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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS -

Part 3: Programming languages

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical /and etectronic fields. To
this end and in addition to other activities, the IEC publishes International Standa

entrusted to technical committees; any IEC National Committee interested in ¢he 'su eqlt with may
participate in this preparatory work. International, governmental and non-gove e

with the IEC also participate in this preparation. The IEC collaborates\closel ith Inteynational
Organization for Standardization (ISO) in accordance with conditions detexming 3 e hetween the

two organizations.

2) The formal decisions or agreements of the IEC on technical majte
international consensus of opinion on the relevant subjects since eé st mmltt has representatlon
from all interested National Committees.

of standards, technical specifications, technical reports or guides
Committees in that sense.

4) In order to promote international unificatig
Standards transparently to the maximum
divergence between the |IEC Standard andt
indicated in the latter.

The text of this st based dn\the following documents:

FDIS Report on voting
B5E/456/FDIS 65B/465/RVD

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

This second edition of IEC 61131-3 cancels and replaces the first edition, published in 1993,
and constitutes a technical revision.

This International Standard has been reproduced without significant modification to its original
contents or drafting.

The committee has decided that the contents of this publication will remain unchanged until
2007. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.
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PROGRAMMABLE CONTROLLERS -

Part 3: Programming languages

1 General

1.1 Scope

This part of IEC 61131 specifies syntax and semantics of programming language
controllers as defined in part 1 of IEC 61131.

or programmable

The functions of program entry, testing, monitoring, operating system, ete
IEC 61131.

1.2 Normative references

jon of this document.
ences, the latest edition

1.3 Definitions

For the purposes of this part of IEC 61131, the following definitions apply. Definitions applying to all
parts of IEC 61131 are given in part 1.
NOTE 1 Terms defined in this subclause are italicized where they appear in the bodies of definitions.

NOTE 2 The notation “(ISO)” following a definition indicates that the definition is taken from the
ISO/AFNOR Dictionary of computer science.

NOTE 3 The ISO/AFNOR Dictionary of computer science and the IEC 60050 should be consulted for
terms not defined in this standard.
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1.3.1 absolute time: the combination of time of day and date information.

1.3.2 access path: the association of a symbolic name with a variable for the purpose of open
communication.

1.3.3 action: Boolean variable, or a collection of operations to be performed, together with an
associated control structure, as specified in 2.6.4.

1.3.4 action block: graphical language element which utilizes a Boolean input variable to determine
the value of a Boolean output variable or the enabling condition for an action, according to a
predetermined control structure as defined in 2.6.4.5.

1.3.5 aggregate: structured collection of data objects forming a data type. (ISP

1.3.6 argument: synonymous with input variable, output variable or in-o

1.3.7 array: aggregate that consists of data objects, with identical 4
uniquely referenced by subscripting. (ISO)

1.3.8 assignment: mechanism to give a value to a variable

1.3.10
inputs.

1.3.11

1.3.12 body: that portion Of

1.3.13 call: language co
1.3.14 characte@ 18

language~equivalent\Oran intermediate form.

1.3.17 configuration: language element corresponding to a programmable controller system as
defined in IEC 611314’

1.3.18 counter function block: function block which accumulates a value for the number of changes
sensed at one or more specified inputs.

1.3.19 data type: set of values together with a set of permitted operations. (ISO)

1.3.20 date and time: the date within the year and the time of day represented as a single language
element.

1.3.21 declaration: the mechanism for establishing the definition of a language element. A

declaration normally involves attaching an identifier to the language element, and allocating attributes
such as data types and algorithms to it.
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1.3.22 delimiter: character or combination of characters used to separate program language
elements.

1.3.23 direct representation: means of representing a variable in a programmable controller
program from which a manufacturer-specified correspondence to a physical or logical location may be
determined directly.

1.3.24 double word: data element containing 32 bits.

1.3.25 evaluation: the process of establishing a value for an expression or a function, or for the
outputs of a network or function block, during program execution.

1.3.26 execution control element: A /anguage element which controls
execution.

ow of program

1.3.27 falling edge: the change from 1 to 0 of a Boolean variable.

1.3.31 function block diag :
represented functions (proceduxes), varr

1.3.32 generic
2.3.2.

1.3.35 hierarchical s e§sing: the direct representation of a data element as a member of a
physical or logicakhi hy, for example, a point within a module which is contained in a rack, which
in turn is contained ind cubicle, etc.

1.3.36 identifier: combination of letters, numbers, and underline characters, as specified in 2.1.2,
which begins with a letter or underline and which names a language element.

1.3.37 in-out variable: variable that is declared in a VAR_IN_OUT. . .END_VAR block.
1.3.38 initial value: the value assigned to a variable at system start-up.

1.3.39 input variable (input): variable which is used to supply an argument to a program
organization unit.
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1.3.40 instance: individual, named copy of the data structure associated with a function block type or
program type, which persists from one invocation of the associated operations to the next.

1.3.41 instance name: identifier associated with a specific instance.
1.3.42 instantiation: the creation of an instance.

1.3.43 integer literal: literal which directly represents a value of type SINT, INT, DINT, LINT, BOOL,
BYTE, WORD, DWORD, or LWORD, as defined in 2.3.1.

1.3.44 invocation: the process of initiating the execution of the operations specified in a program
organization unit.

1.3.45 keyword: lexical unit that characterizes a language element, for example

including an identifier.

1.3.47 language element: any item identified by a symbol o
in the formal specification given in annex B of this standard.

and memory.

1.3.51 long real: real nus

edge of a Boolean input by a specified duration.
1.3.57 operand: language element on which an operation is performed.
1.3.58 operator: symbol that represents the action to be performed in an operation.

1.3.59 output variable (output): variable which is used to return the result(s) of the evaluation of a
program organization unit.

1.3.60 overloaded: with respect to an operation or function, capable of operating on data of different
types, as specified in 2.5.1.4.

1.3.61 power flow: the symbolic flow of electrical power in a ladder diagram, used to denote the
progression of a logic solving algorithm.
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1.3.62 pragma: language construct for the inclusion of text in a program organization unit which may
affect the preparation of the program for execution.

1.3.63 program (verb): to design, write, and test user programs.

1.3.64 program organization unit: function, function block, or program.
NOTE This term may refer to either a type or an instance.
1.3.65 real literal: Jiteral representing data of type REAL or LREAL.

1.3.66 resource: /anguage element corresponding to a “signal processing function” and its “man-
machine interface” and “sensor and actuator interface functions”, if any, as defined in IEC 61131-1.

1.3.67 retentive data: data stored in such a way that its value remains u
down / power up sequence.

d\after a power

1.3.68 return: language construction within a program organization,unikdesigha to the

execution sequences in the unit.
1.3.69 rising edge: the change from 0 to 1 of a Boolean variable.

1.3.70 scope: that portion of a language element within fvhich a declaration oklabel applies.

1.3.78 symbolic representation: the use of identifiers to name variables.

1.3.79 task: execution control element providing for periodic or triggered execution of a group of
associated program organization units.

1.3.80 time literal: literal representing data of type TIME, DATE, TIME_OF DAY, or
DATE_AND_TIME.

1.3.81 transition: the condition whereby control passes from one or more predecessor steps to one
or more successor steps along a directed link.

1.3.82 unsigned integer: integer literal not containing a leading plus (+) or minus (-) sign.

1.3.83 wired OR: construction for achieving the Boolean OR function in the LD language by
connecting together the right ends of horizontal connectives with vertical connectives.

Documents

Document Sharing Hub

Full document details: IEC 61131-3 2003


http://www.avadocuments.com/doc/iec-61131-3-2003
http://www.avadocuments.com/doc/iec-61131-3-2003

—14 - 61131-3 © IEC:2003(E)

1.4 Overview and general requirements

This part of IEC 61131 specifies the syntax and semantics of a unified suite of programming
languages for programmable controllers (PCs). These consist of two textual languages, IL (Instruction
List) and ST (Structured Text), and two graphical languages, LD (Ladder Diagram) and FBD (Function
Block Diagram).

