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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUNCTION BLOCKS -

Part 1: Architecture

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all nagtichal—electrotechnicalcommitiees = National Committees he—object SFHEC is—to, promote
internptional co-operation on all questions concerning standardization in the electrical{and elestronic|fields. To
this ehd and in addition to other activities, IEC publishes International Standards, Yechnical Spedifications,
Technlical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘tefexred to| as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National Camniiitee [nterested
in thg subject dealt with may participate in this preparatory work. International, gQvernwental lgdnd non-
goverpmental organizations liaising with the IEC also participate in this greparaton. collakorates closely
with the International Organization for Standardization (ISO) in accorda i ditiogs detemined by
agreenent between the two organizations.

2) The fprmal decisions or agreements of IEC on technical matte neaply as pogsible, an
internptional consensus of opinion on the relevant subjects si ée has reprgsentation
from gll interested IEC National Committees.

3) IEC PHublications have the form of recommendations for i & accepted by IEG National
Comnittees in that sense. While all reason 4 arg 9 at the technical contgnt of IEC
Publidations is accurate, IEC cannot be 3 in which they are used dr for any
misinterpretation by any end user.

4) In order to promote international uniformity, ndertake to apply IEC Pyblications
transgarently to the maximum extent pos vergence
betwegen any IEC Publication and the correspondj onal publication shall be clearly indicated in
the lafter.

5) IEC grovides no marking i al and cannot be rendered responsiblp for any
equipment declared to be in Y f

6) All users should ensure|that the

7) No liapility shall ch 1t perts and
memblers of its amage or
other [damage of & fees) and
expenfses arising q bther IEC
Publigations.

8) Attentjon is drawn\to the cations is
indispensabfe forth

9) Attentjo subject of
paten{righ

Internatjona C 61499-1 has been prepared by IEC technical commiftee 65:

Industrigl-processunmeasurement and control.

This standard—eancets—and—replaces PA 64499 otHshed—in 666 S st edition

constitutes a technical revision.

The following major technical changes have occurred between the PAS edition and this
edition:

a) Syntax for network segments, links and parameters has been added in Clause B.3 to

b)

correspond to the system model of 4.1.

Syntax for parameters instead of constant data connections has been included for

parameterization of function blocks, devices and resources in Clauses B.2 and
better consistency with IEC 61131-3.

B.3 for

The execution control model of 5.2.2.2 has been simplified and updated for consistency

with modern models of state machine control.
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The text of this standard is based on the following documents:

CDV Report on voting
65/338/CDV 65/346/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61499 consists of the following parts, under the general title Function blocks:

Part 1: Architecture
Part 2: oftware tool requirements
Part 3: Tutorial information

Part 4: Rules for compliance profiles 1

The compmittee has decided that the contents of this publi¢atio i i ed until
the maiptenance result date indicated on the IEC web si K : c.ch" in
the datd related to the specific publication. At this date i

* reconfirmed;

* withfirawn;

* replaced by a revised edition, or
+ amended.

A bilingpial version of this standard may be

1 Under consideration.
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INTRODUCTION

The IEC 61499 series consists of four Parts:

d) Part 1 (this part of IEC 61499) contains:

f)

general requirements, including scope, normative references, definitions, and
reference models;

rules for the declaration of function block types, and rules for the behavior of
instances of the types so declared;

rules for the use of function blocks in the configuration of distributed Industrial-
Process Measurement and Control Systems (IPMCSs);

ules for the use of function blocks in meeting the communi 'ren||ents of

distributed IPMCSs;

. ;%s and
Part Eystems
eng

.

.

.

. MCSs;
.

Part generic
and|domain-specific app ca' y i ting the
reqyirements of the other P

o nswers to Fregue ions<(FAQs) regarding the IEC 61499 series;

. I ' constructs to solve frequently encquntered

Par
of 1
attr

ngineering.

xample

broblems

f [ ment of compliance profiles which specify the features
99- to be implemented in order to promote the fpllowing

i ased Systems, devices and software tools:

configurgbility\of devices from multiple vendors by software tools of multiple syppliers.
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FUNCTION BLOCKS -

Part 1: Architecture

1 Scope

This part of IEC 61499 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 implementable referepce_models, textual
syntax and graphical representations. These models, representations an synta\%be used

for:

the specification and standardization of function block tyges

the implementation independent specificatio tion of

distributed IPMCSs;

the configuration, implementation, ope
IPMCSs;

the exchange of information
above functions.

NOTE 1 |This part of IEC 61499 does not restrict
elements| except as such capabilities are represe
the extenf to which the elements defined in this

of compli

igtributed

s the performance of the

apabilities of IPMCSs or thgir system
ements defined herein. IEC 61499-4 addresses
ay be restricted by the functional cg@pabilities

Part of the purpose of thi bo, provide reference models for thI use of
function| blocks in oths iNY WA support of the system life cycle, ipcluding
system planning, design, [ alidation, operation and maintenance. Thel models
given in this , € Mtended to be generic, domain independént and
extensible to th iQ it ~ of furiction blocks in other standards or for pgarticular

applications or apph intended that specifications written according to the

rules gi concise, implementable, complete, unambigugus, and
consiste

NOTE 2 isi j C 61499 alone are not sufficient to ensure interoperability amonlg devices
of differe . ying with this part of IEC 61499 may specify additional provisions |to ensure
such inte iy

NOTE 3 i with this part of IEC 61499 may specify additional provisions to epable the
performar , ice, resource and application management functions.

2 Nommative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-351:1998, International Electrotechnical Vocabulary (IEV) — Part 351: Automatic
Control

IEC 61131-3:2003, Programmable controllers — Part 3: Programming languages

ISO/IEC 7498-1:1994, Information Technology — Open Systems Interconnection — Basic
Reference Model: The Basic Model

ISO/IEC 8824-1, Information technology - Abstract Syntax Notation One (ASN.1):
Specification of basic notation)
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ISO/IEC 8825-1, Information technology - ASN.1 encoding rules: Specification of Basic
Encoding Rules (BER), Canonical Encoding Rules (CER) and Distinguished Encoding Rules
(DER)

ISO/IEC 10646, Information technology - Universal Multiple-Octet Coded Character Set
(UCS)

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

ISO/AFNOR, Dictionary of Computer Science, 1989, ISBN 2-12-4869111-6

3 Ternms and definitions

For thel AFNOR

Dictiongry of computer science, as well as the following apply.

NOTE Tgrms defined in this clause are italicized where they appear in

3.1
acceptor
function block instance which provides a socket ad Fi type

3.2
access|path
association of a symbolic name with a

3.3
adaptelf connection
conneclion from a plug g { A 2 b, which
carries i

34
adapterq i
type wh
data ou

its, and

3.5
algorith
finite seft of ions

3.6
application

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

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

3.7

attribute

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

3.8

basic function block type

function block type that cannot be decomposed into other function blocks and that utilizes an
execution control chart (ECC) to control the execution of its algorithms
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3.9

bidirectional transaction

transaction in which a request and possibly data are conveyed from an requester to a
responder, and in which a response and possibly data are conveyed from the responder back
to the requester

3.10

character

member of a set of elements that is used for the representation, organization, or control of
data

[ISO/AFNOR: 1989]

3.1
commujnication connection

conneclion that utilizes the "communication mapping function" of §
the conyeyance of information

f ouyzes for

3.12
commujnication function block
serviceLFnterface function block that represents the Jjr 3 pplication|and the
"commuynication mapping function" of a resource

3.13
commujication function block type
function block type whose instances are

3.14
component function blo
function block instance
function block type

NOTE A compone@; i

3.15
component sub
subapp

mposite

function
in termq of i ted component function blocks, events, and variables

entirely

3.17
concurrent

pertaining to algorithms that are executed during a common period of time during which they
may have to alternately share common resources

3.18
configuration (of a system or device)
selecting functional units, assigning their locations and defining their interconnections

3.19

configuration (of a programmable controller system)

language element corresponding to a programmable controller system as defined in
IEC 61131-1
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3.20
configuration parameter
parameter related to the configuration of a system, device or resource

3.21
confirm primitive

service primitive which represents an interaction in which a resource indicates completion of
some algorithm previously invoked by an interaction represented by a request primitive

3.22
connection
association established between functional units for conveying information

[ISO/AFNOR: 1989]

3.23
criticalregion

operatign or sequence of operations which is executed uy
locking pbject which is associated with the data on which tf

3.24

data

reinterpfetable representation of informatio manner
communication, interpretation or procgssing

[1ISO 23B2-01.01.02]

3.25
data connection
association between two 1ty

3.26
data input Q
interfacg of a functi s &s data from a data connection

3.27
data output
interfac f ck h supplies data to a data connection

3.28
data type
set of values_foge

with a set of permitted operations

ol of a
)|

suitaple for

[ISO 2382-T5.04.07]

3.29
declaration
mechanism for establishing the definition of an entity

NOTE A declaration may involve attaching an identifier to the entity, and allocating attributes such as data types

and algorithms to it.

3.30
device

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.
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management application

2005(E)

application whose primary function is the management of a multiple resources within a device

3.32
entity

particular thing, such as a person, place, process, object, concept, association, or event

3.33
event

instantaneous occurrence that is significant to scheduling the execution of an algorithm

NOTE 1

3.34
event ¢
associa

3.35

event input

interfac

3.36

event output

interfac

3.37
excepti

event th

3.38
executi

process|

NOTE T
another,
the functi

3.40

e execution Oor an algorithm may make use O variables associated with an eveny.

pnnection
ion among function blocks for the conveyance of events

b of a function block which ca Odnnection

on

stance to
riables in

h to be

Execution Control Chart

ECC

graphical or textual representation of the causal relationships among events at the event
inputs and event outputs of a function block and the execution of the function block's
algorithms, using execution control states, execution control transitions, and execution
control actions

3.41

Execution Control initial state

EC initi

al state

execution control state that is active upon initialization of an execution control chart
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3.42

Execution Control state

EC state

situation in which the behavior of a basic function block with respect to its variables is
determined by the algorithms associated with a specified set of execution control actions

3.43

Execution Control transition

EC transition

means by which control passes from a predecessor execution control state to a successor
execution control state

3.44
fault
abnormal condition that may cause a reduction in, or loss of, the ca
to perform a required function

ional unit

[IEC 61p08-4:1998, 3.6.1]

3.45
function
specific|purpose of an entity or its characteristic acti

3.46
function block
function block instance

software functional unit comprising an/individua d.copy of a data structure updn which

associafed operations may be perform Ck type
NOTE 1 |Typical operations of\q i ns hcapi ated data
structure.

NOTE 2 |The function blo 31-3 are

programnjing Ianguafele \

3.47

functio
network
branchg

il whose

NOTE This\

3.48
functio

type whpse (instahcgs are function blocks

NOTE F matiaon ki ] LTI inelad 1N i fanotion Wl ) EIVT= PRy 3 fnotion Wl ) EIVT= SerVIce
OO0 ety P eSS erHG e 0 aSte—uR e o oro Ky P e ST CoOMmP oS e—TuReHoi— B0 Ci—y P eS—at

interface function block types

3.49
functional unit
entity of hardware or software, or both, capable of accomplishing a specified purpose

[ISO 2382-01.01.40]

3.50

hardware

physical equipment, as opposed to programs, procedures, rules and associated
documentation

[ISO/AFNOR: 1989]
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3.51
identifier
one or more characters used to name an entity

3.52
implementation
development phase in which the hardware and software of a system become operational

3.53

indication primitive
service primitive which represents an interaction in which a resource either: a) indicates that
it has, on its own initiative, invoked some algorithm; or b) indicates that-an algorithm has
been inyoked by a peer application

3.54
informgtion
meaning that is currently assigned to data by means of the con¥entiQ pplied tothat data

[ISO/AFNOR: 1989]

3.55
input variable
variabld whose value is supplied by a data in
operatiqns of a function block

be used in one pr more

NOTE Ap input parameter of a function block, as\defi < an input variable.

3.56
instance
functional unit comprising pe
3.57
instancie name
identifigr associ

3.58
instant
creation

3.59
interfag
shared

charact

, signal

pristics, or er characteristics as appropriate

[IEV 351-11-19]

3.60

internal operation (of a function block)

operation associated with an algorithm of a function block, with its execution control, or with
the functional capabilities of the associated resource

3.61

internal variable

variable whose value is used or modified by one or more operations of a function block but is
not supplied by a data input or to a data output
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3.62
invocation
process of initiating the execution of the sequence of operations specified in an algorithm

3.63
link
design element describing the connection between a device and a network segment

3.64
literal
lexical unit that directly represents a value

3.65
manageément function block
function block whose primary function is the management of applica withint aresgqurce

3.66
management resource
resource whose primary function is the management of othe

3.67

mapping
set of fgatures or attributes having defjr

3.68
message
ordered|series of characters intended to ¢

[ISO 23B2-16.02.01]
3.69
messade sink

part of 8 commu ti Q0N

[1ISO 23

PNméssages are considered to be received

3.70
messag
part of 4

ion system from which messages are considered to originate

[1SO 23

3.7
model
representation of a real world process, device, or concept

3.72
multitasking
mode of operation that provides for the concurrent execution of two or more algorithms

3.73
network
arrangement of nodes and interconnecting branches

[1ISO 2382-01.01.44]
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3.74

operation

well-defined action that, when applied to any permissible combination of known entities,
produces a new entity

[ISO 2382-02.10.01]

3.75

output variable

variable whose value is established by one or more operations of a function block, and is
supplied to a data output

adapter

3.78
provider
function block instance which es A pe

3.79
reques{ primitiv

service primitiv@'
algorithin provided by

3.80
request
function

S some

3.81

resourg
function as independent control of its operation, and which provides|various
services tovapplications, 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.

