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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS -

Part 8: Guidelines for the application
and implementation of programming languages
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IEC 61131-8, which is a technical report, has been prepared by subcommittee 65B: Devices,
of IEC technical committee 65: Industrial-process measurement and control.

This second edition cancels and replaces the first edition, published in 2000, and constitutes
a technical revision.

The main changes with respect to the previous edition are to make IEC 61131-8 consistent
with IEC 61131-3, 2nd edition.
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The text of this technical report is based on the following documents:
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INTRODUCTION

This part of IEC 61131 is being issued as a technical report in order to provide guidelines for
the implementation and application of the programming languages defined in IEC 61131-3:
2003, second edition.

Its contents answer a number of frequently asked questions about the intended application
and implementation of the normative provisions of IEC 61131-3, second edition and about its
differences from IEC 61131-3:1993, first edition.

@%
S
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PROGRAMMABLE CONTROLLERS -

Part 8: Guidelines for the application
and implementation of programming languages
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1.4 Overview
The intended audience for this technical report consists of

— users of programmable controller systems as defined in IEC 61131-3, who must program,
configure, install and maintain programmable controllers as part of industrial-process
measurement and control systems; and

— implementors of programming languages, as defined in IEC 61131-3, for programmable
controller systems. This may include vendors of software and hardware for the
preparation and maintenance of programs for these systems, as well as vendors of the
programmable controller systems themselves.

IEC 1131-3 is mainly oriented toward the implementors of programming languagg¢s for
programmable controllers. Users who wish a general introduction to these la s and

their gpplication should consult any of several generally available te i bject.
Subclpuse 1.4 of IEC 61131-3 should be consulted by those who 3 rview
of the| contents of that standard.

Clausje 2 of this technical report provides a general introdu lause
3 proyides complementary information about the applic nming
langupge elements specified in IEC 61131-3. Cla t the
intended implementation of some of these programpi use 5
provides general information about requirements \for (hardwa dSoftware for program
develppment and maintenance. Hence, it is exp A >f programmable controllers
will find Clauses 2 and 3 of this techhical re hile programming language
implementors will find Clauses 4 and S f'erring fo the background matefrial in

Clausles 2 and 3 as necessary.

2 Introduction to IEC 8

2.1 General consideratio

In the past, th pensive hardware components imposed sgevere
constfaints on {Je industrial-process control, measuremen{ and
automation systems$ j iOr apd implementation were tightly tailored to the selected

hardware. This S jali who were highly skilled, both in solving process

automation p ing with complicated, often hardware-specific computer

With the idN ' N microelectronics and related technologies, the cost/performance
ratio pf sys ardwaré has decreased dramatically. At present, a small programmable
contrgller may.cost many times less than the cost of programming it.

Driven<by- rapidly decreasing hardware cost, a trend has become established of replacing
large,centratty-imstattedprocesscomputersorother comparativety targe;isotated—controllers
by systems with spatially and functionally distributed parts.

As illustrated in Figure 1, the essential backbone of such systems is the communication
subsystem, which provides the mechanism for information exchange between the distributed
automating devices. Connected to this backbone are the devices, such as programmable
controllers, which deliver the distributed processing power of the system. Each device, under
the control of its own software, performs a dedicated subtask to achieve the required overall
system functionality. Each device is chosen with the size and performance required to meet
the demands of its particular subtask.

In a different environment, programmable controllers are used in stand-alone applications as
illustrated in Figure 2. Users of these applications also stand to gain by the evolution outlined
above. Due to the present low cost of hardware components, many new, relatively small,
automation tasks can be solved profitably and flexibly by programmable controllers.
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Figure 2 — Stand-alone applications

In addition/to their low hardware price, the intensive use of programmable controllers in
solving\automation tasks is also advanced by their straightforward operating and
programming principles, which are easily understood and applied by the shop-floor personnel
involved in programming, operation and maintenance.