Sequential Function Chart (SFC) elements are defined for structuring the internal organization of
programmable controller programs and function blocks. Also, configuration elements are defined
which support the installation of programmable controller programs into programmable controller
systems.

In addition, features are defined which facilitate communication among progra
other components of automated systems.

requirements.

1.4.1 Software model

global variables, access paths
programmable cer ! y
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CONFIGURATION

RESOURCE RESOURCE
TASK TASK TASK TASK
1 \ 1 1
1 N\ \ 1 1
PROGRAM |  JPROGRAM PROGRAM PROGRAM
N \ __
2 DN
AN AN
7
GLOBAL and DIRECTLY MAREPRESENTED VARIABLES
and INSTANCE-SPECIFIC | INITIALIZATIONS
v NN
ACCESS PATHS N\

IEC 2468/02

NOTE 1
NOTE 2

machine interface~and ’sensor and actuator interface” functions (if any) as defined in IEC 61131-1. A
configuration contains’one or more resources, each of which contains one or more programs executed
under the control of zero or more tasks. A program may contain zero or more function blocks or other
language elements as defined in this part.

Configurations and resources can be started and stopped via the “operator interface”, “programming,
testing, and monitoring”, or “operating system” functions defined in IEC 61131-1. The starting of a
configuration shall cause the initialization of its global variables according to the rules given in 2.4.2,
followed by the starting of all the resources in the configuration. The starting of a resource shall cause
the initialization of all the variables in the resource, followed by the enabling of all the tasks in the
resource. The stopping of a resource shall cause the disabling of all its tasks, while the stopping of a
configuration shall cause the stopping of all its resources. Mechanisms for the control of tasks are
defined in 2.7.2, while mechanisms for the starting and stopping of configurations and resources via
communication functions are defined in IEC 61131-5.

Full document details: IEC 61131-3 2003
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Programs, resources, global variables, access paths (and their corresponding access privileges), and
configurations can be loaded or deleted by the “communication function” defined in IEC 61131-1. The
loading or deletion of a configuration or resource shall be equivalent to the loading or deletion of all the
elements it contains.

Access paths and their corresponding access privileges are defined in 2.7.1.

The mapping of the language elements defined in this subclause on to communication objects is
defined in IEC 61131-5.

1.4.2 Communication model

Figure 2 illustrates the ways that values of variables can be communicated among software elements.

As shown in figure 2 a), variable values within a program can be communicated [directly by connection

non-programmable controller systems ¢
illustrated in figure 2 d), using the mechani

X =

Z
IEC 2469/02
igure - Data flow connection within a program
\) CONFIGURATION C
PROGRAM A PROGRAM B
VAR_EXTERNAL VAR_EXTERNAL
x: BOOL; x: BOOL;
END_VAR END_VAR
FB1 FB2
FB_X VAR_GLOBAL FB_Y
ab/———x — B x.BoOL; [ B x b
END_VAR

IEC 2470/02

Figure 2 b) - Communication via GLOBAL variables
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CONFIGURATION C CONFIGURATION D
PROGRAM A
send1 rcvi PROGRAM B
SEND RCV
FB1 SD1 RD1 FB2
FB_X FB_Y
b
a
~
\\ N\ \/

\ \/ IEC 2471/02

Figure 2 c¢) - Communication function ks

RN
\f\\)/ N

CONFIGURATION C < WURATION D
P1
PROGRAM A
FB1

N
Q \> PROGRAM B
FB_X N \ > TO_FB2 FB2
a z b READ FB_Y
\> rRD1— b
RS
VAR_ACCE%S&A\&AP\;Q\/
CSX: P1Z<REAL ONLY;
%@
N

Figure 2 d) - Communication via access paths

'CSX'=1VAR_1

IEC 2472/02

NOTE 1 This figure is illustrative only. The graphical representation is not normative.

NOTE 2 In these examples, configurations C and D are each considered to have a single
resource.

NOTE 3 The details of the communication function blocks are not shown in this figure. See
2.5.2.3.5and IEC 61131-5.

NOTE 4 As specified in 2.7, access paths can be declared on directly represented variables,

global variables, or input, output, or internal variables of programs or function block
instances.

NOTE 5 IEC 61131-5 specifies the means by which both PC and non-PC systems can use
access paths for reading and writing of variables.
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1.4.3 Programming model

The elements of programmable controller programming languages, and the subclauses in which they
appear in this part, are classified as follows:

Data types (2.3)

Variables (2.4)

Program organization units (2.5)
Functions (2.5.1)
Function blocks (2.5.2)
Programs (2.5.3)

Sequential Function Chart (SFC) elements (2.6)

Configuration elements (2.7)
Global variables (2.7.1)
Resources (2.7.1)
Access paths (2.7.1)
Tasks (2.7.2)

As shown in figure 3, the combination of these elements shall obgy

1) Derived data types shall be declared as specified in 2.3:3

2) Derived functions can be declared as.specified|in

3) Derived function blocks can be declared

as_sp S
types and functions, thestandard fu ctioks defingd in 2.5.2.3, and any previously derived
i se the)m

4) A program shat\bed ified in 2,5.3, using standard or derived data types, functions,
and function . Lhis déglaration skallse the mechanisms defined for the IL, ST, LD, or FBD

language, and

5) Programs can\be\cor od intq_cohfigurations using the elements defined in 2.7, that is, global
variable S and access paths.

Referengé to grived” data types, functions, and function blocks in the above rules is

intended to uch a derived element has been declared, its definition is available, for

a derived element type shall not be contained within the declaration of another derived element type.

A programming language other than one of those defined in this standard may be used in the
declaration of a function or function block. The means by which a user program written in one of the
languages defined in this standard invokes the execution of, and accesses the data associated with,
such a derived function or function block shall be as defined in this standard.
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LIBRARY ELEMENTS PRODUCTIONS DERIVED ELEMENTS
1 -
DATA TYPES M Derived
Standard (See 2.3.1, 2.3.2) - Declaration (See 2.3.3) — data
Derived
types
2 .
FUNCTIONS @) Declaration (See 2.5.1.3) Derived
Standard (See 2.5.1.5) |} IL, ST, LD, FBD - functions
Derived OTHERS

Derived SFC elements (See 2.6) \ fbI ctio

OTHERS Q&
: s 4)
Declaratjom\(See 2.5.3
IL, D PROGRAM
C €lemen(s (Seg 2.
PROGRAMS

(See 2.5.3)
lobalva
a

Derived
Standard (See 2.5.2.3) IL, ST, LD, FBD % \)

\(\ ables (Bee 2.7.1) —=| CONFIGURATION
ss paths™(See 2.7.1)

N\
J ee 2.7.2)
RESOURCES
(See @ Q/ \/
AN

N

IEC 2473/02

ombination of programmable controller language elements
LD - Ladder Diagram (4.2)
FBD - Function Block Diagram (4.3)
IL - Instruction List (3.2)
ST - Structured Text (3.3)
OTHERS - Other programming languages (1.4.3)

1.5 Compliance

This subclause defines the requirements which shall be met by programmable controller systems and
programs which claim compliance with this part of IEC 61131.
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1.5.1 System compliance

A programmable controller system, as defined in IEC 61131-1, which claims to comply, wholly or
partially, with the requirements of this part of IEC 61131 shall do so only as described below.