3.82
resource management application
application whose primary function is the management of a single resource

3.83
responder
functional unit which concludes a transaction via a response primitive
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3.84

response primitive

service primitive which represents an interaction in which an application indicates that it has
completed some algorithm previously invoked by an interaction represented by an indication
primitive

3.85
sample
sense and retain the instantaneous value of a variable for later use

3.86
scheduling function
function which selects algorithms or operations for execution, and initiates wminates

this execution

3.87
segment
physica| partition of a communication network

3.88
service
functionfal capability of a resource which can be mod » Mmitives

3.89
service|interface function block

function block which provides one or
service |primitives to the function blod
outputs

bping of
vent outputs, data inputs and data

3.90
service|primitive

abstract, imple atio
and a r@source
3.91

socket
socket f

blication

0 o ind any
associated documentation pertaining to the operation of a system

3.93
software tool
software that is used for the production, inspection or analysis of other software

3.94
subapplication instance
instance of a subapplication type inside an application or inside a subapplication type

NOTE A subapplication instance may be distributed among resources, i.e. its component function blocks or the
content of its component subapplications may be assigned to different resources.
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3.95
subapplication type

2005(E)

functional unit whose body consists of interconnected component function blocks or

component subapplications

NOTE A subapplication type enables the creation of substructures of applications in the form of a self-similar

hierarchy.

3.96
system

set of interrelated elements considered in a defined context as a whole and separated from

its environment

[IEV-35{+4+-6H

NOTE 1 [Such elements may be both material objects and concepts as well as theesults example
forms of qrganisation, mathematical methods, and programming languages)

NOTE 2 |The system is considered to be separated from the environment and\othe }s by an
imaginary] surface, which can cut the links between them and the considered

3.97

transadtion

unit of |service in which a request and possibly da fer to a
responder, and in which a response and possibly ‘om the
responder back to the requester

3.98

type

softwarg element which specifies the co attrig shared by all instances of thqg type
3.99

type name

identifigr associated w

3.100 g}

unidiregtional tr

transaction in whbhi d\gossibly data is conveyed from an requester to a
responder, and a. fe ge is not conveyed from the responder back to the
request

3.101

variabII

softwar ay Ytake different values, one at a time

NOTE 1 variable are usually restricted to a certain data type.

NOTE 2 W ariablesmaybe-elassifiedasinpuivariables—eutputvariables—andinterralvariables:

4 Reference models

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, as a collection of devices interconnected

and communicating with each other by means of a communication network consi
segments and links. Devices are connected to network segments via links.

sting of
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Communication network
segment

| . |
link
I I i I

Device 1 Device 2 Device 3 Device 4

I Application A
I I

I Application B I

Appl. C
I I I

Controlled process

A functi [ a single
device, e di¢ Several devicgs, such
as appl 3 or more
control ssing is
perform

4.2 D

As illus alain ] process
interfac gah contain zero or more resources.

NOTE 1 e iR a corresponding device type, defined as specified|in Clause
7.

NOTE 2 e is sonsidered to be functionally equivalent to a resource 4s defined
in 4.3.

A "pro 2 mapping between the physical process [(analog
measur .) and the resources. Information exchanged with the
physica o’the resource as data or events, or both.

Commu i ] provide a mapping between resources and the infqrmation
exchang faya coxymunication network. Services provided by communication interfaces
may inc

. Sresentatiomof commumicated-mformationtotheresourceas dataorevernts; or both;

e Additional services to support programming, configuration, diagnostics, etc.

NOTE 3 Communication links may either be associated directly with a device, or with an instance of a specific
resource type ("communication resource"), onto which part of the distributed application may or may not be
mapped, depending on the resource type.
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Communication link(s)

----p = Data and event flow | Device boundary

Communication interface(s)

n

: A 1 1
Resource x| 'Resource y Resource z
Al 1 prlication A !
[ ApplicatonC | [ ApplicationB |
y * ] [y ¥

—
Process interface(s) (\&

Controlled process \>

Figure 2 — Device mo

e

4.3 R

For the déred to be a functiohal unit,
contain Operation. It may be greated,
configuI ithout affecting other resourcegs within
a device.

NOTE 1 ecified in
Clause 7.

NOTE 2 bed to be
coordinat

The furn g and/or
communication int ; " events
to the p i zing the
resource.

NOTE 3 psent the
capability, ices over
communi only ones

they are §
NOTE 4

As illusfrated in Figure 3, a resource is modeled by the following:

The eonstderatioy of other possible aspects of resources is beyond the scope of this part of IEG 61499.

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

A "process mapping" part whose function is to perform a mapping of data and
events between applications and process interface(s). As shown in Figure 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 3, this mapping may be modeled by service interface function blocks
specialized for this purpose.
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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, Clause 3.

/

Communication interface(s)

Communicatiorn

Local application

mapping (or local part of distributed application)

(
/\\r\

Events

L

]

— ] —

Service
interface

function
block

Algorithm

7

mapping

NOTE 1
normativg.

NOTE 2

4.4

For the
network
whose |

ranches

ata connections and event connections.

blocks is

idn block
ers and

Subapplications are instances of subappiication types, which ttke appiifcattons consist of
function block networks. Application names, subapplication and function block instance
names may therefore be used to create a hierarchy of identifiers that can uniquely identify
every function block instance in a system.

An application can be distributed among several resources in the same or different devices. A
resource uses the causal relationships specified by the application to determine the
appropriate responses to events which may arise from communication and process interfaces
or from other functions of the resource. These responses may include:

e Scheduling and execution of algorithms

e Modification of variables

e Generation of additional events

e Interactions with communication and process interfaces
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In the context of this part of IEC 61499, applications are defined by function block networks
specifying event and data flow among function block or subapplication instances, as
illustrated in Figure 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 5.

Standards, components and systems complying with this part of IEC 61499 may utilize
alternative means for scheduling of execution. Such alternative means shall be exactly
specified using the elements defined in this part of IEC 61499.

&

E\;ent flow

D

y

A 4

Y v
A 4

% \\A

NOTE 1
NOTE 2

4.5 Fljunction block m

4.5.1 Characterist

A functjon bloc bi N i5 a functional unit of software comprising an
individupl, name y S re’ specified by a function block type, which |persists
from onle invocation to the next. The characteristics of functign block

instanc bns are

describ

A functi h Figure

5:

e a set of event outputs, each of which can issue events to an event connection
depending on the execution of algorithms or on some other functional capability of
the resource in which the function block is located;

e a set of data inputs, which may be mapped to corresponding input variables;
e a set of data outputs, which may be mapped to corresponding output variables;
e internal data, which may be mapped to a set of internal variables;

e functional characteristics which are determined by combining internal data or state
information, or both, with a set of algorithms, functional capabilities of the
associated resource, or both. These functional characteristics are defined in the
function block's type specification.

NOTE 1 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 v n ' Event flow
Execution
—P — control —_—
_| (hidden) r
Type name
— Algorithms I
Dataflow (hidden) Data-flow
—>
Internal data
(hidden)
Data inputs ;

NOTE This figure is illustrative only. The graphical represe

Figure 5 — Characteristic
The algpri i ithi Qn b;;k 3

tside of
the fungti function
block. Additi e fune ain internal variables or state information, or
both, whi jst of the function block's algorithms, but which|are not
accessi 2 i & outside of the function block.
NOTE 2 i A taté information of functlon block instances may be provided by
additiona i S
Means ifyi causal relationships among event inputs, event outpdts, and
executiq i
4.5.2 pe specifications
A functipnblock tyreis a software element which specifies the characteristics of all instances

of the typejincluding:

o Its type name.

e The number, names, type names and order of event inputs and event outputs.

e The number, names, data type and order of input, output and internal variables.

Mechanisms for the declaration of these characteristics are defined in 5.2.1.
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In addition, the function block type specification defines the functionality of instances of the
type. This functionality may be expressed as follows:

For basic function block types, declaration mechanisms are provided in 5.2.1.3 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
5.2.1.4.

The functionality of an instance of a composite function block type or a
subapplication type is declared, using the mechanisms defined in 5.3.1 and 5.4.1

component function blocks or subapplications and the evept\and datacihfuts and
outputs of the composite function block or the subapplication.

TESpectively, I terms _of _oata conmnections and evemnt con ecuox ong its
A

ype is

The functionality of an instance of a service interface
; ts, data

described by a mapping of service primitives to evght igpx

inputs and data outputs, using the declaration mecha

ing the

4.5.3

As shov ] by the

executi inputs.

This iny tociated

resourc btion of

executid enerates zero or more events at event

outputs

NOTE 1 tances or

the samg ontrol as

described functional

capability,

NOTE 2 ck body.

Figure 6 depi t A single

event input, @ single i ht times

in this diag i

t1: Rel griable values (i.e., those associated with the event input by the WITH
qualffierdefined inb5.2.1.2) are made available.

t2: Thelevent at the event input occurs.

t3: The execution control function notifies the resource scheduling function to schedule an
algorithm for execution.

t4: Algorithm execution begins.

t5: The algorithm completes the establishment of values for the output variables associated
with the event output by the WITH qualifier defined in 5.2.1.2.

t6: The resource scheduling function is notified that algorithm execution has ended.

t7: The scheduling function invokes the execution control function.

t8: The execution control function signals an event at the event output.
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As shown in Figure 7, the significant timing delays in this case which are of interest in
application design are:

Teotup = 12 — t1

setup

T = t4 — t2 (time from event at event input to beginning of algorithm execution).

start
Ta|g = 16 — t4 (algorithm execution time).

Tsinish = 18 — 16 (time from end of algorithm execution to event at event output).

2 Executionl control t8
function
X
]

L W< ts :
—_— Algorith j >
£ t%v}g\@; G

y

fomas i
=T

NOTE This figure is illustrative

1 2 3 4 5 6 7 8

NOTE The axis labels 1, 2, etc. in the above figure correspond to the times t1, t2, etc. in Figure 6.

Figure 7 — Execution timing

Normative requirements for the specification of function block execution control in the general
case (which includes the above case) are defined in Clause 5.

NOTE 3 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.
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Users of this part of IEC 61499 should be aware that the results of algorithm execution may be unpredictable if
such requirements are not met.

NOTE 4 Resources may need to schedule the execution of algorithms in a multitasking manner. The specification
of attributes to facilitate such scheduling is described in Annex G.

4.6 Distribution model

As illustrated in Figure 8a), an application or subapplication can be distributed by allocating
its function block instances to different resources in one or more devices. Since the internal
details of a function block are hidden from any application or subapplication utilizing it, a
function block shall form an atomic unit of distribution. That is, all the elements contained in a
given function block instance shall be contained within the same resource.

The functional relationships among the function blocks of an applic plication
shall npt be affected by its distribution. However, in contras tion or
subapplication confined to a single resource, the timing and reliabij ications
functionfs will affect the timing and reliability of a distributed appli ¢ i n.

The following clauses apply when applications or subapplicati i among
multiplel resources:

Clause 6 defines the requirements for ¢ \nicat support

tions or

4.7 Management model

Figures|8b) and 8c) ces and
devices| Figure 8b) illus \ 3/management resource provides| shared
facilitieg for managemen ; ithin a device, while Figure 8c) illustrates the
distribujlion of S resources within a device. Manggement
applications m function
blocks and com

NOTE 1 fons, and
IEC 6149

NOTE 2 device or

resource
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Application A

I 1 i |

D_e_v} e Dﬂi_céfz Device Device 4

[ ApplicationA |

I I | ]
[ Contrdled process/machines ]

a) Distribution model

Communication link(s)

m Devi

Communication/iqterface(s)\( \/ C
N\

esoyrce Re¢source z

| Device manageme/hgpplitv\ﬁio\j\\ AppiiGation B |

[

Managemeqt resqur R
|Resource y manag%{nenl(eﬁm@\atioﬁ*\ /Applilcation c |
|Kesohf&e zﬂﬁarﬁg{rﬁe\nt abpli\ca)ion‘l
N

O
S N

b a management model

Communication link(s
Device boundary
\ Communication interface(s)
\/ Resource x Resource y Resource z

Process interface(s)

Controlled process

Resource x Resource y Resource z
management management management
application application application
[ _Application A__||__ApplcationB__|
I| Application C

| | | |
Process interface(s)

Controlled process

c) Distributed management model

Figure 8 — Distribution and management models
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4.8 Operational state models

Any given system has to be designed, commissioned, operated and maintained. This is
modeled 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" shall be defined, for example, OPERATIONAL, CONFIGURABLE,
LOADED, STOPPED, etc.

Each operati ogether
with an expected behavior.
A systegm may be organized in such a way that certain functional yni }ess or

acquire|the right to modify the operational states of other functio

Examplés of the use of operational states are:

A functional unit in a RUNNING state,
receive a download action.

may not be [able to

sistent operatiorjal state

across propagate chamges of
Specifid I - tances are defined in 6.3.3.
5 Specification of fun ' ication and adapter interface types
5.1 Qverview
As illusjrated in@ e 9 S fines the means for the type specification pf three
kinds ofl blocks:

e means for specifying and determining the behavior of
miction block types, as illustrated in Figure 9a). In thig type of
aeltion control is specified by an execution control charf (ECC),

.3 defines the means for specifying composite function block types, as
illustrated” in Figure 9b). In this type of function block, algorithms and their

execution control are cpnr\ifind fhrnugh event and data connections-inonelor more

function block networks.

e Subclause 5.4 defines the means for specifying subapplication types, as
illustrated in Figure 9c). In this type of block, algorithms and their execution
control are specified as for composite function block types, but with the specific
property that component function blocks of subapplications may be distributed
among several resources. Subapplications may be nested, such that the body of a
subapplication may also contain component subapplications.

Other means may be used for describing the behavior of instances of a function block type.
The specification of such means is beyond the scope of this part of IEC 61499; therefore it is
required that when such means are used, an unambiguous mapping shall be given between
their terms and concepts and the corresponding terms and concepts of this part of
IEC 61499.
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El variables EO variables El variables EO variables
a) ¢ ¢ b)
Execution 7 e
control —_ — 1 —
chart % _‘ /F

Type identifier
Algorithms I

Internal
variables

Type identifier

NN
1 T

Input variables Output variables  Input v ariables

Event inputs nt outpu

\

] N
=l

9%
|

T

Data outputs

a) Basic f ,
b) CompgsiteAfunction blsck (5.3),

c) Subapptication(5-4)

Figure 9 — Function block and subapplication types

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

5.2.1 Type declaration

5.21.1 General

A basic function block utilizes an execution control chart (ECC) to control the execution of its
algorithms.
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As illustrated in Figure 10, a basic function block type can be declared textually according to
the syntax specified in Clause B.2 or graphically according to the following rules:
The function block type name is shown at the top center of the lower portion of the block.

2. The names and type declarations of input variables and socket adapters are shown at the
left edge of the lower portion of the block.

3. The names and type declarations of input variables and plug adapters are shown at the
right edge of the lower portion of the block.

4. The interface of the function block type to events is declared in the upper portion of the
block as specified in 5.2.1.2.

