme |dentifi
i nstanceNane |d
Fupcti onBl ockSt at u
non- exi st ent
unrunnabl e (

idle (2)
runni n@
st opped
st oppi ng 6
Copnecti onDefi ni

Copnecti gn 1= SEQUENCE{
apphicationaNane ldentifier,
flbhnst anceNanme | dentifier,

attachnent Point ldentifier}

AcCessPathDefTnition .. = SEQUENCH
accessPat hNane |dentifier,
accessPath STRING -- per B.3 syntax

AccessPat hDat a :: = SEQUENCE{
accessPat hNane | dentifier,
dat a FBDat a}

END
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F.3.2. Encoding rules

F.3.2.1. BASIC encoding

This encoding shall be the result of applying the basic encoding rules of ISO/IEC 8825 to variables
of the types defined in Annex F.3.1.

F.3.2.2. COMPACT encoding

This encoding shall be the result of modifying the rules for BASIC encoding given in F.3.2.1 as
follows::

1

. The encoding of values of STRI NGand W5TRI

"L ongth-octetsshall-not-be-included-in-the-encoding-of-values-of-the-data-types-shown

J
table F.3.2.2.

Encoding of variables of TIMg, DirectlyDerivedDat a,
Subr angeDat a types shall follow the same encoding rules g

"Type octets" shall not be included in the encoding g

W

nall

or

or
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Table F.3.2.2 - COMPACT encoding of fixed length data types

Data type Contents octets
Length Encoding rule
BOOL 0 (1)
SI NT 1 (2)
I'NT 2 (2)
DI NT 4 )
LI NT 8 2)
USI NT 1 /\( )
o 2 AN
o ; NN
i : NSO
REAL 4 \\ A
LREAL 8 / 3 \ (4)
DATE 8 /\\ ) / (5)
e ANPORY Y FCANNG
TI ME_OF_DAY 1\2\ \ \/ (3)
DATE_AND_TI NE (.20 N (5)
SN PN SN ©)
WORD N 2 (6)
pverD | L 1 ()
LERD < N8 ©
N

N
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ENCODING RULES FOR TABLE F.3.2.2

(1) Values of this data type shall be encoded as a single identifier octet containing the tag
encoding for the BOOLO or BOOL1 class, as defined in F.3.1.1, corresponding to values of
FALSE (0) or TRUE (1), respectively.

(2) Values of these Si gnedl nt eger data types shall be encoded in the same manner as an
Unsi gnedl nt eger of the same length as the Si gnedl nt eger type with a value of N -
Nmin, where N is the value of the Si gnedlI nt eger variable to be encoded and Npip, is
the lower end point of the value range of the Si gnedl nt eger subtype as defined in
F.3.1.1.

(ByVatuesof these tnsTgrnedtmteger datatypes—statt beencoded-by mumbermgthebits
the contents octets startmg with b|t 1 of the last octet as bit zero and ending-the numberln

—~
=
<
o
c
®
(2}
o
S
o
5
@
0
®
o}
)
—
©
~—
<
o]
@
»
o
0
QL
o
®
®
S
Q
o
Q
®
Q
0
7
w
N
=)
=
@
>
®.

format numbers, respectively, as defined in IEC 559, wheré
corresponds to "bit zero" as defined in Rule (3).

01- 00: 00: 00. 000 for DATE_AND TI ME, or the nymbér | i from 1970- 01- 01}
00: 00: 00. 000 to YYYY- M\t DD- 00; 00: 00. 000\ f¢ ) here  YYYY-MM DD is the
current date

(B) Encoding of values of these Fi xedkeng datatypes shall be primitive, and
shall be obtained by placing the bits*in the ), commencing with the first bit and
proceeding to the trailing bit, in bitg 8 to-4of t ontents octet, followed in turn by bits
8 to 1 of each of the subsequent thCQS otation "first bit" and "trailing bit" is
specified in ISO 8824.

—~~

/') Encoding of vaI
representmg\tl ei

8]
=
@]
D
—
>
(]
7]
Q
3
]
QD
7]
—
o
=
<
o
[
(]
72]
o
=
~—
<
°
]
-
2
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ANNEX G - DEVICE AND RESOURCE MANAGEMENT (informative)

G.1. Device management

A device may provide a management resource for the purpose of managing other resources
within the device. This resource may contain a device management application with the same
instance name as the device, consisting of:

- a management function block providing the device management function;

a _ocommunicoating fincfingy hinale ~eoajadines o hidiennfinpmal fraponniingy onmznn for he
S—COMRRHIHEGHOR—HRCHOR—DIOEK Proviomg—a— oo C oo —tarioaCtu O —SCTrvIice—TOT

conveyance of the CVMD and OBJECT inputs and STATUS and RESULF outputs_6f\the
management function block;

- implementation-dependent logic for the establishment ang the
communication and management functions.
A gonfiguration meeting these requirements is illustrated in subcla
G.2. Resource management
If g device contains a management resource, the man an
be|achieved according to the following rules:
1) The management resource contajn her
resources contained in the corre
2) Each resource management function Byl e i ication
function block as illustrated in sub€lause G
3) Resource manageme iliti ke Ih e e device type specification for thgse

resources which fo! 3 Vi ay be created and deleted dynamically
6 commands to the device managemgent

4) The statea i upon creation or system initialization, i.e., each
resource xu 8 j ART command after its creation or upon system
initialization,

A gonfiguration meeting

If g device doe 9 anagement resource, then facilities for the management of each
regource i He resource itself. These facilities may be included in the resoufce
tyde s e device type specification containing an instance of the associated
redource

NOTE - (Ayrésqurce fnay contain additional management function blocks for local or remote management of

G.3. Applications of management function blocks

This clause provides examples of applications meeting the requirements for device and resource
management given in subclauses G.1 and G.2, respectively.

G.3.1. Device management

Figure G.3.1 illustrates the use of an SERVER communication function block providing the
required communications for device management as described in subclause G.1.
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