A compliance statement shall be included in the documentation accompanying the system, or shall be
produced by the system itself. The form of the compliance statement shall be:

“This system complies with the requirements of IEC 61131-3, for the following language
features:”,

followed by a set of compliance tables in the following format:

Table title

Table No. Feature No. \Q k\

Table and feature numbers and descrlptl ns are t e f th tables given in the relevant
subclauses of this part of IEC 61131. Tabte titles en ollowing table.
Table title “For features in:

Common elements ( (] b}qbsq 2\)

Common textual elegﬁéal\s /\\ \Subérguse 3.1

IL language elements N SuMauses 3.21t03.2.3
ST language eleb1 M \ \ﬁjbclauses 3.3.1103.3.24
Commonérajmca elemeints Subclause 4.1

LD language q(en\e\ﬁ(s\ \/\\) Subclause 4.2
FBD |angu€g<¥re@e\n§ ) Subclause 4.3

mpliance, tables 9, 11, 13, 16a, 16b, 32, 38, 47, 48 and 51 shall
S.

a) shall not require the inclusion of substitute or additional language elements in order to
accomplish any of the features specified in this standard, unless such elements are identified
and treated as noted in rules e) and f) below;

b) shall be accompanied by a document that specifies the values of all implementation-
dependent parameters as listed in annex D;

c) shall be able to determine whether or not a user's language element violates any
requirement of this standard, where such a violation is not designated as an error in annex
E, and report the result of this determination to the user. In the case where the system does
not examine the whole program organization unit, the user shall be notified that the
determination is incomplete whenever no violations have been detected in the portion of the
program organization unit examined,;
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d) shall treat each user violation that is designated as an error in annex E in at least one of the
following ways:

1) there shall be a statement in an accompanying document that the error is not
reported,;

2) the system shall report during preparation of the program for execution that an
occurrence of that error is possible;

3) the system shall report the error during preparation of the program for execution;

4) the system shall report the error during execution of the program and initiate
appropriate system- or user-defined error handling procedures;

e) ibes aqy features accepted by the
Mres 2
§1131-3";

f) 3pesifiedNor errors any use of any such
9) ¢ Qi ' ified for errors any use of one of the

h) Je tion or function block names defined in this
hose functionality differs from that described in

this standard, ified and treated as noted in rules e) and f)

above;
i) shall '* 2 ent defining, in the form specified in annex A, the formal
& ents supported by the system;
i) adingand writing files containing any of the language elements defined

The phrase “be akle to} is used in this subclause to permit the implementation of a software switch
with which the user mdy control the reporting of errors.

In cases where compilation or program entry is aborted due to some limitation of tables, etc., an

incomplete determination of the kind “no violations were detected, but the examination is incomplete”
will satisfy the requirements of this subclause.
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1.5.2 Program compliance
A programmable controller program complying with the requirements of IEC 61131-3:
a) shall use only those features specified in this standard for the particular language used;
b) shall not use any features identified as extensions to the language;
c) shall not rely on any particular interpretation of implementation-dependent features.
The results produced by a complying program shall be the same when processed by any complying
system which supports the features used by the program, such results are influenced by program

execution timing, the use of implementation-dependent features (as liste nex D) in the
program, and the execution of error handling procedures.

@%
N
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2 Common elements
This clause defines textual and graphic elements which are common to all the programmable
controller programming languages specified in this Part of IEC 61131.

2.1 Use of printed characters

2.1.1 Character set

Textual languages and textual elements of graphic languages shall be represé terms of the

“ISO-646 IRV” given as table 1 - Row 00 of ISO/IEC 10646-1.

characters shall be consistent with ISO/IEC 10646-1.

The required character set consists of all the characters in
IRV” as defined above, except for lower-case letters.

No. \D\}sgrial@n \/

2 Lower case characters® ( ~ \>

3a Number sign (# Q
3b i

Pound sign $\£)

4a Dollar sign ($) o~
4b Currgr(ch\si (=)

| R WA

NOTE The @\g\\%& b\m,tﬁs table is such as to maintain consistency with the first

rs (\ft/aature 2) are supported the case of Ietters shall not be

2.1.2 Identifiers

An identifier is a string of letters, digits, and underline characters which shall begin with a letter or
underline character.

The case of letters shall not be significant in identifiers, for example, the identifiers abcd, ABCD, and
aBCd shall be interpreted identically.

Underlines shall be significant in identifiers, for example, A_BCD and AB_CD shall be interpreted as
different identifiers. Multiple leading or multiple embedded underlines are not allowed; for example, the
character sequences _ LIM_SW5 and LIM__SW5 are not valid identifiers. Trailing underlines are
not allowed; for example, the character sequence LIM_SW5_is not a valid identifier.

Full document details: IEC 61131-3 2003
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At least six characters of uniqueness shall be supported in all systems which support the use of
identifiers, for example, ABCDE1 shall be interpreted as different from ABCDEZ2 in all such systems. The
maximum number of characters allowed in an identifier is an implementation-dependent parameter.

Identifier features and examples are shown in table 2.

Table 2 - Identifier features

No. Feature description Examples
1 Upper case and numbers IW215 1W215Z QX75 IDENT
2 Upper and lower case, numbers, All the above plus:
embedded underlines LIM_SW 5 LimSws ccrl\ab_ d
3 Upper and lower case, numbers, All the above plus: INN_1RV7
leading or embedded underlines

2.1.3 Keywords

Keywords are unique combinations of characters utilized gg"indivig ic eleents as defined in
annex B. All keywords used in this standard are list 2! X C. rds shall not contain
imbedded spaces. The case of characters shall n ignifi i ords; for instance, the
keywords “FOR” and “for” are syntactically~equivale ed in annex C shall not be
used for any other purpose, for example,ariab ds defined in 1.5.1.
NOTE National standards organizatigns can p kles of translations of the keywords given
in

annex C.

2.1.4 Use of white spag
The user shall b g characters of “white space” anywhere in the text of
programmable controjié yithin keywords, literals, enumerated values, identifiers,

directly representegd iak 3 ibéd in subclause 2.4.1.1, or delimiter combinations (for
example, for com > fi i .5). “White space” is defined as the SPACE character with
encoded valug | as non-printing characters such as tab, newline, etc. for which no

User comments shall be delimited at the beginning and end by the special character combinations
“(*” and “*)”, respectively, as shown in table 3. Comments shall be permitted anywhere in the
program where spaces are allowed, except within character string literals as defined in 2.2.2.
Comments shall have no syntactic or semantic significance in any of the languages defined in this
standard.

The use of nested comments, for example, (* (* NESTED *) *), shall be treated as an error
according to the provisions of 1.5.1 d).

The maximum number of characters allowed in a comment is an implementation-dependent
parameter.
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Table 3 - Comment feature

No. | Feature description Example
1 Comments ( )
(& A framed comment *)
( =)
NOTE The example given above represents three separate comments.

2.1.6 Pragmas

and "}, respectively. The syntax and semantics of particular pr
implementation dependent. Pragmas shall be permitted anywhere in th
allowed, except within character string literals as defined in 2.2.2.

ed/humber. The maximum number of digits for each kind of numeric
press the entire range and precision of values of all the data types which

Single underline charaeters ( _ ) inserted between the digits of a numeric literal shall not be significant.
No other use of underline characters in numeric literals is allowed.

Decimal literals shall be represented in conventional decimal notation. Real literals shall be
distinguished by the presence of a decimal point. An exponent indicates the integer power of ten by
which the preceding number is to be multiplied to obtain the value represented. Decimal literals and
their exponents can contain a preceding sign (+ or -).

Integer literals can also be represented in base 2, 8, or 16. The base shall be in decimal notation. For
base 16, an extended set of digits consisting of the letters A through F shall be used, with the
conventional significance of decimal 10 through 15, respectively. Based numbers shall not
contain a leading sign (+ or -).
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Boolean data shall be represented by integer literals with the value zero (0) or one (1), or the
keywords FALSE or TRUE, respectively.