5. The algorithms associated with the function block type are declared as specified in

5.2..3.
6. Conrrol of the execution of the associated algorithms is declared ag spegiffi p.1.4.
IMNIT_EWENT BEINIT IMNITD T
EVENT —8 EX Ex O B

4
INTEGRAL REAL ™
BEOOL—e—+—HOLD X OUT |
REAL —E—1—{%IN

e O\

[aml

S EAL

NOTE 1
NOTE 2

5.2.1.2 |Event interface

As shown in Figwre 1
textually accord

rules:

eclared
bllowing

a) Eve

b) Eve

c) Eve ock.

d) Eve puts or
outg

NOTE 1 [If no\eyvent

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.

S given for an event input or output, it is considered to be of the default type EVENT.

As illustrated in Figure 10 and Annex G, the wiTa qualifier or a graphical equivalent shall be
used to specify an association among input variables or output variables and an event at the
associated event input or event output, respectively.

Each input variable and output variable appears in zero or more WITH clauses or their
graphical equivalents.

NOTE 5 This information may be used to determine the required communication services when configuring a
distributed application as described in Clause 7.

NOTE 6 An input variable that does not appear in any WITH clause cannot be connected with an output variable
of another function block. The values of such variables either remain at their declared initial values or are
established by management commands such as WRITE, as described in 6.3.1.
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NOTE 7 An output variable that does not appear in any WITH clause can be connected to an input variable of
another function block or can be "read" by management commands such as READ, as described in 6.3.1.

NOTE 8 See 4.5.3 for an application of the WITH qualifier to the execution model of a basic function block.

5.2.1.3 Algorithm declaration

As shown in Annex G, algorithms associated with a basic function block type may be included
in the function block type declaration according to the rules for declaration of the function
block type specification given in Annex B. Other means may also be used for the
specification of the identifiers and bodies of algorithms; however, the specification of such
means is beyond the scope of this part of IEC 61499.

5.2.1.4 [Declaration of algorithm execution control

The sequencing of algorithm invocations for basic function block tye ay Xk dlared in
the fungtion block type specification. If the algorithms of a basi e are
defined|as specified in 5.2.1.3 (or otherwise identified), then gorithm
invocatipn for such a function block can be in the form of an f aft (ECC)
consisting of EC states, EC transitions, and EC actions. The ted and
interprefed as follows:

a) The ECC is included i function block type

b) sented graphically as a

initial state shall have no
c) represented graphically ag single-

d) i i 2s declared in the function bldck type
specification.

e) An EC state can have ¥ ‘ iated EC actions. The association of the EC
hctions \<::>t pressed in graphical or textual form.

f) The algo G g with an EC action, and the event (if any) to be
ssued on ¢gn i algarithm, shall be expressed in graphical or textupl form.

g) (on » &d graphically or textually as a directed link from|one EC

ball have an associated Boolean condition, equivalgnt to a
utilizing one or more event input variables, input variableg, output

Figure 1 e elements of an ECC. Similar textual declarations using the siyntax of
Clause B.2is given in Annex F.

NOTE 1 According to the model given in 5.2.2, 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 INIT and MAIN is equivalent in this case to the use of INITO and
EXO, respectively.

NOTE 2 In this restricted domain, the same symbol (e.g., INIT) can be used to represent an EC state and
algorithm name, since the referent of the symbol can be inferred easily from its usage.

NOTE 3 The text in italics is not part of the ECC.

NOTE 4 One-to-one association of events with algorithms, as illustrated in this figure, is frequently encountered
but is not the only possible usage. See Table A.1 for examples of other usages, for example, the E_SPLIT block
shows an association of two event outputs with one state but no algorithms; E_MERGE shows an association of
one output event but no algorithms with two event inputs; E_DEMUX shows any of several algorithms associated
with a single input event; etc.
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a)
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START || EC initial state

EC transition

INIT E 1
EC action

| INIT '—| INIT| INITO | | MA|N|—| MAIN| EXO | event

EC state  algorithm

Figure 11 - ECC example

ehavior of instances

Initialization

tion of a basic function block instance by a resource shall\be functional
llowing procedure:

fhe EC initial state of the funcilan b forr” Control Chart (ECC)
hctivated, all other EC state ated, and the ECC operatig
machine defined in pitial (so) state

he conditions under uchyinitialization are implementation-depen
ction block type ifyvaniitiatization algorithm to be performed U

nce of an appt ple the In1T algorithm shown in Figurg
jon can‘i@,
by conn y

bpriate everl

ystance of the E RESTART type defined in An
e INIT input shown in Figure 10.

% assuciated with a function block instance is invoked by a re
of the resource to schedule the execution of the alg

ns/performed by an algorithm may vary from one execution to the next due tg
ate’s/of the function block, even though the function block may have only a single algorithm an

to the
o such

ple, all

dted and

shall be
n state

dent.

pon the
11. An

s dhder which this algorithm is to be exeCL’l:ted, for

ex A to

quest to
orithm's

changed
H a single

event inp

tttriggermgitsexecution:

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 exhibit the behavior defined by the state machine in Figure 12 and Table 1.

NOTE 2

It is a consequence of this model that an occurrence of an event at an event input will not cause a
transition containing the event to clear, if the transition is not associated with the currently active state, i.e., if the
event is not relevant in the given state. However, sampling of the input variables associated to the event by a
WITH construct will occur in any case.
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t1

t3

s2

N
Figure 12 — ECC operation state machine
Table 1 — States and transitions of ECC operati}n@? %

State \ \\\&per tions,”
50 \\ \ >

51 / evaluate transitions®:€

L ; d,e
52 /\\ ) X perform actions

Trarjsition Condg'll(o\\ A > U ‘\) Operations
t1 invoke E&Qa \ \/ Sample inputsP-€

t2 no transitio/ﬁ;_lzars

t3 a transitiokcle&s

: e

a8 This tfansition is activaled by the presgfite of.aR event at/an event input.

b This bperation congists
declafations as

€ This ¢peration consi
cleari >
consi

transi
syntax defi

d  This

iables associated with the current event input by a WITH

aluating.the condjtions at all the EC transitions following the active EC |state and
hich a TRUE condition is found. "Clearing the EC transition"
state and activating its successor EC state. The order in Wwhich the
eSponds to the order in which they are declared following the textual
ntly in the XML syntax defined in IEC 61499-2.

for ®eg€h EC action associated with the active EC step, executing the apsociated

algori an event at the associated event output, if any. The order in which tHe actions
are p the order in which they appear graphically from top to bottom, or to thg order in
which| owing the textual syntax defined in B.2.1, or equivalently in the XML syntgx defined
in IEQ

€ All oplerétionis perfotrfied from an occurrence of transition t1 to an occurrence of t2 shall be implemepted as a
criticql region with a lock on the function block instance.

5.2.2.3 Algorithm execution

Algorithm execution in a basic function block shall consist of the execution of a finite
sequence of operations determined by implementation-dependent rules appropriate to the
language in which the algorithm is written, the resource in which it executes, and the domain
to which it applies. Algorithm execution terminates after execution of the last operation in this
sequence.

If an algorithm implements a state machine, repeated executions of the algorithm are
necessary to recognize or perform state changes. Normally there is no association between
those state changes and the completion of the algorithm. Such associations shall be created
by the event output generation facilities described in 5.2.2.2.
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5.3 Composite function blocks
5.3.1 Type specification

The declaration of composite function block types shall follow the rules given in 5.2.1 with the
exception that event inputs and event outputs of the component function blocks can be
interconnected with the event inputs and event outputs of the composite function block to
represent the sequencing and causality of function block invocations. The following rules
shall apply to this usage:

a) Each event input of the composite function block is connected to exactly one event
input of exactly one component function block, or to exactly one event output of the
composﬂe functlon block with the exception that the graphical shorthand for event

b) E i i i [ an one

c) \ han one
bvent input of exactly one other component funcon han one
bvent output of the composite function block, w raphical

Ehorthand for event splitting shown in F|gure A.

d) Each event output of the composite fu
bvent output of exactly one co
bf the composite function blo

ctly one
exactly one evgnt input
e graphical shorthhand for

e) Use of the wiTn qualifier in the declaratiQnQ nt inputs of composite functipn block
ypes is required. Use of the wrTH i may result in the sampling of the
j f\basis orservice interface function blo¢ks.

NOTE 1 |Software tools may prayide ® elimipation of fedundant sampling in the implementation ghase.

defined in 5.4 shall not be used| in the
ock type.

f) [nstances of

;pecificat'::
Data in

the datq i

qponent function blocks can be interconnected with
composite function block to represent the flow of data

within th e following rules shall apply to this usage:

1) Eac posite function block can be connected to zero or mgre data
inp s of the
co

2) Each datasinput\of @’component function block can be connected to no more than one
datg output b i , ne data
input af-the comg

3) Eacr ore data

inputs of zero or more component function bIocks or to zero or more data outputs of the
composite function block, or both.

4) Each data output of the composite function block shall be connected from exactly one
data output of exactly one component function block, or from exactly one data input of the
composite function block.

NOTE 2 If an element declared in a VAR_INPUT...END VAR or VAR _OUTPUT. . .END_ VAR construct is
associated with an input or output event, respectively, by a WITH construct, this will result in the creation of an
associated input or output variable, respectively, as in the case of basic function block types. If such an element is
not associated with an input or output event, then the associated data flow is passed directly to or from the
component function blocks via the connections described above.

NOTE 3 The rules for interconnection of the event and variable inputs and outputs of plugs and sockets in the
body of the composite function block are the same as for the interconnection of the inputs and outputs of the
component function blocks. See 5.5 for further requirements regarding adapter interfaces.
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Figure 13 illustrates the application of these rules to the example p1_rREaAL function block.
Figure 13a) shows the graphical representation of the external interfaces and Figure 13b)
shows the graphical construction of its body. Figure 14 shows the interfaces and execution
control for the function block type pID _caLrc used in the body of the p1_REAL example.

a)

EVENT BIMIT  IMITO— EWENT
EVENT —B—T—EX ExX0 B— EVENT
PI_REAL
BOOL—B——|HOLD X0UT —E-B— REAL

h
)

=1
T

[t =1
L) =y =

REAL H 5P
REAL P
REAL e iy [
TIME B CLE

AN

b) CALC INTEGRALTERN \}
| N0

IMIT qIMIT INITO

= INITO
EX qPRE FRED E A0

POST POSTO LEXO @ S
NTEBRAL REXL

] E> :
PID_CALC H O OUT —

ORDSIH
PV ETERM
wOUT F D%E\(
§

Key

a) Extern

b) Graphi

NOTE 1 n of this function block type is given in Annex F.

NOTE 2 i le is Yustrative only. Details of the specification are not normative.

Figure 13 — Composite function block pI REAL example
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a) EYEMNT [MIT [MITO & EYENT
EVENT B PRE PREOD 7 EVENT
EVENT —& FPOST POSTO g—EYENT

] [
FID_CALC

FEAL B P ETERM i FEAL
RHEAL g SF AOUT ——e FEAL
FEAL B P

FEAL B |l

REAL g 1D

REAL —& ITERM

REAL —t DTERM

b) INIT ——NIT T[T |
|
1

IF'D‘]_ST AN

FOST

Key
a) Externgl interfaces
b) Graphigal body
NOTE This examp{

5.3.2
Invocat shall be
accomph
a) utput of
he’ black, vcelirrence of an event at the event input shall cause the generatipn of an

bvent at the associated event output.

b) If an event input of the composite function block is connected to an event input of a
component function block, occurrence of an event at the event input of the composite
function block shall cause the scheduling of an invocation of the execution control
function of the component function block, with an occurrence of an event at the
associated event input of the component function block.

c) If an event output of a component function block is connected to an event input of a
second component function block, 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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d) If an event output of a component function block is connected to an event output of
the composite function block, 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 composite function block.

Initialization of instances of composite function blocks shall be equivalent to initialization of
their component function blocks according to the provisions of 5.2.2.1.

5.4 Subapplications
5.4.1 Type specification

The declaration of subapplication types is similar to the declaration of .eomposite function
block types as defined in 5.2.1, with the exception that the delimiti keywerds-shall be
SUBAPPIICATION. .END SUBAPPLICATION. The following rules shall apply i :

a) The witu qualifier is not used in the declaration of event input: })puts of
subapplication types

b) Each event input of the subapplication shall be connec X nt input
bf exactly one component function block or compQnen appli exactly

bne event output of the subapplication.
ication is
function
of the

c) Each event input of a component functio
connected to no more than one event ou

d) k component subapplidation is
actly one other component function
pore than one event outpuf of the

subapplication

e) Each event ou S ication is ¢gnnected from exactly one event qutput of

pxactly one comy 6 omponent subapplication, or from| exactly
bne event i icali

NOTE 1 |Compone i instances of the event processing blocks defined in Anhex A, for

example o "split" events & E_SPLIT block, to "merge" events using instances of the

E_MERGE|block, or for 5es, Usi he egquivalent graphical shorthand.

Data /nputs and omponent function blocks or component subapplications
can be Re data inputs and data outputs of the subapplication to
represe Hin the subapplication. The following rules shall apply to this
usage:

1) E i t of the subapplication can be connected to zero or more data ihputs of
rerol or more gomponent function blocks or component subapplications, or to|zero or
Mnofe data outputs of the subapplication, or both.

2) Each data input of a component function block or component subapplication can be
connected to no more than one data output of exactly one other component function
block or component subapplication, or to no more than one data input of the
subapplication.

3) Each data output of a component function block or component subapplication can be
connected to zero or more data inputs of zero or more component function blocks or
component subapplications, or to zero or more data outputs of the subapplication, or
both.

4) Each data output of the subapplication shall be connected from exactly one data
output of exactly one component function block or component subapplication, or from
exactly one data input of the subapplication.
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NOTE 2 Although the VAR_INPUT...END_VAR and VAR_OUTPUT...END_VAR constructs are used for the
declaration of the data inputs and outputs of subapplication types, this does not result in the creation of input and
output variables; the data flow is instead passed to the component function blocks or component subapplications
via the connections described above.

NOTE 3 The rules for interconnection of the event and variable inputs and outputs of p/lugs and sockets in the
body of the subapplication are the same as for the interconnection of the inputs and outputs of the component
function blocks. See 5.5 for further requirements regarding adapter interfaces.