Programmable controllers typically employ the principles of cyclic or periodic program
execution illustrated in Figure 3. Cyclically running programs restart execution as fast as
possible after they have terminated execution. Periodic execution of a program is triggered
by a clock mechanism at equidistant points in time.

These principles are well known and applied in the operation of digital signal processing
systems to simulate the operation of continuously operating analog or electromechanical
systems. Process values are read into the device and written out to the process as discrete
samples at random or equidistant points in time, depending on the control task that has to be
fulfilled.
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The advantage of these operating principles is that they allow the construction of programs
for programmable controllers using elements closely related to the principles of hard-wired
logic or continuous control circuits previously used for the same purpose.

The operating principles of programmable controllers thus enable the provision of application-
specific, graphical programming languages. Combined with appropriate man-machine inter-
faces, these languages enable the control engineer to concentrate on solving the problems of
the application, without extensive training in software engineering. The control engineer’s
technological specifications can be mapped direct to the corresponding language elements.

Another particular advantage of such programming languages is that the representation they
offer §an be used not only for program input and documentation, but also for on-line 1est and
diagnpsis as well. Thus, programming support environments (PSEs programmable
contrgllers are able to provide the graphically oriented representation an entation that
are already familiar to the application engineer and shop-floor persop

Clock trigger
e.g. every 80 m
4

Cyclic Read Periodh & \E
execution inputs exeqltio nputs

ite Write
\Qtp outputs

IEC 2062/03
yclic or periodic scanning of a program

2.2 ( \ historical limitations

variou in different automation systems, or even in the same system.
Howe)er,(the hardware of programmable controllers from different manufacturers may| have
very ljttlein common. In the past, this has resulted in significant differences in the ele
and methods of programming e software as welt 1t N3 zdto the devetopment of
manufacturer-specific programming and debugging tools, which generally carried very
specialized software for programming, testing and maintaining particular controller “families”.

Changing from one controller family to another often required the designer to read large
manuals for both the hardware and software of the new family. Often, the manual had to be
reviewed several times in order to understand the exact meaning and to use the new
controller family in an appropriate way. Due to the concentrated, tedious work necessary to
read and understand the new, vendor-specific material, few people did it. For this reason,
many people regarded the design and the programming of such controllers as some black
magic to be avoided. Thus, the knowledge of how to use such systems effectively was
concentrated in one or a few specialists and could not be transferred effectively to those
responsible for system operation, maintenance, and upgrade.
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A major goal of IEC 61131-3 was to remove such barriers to the understanding and
application of programmable controllers. Thus, IEC 61131-3 introduced numerous facilities to
support the advantages of programmable controllers described in 2.1, even if controllers of
different vendors are concerned. It has turned out that the resulting expansion of the
application domains of programmable controllers, and the increasing demand of customers
fed through this expansion, stimulated a lot of vendors to make their programming systems
compliant to the standard.

Vendor and user organizations like PLCopen accelerated this process by promoting the
benefits and advantages of standardizing PLC programming to a large extent.

2.3 Basic features In IEC 6113T-3

From |the point of view of the application engineer and the control sy r, the

most

a) W d by
la ization
urn

b) St major

SO

c) A
in

m/organization units is
and action blocks| offer

ex tions in a concise fgrm.

d) Th cation
pr ice or
di a san be used between two programs.
Th : '

e) Tv anguages may be chosen by the desjigner,
ag extual
an well-
urn
1) ously

2) Block Diagram (FBD) language models networks of
g electronic elements such as adders, multipliers, shift
3) ext (ST) language models typical information processing taskg such

algorithms using constructs found in general-purpose high| level
as Pascal.