Numeric literal features and examples are shown in table 4.
The data type of a boolean or numeric literal can be specified by adding a type prefix to the literal,
consisting of the name of an elementary data type and the '# sign. For examples see feature 9 in

table 4.

Table 4 - Numeric literals

No. Feature description Examples

-12 0 123_456 +986

-12.0 0.0 0.4560 3. 14159([26\\

-1.34E-12 or -1.34e-12 \/
1.0E+6 or 1.0e+6

2#1111_1111 (25 \)
2#1110_0000 (224 deC|

1.234E6 or 1.234e6
8#377

s ;J‘\e;/ (\\

Lo (\1
>
WOf 5)

1 |Integer literals

2 |[Real literals

3 |Real literals with exponents

4 |Base 2 literals

5 |Base 8 literals

6 |Base 16 literals

7 |Boolean zero and one

8 |Boolean FALSE and{RD& F
N

9 |Typed literals

A single-byte characterystring literal is a sequence of zero or more characters from Row 00 of the
ISO/IEC 10646-1 character set prefixed and terminated by the single quote character ('). In single-
byte character strings, the three-character combination of the dollar sign ($) followed by two
hexadecimal digits shall be interpreted as the hexadecimal representation of the eight-bit character
code, as shown in feature 1 of table 5.

A double-byte character string literal is a sequence of zero or more characters from the ISO/IEC
10646-1 character set prefixed and terminated by the double quote character ("). In double-byte
character strings, the five-character combination of the dollar sign ($) followed by four hexadecimal
digits shall be interpreted as the hexadecimal representation of the sixteen-bit character code, as
shown in feature 2 of table 5.

Two-character combinations beginning with the dollar sign shall be interpreted as shown in table 6
when they occur in character strings.
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Table 5 - Character string literal features

No. Example Explanation
1 Single-byte character strings

" Empty string (length zero)
"AT String of length one containing the single character A
" String of length one containing the “space” character
$t String of length one containing the “single quote” charpftér\
String of length one containing the “double quotel@aqte&
"SREL" String of length two containing CR and LF chan{ctéﬁs B
"$OA*" String of length one containing the LF chaéc\tef\ \ x
"$$1.00" String of length five which would pr|n as %\QO\

"AE" Equivalent strings of length two \/
"$C4$CB™

2 Doub]e-byte c@?\ﬂe) ftr,ﬁq \

Empty string ngh\{é@‘ < \\J )\/

AT String of Iength})% co}t{%iqg%isirﬁle{haracter A

String of length\one(co taih&q\ﬂw\e}‘épace” character

tri f t i “singl te” ch t
S(nrhg\(@ﬁ?h\o\ng c\énla)m@}]e single quote” character
e [\Qtrmg\of IemoWg the “double quote” character

"$R$L"/\ Str|n>o}\lQng Wo\co taining CR and LF characters
"$$1.00\//\\S\t,wqg}f\ler%{Qf§ which would print as “$1.00”

“AE™ E ins of length two

"$OO;@ CBX

3 \ \ \ \) Single-byte typed string literals
%{W&\ S\ging of length two containing two single-byte characters

4 \ Double-byte typed string literals

WSTRING#"OK" | String of length two containing two double-byte characters

NOTE If a particular implementation supports feature #4 but not feature #2, the
implementor may specify implementation-dependent syntax and semantics for
the use of the double-quote character.
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Table 6 - Two-character combinations in character strings

No. Combination Interpretation when printed

2 | 3% Dollar sign

3 $- Single quote

4 | $L or $I Line feed

5 $N or $n Newline

6 | $P or $p Form feed (page) f\

7 $R or $r Carriage return A(\\ N\

8 $T or $t Tab < \ x
9 $" Double quote (\ \ \

eans of defining
is that of

NOTE 1 The “newline” character provides an implement
the end of a line of data for both physical and file 1/O;

NOTE 2
NOTE 3

The need to provide external tepresentatigns i pes of time-related data is recognized:
duration data for measuring or o ime of a control event, and time of day data

Duration and tim imitéd on the left by the keywords defined in 2.2.3.1 and
2.2.3.2.

2.2.3.1 Duratit

without an expone
The units of duration literals can be separated by underline characters.

“Overflow” of the most significant unit of a duration literal is permitted, for example, the notation
T#25h_15m is permitted.

Time units, for example, seconds, milliseconds, etc., can be represented in upper- or lower- case
letters.

As illustrated in table 7, both positive and negative values are allowed for durations.

Full document details: IEC 61131-3 2003
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Table 7 - Duration literal features

No. Feature description Examples

Duration literals without underlines: | T#14ms  T#-14ms T#14.7s T#14.7m
1a short prefix T#14.7h  tH#14.7d  t#25h15m
t#5d14h12m18s3.5ms

1b Iong;weﬂx TIME#14ms TIME#-14ms time#l1l4.7s
Duration literals with underlines:

2a short prefix t#25h_15m t#5d_14h 12m 18s_3.5ms

2b long prefix TIME#25h_15m

time#5d_14h_12m 18s_3.5ms (\

2.2.3.2 Time of day and date

B.1.2.3.2.

Table 8 - Date and tipg f day/litera

No. Feature dgé&lgtiqﬁ\\ % ( \) W%fix Keyword
Date literals (I&}g r}a@\)\ \_DK{' E#
Date literals (éhortrpr\fib\ \) D#
Qr(\@\de}yfhtst\( |0}$g\\)eflxx TIME_OF_DAY#

TOD#

Qat\é/a}"i\w \Qéiﬁ(l&sg prefix) DATE_AND_TIME#
/Qg@ ané\&me\@rﬁ%\ﬁxt prefix) DT#

<\ able.9 - Examples of date and time of day literals

< Mrﬁ(ix ta}}on Short prefix notation

Y
DATE#1984-Q6%2 D#1984-06-25
date#1984<06- d#1984-06-25

O || WIDN|[=
=1
3
[0)
é
£15 |2
o)
—~
'2
g-.
e

TIME_OF_DAY#IS&QS;}S-SG TOD#15:36:55.36
time_of_day#15:36-55.36 tod#15:36:55.36
DATE_AND_TIME#1984-06-25-15:36:55.36 DT#1984-06-25-15:36:55.36
date_and_time#1984-06-25-15:36:55.36 dt#1984-06-25-15:36:55.36

2.3 Data types
A number of elementary (pre-defined) data types are recognized by this standard. Additionally,

generic data types are defined for use in the definition of overloaded functions (see 2.5.1.4). A
mechanism for the user or manufacturer to specify additional data types is also defined.
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The elementary data types, keyword for each data type, number of bits per data element, and range
of values for each elementary data type shall be as shown in table 10.

Table 10 - Elementary data types

Full document details: IEC 61131-3 2003

No. Keyword Data type N?
1 BOOL Boolean 10
2 SINT Short integer RN 8°
3 INT Integer /\\ 16°
4 DINT Double integer (\ \ E‘%C
5 LINT Long mtege(\ \ N64©
6 | USINT Unsigned shattni ger\\ \ 8¢
7 | UINT Unsu/wed?meg\ \\/ 16¢
8 | UDINT Unsighed doubleipteger ) 32¢
9 | uLINT /\Gﬁ@r{/f r{\\nte}g 64 ¢
10 | REAL \ \ ) (Qeal »wm%ér;/ 32°
11 | LREAL /X b&qg reals 64"
12 | TIvE \ (N \Qy%tion --P
13 | DATE Q ( ) @ate (only) - P
14 T|ME_0F_DAf«\s{ )’bﬂ)\ ) (\ _Time of day (only) =P
15 DATE{K@S%T}yE or @r ) Date and time of Day b
16 STRING N V@iable-length single-byte character string 89
17 | BYTE (\ ) Bit string of length 8 gle
18 Wgﬁb\ \ \ Bit string of length 16 1649
19 \gep N\ Bit string of length 32 3219
20 LUoRR, \ Bit string of length 64 6419
21 WSTM} Variable-length double-byte character string 16 9
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Table 10 - Elementary data types

° Entries in this column shall be interpreted as specified in the footnotes.