EXAMPLE Figure 15 illustrates the application of these rules to the example PI_REAL APPL
subapplication. Figure 15a) shows the graphical representation of its external interfaces and
Figure 15b) shows the graphical construction of its body. The body of the PI_REAL APPL
subapplication example uses the function block type pip _carc from the composite function
block example in 5.3.1, which is shown in Figure 14.

a) EWVENT —(INIT IMITO[—EWENT

EVENT —EX ExX0[— EVENT
PI_REAL_&PPL
EOOL—HOLD  X0UT——REA

REAL—FW
REAL—SF
REAL—KF
REAL—

Kl
TIME CYCLE
(\
7 < C G
b) CALL > MEGRA\L_LE@

INIT —{IMIT INITO MIT INITOFINITO

Ex.-FRE FREO — E ExO
e \O) SO

TEGRAL_REAL
—|HOLD A0UT

1N
- M\m LE-CY¥CLE

—

Key
a) External interface
b) Graphital body

NOTE 1 A full textual declaration of this subapplication type is given in Annex F.

NOTE 2 This example is illustrative only. Details of the specification are not normative.
Figure 15 — Subapplication PI_REAL APPL example

5.4.2 Behavior of instances

Invocation of the operations of component function blocks or component subapplications
within subapplications shall be accomplished as follows:

a) If an event input of the subapplication is connected to an event output of the block,
occurrence of an event at the event input shall cause the generation of an event at
the associated event output.
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b)

c)

d)

Since spbapplications do not explicitly create variables, no spe
are applicable to subapplication instances.

If an event input of the subapplication is connected to an event input of a component
function block or component subapplication, occurrence of an event at the event input
of the 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.

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.

f an event output of a component function block or component sub plijation is
n-eXe

connected to an event output of the subapplication, occurrepcet o t at the
bvent output of the component block shall cause the generatian of an\eveqt at the
hssociated event output of the subapplication.

cedures

5.5 Adapter interfaces

5.5.1 General principles

Adapter ] set of
event apd data flows. As illustrated in int [ means
for defir ] n block
which cgn be inserted into c socket
adapter) of an acceptor f e adaptér interface represents the e¥ent and

data pa
on the

ice 10 the acceptor, or vice versa, depending
ich may be represented by sequénces of

hs by which the

service
NOTE A 2 i 5\a/provider, an acceptor, or both, or neither, and may contain
more thar ; ore adapter interface types.

Key

ACI

adapter connection

PRT - Provider type,
PRI — Provider instance
ACT — Acceptor type,
ACI — Acceptor instance
ADT — Adapter type,

PLI - Plug instance,
SKI — Socket instance

NOTE This figure is illustrative only. The graphical representation is not normative.

Figure 16 — Adapter interfaces — Conceptual model


https://iecnorm.com/api/?name=9038ddaa6e9be8106f12751bd8f8001a

— 40 - 61499-1 & IEC:2005(E)

5.5.2 Type specification

An adapter interface type declaration shall define only the interface type name and its
contained event and data interfaces. These are 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 5.2.1.1 and 5.2.1.2, 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 Clause B.7.

EXAMPLE The adapter interface illustrated in Figure 17 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 equment represented by an
nnnnnnnnn dina—caoplkot adantar Ao tlliictrat A Eioie 7 th typ|Ca|

Hh
aCCGpt F—WH—a A AAREEC] VAV RACLIRAY | SOcrKet auur.n.cl. AS—HUStFatea—H LERAC A> L) 7 VEBRLL

operatign of this interaction consists of the following sequence:

a) An event in the upstream equipment, for example, arrival of/a W i unload
position, causes a 1D event, typically interpreted as_a 3 to be
ransmitted to the downstream equipment. Associated wi s i sensor

alue wo, indicating whether a workpiece is actuall / p|LS some
measured property or set of properties of the work

b) A subsequent event in the downstream equjpme f ompletion of the
oad setup, causes an UNLD event, typlcally nte g ) smand to relgase the
vorkpiece, to be sent to the upstream eq

c) Bubsequently, a cNF event confitmation of the workpiece

equipment to comglete the
pperation. At this point, the wo g SE and the value of the wkpc

putput has no significance.

b)
normal_operation
PLUG SOCKET
LD
EVE u LD
UMLD
UHLE
L
CHF
CHF
Key
a) Interfage

b) Norma| epération (see 6.1.3)

NOTE 1 A full textual declaration of this adapter type is given in Annex F.

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

Figure 17 — Adapter type declaration — graphical example

5.5.3 Usage
The usage of adapter interface types and instances shall be according to the following rules:

a) Adapter interface instances to be used as plugs in instances of a function block type
shall be declared in its type declaration in a PLUGS. . .END_PLUGS block, declaring
the instance name and adapter interface type of each plug. In the graphical
representation of function block types and instances, plugs are shown as output
variables with specialized textual or graphical indication that they are not ordinary
output variables.
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b) Adapter interface instances to be used as sockets in instances of a function block
type shall be declared in its 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 are shown as
input variables with specialized textual or graphical indication that they are not
ordinary input variables.

c) 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.

d) 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.

e) Insertion of plugs into sockets shall be specified in an ADAPTER CONNECTIONS ...

LEND CONNECTIONS

g)

espective provider and acceptor instances.

epresented as a function block with the same
corresponding adapter interface type. Similarly, in this

— btock—m—the—dectaration—of —the—appfication, uuap,.;l:/cation,
fesource type, resource instance, or composite function blo C\‘tﬁ ing the

as the
nted as
ihterface

D

L function
NOTE A|connection from a p4 5 hough the
corresporjding function block instance 2 : . i , iale means,

such as fommunication seg
correspor|ding transfer of e

Managdment f
creation, deletion,

EXAMP
provide
so doin
XBAR_ M}

ment the

lynamic

xBAR MvCA type illustrated in Figure 18 acts as| both a
U PLG) and an acceptor with a socket interface (Lbu [skT). In
act and encapsulate the interactions of an instancg of the
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a) b)
EuENT—B—WiEuENT W
INIT—{IMIT IMITO - INITO

HEAR_NhC A, LOAD LOADED
IMT f—"F LOU_PLG:> —— LO_UNLD LDU_SKT ‘ UHLOAD ADNWANCED LOU_PLG
INT B—wR UNLD LD LHLOADED LO UHLD |
TIE B0TL CMF RETRALCTED CMF
TIME B80T :| |:
COLOR B BFEGD R e
LINT B LEN e il
UINT B—0la MKPC LocoL K
LINT EBDIR WF —{uF
LO_UHLD »»LOU_SKT Wh R
Key
a) Interfage
b) Body

NOTE 1 |A full textual declaratid
NOTE 2 |[This example is illu

NOTE 3 |Although this exa
be either pasic or @n ite

Figyre 18 — 1l

of this exampte

pes may

ons

EXAMP i trates a resource configuration containing two instancep of the
XBAR_ M} i Figure 18. The suppLy instance acts as an gcceptor
("downg 1 block and a provider ("upstream unit") for the BorE block,
while th instange fulfills corresponding roles for the BoreE and unNLoaD|blocks,
respect
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SPOUT
INIT INITQ

INIT IMITO TOOoL
FMIT [HITO

RER@ IMD

1L

IN_COLOR

UNLOADR
IMIT IMITO

XSPACE

SFIN
INIT INITO

1al Qo

OUT -BORE.TOOL

XSPACE
E_n:-\jl."‘.nll (
SUPPLY BORE \
INIT INITO INIT INITO (‘\%
\:l TAKBOFF
[ | NG |
HEAR_MWCA BORING_MVCA
2»LD_SKT LDU_PLG=> 2L DU_SKT LDU_PLG>> YaN NP
=L DA SKT DRU_PLG> —

NOTE 1 |This example is illustrative only. Details of the specifigatio e npot W

NOTE 2 |Parameter connections are omitted i

NOTE 3 |Type declarations for blocks other tha _MYCAtype are nof given in Annex F.

Figure 19 — lllustrati of adapter connections

5.6 Exception and fau

Additiorjal facilities forthe preventie s iti [ j i/ts may
be provided by resoufces a iliths ice i function
blocks. [The defipitiqn i iomblock types for prevention, recognition and Inandling
of exceptions a i INIT-,
CNF- apd IND- oufp STATUS
values, /may be ug hoted in

6.1.3.

eneral principles for the specification of types and the behpvior of
terface function blocks, and for two specific types of service ipterface
ommunication function blocks and management function blocks.

instancgs of.sexvice

function blocks,

6.1 General principles
6.1.1 General

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 same general
appearance as basic function block types. However, some inputs and outputs of service
interface function block types have specialized semantics, and the behavior of instances of
these types is defined through a specialized graphical notation for sequences of service
primitives.

NOTE The specification of the internal operations of service interface function blocks is beyond the scope of this
part of IEC 61499.
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6.1.2 Type specification

Declaration of service interface function block types may use the standard event inputs,
event outputs, data inputs and data outputs listed in Table 2, as appropriate to the particular
service provided. When these are used, their semantics shall be as defined in this clause.
The name of the function block type shall indicate the provided service.

EXAMPLE Figures 20a) and b) show examples of service interface function blocks in which
the primary interaction is initiated by the application and by the resource, respectively.

NOTE 1 Some services may provide both resource- and application-initiated interactions in the same service
interface function block.

th names
ences of

INIT

This even ided by
the functi @ module.
REQ Q

This evert input shall be mapped to a reques@x&é rvice \provi ed)Ey>the function block instgnce.

RSP
This evert input shall be mapped to a respons@m provided by the function block insfance.

/\ /\\Ev t'o tput

INITO \ﬁ)\/
This event output shall be M COHWI' ive which indicates completion of a service initializafion
procedurg.

CNF \/ \>
This everjt output sha),\@& ) imitive of the service provided by the function block insfance.

IND
This evert outMpp d to indication primitive of the service provided by the function block |instance.

Data inputs

QI ! BOOJ

This inpu
TRUE up¢n the occur
the servide.s requested.

represSents a qualifier on the service primitives mapped to the event inputs. For instance, if thid input is
of an INIT event, initialization of the service is requested; if it is FALSE, termination of

PARAMS : ANY

This input contains one or more parameters associated with the service, typically as elements of an instance of a
structured data type. When this input is present, the function block type specification shall define its data type and
default initial value(s).

NOTE 1 A service interface function block type specification may substitute one or more service parameter inputs
for this input.

SD 1, ..., SD_m : ANY

These inputs contain the data associated with request and response primitives. The function block type
specification shall define the data types and default values of these inputs, and shall define their associations with
event inputs in an event sequence diagram as illustrated in 6.1.3.

NOTE 2 The function block type specification may define other names for these inputs.
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Data outputs

QO : BOOL

This variable represents a qualifier on the service primitives mapped to the event outputs. For instance, a TRUE
value of this output upon the occurrence of an INITO event indicates successful initialization of the service; a
FALSE value indicates unsuccessful initialization.

STATUS : ANY

This output shall be of a data type appropriate to express the status of the service upon the occurrence 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
INITO+, IND+ and CNF+ as described in 6.1.3.

RD 1, .[., RD n : ANY

These oufputs contain the data associated with confirm and indication primitives. The {unctio ck e
specificafjon shall define the data types and initial values of these outputs, and sh i ircassociajions with
event outputs in an event sequence diagram as described in 6.1.3.

NOTE 4 The function block type specification may define other names for thw ts.

@ ESTN
EWENT —F—{INIT INITOHB——EVENT EVENTA—aIn IO ——— EVENT
EVENT ——REQ CNF B EVENT event —a Ursg e evenT

I I g —
REQUESTER AR ANDER
BOOL — - QO - al a0 -#— soaL

AN BPARAMS STATUS —EHE FARAMS STATUS —EHB—— ANy
AHY H SDh_1 RD_1 s DA RO 1 B AHY
ANY —E—50_m SL m RD_n—&—— AHT

Key

a) for appllication-initjated i

b) for res urce-initi

NOTE 1 1 the particular services provided by instances of thg function
block typé

NOTE 2 ~,SD_n inputs and RD_1,...RD_m outputs will typically bg fixed as
some nory |nstace INT or WORD, in concrete |mp|ementat|ons of the generic function block
types illug

NOTE 3 r a fulNtextual declaration of the REQUESTER function block type.

6.1.3 Behavior of instances

The behavior of instances of service interface function blocks shall be defined in the
corresponding function block type specification. This specification can utilize the time-
sequence diagrams described in ISO/IEC 10731. When such diagrams are used, such use
shall be subject to the following rules:

a) The normal ISO/IEC 10731 semantics shall apply, that is:
e Time increases in the downward direction.

e Events which are sequentially related are linked together across or within
resources.

o If there is no specific relationship between events, in that it is impossible to
foresee which will occur first but both shall occur within a finite period of time, a
tilde (~) or similar textual notation is used.
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b) In the case where the service is represented by a single service interface function
block, the diagram shall be partitioned by a single vertical line into two fields as
illustrated in Figure 21:

e In the case where the service is provided primarily by an application-initiated
interaction, the application shall be in the left-hand field and the resource in the
right-hand field, as illustrated in Figure 21a).

e In the case where the service is provided primarily by a resource-initiated
interaction, the resource shall be in the left-hand field and the application in the
right-hand field, as illustrated in Figure 21b).

c) In the case where the service is represented by two or more service interface function
blocks, the notation of Figures 4 and 5 of ISO/IEC 10731 shall be used, as illustrated

jmCtause E-2-

d) Service primitives shall be indicated by horizontal arrows as i 31. The
name of the event representing the service primitive shall i j t to the
brrow, and means shall be provided to determine the names of ' }output
ariables representing the data associated with the primti

e) When a QI input is present in the function block typ shall be
Ised in conjunction with an event input name to in§j DT input
s TRUE upon the occurrence of the associated be used
o indicate that it is FALSE.

f) 1+" shall

f the QO
-"Ishall be
g9) pecified
Figure service
terminati dgrams to
specify er both
normal
(a)
. notnal_establishment
REGLEETER B RESCURCE RESPOMDER
INIT+ — NI+
TG+ RIT O+
normal_data_transfer
n RESCLURCE RESPORDER
REQLE
ML+
RE@+ *
[ Sm——
ChiF+
lication initiated terminati application_initisted_termination
application_intiEted_Terminaton RESCLRCE RESPOMDER
REQLUESTER RESCLIRCE
[RIT-
[MIT-
[MIT G-
T -
Key

a) Diagram for application-initiated (request/confirmation) interactions

b) Diagram for resource-initiated (indication/response) interactions

Figure 21 — Examples of time-sequence diagrams
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Table 3 — Service primitive semantics

6.2 C

Primitive Semantics
INIT+ Request for service establishment
INIT- Request for service termination
INITO+ Indication of establishment of normal service
INITO- [ 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 7
CNF - Indication of abnormal service condition /\\
IND+ Indication of normal service arrival /\ \
IND- Indication of abnormal service condjtion \ v
RSP+ Normal response by applicat@ \ \ >
RSP- Abnormal response by a@ﬂg\ \\ \

ommunication function blocks

\\B\/

6.2.1 Type specification

Commuhication function blocks previde YNute between applications anhd the
"communication mapping" functions of reseurces.as ed in 4.3; hence, they are| service
interfacg function blocks ag~described 6?%

Like oth \a communication function block may be ¢f either
basic o c oReration can be represented by a mapping of| service
primitivés to the@ti ¢ ¢ utsyevent outputs, data inputs and data outputs.
This supclause progide e Meclaration of communication function block types.
Subclayse 6.2.2/pryvi > e behavior of instances of such function block types.
Clause |E.2 ic\_comntunication function block types for unidirectiohal and

gives rules for the implementation-dependent customization of

fcation function block types shall utilize the means defined in 6.1 for
vice interface function block types, with the specialized sgmantics
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Table 4 — Variable semantics for communication function blocks

Variable

Semantics

PARAMS

This input provides parameters of the communication connection associated with the
communication function block instance. This shall include means of identifying the
communication protocol and communication connection, and may include other
parameters of the communication connection such as timing constraints, etc.