4)| Fhe Instruction List (IL) language models the low-level programming of gontrol

csvctame in accamhliv lanAaniana
SYSteMmSHAaSSeoryrahgHdage

5) A set of graphical and textual common elements provides rules for defining values and
variables, features for software configuration and object declaration. The common
elements include graphical and textual elements for the construction of

6) Sequential Function Charts (SFCs), which model time- and event-driven sequential
control devices and algorithms.

f) Flexibility in the selection of languages suited for programming application-specific
functionalities will increase the reuse of software solutions to process control problems.

g) Each application specialist on a project team can use a programming style and language
suited for the particular functionality in question, with the assurance that the results of the
work of the individual specialists will integrate smoothly together.

In summary, the principal goal of IEC 61131-3 is to introduce all the necessary standardized
language concepts and constructs to solve the technological problems of each application
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and to provide principles for the construction of vendor-independent software elements. This
facilitates the reusability of control software designs for different controller types, even
though some effort will almost always be required in order to move control programs from one
controller family to another.

2.4 New features in the second edition of IEC 61131-3

Since 1993, the publication date of the first edition of IEC 61131-3, its environment has
changed greatly. During the first phase, a large amount of experience with the practical
application of the standard was gained. A number of inconsistencies, contradictions and
unresolved questions as well as features, which were unnecessarily difficult to implement,
were discovered. The industrial end-users often raprnennh:ri h\ll software comp nies,

supplied many proposals for changes and amendments.

To maintain the value of investment by the former IEC 61131 users.\8 ers of
IEC 6[1131-3 control software as far as possible for the future, the kEC\ha i e the
review of existing standards, which is due every five years, for g{woxste

Step {: Elimination of inconsistencies within IEC 61131-3

Step 2: Amelioration of specific items in need of improveren ! d the
integration of features regarded as particula i ).

For ejery individual item to be altered, change user

program compliant with the first edit] is ghe h the

excep

A sumpmary of the corrections and amepdmentsNs g brt.

25 §

251

251,

A number of softw s(ell i f IEC
61131 » ed software quality. A few of the more impprtant

princi are quality, and their embodiment in IEC 6113113 are
discu$

NOTE z e of “this\technical report for descriptions of the software engineering quality mgasures
referen i 3 xample, reliability, maintainability, etc.

Enca
software entity. E
adaptpbility!

packaging” of functionally related data and/or procedures in a gingle
ap'sulation contributes to software reliability, maintainability, usability, and

&

Associated with encapsulation is the notion of hiding of procedures and data, in which the
only knowledge that the user has of a software entity is its external interface and specified
functionality. Details of internal data structure and procedure implementation are intentionally
hidden. Hiding contributes to software maintainability, integrity, usability, portability and
reusability.

The elements of IEC 61131-3 that support encapsulation and hiding, and their main
subclauses in IEC 61131-3, are listed in Table 1.
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Table 1 — IEC 61131-3 elements supporting encapsulation and hiding

Element Encapsulation Hiding
(subclause) Data Procedures Data Procedures
Structure (2.3.3) Yes No No No
Function (2.5.1) No Yes Yes Yes
Function block (2.5.2) Yes Yes Yes Yes
Program (2.5.3) Yes Yes Yes Yes
Action (2.6.4) No Yes No No
Accesd path (2.7.71) Yes No Yes o

2.5.12 Explicit representation of state

The §FC elements defined in 2.6 of IEC 61131-3 enable the state to be
determined at any point in time as the set of active steps a atio t this
repre’Fentation, the state of the system must be inferred data_stch\g inputs,
outpufs, and some set of “state” (Boolean) variables. thus
contriputes to software maintainability, iNty. ystem
respo i bns of
the sqftware algorithm relevant to the current sta

2.5.13 Mapping to the application d

The direct mapping of the elements of }ET strial-
proceps measurement, automation and y 1S 8 dy been noted in 2.1 and 2.3 of this
techn|cal report. This chg i tware maintainability, usability and

adaptpbility.