® The range of values and precision of representation in these data types is implementation-
dependent.

° The range of values for variables of this data type is from -(2"1) to (2""1)-1.
4 The range of values for variables of this data type is from 0 to (2V)-1.

° The range of values for variables of this data type shall be as defined in IEC 60559 for the
basic single width floating-point format.

" The range of values for variables of this data type shall be as defined in IEC60
basic double width floating-point format.

9 A numeric range of values does not apply to this data type.

" The possible values of variables of this data type shall be 0 and
keywords FALSE and TRUE, respectively.

2.3.2 Generic data types
In addition to the data types shown in table
can be used in the specification of inputs ans
subclause 2.5.1.4). Generic data types &
types is subject to the following rules:

1) Generic data types
2.5

2) The generic

3) The generic type

4) The gene
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Table 11 - Hierarchy of generic data types

ANY
ANY_DERIVED (Derived data types - see preceding text)
ANY_ELEMENTARY

ANY_MAGNITUDE
ANY_NUM
ANY_REAL
LREAL
REAL
ANY_INT
LINT, DINT, INT, SINT
ULINT, UDINT, UINT, USINT
TIME
ANY_BIT
LWORD, DWORD, WORD, BYTE, BOOL
ANY_STRING
STRING
WSTRING
ANY_DATE
DATE_AND_TIME
DATE, TIME_OF_DAY

2.3.3 Derived data types

2.3.3.1 Declaration

Derived (i.e., user- or
used, in addition to the
2.4.3.

An enumerated dz
take on one of the_yaly
enumeration list defing

and ending with
enumerated va

defined in 2.2 p
information is not prqovided in an enumerated literal to determine its value unambiguously.

A subrange declaration specifies that the value of any data element of that type can only take on
values between and including the specified upper and lower limits, as illustrated in table 12. It is an
error if the value of a value of a subrange type falls outside the specified range of values.

A STRUCT declaration specifies that data elements of that type shall contain sub-elements of specified
types which can be accessed by the specified names. For instance, an element of data type
ANALOG_CHANNEL_CONFIGURATION as declared in table 12 will contain a RANGE sub-element of
type ANALOG_SIGNAL_RANGE, a MIN_SCALE sub-element of type ANALOG_DATA, and a MAX_SCALE
element of type ANALOG_DATA. The maximum number of structure elements, the maximum amount of
data that can be contained in a structure, and the maximum number of nested levels of structure
element addressing are implementation-dependent parameters.
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An ARRAY declaration specifies that a sufficient amount of data storage shall be allocated for each
element of that type to store all the data which can be indexed by the specified index subrange(s).
Thus, any element of type ANALOG_16_ INPUT_CONFIGURATION as shown in table 12 contains
(among other elements) sufficient storage for 16 CHANNEL elements of type
ANALOG_CHANNEL_CONFIGURATION. Mechanisms for access to array elements are defined in
2.41.2. The maximum number of array subscripts, maximum array size and maximum range of
subscript values are implementation-dependent parameters.

2.3.3.2 Initialization

The default initial value of an enumerated data type shall be the first identifier in the associated
enumeration list, or a value specified by the assignment operator “:=". For ipstance, as shown in
table 12, No.2, and table 14, No.2, the default initial values of el

assignment operator “:=" in the TYPE decls
elementary data types as defined in tabl
for initialization are given in 2.4.2.

The default maximum length of elements
dependent value unless specified othe

gized maximum length (which shall not

exceed the implementationsdepe ) in the associated declaration. For example, if
type STR10 is declared h

TYPE STR10 : END_TYPE
the maximum Ien@ initia gfault initial length of data elements of type STR10 are
10 characters, "ABCDf respectively. The maximum allowed length of STRING

and WSTRING vari i ementation-dependent parameter.

e 12 - Data type declaration features
No. & \\ B Feature/textual example
1 Dire(}d%\:éion from elementary types, e.g.:

TYPE RU_R > REAL ; END_TYPE

2 Enumerated data types, e.g.:
TYPE ANALOG_SIGNAL_TYPE : (SINGLE_ENDED, DIFFERENTIAL) ; END_TYPE

3 Subrange data types, e.g.:
TYPE ANALOG_DATA : INT (-4095..4095) ; END_TYPE

4 Array data types, e.g.:
TYPE ANALOG_16_INPUT_DATA : ARRAY [1..16] OF ANALOG_DATA ; END_TYPE
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Table 12 - Data type declaration features

No. Feature/textual example

5 Structured data types, e.g.:
TYPE
ANALOG_CHANNEL_CONFIGURATION :
STRUCT
RANGE : ANALOG_SIGNAL_RANGE ;
MIN_SCALE : ANALOG_DATA ;
MAX_SCALE : ANALOG_DATA ;
END_STRUCT ;
ANALOG_16_INPUT_CONFIGURATION :
STRUCT
SIGNAL_TYPE : ANALOG_SIGNAL_TYPE ;
FILTER_PARAMETER : SINT (0..99) ;

END_STRUCT ;
END_TYPE

CHANNEL : ARRAY [1..16] OF ANALOG_CHANNEL_CO URAT KON

NN
NOTE For examples of the use of these types in variabl jonS\se 2\3\3/3 2.4.1.2, and
table 17. ~

Table 13 - Default @Q@Ie entaer ata types

Data type(s) Initial value
BOOL, SINT, INT, DINT4 LINT \ \ \/

0
)
USINT, UINT, UDINI, IN 0

BYTE, WORD, DWORI#,\BW,Q@\ K ‘O/

REAL, LREAL<> 2 { \/ 0.0

TIME /\< W T#0S

DATE < \ \/ D#0001-01-01

Tl ME_OFAéAY \ 3 TOD#00:00:00

DAT@B\\{ME\\ \ DT#0001-01-01-00:00:00
D

STRING \Q\ """ (the empty string)

WSTRING \\\\\/> " (the empty string)

Full document details: IEC 61131-3 2003
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Table 14 - Data type initial value declaration features

No. Feature/textual example

1 Initialization of directly derived types, e.g.:
TYPE FREQ : REAL := 50.0 ; END_TYPE

2 Initialization of enumerated data types, e.g.:
TYPE ANALOG_SIGNAL_RANGE :
(BIPOLAR_10V, (* -10 to +10 VDC *)
UNIPOLAR_10V, (¢ 0 to +10 VDC *)
UNIPOLAR_1 5V, ¢+ 1to+5VDC *)
UNIPOLAR_O_5V, ( O0to+5VDC *)
UNIPOLAR_4 20 MA, (* + 4 to +20 mADC *)
UNIPOLAR_O_20_MA (¢ 0 to +20 mADC *)
) = UNIPOLAR_1 5V ;
END_TYPE
3 Initialization of subrange data types, e.g.:
TYPE ANALOG_DATAZ : INT (-4095..4095) : @D\\\XPN\
4 Initialization of array data types, e.g.:

TYPE ANALOG_16_INPUT_DATAI

ARRAY [1..16] OF ANALOG DATA 40
END_TYPE

5 Initialization of structured data type ements,

TYPE ANALOG_CHANNEL_CONFI
STRUCT

RANGE :

MAX_
END_STRU

END_}YﬁE\
6 Initializatid
TYPE

:= 0, MAX_SCALE := 4000);

The usage of varia which are declared (as defined in 2.4.3.1) to be of derived data types shall
conform to the following rules:

1) A single-element variable, as defined in 2.4.1.1, of a derived type, can be used anywhere that a
variable of its “parent's” type can be used, for example variables of the types RU_REAL and
FREQ as shown in tables 12 and 14 can be used anywhere that a variable of type REAL could
be used, and variables of type ANALOG_DATA can be used anywhere that a variable of type INT
could be used.