SD 1,..., SD m

These inputs represent data to be transferred along the communication connection
specified by the PARAMS input upon the occurrence of a REQ+ or RSP+ primitive, as
appropriate. ®

STATUS This output represents the status of the communication connectiopfex instance:
- Normal completion of initiation, termination, or data transfer
- Reasons for abnormal initiation, termination, or data transfer,
RD_1,..., RD_n These outputs represent data received along the communjc¢a | .con ec " s\eplfled by
the PARAMS input upon the occurrence of an IND+ or CNFx pri e, la ap opr}

NOTE [Communication function block type declarations may define cahstraint be wee .,RD n
outputs and the sSD_1, ..., SD_minputs of corresponding function b ock instanc he number
and types of the RD outputs may be constrained to match the n and es of e corresponding SD
inputg.

@ Comminication function block type declarations shall defln he number anrd type f the sD_1, , SD_m
input$ and RD_1, . ..,RD_n outputs, and may assign them the(’\?mes

6.2.2 Behavior of instances

As illusfrated in Clause E.2, the behavjorof ins 1ce of communication function blo¢k types
shall bel defined in the corresponding om i tion block type declaration, |utilizing

the means specified for s

in 6.1 with the specialized| service

primitivg semantics giveh i . ication shall include service primitive

sequenges for:

norm

Table 5 —(Sivic r

normalandabnor t and release of communication connections;

itive semantics for communication function blocks

P}i@i}we \ Semantics

Q}kw %uest for communication connection establishment

}\Q\\R > Request for communication connection release

W

INI\S\0+ Indication of communication connection establishment

Inefo- Rejection of communication connection establishment request
or indication of communication connection release

REQ+ Normal request for data transfer

REQ- Disabled request for data transfer

CNF+ Normal confirmation of data transfer

CNF - Indication of abnormal data transfer
IND+ Indication of normal data arrival

IND- Indication of abnormal data arrival
RSP+ Normal response by application to data arrival

RSP- Abnormal response by application to data arrival
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This subclause defines requirements and function block types for the management of
applications, and the behaviors of function blocks under the control of management function

blocks.

6.3.1

Requirements

Extending the functional requirements for "application management" in 8.3.2 of ISO/IEC
7498-1 to the distributed application model of this part of IEC 61499 indicates that services
for management of resources and applications in IPMCSs should be able to perform the
following functions:

a)

b)

NOTE 1
addresse
functions

NOTE 2
framewor!

NOTE 3
configura

NOTE 4
6.3.2

Figure 1
meet th

NOTE 1
managed

NOTE 2
generic S
NOTE 3
implemen|

NOTE 4
the resou

data types;

)2 iIIust
b applicatigr
In particul
resource.

This subclause only deals with item
for device management is described i

function block types and instances;

connections among function block instances.

n a resource, create, initialize, start, stop, delete, query the existence
bf, and provide notification of changes in availability and status/of:

d aftributes

EVENT T IHT 1 IHITLUH EVENT
EVENT i REQ CHNF t EVENT
I
MANAGER
BOOL =[] Qo BOOL
METRING B PARAMS STATUS —BH UINT
UINT H ChiD RESULT B—BvTE[512]

By TE[E12]—8 OBJECT

Figure 22 — Generic management function block type

utes of,

hagement
ove listed

burces. A

n system

stances

pe of the
place the
particular

meters of
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The behavior of instances and input/output semantics of management function block types
shall follow the rules given in 6.1 for service interface function block types with application-
initiated interactions, with the additional behaviors shown in Figure 23 for unsuccessful

service

initiation and requests.

unzuccessful_establizhmernt command_errar

Ml 2P AGER rESOUrce hMANAGER resource
IMIT+ REQ+
inithanagement perfarmCammand
IMITC- CHF-

NOTE A full textual specification of this function block type, including all service sequences, is given/in|Annex F.
Figure 23 — Service primitive sequences for unsucce
The mahagement operation to be executed shall be expresse MD input
of a mapagement function block according to the semantics defi
Table 6 — cMD input valueS}nd\se\
Value | Command ¥em@s
0 CREATE |Create s%eifiéq\gbj/e[!t /\ \
1 DELETE \|Del&te ngcifieg obje%\t N )\/
2 START i\tgrtsp cifted oﬁﬁct N
3 STOP Stop&ciﬁ‘a@b{ec%
4 RE}D\ \Qeaé\Qat}\frorN}eés path
S~
ITE
N 5 W Wdata to Mss path
Maw{d object unrunnable
Q y Réqge/&information on specified object
The values and ics of the sTaTus output of a management function
block shall be a i abfe 7 to express the result of performing the specified
command.
Na e 7 — STATUS output values and semantics
N\
Vme\ \ E{atus Semantics
0 RDY No errors
* BAB—PARAMS thvatd-PARAMS ptt-vatae
2 LOCAL_TERMINATION |Application-initiated termination
3 SYSTEM_TERMINATION |System-initiated termination
4 NOT_READY Manager is not able to process the command
5 UNSUPPORTED_CMD Requested command is not supported
6 UNSUPPORTED_TYPE |Requested object type is not supported
7 NO_SUCH_OBJECT Referenced object does not exist
8 INVALID_OBJECT Invalid object specification syntax
9 INVALID_OPERATION |Commanded operation is invalid for specified object
10 INVALID_STATE Commanded operation is invalid for current object state
11 OVERFLOW Previous transaction still pending
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instances are implementation-dependent.

The orJEcT input shall specify the object to be operated on according to the cmp input, and
the rEsuLT output shall contain a description of the object resulting from the operation if
The contents of these strings shall

successful.

consist of implementation-dependent

encodings of objects defined as non-terminal symbols in Annex B and referenced in Table 8.

NOTE 5 An example of XML-encoded OBJECT and RESULT strings is given in IEC 61499-3, Clause 5.

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

parameter; the value of 512 given in Figure 22 is illustrative.

Table 8 — Command syntax (
CMD OBJECT /3éS§LT(\\\
CREATE type_declaration dé%él\?bgfﬂé&g
fb_type_declaration </\\&Q:§y§§vﬁéQF \\3
fb_instance_definition fﬁ\%nstg\ﬁe }€ ce
connection definition &\\EPHhé&‘\Q?\gfa)k point
access_path_declaration cess_Yyath_name
DELETE data_type_name A\ \ ‘ﬁ / e da£3>8§pe_name
fb type A > / ( 3 N ?thypeiname
fb_instance >§\e£éQ§§\\ \\ \\\ fb/instance_reference
connection de;z;itlgﬁ\ﬁ\\ connection_definition
access_path_na Q@\\ :} access_path_name
qTART Q?:}ngt?ﬁggigéfsrghqs> . \> fb_instance reference
P\ pld a%ien_ ﬁmi\ ) application_name
ETOP L /T étenc n erénie fb_instance_reference
> Z ap}(llc\aglo&la\\@/ application_name
KILL </ EBC\QSGBQSQst/QEence fb_instance_ reference
qQUERY \\ allN\ data Lypes data_type list
//\\\ \\ ;&%_fb_types fb_type list
\\ \\§\ \\ >kgé:type_name type_declaration
\\ \\ \> fb_ type name fb_type declaration
P \\<\Yﬁ_instance_reference fb_status
\\\/) connection_start_ point connection_end _points
application_name fb_instance_list

access_path name

access_path declaration

above.

READ access_path_name accessed_data
WRITE access_path_data access_path_name
NOTE 1 See Table 6 for the integer values of the CcMD input corresponding to the commands listed

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.
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It shall be an error, resulting in a sTaTus code of INVALID OBJECT, if a CREATE command
attempts to create:

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

e a duplicate connection, or

e 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.

It shall pe—= ing— ifacr mmand
attemptp to create a functlon block instance or parameter of a type wh| 3l is notknown to the
manage
It shall _ : mmand
attempts j , i insts da 3, omnection
which is
The sen

a)

b) bctively,
bf all function block instance anaged
resource.

c) p of all
unction block instan

d) $grarT of a manay f inst; i T of all
unction block | ' ithi i e rce was
breviously stopped,~thi a issui ropriate
butput of’each\ f hnex A.
[hese eve esource
vas stopped ise.

Special

1) Whe RESULT
outp

2) Whsg or one
opp

3) Whgndhe orJgett input specifies the name of an application, the ResuLT output shall list
the Lnames—of all function blocks in the npplihnfinn contained within—the nanaged

resource.

6.3.3 Behavior of managed function blocks

Function blocks that are under the control of a management function block shall exhibit
operational behaviors equivalent to that shown in the state transition diagram of Figure 24,
subject to the following rules:

a) The capitalized transition conditions in Figure 24 refer to a value of the cMD input, as
specified in Table 6, of the management function block upon the occurrence of a
REQ+ service primitive.
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b) The command error sequence of primitives for the MmanaGer function block type shall
occur, with the indicated value of the STATUS output as defined in Table 7, under the

following conditions:

e UNSUPPORTED CMD: No state exists in Figure 24 with a transition condition for the

specified cMD value.

e INVALID STATE: The currently active state does not have a transition condition

for the specified cMD value.

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 MaANAGER instance,

i.e., the guard condition type defined is FALSE.

INVALID _OPERATION. 1€ CMD vatue 1S DELETE, and the fur
is in the STOPPED or KILLED state, but the function block j
the device or resource type specification, i.e., the guard

As descrip } 4 3 i bapplications is entirely deferred to the executi
mechanisms of their npone \ ocks and component subapplications.

htocknstance
deqdlared in

letable

is FALSE.
c) The normal command_ sequence of primitives showndor ctipn block
ype shall follow a cMD+ service primitive under all .oth value of
RDY for the STATUS output as defined in Table 7<{and\g for the
RESULT output as defined in Table 8.
d) The semantics of the actions shown in Figgre le 9 for
managed basic and service interface fungti
e) The actions described in the function
blocks of managed composite
NOTE 1 |The behaviors of function blocks tha locks are
beyond the scope of this Standard.
NOTE 2 |[Specification of the behavior of man ion-biac nder conditions of power loss and rgstoration
is beyond the scope of this Star . behavior w be specified by the manufacturer of a compliapt device,
for exampgle by reference to an qppropriate Standaxd.
NOTE 3 |Applications may R block described in Annex A to generate epents that
can be uded to trigger apprp er [oss and restoration.
NOTE 4 n control
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CREATE[ type_defired ]

IDLE

entry: initialize

START
"RESET

RLUMMING KILLED ]

do: runECC kILL: —F

entry: stopdlgopthm

) k Y
STOP

START
RESET ™

STOPPED
entry: completedlgorithn

Figure 24 — i i f a managed function block

Adtion ) < Basi fu}r\tion\b\kﬁé Service interface function blqck

Q \/\\N}i{alize all variables as defined in 5.2.2.1.

>

initjalize
Pexforv other iWn operations as Place service in the proper state to regppond
<\\§fi ed™y5.22.1. correctly to an INIT+ primitive.

N
rum:/C WEnable ogeration of the ECC state machine [ Enable invocation of service primitive by
edin%.2.2.2. events at event inputs, and generation} of
events at event outputs.

completg¢Algarithm™Allow the currently active algorithm (if any) [Allow the currently active service primiitive to
without further generation of output events. |complete.

o

stopAilgorithm Terminate the operations of the currently Terminate all operations of the service
active algorithm (if any) immediately. immediately.
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71 Principles of configuration
This clause contains rules for the configuration of industrial-process measurement and
control systems (IPMCSs) according to the following model:

a) An IPMCS consists of interconnected devices.

b) A device is an instance of a corresponding device type.

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

The co
associa
each application to the resources associated with the
following sets of rules to support this process:

Rules for the functional specification
defined in 7.2.

Rules for the configuratio
applications are defined in

ces are

ces and

7.2 Fu

7.2.1 Functional speci

the r
the in¥ta

The fun

and initialization of each of the resource

a-types and function block types that each instande of the
ble of instantiating;

, types, and initial values of any function block instanpes that
nt in each instance of the resource type;

nnections, adapter connections and event connections that arg always
ach instance of the resource type;

any access paths that are nlwnye present in each instance of the resource type.

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

— the maximum numbers of data connections, adapter connections and event connections that can exist in an
instance of the resource type;

— the time (identified as "T, 4" in Figure 7) 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, for example, whether two instances of function block type "A" may
be traded for one instance of type "B", etc.

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 part of IEC 61499 except as such
interfaces are represented by service interface function blocks.
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7.2.2 Functional specification of device types

The fun

a) the
b) the

ctional specification of a device type includes:

device type name;
instance name, data type, and initialization of each of the device parameters;

c) the instance name, type name, and initialization of each function block instance that is
always present in each instance of the device type;

d) any data connections, adapter connections and event connections that are always

pre

sent in each instance of the device type;

e) declarations of the resource instances which are present in each instance of the device

typ
1

NOTE 1
the resou

NOTE 2

degree off compliance to applicable standards,
represented by service interface function blocks.

NOTE 3

(undeclar,

control

The corffi

2) the instance name, type name, and initialization of eac

This supclause define
;ystemsce

731 C

e Each such declaration shalf contain:
) the resource instance name and type name;

that is always present in the resource instance in eachy

of the device type.

Items (2), (3) and (4) above are considered to be i
fce type specification as defined in 7.1.1.

A device type can contain a functioh block networkonly\when it is considered to consist o

theSeonfigyration of each device and its associated resources, as spe
7~3.3;

bd) resource; in such a case the devige ty no{ contaipy any declarations of resource instgnces.

7.3 Co[\figuration reguire

instance

bclared in

kind and
faces are

a single

ent and

cified in

4l £i i £ la 4 L 4 ol it HPY e I H | ry al
U Lutimrygurativulimt UT ©dUlT TICIWUITR STYITITTIU dllU Tto dooULIALlTU T1ITTARS 1U UT

resources, as specified in 7.3.4.

7.3.2 Specification of applications

The specification of an application consists of:

e its name in the form of an identifier;

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

ices or

adapter

It shall be an error if the name of an application is not unique within the scope of the system.
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7.3.3 Configuration of devices and resources
The configuration of a device consists of:

a) the instance name and type name of the device;
b) configuration-specific values for the device parameters;

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

d) 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;

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

f) the resource types supported by the device instance in additi ified for
he device type
g) the configuration of each of the resources in the devi isif of any
esource instances defined in the device type spe(ification additional
esources associated with the specific device instanee.
NOTE A]device instance can contain a function block network opty—w iti idere i f a single
(undeclarpd) resource; in such a case the declaration of the deyiCe instance ¢ rations of

resource |nstances.

It shall pe an error if the instance na e of the

system.

The corffiguration of a resource consis

1) its instance name and type na
2) {he data types and

3) the instance na e that is

bresent in
4) any data

he resource

esent in

5)

Resourd

e The ipn shall
congi ion name concatenated to the function block instance namje within
the i ith a period (».n), for example arrpi1.FB2. If subapplicatipns are
instanti imthe application, the subapplication instance name (or names, if m¢re than

one|subapplication is nested) shall be inserted in the concatenation before the regpective
function block instance name.

e lItems (2), (3), (4) and (5) above are considered to be in addition to the corresponding
elements declared in the device and resource type specifications as defined in
subclauses 7.1.2 and 7.1.1, respectively.

e Items (3) and (4) include function block instances, data connections, adapter connections
and event connections from those portions of applications allocated to the resource.

e Items (3) and (4) include communication function blocks, data connections, event
connections and adapter connections as necessary to establish and maintain the data
and event flows for any associated applications.
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e The items in Item (3) may include the mapping of function block instances in the
application to function block instances existing in the resource as a result of type
definition as described in 7.1.1.

e |t 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.

7.3.4 C

The corffiguration of a network segment consists of:

It shall be an error if the instance name of each ne
scope of the system.

The con

onfiguration of network segments and links

the instance name and type name of the segment;

figuration of a link consists of;

a "communication rg
segment to which the devic

source"
e or the
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Annex A
(normative)

Event function blocks

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 functlon block types shown in thls Annex WhICh utilize execut/on control charts are
AN

of the
parame
) for all
for all
_ ference
implementation, and to be s in the
reference implementation.
All othef function block types\gi i i service i j ypes.
NOTE Fpll textual specificati
No. | { \/\ ) Description
dn\bﬁ\rw:e ) ECC/Algorithms/Service sequences
1 /\ \ Split an event
\
ENT | \EIIH EWVENT START
oz EWENT
1 El
= EQA1
— EQZ
The occurrence of an event at ET causes the occurrence of events at EO1, EO2,...,EOn (n=2inthe
above example).
2 Merge (OR) of multiple events
EVENT EVENT
EVENT
EM 1 EI2
The occurrence of an event at any of the inputs EI1, EI2,...,EIn causes the occurrence of an event
at EO (n=2 in the above example).
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Table A.1 (continued)

3 Rendezvous of two events
EVENT EWENT R El 1
EVENT EN
EWENT ElZ

4 Permissive propagation of an event /\

EVENT

EVENT (\

AN
T 1
E

E_FEEMIT
PERMIT

pooL—&

IT)

O o

5 S%gtion\b\e\txee\n\wo evﬂﬂ{

EWENT B—EID ECQ[—EWEMNT = *ED Im
EWVENT —H El1
NOT &

:l E[4E1 1
E_SERECT
L | Ei0 —*EI0|
HOOL—E 8 & - NOT START @
6 | /\ /S\ tching (demultiplexing) an event

EVENT —H—E ECO }“‘5{1) El&s START [—EIGLHOT &)

ENY —EWEN
e SN
\ES ITEH
ot

SN

7 Delayed propagation of an event

AII CVGII‘[ at EU ;O Hcllcldtcd at =] t;lllc ;Iltclvd: DT aftcl thc oLl urt nCS
of an event at the START input. The event delay is cancelled by an
EVENT STOF occurrence of an event at the STOP input. If multiple events occur at
:| |: the START input before the occurrence of an event at EO, only a single

E DELAT event occurs at EO, at a time DT after the first event occurrence at the
ik - START input. No event delay will be initiated if an event occurs at the
TIME =0T START input with a value of DT which is not greater than t#0s.

EVENT —B—START EQ[—EWENT
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Table A.1 (continued)

Generation of restart events

E_R

EVENT cold_restart wuarm_restart
EVENT RESOURCE E_RESTART RESOURCE E_RESTART
EVENT
start restart
ESTART COLD Wil R b
stapping
RESOURCE E_RESTART
stap
| \i—b STOP

1) An
2) An
3) An

event is issued at the STOP output (if possible) prior to "stopping”

NOTE|1 See IEC 61131-3 for a discussion of "cold restart" and "w start".
9 Periodic (cyclic) genera/tio‘n‘s{\an@}k \\/
EWENT —H—START EQ—EWENT oL
EVENT RT START EO EO)
F—STOR
TIME —E E DELAY
. LT0T
An evént occurs at EO at an interval DT after the
of an ¢vent at START, and
the occurrence of an event
10 | / é&\era}m{!\oﬁgﬁ#ite train of events
L
EVENT —& s@m B— EVENT
eveENT - CTR GATE DLy
:| Cucuo El EQO START EOQ EOQ
ECTRAR >TAHT—H RO EQ1| STOF-STOF
ks AU, S N e R e
[ % E_CTU E_SWITCH E_DELAY
LN = L]
- N =P Q c] LT DT
Cw i Cwf
NOTE See table entry #18 for a definition of the E_CTU typ¢.

An ev

ent_ occurs at}e/at an interval DT after the occurrence of an event at START, and at intervals of
theredfter, until N occurrences have been generated or an event occurs at the STOP input.

DT

NOTE 2 The count CV is reset whenever an event occurs at the START interface, but the delay does not
restart unless it is already stopped. This behavior maintains the inter-EO interval when restarting the
count.
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Table A.1 (continued)

1 | Generation of a finite train of events (table driven)
EVENT —B—|START EO[—F— EVENT CTRL DLY
EVENT STOF START —INIT CLKO START EOT—ED
:| |: CLE STOF—STOF
E_TABLE :l |: :l |:
TIME@] —8—DT  CW[E——UINT E_TABLE_ETRL E_DELAY
UINT BN OT0T LToO LT
MM [SLN) ety
An event occurs at EO at an interval DT [0] after the occurrence of an event at EI. A §econd event ofccurs
at an Interval DT [1] after the first, etc., until N occurrences have been generated at the
STOP|input. The current event count is maintained at the CV output.
NOTE|3 In this example implementation, N <= 4.
NOTE|4 Implementation using the E_TABLE_ CTRL function block type ilfustr native
requuirement. Equivalent functionality may be implemented by various means.
EVBENT —HINIT CLKO[—EVENT
EVEMT CLE
E_TABLE_CTRL
T|r«1|r5[4] BT OTO—E— T
m m LkO
LM = | ] [Tl = UINT
ALGOHITHM INIT IN A GORTTAM STEP IN ST:
CvV {= o CV+1
DTO |:= vl1;
END A LGORITH E D ALGORITHM
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Table A.1 (continued)

12 Generation of a finite train of separate events (table driven)

EVENT —B—|START EO0— EVENT EVMT_GEN EVT_DM#
EVENT STOP EO1l— EvENT START-{5TART EO El EQOFEQO
02— EVENT sTaor-sTOP EQifFEDT
EO3 [— EVENT ] L E0ZmEDZ
] C E_TABLE EozfEOE

E_N_TABLE LTAeT £V 1 L

TIME[] —8—{oT NN 1E—DEMUK

WINT —8—{N K

[ |

An evént occurs at EOO at an interval DT [0] after the occurrence of an event at E
EO2 gn interval DT [1] after the occurrence of the event at EO1, etc., until N oc
generated or an event occurs at the STOP input.

mative

NOTE|5 In this example implementation, N <= 4.
NOTE| 6 Implementation using the E_DEMUX function block typ
requuirement. Equivalent functionality may be implemented by vari
EVENT —H—EI EQO—EWENT
EQ1—EWENT
EQZ—EWENT
EQZ—EWENT
E_DEMUX
LIMT 1= 10

=

5

BOOL

[RESET—RESET|ED]

(FALBEY ,upon th
value pf\Q.¢hanges.

The oytput QW (TRUE) upon the occurrence of an event at the S input, and is reset to 0
turrence of an event at the R input. An event is issued at the EO output when the

ALGORITHM SET IN ST (* Set Q *) ALGORITHM RESET IN ST
Q := TRUE ; Q := FALSE ;
END_ALGORITHM END_ALGORITHM

(* Reset Q *)
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Table A.1 (continued)

14 Event-driven bistable
EVENT —{5 EO[—§—EVENT s
EVENT —R
1L
E_RS
S — BOOL [rEseT—|resET]EO]

The output Q is set to 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 R input. An event is issued at the EO output whep the value of Q
changps.

NOTE| 7 The implementation of this function block type is identical to E_SR. the_gR. and S are
implemented for consistency with the SR and RS types of IEC 61131-3, althoug e is No (domi ce" of

eventg as there would be for level-controlled R and S inputs.

15 | D (Data latch) bistable

EWENT CLK EO EVENT

E_D_FF
pooL—Ek aFE—B0o0L

ALGORITHM LATCH IN ST : RESET
Q :=D ;
END_ALGORITHM

N
16 | éooleén\r{sirﬁ\e}ge d}ection
NS 0

sy
EVENT ElcLK Ea El  ECOD
E0FED
E_D_FF ] [
BOOL—E iy @ E_swiTCH
G

17

\ \/éoolean falling edge detection

\ \} D S
ot Btk EE*EI ECO}ED

EO1

- E_D_FF i
. QHp @ E_SWiTCH
BOdL—E<ol .

18 | Event-driven Up Counter

7

=

d

EVENT —B—CU CUoHB——EVENT
EVENT R ROTE—EVENT g Qi
1 [ R 1 cuggovesssas)
1

v [eran]
- START CUECW=65535

UINT B—ry o
Cw —E-8 UINT

m

1 MULL
ALGORITHM R IN ST: (* Reset *) ALGORITHM CU IN ST: (* Count Up *)
CvV := 0 ; CV := CV+1;
Q := 0 ; Q := (CV = PV);

END_ALGORITHM END_ALGORITHM



https://iecnorm.com/api/?name=9038ddaa6e9be8106f12751bd8f8001a

61499-1 & IEC:2005(E) — 65—

Graphical shorthand notations may be substituted for the E_ SPLIT and E_MERGE blocks
defined in Table A.1. For example, the shorthand (implicit) representation shown in Figure
A.1(b) is equivalent to the explicit representation in Figure A.1(a).

(a) (b)

1—E‘| EO1 EN Elj—
EO2 El2
| C | 1 C

E_SPLIT E_MERGE

Key
a) Explicif representation
b) Implici{ representation

NOTE Irfelevant detail is suppressed in the above figure.

Figure A.1 — Event spli

S
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Annex B
(normative)

Textual syntax

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

Semant ool tha maoonin o £ 4 bl palbimaotion o Aofia o Bt o ot
O VVIIIUII OPU\;II‘Y I.IIG IIIUGIIIII&O vl ure OyIIIUUI UUIIIIJIIIGLIUIIO UCTITTG, A>3 Oyl Lax.

A syntak is defined by a set of terminal symbols to be utilized for progfam specificatign; a set
of non-terminal symbols defined in terms of the terminal symbol duction
rules specifying those definitions.

C 61499

The terminal symbols for textual specifications of entities f
le 1 — Rgw 00 of

consist of combinations of the characters in the "ISO-646
ISO/IEQ 10646.

For thg purposes of this part of IEC 61499, of the
approprjate character string enclosed in pa|re Imple, a
terminal symbol represented by the ¢ 13 ithgr "aBc™
or 'ABC/.

This allows the representation of styi either single or double qudtes; for
instancg, a terminal symbol consisting(of t S bg itself would be represented by '
A specifl terminal symbo{ utif i i is the "null string", that is, a string containing
no chargcters. This is fepre ¢

Non-terminal textual s . d by strings of lower-case letters, numbers, and
the underline QR i . For instance, the| strings
nonterml and now vahd nopterminal symbols, while the strings 3nont4drm and

_nonter

The prg s—part of IEC 61499 form an extended grammar inh which

each ru

non\terminal_ symbol ::= extended_structure

This rulg

"A non |t€rminal symbol can consist of an extended structure."

Extended structures can be constructed according to the following rules:
a) The null string, NIL, is an extended structure.
b) A terminal symbol is an extended structure.
c) A non-terminal symbol is an extended structure.

d) If s is an extended structure, then the following expressions are also extended
structures:

e (S), meaning s itself.
e {s}, closure, meaning zero or more concatenations of s.

e [S], option, meaning zero or one occurrence of s.
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e) If s1 and s2 are extended structures, then the following expressions are extended

structures:
e S1 | s2, alternation, meaning a choice of S1 or s2.

e S1 S2, concatenation, meaning S1 followed by s2.

f) Concatenation precedes alternation, that is, s1 | S2 S$3 is equivalent to

S1 | (s2 s3),and s1 s2 | s3isequivalentto (s1 s2) | s3.