This rule can be applied recursively. For example, given the declarations below, the variable R3
of type R2 can be used anywhere a variable of type REAL can be used:

TYPE R1 : REAL := 1.0 ; END_TYPE
TYPE R2 - R1 ; END_TYPE
VAR R3: R2; END_VAR
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2) An element of a multi-element variable, as defined in 2.4.1.2, can be used anywhere the
“parent” type can be used, for example, given the declaration of ANALOG_16 INPUT_DATA in
table 12 and the declaration

VAR INS : ANALOG_16_INPUT_DATA ; END_VAR
the variables INS[1] through INS[16] can be used anywhere that a variable of type INT
could be used.

This rule can also be applied recursively, for example, given the declarations of
ANALOG_16_INPUT_CONFIGURATION, ANALOG_CHANNEL_CONFIGURATION, and ANALOG_-
DATA in table 12 and the declaration

VAR CONF : ANALOG_16_INPUT_CONFIGURATION ; END_VAR

the variable CONF.CHANNEL[2] .MIN_SCALE can be used anywhere
INT could be used.

able of type

2.4 Variables

In contrast to the external representations of data describ provide a means of
identifying data objects whose contents may change, fo Qciated with the inputs,
outputs, or memory of the programmable controller. A variable can be>degtared to be one of the
elementary types defined in 2.3.1, or one of the ived1 e®/vhi h_are declared as defined in
2.3.3.1.

2.4.1 Representation

2.4.1.1 Single-element variable

A single-element variable is def < hle~which represents a single data element of one of the
elementary types defineq in 2.3x\{)\a dexived enuxperation or subrange type as defined in 2.3.3.1; or a
derived type wh eCursively in 2.3.3.3, is traceable to an elementary,
enumeration or subrapge guse defines the means of representing such variables
symbolically, or alteyqati i wWich directly represents the association of the data element
with physical or logicaNlosations inthe programmable controller's input, output, or memory structure.

Identifiers, as\defin be used for symbolic representation of variables.
Direct represe gle-element variable shall be provided by a special symbol formed by
the concatena of the pefcent sign “%” (character code 037 decimal in table 1 - Row 00 of ISO/IEC

separated by periods ().

In the case that a directly represented variable is used in a location assignment to an internal variable
in the declaration part of a program or a function block type as defined in 2.4.3.1, an asterisk “*” shall
be used in place of the size prefix and the one or several unsigned integers in the concatenation to
indicate that the direct representation is not yet fully specified. The percent sign and the location prefix
I, QorMfrom table 15 shall always be present in the direct representation.

In both cases, the use of this feature requires that the location of the variable so declared shall be fully
specified inside the VAR_CONFI1G. . _.END_VAR construction of the configuration as defined in 2.7.1 for
every instance of the containing type.

It is an error if any of the full specifications in the VAR_CONFIG. . .END_VAR construction is missing
for any incomplete address specification expressed by the asterisk notation in any instance of
programs or function block types which contain such incomplete specifications.
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EXAMPLES

%QX75 and %Q75 Output bit 75

%IW215 Input word location 215

%QB7 Output byte location 7

%MD48 Double word at memory location 48
%IW2.5.7.1 See explanation below

%Q* Output at a not yet specified location

The manufacturer shall specify the correspondence between the direct represéntatio

of a variable
and the physical or logical location of the addressed item in memory, input or'e ‘

defined in 2.5.2, programs
1. The maximum number of

directly represented variables

No. Prefix

>
<N\

Default data type

o]

?\ BOOL
n BOOL
QQ:: e (8 bits) size BYTE
N\/ Word (16 bits) size WORD
8 D Double word (32 bits) | DWORD
size
9 L Long (quad) word (64 | LWORD
bits) size
10 Use of an asterisk (*) to indicate a not yet specified

location (NOTE 2)

NOTE 1 National standards organizations can publish tables of translations of these
prefixes.

NOTE 2 Use of feature 10 in this table requires feature 11 of table 49 and vice versa.
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2.4.1.2 Multi-element variables
The multi-element variable types defined in this standard are arrays and structures.

An array is a collection of data elements of the same data type referenced by one or more subscripts
enclosed in brackets and separated by commas. In the ST language defined in subclause 3.3, a
subscript shall be an expression yielding a value corresponding to one of the sub-types of generic type
ANY_INT as defined in table 11. The form of subscripts in the IL language defined in 3.2, and the
graphic languages defined in clause 4, is restricted to single-element variables or integer literals.

An example of the use of array variables in the ST language as defined in 3.3 is:

element within the data structure.

For instance, if the variable MODULE_5_ CONf
ANALOG_16_INPUT_CONFIGURATION g

to be of type
ing statements in the ST

The user can~declare\that"a variable is to be retentive by using the RETAIN qualifier specified in
table 16 a), when this feature is supported by the implementation.

The initial value of a variable upon starting of its associated configuration element shall be determined
according to the following rules:

1) If the starting operation is a “warm restart” as defined in IEC 61131-1, the initial values of retentive
variables shall be their retained values as defined above.

2) If the operation is a “cold restart” as defined in IEC 61131-1, the initial values of retentive variables
shall be the user-specified initial values, or the default value, as defined in 2.3.3.2, for the
associated data type of any variable for which no initial value is specified by the user.

3) Non-retained variables shall be initialized to the user-specified initial values, or to the default value,
as defined in 2.3.3.2, for the associated data type of any variable for which no initial value is
specified by the user.

4) Variables which represent inputs of the programmable controller system as defined in IEC 61131-1
shall be initialized in an implementation-dependent manner.
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2.4.3 Declaration

Each declaration of a program organization unit type (i.e., each declaration of a program, function, or
function block, as defined in 2.5) shall contain at its beginning at least one declaration part which
specifies the types (and, if necessary, the physical or logical location) of the variables used in the
organization unit. This declaration part shall have the textual form of one of the keywords VAR,
VAR_INPUT, or VAR_OUTPUT as defined in table 16 a), followed in the case of VAR by zero or one
occurrence of the qualifiers RETAIN,NON_RETAIN or the qualifier CONSTANT, and in the case of
VAR_INPUT or VAR_OUTPUT by zero or one occurrence of the qualifier RETAIN or NON_RETAIN,
followed by one or more declarations separated by semicolons and terminated by the keyword
END_VAR. When a programmable controller supports the declaration by the user of initial values for
variables, this declaration shall be accomplished in the declaration part(s) as defined.in this subclause.

NN

Keyword Variable usagé\ \ \

N
VAR Internal to organization unit <\\ \ \
VAR_INPUT Externally supplied, not modifiable” wit '%\r@a%@}m’(

VAR_OUTPUT Supplied by orgamzatlon unit tc€ ex@al e}thN

Table 16 a) - Variable declaration keywordé/\

VAR_IN _OUT Supplied by ex/emql en an b‘é rr(é)ﬂed\ynthm organization unit
VAR_EXTERNAL Supplied by configuration GhOBAL (2.7.1)

Can be modified in Oorga |zat an uni
VAR_GLOBAL Global variable ecl ration ( 7

VAR_ACCESS A 1.
) @e@@a\{t.mq >
VAR_TEMP \T{am\po\rary @ﬁ{ge\fo\\;aﬂa,bfes in function blocks and programs (2.4.3)

VAR_CONFIG /\ nstar@e\sgec\:m{}ﬂqali}ation and location assignment.