Semantics are defined in this Specification by appropriate natural language text, accompany-
ing the production rules, which references the descriptions provided in the appropriate
clauses. Standard options available to the user and vendor are specified in these semantics.

In somd cases it is more convenient to embed semantic information in an/ extended’s{ructure.

In such cases, this information is delimited by paired angle
<semantic informations.

B.2 FKunction block and subapplication type specifica

B.2.1 Function block type specification

The syntax defined in this subclause can be used
block types according to the rules given in Clau

SYNTAK:

fb typ¢ declaration ::=
"FUNCTION BLOCK' fb_ type nane
Fb_interface_lig

[plug list]
[socket 14

fb:alggrl
(fb servi

event 1nplit list ::=
1

xample,

function

B ENF—ENPYTL
{event input declaration}
'END_EVENT'

event output list ::=
'EVENT_OUTPUT'
{event output declaration}

'END_EVENT'
event input declaration ::= event input name [ ':' event type ]
['"WITH' input variable name {',' input variable name}] ';'
event output_declaration ::= event output name [ ':' event type ]

['"WITH' output variable name {',' output variable name}] ';'
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input variable list ::=
'"VAR INPUT' {input var declaration ';'} 'END VAR

output_ variable list ::=
'"VAR_OUTPUT' {output var declaration ';'} 'END VAR'

fb_internal variable_ list ::=
'"VAR' {internal var declaration ';'} 'END VAR

input_var_declaration ::=
input variable name {',' input variable name} ':' var_ spec_init

output_ var declaration ::=
ouytput variable name {',' output variable name; ':'

internal var declaration ::=
internal variable name {',' internal variable name}
;' var_spec_init

var_spgc_init ::= located var_spec_init <as specifi

fb _insfance list ::= 'FBS'
{flo_instance definition ';'}
'HND_FBS'

fb_instance_definition ::= name [parameterfl

plug 1list ::= 'PLUGS'
{dlug name ':' adapter type/name 3 PR
"END_PLUGS

socket |list ::= 'SOCKE
{docket name
"HND SOCKETS'

fb_connectioné::;t
[gvent conk JAx

[data conn
[4]

rameters] ';'}

.g. for basic FB»>

event

event
(( _name '.' event output_ name)
| (plug name '.' event input name))
'TO' ((fb_instance name '.' event input name)
| (plug name '.' event_ output_name)) ';'
| event input name 'TO'
((fb_instance name '.' event input name)
| (plug name '.' event output name)) ';'
| ((fb_instance name '.' event output name)
| (plug name '.' event_ input name))

'TO' event output name ';'

data_conn_list ::=
'DATA CONNECTIONS'

{data_ conn}
'END_CONNECTIONS'
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data conn ::=

( fb_instance name '.' output variable name
| plug name '.' input variable name
| input_variable name)
'"TO' ((fb_instance name '.' input variable name)
| (plug name '.' output variable name)) ';'
| ((fb_instance name '.' output variable name)
| (plug name '.' input variable name))

'"TO' output variable name ';'

adapter conn list ::=
'ADAPTER_CONNECTIONS'
{adapter_ conn}
'END_CONNECTIONS'

adapter conn ::=
((|fb_instance name '.' plug name ) | socket name)
'"Io' ((fb_instance name '.' socket name ) | plug na

fb ecc|declaration ::=
'HC_STATES'
ec_state} <first state is initial state>
'"EIND STATES'
'"EC_TRANSITIONS'
ec_transition}
'"EIND TRANSITIONS'

ec_state ::= ec_state_name
[':' ec_action {',' ec_actiqn}

ec_actjon ::= algorithm name |
| [algorithm name '->' event|ou

ec_trapsition
ed state_name
'TII0O" ec_state

bnput name

AND' )
d condition ')')

guard ¢ofidition ™ = expression
<as defined in IEC 61131-3>

<Shall evaluate to a BOOL wvalue>

fb_algorithm_declaration ::=
'"ALGORITHM' algorithm_name 'IN' language_type ':'
algorithm body
'END_ALGORITHM'

algorithm body ::= <as defined in compliant standardss>

fb service declaration ::=
'"SERVICE' service_interface name '/' service_interface_name
{service sequence}
'END_SERVICE'
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service interface name ::= fb type name | 'RESOURCE'

service sequence ::=
'SEQUENCE' sequence_name
{service transaction ';'}
'END_SEQUENCE'

service_transaction ::=
[input service primitive] '->' output service primitive
'->' output service primitive}

input_service_primitive ::= service_interface_name '.'
([plug name '.'] event input name
| socket name '.' event output name)
=1
"(|" [input_variable name {',' input variable name}] ')
output |service primitive ::= service_ interface name '.' L'
([lplug name '.'] event output name
| socket name '.' event_ input name)
[|+| | |_|]
"(|" [output variable name {',' output_variab
algorifthm name ::= identifier
ec_stafe name ::= identifier
event J1nput name ::= identifie
event ¢utput name ::= identifier
event fype ::= identifA

fb_insftance name
fb typs
input 3
internas

languad
4

output |

plug ng

sequence_name ::= identifier
socket _name ::= 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 5.

The productions given in B.2.1 also apply to this subclause.
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SYNTAX:

subapplication type declaration ::=
' SUBAPPLICATION' subapp type name
subapp_ interface list
[fb _instance list]
[subapp instance_ list]
[plug list]
[socket list]
[subapp connection list]
'END_SUBAPPLICATION'

subapp interface list ::=

[subapp_event input list]

[subapp event output list]

[input variable list]

[qutput variable list]

suybapp event input list ::=

'HVENT INPUT'
subapp_event input declaration}
'"EIND_EVENT'

subapp |event output list ::=

'HVENT_ OUTPUT'
subapp_event output declaration}
'"HND_ EVENT'

subapp |event input declaration ¢
evlent _input name [ ':' evenk

subapp |event output_ declaration
evlent output name [ ':'

subapp |instance list
{dubapp_ instank
'EIND_SUBAPPS'

subapp“instanéé:;%

_instance_name ':' subapp_type_namg
subapp | connect ¥o
[
[
[4]
4
subapp
' 15
'H
subapp_event_conn ::=
(fb_subapp _name '.' event_ output_name
'TO' fb_subapp name '.' event input name ';')
| (event input name 'TO' fb_subapp name '.' event input name ';')
| (fb_subapp name '.' event output name 'TO' event output name ';')
fb_subapp name ::= fb_instance name | subapp_ instance name

subapp data conn list ::=
'DATA CONNECTIONS'

{subapp data_ conn}
'END_CONNECTIONS'
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subapp data conn ::=

((( fb_subapp name '.' output variable name )

| input variable name )

'TO' fb_subapp_name '.' input_variable_name ';')
| ((fb_subapp name '.' output variable name)

'TO' output variable name ';')
subapp type name ::= identifier

subapp instance name ::= identifier

B.3 Configuration elements

esource

The syntax defined in this subclause can be used for the textual sp
i given in

types, device types, applications, and system configurations accor
Clause J.

The productions given in Clause B.2 also apply to this subclau

SYNTAK:

applicgtion configuration ::=

'"APPLICATION' application name
(fb _instance list]
[subapp_ instance list]
[subapp connection list]
'"EIND APPLICATION'

system|configuration
{lapplication co
device configura
{lJdevice confipgurat
[[mappings]

|

|

H

segments
links]
ND_SYST

segment najne ':' segment type name [parameters] ';'

links {:=('LI
UYink
{1k}
'END_LINKS'
link ::= resource_ hierarchy '=>' segment name [parameters] ';'
parameters ::= ' (' parameter {',' parameter} ')'
parameter ::= parameter name ':='
(constant | enumerated_value | array_initialization |

structure_ initialization) ';'
<as defined in IEC 61131-3>
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device configuration ::=
'DEVICE' device name ':' device type name [parameters]
[resource type list]
{resource configuration}
[fb _instance 1list]
[devtype connection list]
'END_DEVICE'

resource_type list ::= 'RESOURCE TYPES'
{resource type name ';'}
'END_RESOURCE_TYPES'

resource_ configuration ::=
'RESOURCE' resource_ instance name ':' resource_ type name jpgfameters]

fo_type_Iisti

(fb_instance list]

[config connection list]

[access paths]

'"END RESOURCE'

fb_typ¢ list ::= 'FB_TYPES' {fb type name ';'}

config|connection list ::=
[Jonfig event conn list]
[donfig data_conn_list]
[donfig adapter conn list]

config|event_conn_list ::=
config _event conn}
'"EIND CONNECTIONS'

config|event conn ::=
TO' fb_instancg

config|data conn 1j
config data
"HND_CONNECTLIO

config|data conn

[P
I

config|adapte ::= fb_instance name '.' plug name
"o/, Eb in ce name '.' socket name ';'
access_paths ::= 'VAR_ACCESS'
access _path declaration {access path declaration}
'END_VAR'

access path declaration ::=
access _path name ':' access path [access direction] ';'

access path ::=
fb_instance reference {'.' fb_instance name} '.' symbolic_variable
<symbolic variable is defined in IEC 61131-3, B.1l.4>

fb instance reference ::= [app hierarchy name] fb instance name
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app_hierarchy name := application name '.'{subapp instance name '.'}

access direction ::= 'READ ONLY' | 'READ WRITE'
<default is READ ONLY>
<READ WRITE only applies to unconnected input variables or internal
variabless>

device type specification ::=

'DEVICE_TYPE' device type name
[input_variable_ list]
[resource type list] <if not given, defined by resource instances>
{resource instance}
[fb_instance list]
[devtype connection list]
[devType_access_patns]

'"EIND DEVICE TYPE'

devtyp¢ connection list ::=
[donfig event conn list]
[devtype data conn list]
[donfig adapter conn list]

devtyp¢ data conn list ::=

'DATA_ CONNECTIONS'
devtype data_ conn}
'"EIND CONNECTIONS'

devtyp¢ data conn ::=
(flo_instance name '.' outpu
| input_variable name
TO' fb_instance_name '.'

devtyp¢ access_paths
{devtype access_
'"END_VAR'

devtypg¢ acces
adcess_p

devtyp¢ access DR
| instan&e_n
ymbo 14

[access direction] ';'

b ipstance name] '.' symbolic variable
defined in IEC 61131-3, B.1l.4>

'R RCE our§e_instance_name ':' resource_type_name

resource_type specification ::= 'RESOURCE TYPE' resource_ type name
[input variable list]
[fb_type list] <if not given, defined by function block instances>
[fb_instance list]
devtype connection list
[devtype access_paths]
'END_RESOURCE_TYPE'

mappings ::= 'MAPPINGS' mapping {mapping} 'END MAPPINGS'
mapping ::= fb instance reference 'ON' fb resource reference ';'

fb resource reference = resource hierarchy ['.' fb instance name]
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resource_hierarchy

segment_ name

segment type name

parameter name

system_name

= identifier

device_name: :

device name

— 75—

[I‘I

resource_instance name]

identifier

identifier

identifier

identifier

device|type name::

applicgtion name

resour¢e instance_name::

resourd¢e_type_name::

access |path name

B.4 Common elements

Where
syntacti

apply.

B.5

The sy
SYNTA
data_tj

connect
cg

connect

identifier

identifier

identifier

identifier

identifier

.'

symbols in this Ann
en in Annex B of IEC 61131

{data_type name ';'} 'END DATA TYPES'

' ' connection_end point

fb _instance reference '.' attachment point

connectIon _end_points
connection end point

connection end point

attachment point iden

access_path data acce

accessed data

data_ element constant

{",'" connection_end point}
fb _instance reference '.' attachment point
tifier

ss_path name ':' accessed_data

data_element {',' data_element}

| enumerated value | structure initialization

| array initialization

all data_ types

'ALL DATA TYPES'

ex, the
-3 shall


https://iecnorm.com/api/?name=9038ddaa6e9be8106f12751bd8f8001a

—76 - 61499-1 A& IEC:2005(E)
all fb types ::= 'ALL FB TYPES'

fb_status ::= 'IDLE' | 'RUNNING' | 'STOPPED' "KILLED'

B.6 Tagged data types

SYNTAX:
tagged type declaration ::=
'TYPE'
asnl tag type declaration ';'
{asnl tag type declaration ';'}
'HND_TYPE'
asnl_tgg ::= '[' ['APPLICATION' | 'PRIVATE'] (integer |
SEMANTICS

These productions shall be used for the assignment of ta
derived| data types defined as specified in this A X xE. As defined in
ISO/IEQ 8824-1, the class tags APPLICATION and PR d except for types to
be used only in context-specific tagging.

B.7 Adapter interface types

SYNTAK:

adapter type declaratdon\:

'"ADAPTER' adapter \typ
fb_interface_1
'HND_ ADAPTER'

adapter type n

SEMAN[TICS: See
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Annex C
(informative)

Object models

Model notation

This Annex presents object models for some of the classes which may be used in

Englneermg Support Systems (ESS) to support the deS|gn

and ops

..........

|mplementat|on commissioning

structed

accordi

The no ereBces to
extensi niform
Resourge Locator (URL) http://www.omg.org/uml/.

C.2 ESS Models

C.21 General

Figure .1 presents an overview of the\xma@ &~ESS (Engineering [Support
System) for an industrial-process measu : system (IPMCS), and their
corresppndence to the classes of obje in th Descriptions of the classes in Figure
C.1 arelgiven in Table C.1.

(x\ ibraryEleM
Iqular.%qn 1. 1 supplisr/Sting| 0" 1..| Repositary
T &hersion ; Shing
Q 1
1.°
- 1 {:L
o 0."
Tool

E ditar Systembd anager

I

T

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 Annex B, or the XML syntax defined
in [IEC 61499-2. 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.2.3) as a key attribute.

Repository Instances of this class provide persistent storage and retrieval of library elements. They may
also provide version control services.
SystemNlanager | Instances of this class provide the functions necessary to support the/INSTALL and
OPERATE use cases. /4 \
Tester This class extends the capabilities of the SystemManager clas uppoxt theroperations of
the TEST use case.
Tolol

C.2.2 Library elements

The subclasses of LibraryElement are shown in

Annex B corresponding to each subclass is Iis;a@

This class models the generic behaviors of software toolsé(fr\en{h\ger gﬁQpc}th}P'VICSs.

tactic production in

m%q[) eu:Matiu:un

N

SubapplicationT ypeleclaration \> AdapterT ypeleclaration

Da‘(qu&D laratior \A{ﬁ:urar_l,lEIement SystemConfiguration

N

\%ﬂb‘{:\ﬂ}fs@%la'a“m DeviceT ypeleclaration
AN

Figure C.2 - Library elements

Tabl -
Class Syntactic production
DataTypeDeclaration type_declaration
FBTypeDeclaration fb_type_declaration
AdapterTypeDeclaration adapter_type_declaration
SubapplicationTypeDeclaration subapp_type_declaration
ResourceTypeDeclaration resource_type_specification
DeviceTypeDeclaration device_type_specification
SystemConfiguration system_configuration
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c.2.3 Declarations

Figure C.3 shows the class hierarchy of declarations which may be manipulated by software
tools. The syntactic productions in Annex B corresponding to each of these subclasses are
listed in Table C.3.

Declaration
| MamedDeclaration ConnectionD eclaration
I | ’
DataConnectionD eclaration EventConnectionD eclaration \D\evi\a@EMgura W
AN Z
o N\

NN
| | A YRS P

EventDeclaration AlgarithrnD eclaration ij{aryEIemEt hesuurceliunfiguratiu
(= O

DataTy Deﬂb@t\bq BTyﬁ\e[Qacl.;[,a{inn
—~
EventlnputDeclaration Z

g‘f \> L5

E ventDutputDecIaratinn( \{arigﬁéﬁo@@ur% FBInstancel eclaration
1
N

—

N

(W\gz%\

nput\fariableMyﬁﬁs@ 9 Dutp\lﬁ-"ariéb@D e@aratiun |nternalyariablel eclaration
AN VA

igure C.3 — Declarations

PaN
\ ble C.3- Syntactic productions for declarations

AN \ Class Syntactic production
el%orithmDeclaration fb_algorithm_declaration
DataConnectionDeclaration data_conn
DeviceConfiguration device_configuration
EventConnectionDeclaration event_conn
EventinputDeclaration event_input_declaration
EventOutputDeclaration event_output_declaration
FBInstanceDeclaration fb_instance_definition
InputVariableDeclaration input_var_declaration
InternalVariableDeclaration internal_var_declaration
OutputVariableDeclaration output_var_declaration
ResourceConfiguration resource_instance
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Function block network declarations

Figure C.4 shows the relationships among the elements of function block network
declarations. See C.2.3 for definitions of the aggregated classes in this diagram.

FBMetwarkDeclaration

/ ¢ \
0.* ! 0.7

D ataConnectionD eclaration EventConnectionDeclaration

C.2.5

Figure

Syntact
InputVa
compon
product
corresp

NOTE 1
contain n

NOTE 2
names or

Function block type declarations

C.5 shows the relationships among the\ele
¢ productions for the classes

iableDeclaration, i
nt classes of :
ons fb _ecc 5 rvice declaration in Claugpe B.2

Declarati b icadi a epfed by instances of the class BasicFBTypeDeclaration which

event WITH da

instance néames.

1.7
FBInstancel eclaration

e - - - -

FBTppeleclaration

tw Sc rations

s of function block type declgrations.
laration, EventOutputDec|aration,
hternalVariableDeclaration, @and the
given in Table C.3. The 9gyntactic

Figure C.4 — Function blo

ct\stperclass of declarations which have names, for exanyple, type
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Figure C.6 — IPMCS overview
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Table C.4 — IPMCS classes
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IPMCS class Description Corresponding ESS
class

DataType An instance of this class is a data type. DataTypeDeclaration

Device An instance of this class represents a device. DeviceConfiguration

FBlInstance

An instance of this class is a function block instance.

FBlInstanceDeclaration

FBManager An instance of this class provides the management SystemManager
services defined in Clause 6.
FBType An instance of this class is a function block type. FBTypeDeclaration
Managpd€omnmectionm ] TTCcE gotmectionDeglaration
of the FBManager class using the source and destination ,(
combination as a unique key. &N
ManpgedObject This is the abstract superclass of objects which are one
managed by an instance of the FBManager class. Suc
objects may have supplier (vendor, programmer/etc:
and version (version number, date, etc.) attributas to
assist in management. R B
NamedObject This is the abstract superclass of objects whi N \@medDeclaration
accessed by name by an instance of/the FBManager
class. /\
Resource An instance of this class repre?s’h\t a ResourceConfiguration
System An instance of tht s r re ndu trial SystemConfidguration
Process Measure ent ontr Syst (IPMC
Figure C.7 shows the rel am ng%le nts of a function block instancq and its

associa
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Annex D
(informative)

Relationship to IEC 61131-3

D.1 General

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 5. Clause D.2 defines rules for

the conversion of IEC 61131-3 functions and function block types into simple function block
types so _that thpy can be used in the Qppr‘ifir‘afinn of npplir'nﬁnne and—~~esaource types_

Clause
the sa

D.2 °

As illus

“simple’
a)
b)
c)
d)

.3 defines event-driven versions of IEC 61131-3 functions a functien blpcks for
e uses.

Simple" function blocks

rated in Figure D.1, IEC 61131-3 functions and f erted to

function blocks according to the following rules:

Simple function blocks are represented cks for

hpplication-initiated interactions as show

[he type name of the simpd i ‘ nverted

EC 61131-3 function or function ; with the prefix B (for ipstance,

FB_ADD INT in Figure D.1).

he input and output variables an ame as

he corresponding if C elak: ction or

unction block typs

[he INIT event\| n block

ypes that have are not
51131-3

ised wi@v
functions.

EVENT REQ  CNF EVENT
FE_ADD_INT
BOOL—F—a oo HE—BooL
INT BIN1 STATUS HH—UINT
INT BNz auT & INT

NOTE Alcomplete textual declaration of this function block type is gi\/nn in Annex F

Figure D.1 — Example of a “simple” function block type

The behavior of instances of simple function block types is according to the following rules:

1)

2)

3)

Initialization is as specified in 2.4.2 of IEC 61131-3 for variables, and as specified in
2.6 of IEC 61131-3 for Sequential Function Chart (SFC) elements.

The occurrence of an INIT+ service primitive is equivalent to "cold restart"
initialization as defined in the above mentioned subclauses of IEC 61131-3, followed
by an INITO+ service 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).
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4) 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

t

he language in which the algorithm is programmed.

5) Successful execution of the algorithm in response to a REQ+ primitive results in a
CNF+ primitive with a STATUS value of zero (0).

6) 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.

Table D.1 — Semantics of STATUS values

D.3 Event-driven

IEC 611
systems

a)

b)

NOTE If|"

sequence

Value Semantics
U Normar operation {
1 INIT- or REQ- propagation {\\ N\
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 & \ \ X
6 Invalid character position specified S \
7 Result exceeds maximum string Ien/g\th( R \/
8 Simultaneously true,pmkpriorit)'z@ t@r}{ti%s i(w\é\sele\@on divergence
9 Action control conter%iQn éﬁ{r\ \ \ ~ )
10 Return from function w/it.%ut vékj\e\\ssig}e\d
1" Iteration fails to termiﬁate (\

ion blocks
31-3 fu «@v € 3 ; function blocks for efficient use in even
accordingg . i ause D.2 with the following modifications:

fon with the additional prefix E_, for example, E_a

/e does not follow execution of the algorithm unle
anged value of the function output.

In gen
should

ral, since 61131-3 function blocks have internal state information, such

t-driven

e of the
DD INT.

5s such

outputs to REQ inputs is used to implement a sequence of calculations], then the

blocks

e Qpnr\ially converted for use in event-driven qufpmq For instance the

E DELAY

function block shown in Table A.1 can be used for many of the delay functions provided by
the timer function blocks in IEC 61131-3. An example of a conversion of the standard

IEC 611

31-3 cTu function block is given as Feature 18 of Table A.1.

D.4 Compliance with IEC 61131-3

Implementations of this Specification shall comply with the requirements of 1.5.1, 2.1, 2.2,
2.3 and 2.4 and the associated elements of Annex B of IEC 61131-3, for the syntax and
semantics of textual representation of common elements, with the exceptions and extensions
noted below.
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Where syntactic productions are not given for non-terminal symbols in Annex B of this part of
IEC 61499, the corresponding syntactic productions given in Annex B of IEC 61131-3 shall

apply.

D.5 Exceptions

Implementations of this Specification shall not utilize the directly represented variable
notation defined in 2.4.1.1 of IEC 61131-3 and related features in other subclauses. However,
a literal of STRING or WSTRING type, containing a string whose syntax and semantics
correspond to the directly represented variable notation, may be used as a parameter of a
service interface function block which provides access to the corresponding variable.

@%
;
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Annex E
(informative)

Information exchange

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.

E.1 Use of application layer facilities

Subclayse 7.1.3.2 of ISO/IEC 7498-1 identifies a number of facilities prayvi ication-
entities|(i.e., entities in the application layer) to enable application-groces change
information. To provide these facilities, the application-entities us { 3 ols and
presentgtion services. These facilities are provided by the commu 9 nction
of resodrces. This Clause discusses the ways in which communic [ ks may

use thesge facilities, when provided by appropriate application-e

NOTE 1 |See ISO/IEC 7498-1 for definitions of terms used in this Clause™ut no i i C 61499.

NOTE 2 |A resource is an "application-process" as defined in IS@

|I-process
mplement

NOTE 3 |Many of the facilities listed below are not provided (b
measurement and control systems (IPMCSs). In this case( the\cor
equivalenft facilities to provide the required seryiCes.

NOTE 4 |In particular, presentation services are often ot pravided\by IPMCS application-entities. Thgrefore, in

order to facilitate implementation of these servi FC 61499
defines trpnsfer syntaxes for both information tra

atign “af
function blocks utilize th ran ities provided by application-enttities to
provide|the synchronizatio CNF, IND, and RSP eventq and to

transfer|the data repr ssand RD outputs.

0) infofmation transfer,c ating applications: Commulnication

a) identjfication ions partners, b) determination of the ac¢eptable

quality of service, ponsibility for error recovery, e) agreement on |security
aspects i ntax: These facilities may be used during|service
initializg IT and INITO events, using elements of the PARAMS
data str

f) selec C g of dialog: These facilities may be used by the specific functign block
types , SUBSCRIBER to assure that it is interacting properly] with a

PUBLIS

NOTE Thgqidmbering above corresponds top that of ISO/IEC 7498-1, subclause 7.1.3.2.

E.2 Communication function block types

E.2.1 General

This subclause defines generic communication function block types for unidirectional and
bidirectional transactions. Implementation-dependent customizations of these types should
adhere to the following rules:

a) The implementation shall specify the data types and semantics of values of the data
inputs and data outputs of each such function block type.
b) The implementation shall specify the treatment of abnormal data transfer.

c) 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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E.2.2 Function blocks for unidirectional transactions

Figures E.1 to E.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 puBLIsHE and one or more instances of
SUBSCRIBE type.

NOTE 1
NOTE 2 The data types and semantics of the PARAMS input and STATUS output are implementation-dependent.

Full textual specifications of these function block types are not given in Annex F.

NOTE 3 The number (m) and types of the received data RD_1,
the transmitted data SD_1, ,SD_m.

,RD_m correspond to the number and types of

NOTE 4 The means by which communication connections are set up are beyond the scope of this part of

IEC 61499
NOTE 5 |Data transfer may be required in order to determine whether onstfaints on
RD 1, ,RD_m are met per Note 3.
NOTE 6 [The transfer syntaxes defined in E.3 may be used to make the determinafion
NOTE 7 |Treatment of abnormal data transfer is impIementation-dependent.<\
EVWEMT BINIT INITO EWEMT EWENT L"‘K T
EWVENT —H REQ CHF BH—EVvENT EWENT SN 7 F EVENT
FUBLISH
BOOL B0 Qo - Baol
A B PARAMS STATUS STATUS B AN
'k B =1 RL_1 H AN
' = S0_m RD_m = Al
rectional transactions
no
FUBLIEH
IHIT+ — s4ablishment sJbscriber rejected_establishment
INITO+ SUBSCRIBE FUBLISH SUBSCRIBE
INIT+
INITO-
ion establishment for unidirectional transactions
narmal_data_transfer
F'LJEELISH SUBSCRIBE
REQ+
MO+
CHNF+
RSP+

Figure E.3 — Normal unidirectional data transfer
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publisher_initiated_disconnect subscriber_initiated_disconnect
FUBLISH SUBSCRIBE FUBLISH SUBSCRIBE
IMIT- INIT-
INITO- INITO-
INITO-
system_publisher_disconnect system_subscriber_dizconnect
PuBLIsH | | susscriee FUBLISH | | SUBSCRIBE
INITO- | #—> o
INITO- <\
Figure E.4 — Connection release in unidirectio aha%r nsfer
E.2.3 Function blocks for bidirectional transactions
Figures|E.5 through E.8 provide type declarations arid se function
blocks which provide bidirectional transactions Such a
connecfion consists of one instance of & b
NOTE 1 |Full textual specifications of these fu
NOTE 2 |The data types and semantics of the BAR endent.
NOTE 3 |The number (m) and types of the recgived i types of
the transrpitted data sp_1, ...
NOTE 4 |The number (n) and types i types of
the transrpitted data sD_1, n. .
NOTE 5 |Data transfer ay 0 determine whether the required constfaints on
RD_1, .. . ¢ 3 of Figure E.5.
NOTE 6 Bbove.
NOTE 7

,RD_m an CING - 8
The trans n s defined in &lause\E.3 ' may be used to make the determination described
Treatmento<f\nor al is Mmplementation-dependent.

B IF(T

EVENT N T O e EVENT EWENT g{INIT INTO R EVENT
ENT B C{RECN © B—EVENT EVENT —F——RSF  IND—— EVENT
\\‘ 1 [
\\ IENT SERVER
By =g ] QO HBHE—EBOOL  BOOL—E—al Q0 E— 0oL
ETRIN j} b STATUSBHE—STRING  STRING —[—BHID STATUS —EHE—STRING
AN #—=0_1 RD_1—F ANY  ANY #—s0 1 RD_1 —F ANY
ANT H——50_m RD_n—®© ANT  ANT s — T =T gy s ENT

Figure E.5 — Type specifications for bidirectional transactions
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