RETAINP-c-d-e /\\Re)‘ze\ntbe\vah\a@eé(see preceding text)

—d

NON_RETAIN”'C({’\ N&Krétegtive)riables (see preceding text)
CONSTANT7\ (}oqstﬁg(variable cannot be modified)

AT \ K caMassignment (2.4.3.1)
NN

u Wese keywords is a feature of the program organization unit or
onfiguratior’element in which they are used. Normative requirements for the use
se keywords are given in 2.4.3.1,2.4.3.2,2.5and 2.7.

NOTE 2 Examples of the use of VAR_IN_OUT variables are given in figures 11b and 12.
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Table 16 a) - Variable declaration keywords

@ The CONSTANT qualifier shall not be used in the declaration of function block instances as
described in 2.5.2.1.

® The RETAIN and NON_RETAIN qualifiers may be used for variables declared in VAR,
VAR_INPUT, VAR_OUTPUT, and VAR_GLOBAL blocks but not in VAR_IN_OUT blocks and
not for individual elements of structures.

¢ Usage of RETAIN and NON_RETAIN for function block and program instances is allowed.
The effect is that all members of the instance are treated as RETAIN or NON_RETAIN,
except if:

- the member is explicitly declared as RETAIN or NON_RETAIN in the fu
program type definition;

- the member itself is a function block.

RETAIN nor as NON_RETAIN the “warm start” beh
dependent.

The scope (range of valldity) ¢ i ined in the declaration part shall be local to the
program organizatioq unit in whi g part is contained. That is, the declared variables
shall not be acc pization units except by explicit argument passing via
variables which havé peen dec . $ or outputs of those units. The one exception to this rule
is the case of vari beer Yeclared to be global, as defined in 2.7.1. Such variables
are only accessib ation unit via a VAR_EXTERNAL declaration. The type of a
variable decl AR XTNAL block shall agree with the type declared in the VAR_GLOBAL
block of th configuration or resource.

e any program ation unit attempts to modify the value of a variable that has been declared
with the CONSTANT qualifier;

e a variable declared as VAR_GLOBAL CONSTANT in a configuration element or program
organization unit (the “containing element”) is used in a VAR_EXTERNAL declaration (without the
CONSTANT qualifier) of any element contained within the containing element as illustrated below.

The maximum number of variables allowed in a variable declaration block is an implementation-
dependent parameter.
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Table 16 b) — Usages of VAR_GLOBAL, VAR_EXTERNAL and CONSTANT declarations

Declaration in containing element Declaration in contained element Allowed?
VAR_GLOBAL X ... VAR_EXTERNAL CONSTANT X... Yes
VAR_GLOBAL X ... VAR_EXTERNAL X... Yes
VAR_GLOBAL CONSTANT X ... VAR_EXTERNAL CONSTANT X ... Yes
VAR_GLOBAL CONSTANT X ... VAR_EXTERNAL X ... NO

2.4.3.1 Type assignment

As shown in table 17, the VAR...END_VAR construction shall be useg
retentivity for directly represented variables. This construction shalk also be
types, retentivity, and (where necessary, in programs and VAR_GLOB S y
or logical location of symbolically represented single- or multi-
VAR_INPUT, VAR_OUTPUT, and VAR_IN_OUT constructions is §

accomplished by the use of the AT keyword.
allocation of the variable to an appropriate location
provided.

The asterisk notation (feature No. 10 i
programs and function block types to den
variables.

I\T Varla | ignment features
No. /\ g \/> \\I=\>|re/examples
1° {\\/\Qec\s\rgt\{bq lerectly represented variables
VAR J
AT~%I1 6-bit string (note 2)
T % 16-bit integer, initial value = 0
2° \ \\Qgélaration of directly represented retentive variables
VAR REW At cold restart, will be initialized to a 16-bit string with value
AT %QW5 :~WORD ; 16#0000
END_ VAR
3 Declaration of locations of symbolic variables
VAR_GLOBAL Assigns input bit 27 to the Boolean variable
LIM_SW_S5 AT %IX27 : BOOL; LIM_SW_5 (note 2)
CONV_START AT %QX25 : BOOL; Assigns output bit 25 to the Boolean variable
CONV_START
TEMPERATURE AT %IW28: INT; Assigns input word 28 to the integer variable
TEMPERATURE (note 2)
VAR C2 AT %Q* : BYTE ; Assigns not yet located output byte to bitstring
END_VAR variable C2 of length 8 bits
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Table 17 - Variable type assignment features

No. Feature/examples
4° Array location assignment
VAR Declares an array of 10 integers to be allocated to contiguous
INARY AT %IW6 : input locations starting at %1W6 (note 2)
ARRAY [0..9] OF INT;
END_ VAR
5 Automatic memory allocation of symbolic variables
VAR Allocates a memory bit to the
CONDITION_RED : BOOL; CONDITION_RED.
IBOUNCE : WORD ; Allocates a memory word
I1BOUNCE.
MYDUB : DWORD ; Allocates a double g

variable MYDUB,

AWORD, BWORD, CWORD : INT; Allocates 3 separatexqem
variables
MYSTR: STRING[10] ; Allocateg m

maxi

A@Q

END_VAR

6 rr ﬁe&la*yon

VAR THREE : Woo memory words for a three-
ARRAY[1..5,1. 10{\ OF_IN Qdi nsighal array of integers

END_VAR
7 (‘F\te}i@e\d declaration
VAR RETA : \> Declares retentive array RTBT with “cold
ARRAY INTS restart” initial values of O for all elements
END_VAR

8 ecl ration of structured variables

Declaration of a variable of derived data
type (see table 12)

WOG 1 éXQX@IGURATION

NOTE 1 Intialization’ of system inputs is implementation-dependent; see 2.4.2.

NOTE 2 Th es to table 16 a) also apply to this table.

2 |If directly represented variables are explicitly located, features 1 to 4 can only be used in
PROGRAM and VAR_GLOBAL declarations, as defined in 2.5.3 and 2.7.1, respectively. If the
asterisk notation of feature 10 in table 15 is used to indicate instance specific location
assignment of a partly specified directly represented variable, features 1 and 2 can not be used,
and features 3 and 4 can only be used in declarations of internal variables of function blocks and
programs, as defined in 2.5.2 and 2.5.3, respectively.

2.4.3.2 Initial value assignment

The VAR..

-END_VAR construction can be used as shown in table 18 to specify initial values of

directly represented variables or symbolically represented single- or multi-element variables.
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Initial values can also be specified by using the instance-specific initialization feature provided by the
VAR_CONFIG. . .END_VAR construct described in 2.7.1 (table 49, feature 11). Instance-specific initial
values always override type-specific initial values.

NOTE The usage of the VAR_INPUT, VAR_OUTPUT, and VAR_IN_OUT constructions is defined
in subclause 2.5.
Initial values cannot be given in VAR_EXTERNAL declarations.

During initialization of arrays, the rightmost subscript of an array shall vary most rapidly with respect to
filling the array from the list of initialization variables.

Parentheses can be used as a repetition factor in array initialization lists, for exa
equivalent to the initialization sequence 1,2,3,1,2,3.

ple, 2(1,2,3) is

If the number of initial values given in the initialization list exceeds the 4
excess (rightmost) initial values shaII be ignored If the number ofiniti

corresponding data type In either case, the user shall be warn

of the program for execution.

for the elements of the variable can be declared i
identifier, as shown in table 18. Element

No. A >Feature/examples
1° I\t\allza\pn of directly represented variables
%Q OL =1; Boolean type, initial value = 1
INT := Initializes a memory word to integer 8
Aebare N
2° \ \\n)ﬁallzatlon of directly represented retentive variables
VAR RETAI At cold restart, the 8 most significant bits of
AT %QWS : WORD := 16#FF00 ; the 16-bit string at output word 5 are to be
END_VAR initialized to 1 and the 8 least significant bits
to0
3@ Location and initial value assignment to symbolic variables
VAR Assigns output word 28 to the
VALVE_POS AT %QW28 : INT := 100; integer variable VALVE_POS, with
END_VAR an initial value of 100
4° Array location assignment and initialization
VAR OUTARY AT %QW6 : Declares an array of 10 integers to be
ARRAY[0..9] OF INT := [10(D]; allocated to contiguous output locations
END_VAR starting at %QW6, each with an initial
value of 1
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Table 18 - Variable initial value assignment features

END_VAR

No. Feature/examples
5 Initialization of symbolic variables
VAR Allocates a memory bit to the Boolean
MYBIT - BOOL := 1 : variable MYBIT with an initial value of 1
OKAY : STRING[10] := "OK"; Allocates memory to contain a string with a
END VAR maximum length of 10 characters. After
- initialization, the string has a length of 2 and
contains the two-byte sequence of characters
"OK" (decimal 79 and 75 respectively), in an
order appropriate for pmracter
string ~
6 Array initialization /\ \
VAR Allocates 8 me i tai
BITS : ARRAY[O..7] OF BOOL
= [1,1,0,0,0,1,0,0] ;
TBT : ARRAY [1..2,1..3]
OF INT
= [1,2,3(4).6] ;
END_VAR
7 Retentive array a‘e@‘a(atibq and-inifialization
VAR RETAIN RTBT : De retentive array RTBT with “cold restart”
ARRAY(1..2,1\3) OE—INT Q\Btial e of:
= 1,534 RTBT[1,1] := RTBT[1,2] :=
R [1,3] := =
N N BT[2.2] :

1, 1 :
4, RTBT[2,1] :
1 :

2,
4,
4, RTBT[2,3 0.

8 N

variables

VAR Wﬁmj

} \lqitﬁi'\zétwp%f structured
FI1Gx,

o,
500D

Initialization of a variable of
derived data type (see table 12)

This example illustrates the
declaration of a non-default initial
value for the fifth element of the
CHANNEL array of the variable
MODULE_8 CONFIG.

9 Initialization of constants
VAR CONSTANT Pl : REAL := 3.141592 ; END_VAR
10 Initialization of function block instances
VAR TempLoop : Allocates initial values to inputs and
PID :-= outputs of a function block instance
(PropBand := 2.5,
Integral := T#5s);
END_VAR

@Features 1 to 4 can only be used in PROGRAM and VAR_GLOBAL declarations, as defined in
2.5.3 and 2.7.1 respectively.
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2.5 Program organization units

The program organization units defined in this part of IEC 61131 are the function, function block, and
program. These program organization units can be delivered by the manufacturer, or programmed by
the user by the means defined in this part of the standard.

Program organization units shall not be recursive; that is, the invocation of a program organization unit
shall not cause the invocation of another program organization unit of the same type.

The information necessary to determine execution times of program organization units may consist of
one or more implementation-dependent parameters.

2.5.1 Functions

a) VAR X,Y,Z,RES1,RES2 : REAL;

RES1 := DIV(INL :
RES2 := MUL (SIN(
Z: = ADD(EN := ENI1, S2, ENO => V);

b) | = 4+ \?---+
SN ENOJ--- V

| |
|-4---] ADD |--- Z

4 o ————— —

IEC 2474/02

a) Structured Text (ST) language - see subclause 3.3
b) Function Block Diagram (FBD) language - see subclause 4.3
NOTE This figure shows two different representations of the same functionality. It is not required
to support any automatic transformation between the two forms of representation.
Figure 4 - Examples of function usage
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Functions shall contain no internal state information, i.e., invocation of a function with the same
arguments (input variables VAR_INPUT and in-out variables VAR _IN_OUT) shall always yield the
same values (output variables VAR_OUTPUT, in-out variables VAR_IN_OUT and function result). It
shall be an error if external variables as defined in 2.4.3 cause the violation of this rule.

Any function type which has already been declared can be used in the declaration of another program
organization unit, as shown in figure 3.

2.5.1.1 Representation

Functions and their invocation can be represented either graphically or textually.

In the textual languages defined in clause 3 of this standard, the invocatjd ans shall be
according to the following rules:

1) Input argument assignment shall follow the rules given in table 19
2) Assignments of output variables of the function shall be eithef ernp
3) Assignments to VAR_IN_OUT arguments shall be varjables.

4) Assignments to VAR_INPUT arguments may be e

5) The form of the block sh

6) The size and proportijons™Q

7) The direction
and output variable
8) The function

9) ProvisionSshall

- any additional function declared as specified in 2.5.1.3.
This usage is subject to the following provisions:

a) Where no names are given for input variables in standard functions, the default names
IN1, IN2, ... shall apply in top-to-bottom order.

b) When a standard function has a single unnamed input, the default name IN shall apply.

c) The default names described above may, but need not appear at the inside left-hand side
of the graphic representation.
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10) An additional input EN and/or output ENO as specified in 2.5.1.2 may be used. If present, they shall
be shown at the uppermost positions at the left and right side of the block, respectively.

11) The function result shall be shown at the uppermost position at the right side of the block, except if
there is an ENO output, in which case the function result shall be shown at the next position below
the ENO output. Since the name of the function is used for the assignment of its output value as
specified in 2.5.1.3, no output variable name shall be shown at the right side of the block.

12) Argument connections (including function result) shall be shown by signal flow lines.
13) Negation of Boolean signals shall be shown by placing an open circle just outside of the input or

output line intersection with the block. In the character set defined in 2.1.1, this shall be
represented by the upper case alphabetic “0”, as shown in table 19.

ior urﬁt, or to a “properly _mapped”
s or function invocation.

variable of a function block instance or a
C g e right, or assigned using the “:=” operator in
a textual assignme t statement, to iabte-decClared in a VAR, VAR_OUT or VAR_EXTERNAL

Q &
Q \\ \}>eatu re® Representation

No
1 Negated input ---Q | ---
+--- 4+
2

Fe- -+

Negated output - | O --
+-- -+

2 |If either of these features is supported for functions, it shall also
be supported for function blocks as defined in 2.5.2, and vice
versa.

® The use of these constructs is forbidden for in-out variables.
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Figure 5 illustrates both the graphical and equivalent textual use of functions, including the use of a
standard function (ADD) with no defined formal argument names; a standard function (SHL) with

defined formal argument names; the same function with additional use of EN input and negated ENO
output; and a user-defined function (INC) with defined formal argument names.

Example Explanation

o + Graphical use of ADD function

| ADD | (See 2.5.1.5.2)

B-—-| [-—-A (FBD language; see 4.3)
(o | (No formal variable es)
D---1 |

[ p— +

A := ADD(B,C,D);

Textual useof fun }\>
(STI uage; see

e +
| SHL |
B-——]IN  |-—-A
C——-IN |
e +

« \/ @ use of SHL function
language; see 3.3)

S +

| SHL |

ENABLE--- | EN

B——-]1IN
C-—|IN

Gra \ﬁl'{I use of SHL function
(See 2.5.1.5.3)
(FBD language; see 4.3)

and negated ENO output)

Fopmal argument names; use of EN input

Textual use of SHL function
(ST language; see 3.3)

Graphical use of user-defined
INC function
(FBD language, see 4.3)

(Formal argument names for VAR_IN_OUT)

Textual use of INC function
(ST language, see 3.3)

Figure 5 - Use of formal argument names

IEC 2475/02

Features for the textual invocation of functions are defined in table 19 a). The textual invocation of a
function shall consist of the function name followed by a list of arguments. In the ST language defined
in subclause 3.3, the arguments shall be separated by commas and this list shall be delimited on the

left and right by parentheses.

In feature 1 of table 19 a) (formal invocation), the argument list has the form of a set of assignments of
actual values to the formal argument names (formal argument list), that is:

1) assignments of values to input and in-out variables using the **:

="' operator, and

2) assignments of the values of output variables to variables using the "'=>"" operator.
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