2.5.14 Mapping of d
IEC 6

lization known as “top-down design” (or “design

by fur “bottom-up implementation® (or “implementation by
functi \ i ibutes to software reliability, maintainability, usabilify and
adapt
This s gn and implementation is characterized by the following sequence of
steps

a) The desired

Qnality and external interface of the system are specified. For insfance,
the basie-functiapdlity of a machining cell might be to accept a rough part from a material
hgndling system, produce a finished part from the rough blank, measure the finisheq part,
pgssiit back to the material handling system, and report the results of the operatioh to a
manufacturing information sysiem. External interfaces in this cell would include the
material handling and information system interfaces. The configuration elements
described in 2.7 of IEC 61131-3 can be used in this step.

b) A first decomposition of the system design is made by allocating the required functionality

into one or more elements, typically programs (2.5.3 of IEC 61131-3). The interfaces
among the programs, and between the programs and the external interfaces of the
system, are defined, and the functionality allocated to each program is defined. Such a
decomposition will often follow the physical partitioning of the system; for instance, in the
machining cell described above, separate programs might be defined for the machining
station, the measuring station, and for the material handling robot of the cell, if any.

Each element defined in the preceding step is further decomposed into more basic
functional units. If the functionality of the element is essentially sequential, the first step in
the decomposition may be the formulation of an SFC (2.6 of IEC 61131-3) expressing the
sequence of operations to be performed and the conditions for repeating the cycle of



https://iecnorm.com/api/?name=a7fdd8b3112f139ee50fab12c8849c48

d)

e)

2.5.15 Structured programming

The dontribution of structured progra

- 16 - TR 61131-8 © IEC:2003(E)

operations. Each action (2.6.4 of IEC 61131-3) of the SFC is then further decomposed,
typically into interconnected function blocks (2.5.2 of IEC 61131-3), i.e., an FBD (4.3 of
IEC 61131-3). For instance, the main program for the machining station in the cell
described above may be an SFC describing the sequence of machining operations to be
performed, while the actions might contain function blocks performing the required motion
control functions.

This functional decomposition process is performed recursively until all functionality can
be identified as belonging to existing library elements (see 1.4.3 of IEC 61131-3), or can
be expressed algorithmically in one of the textual or graphic languages in IEC 61131-3,
i.e. IL (3.2 of IEC 61131-3), ST (3.3 of IEC 61131-3), LD (4.2 of IEC 61131-3), or FBD
(4.3 of IEC 61131-3).

The system is then implemented by “bottom-up” functional composition,-i.e., by cenpiling
and adding to the library the newly defined elements in the reverse(ordernN they
hgve been defined in the preceding steps. With some attention to”desig 3bility,
many of the new library elements may be usable in future systemyge

Fipally, the allocation of programs to resources, and resou 3 igurafigns is
cgmpleted, program execution tasks are set up, and ace e ed for
cammunication with information systems, using the co in 2.7
of[IEC 61131-3.

reliability, maintainpbility

and adaptability is well known. The S{ lahguéd & EC 61131-3 provideqd a full
set ofl constructs to support this style of pragrs taining full compatibility with

the other graphical and textual langugge
editiop of IEC 61131-3 still contained

eNCies)CK
EN/EINO usage), the second edition mrodthe &ssary extensions and adaptatipns in
the syntax and semantics syand) function block invocations, to ensure mutual

langupge interchange.

2.5.16 Softwar

C 61131-3. Whereas thg first
ning this compatibility (for exgmple,

The programming”n 3 of
IEC 611131-3 strong 8 ed by
the uger in the i ¢ i i in 2.5.2. py be
supplled as Aibranes™ f . i i By be
unfaniliar to\ users i i icati as a
singlqg, Ia > . ize the
large |potentia SN sQ tware qual|ty and productivity presented by the new approach to

software reu

As described in 1.4.3 of IEC 61131-3 and Clause B.0 of IEC 61131-3, the software elements
that may.be placed in libraries for reuse include, in order of increasing complexity and
functionality:

data types;
functions;
function blocks;
programs;
configurations.
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2.5.2 Portability

2.5.2.1 Inter-language portability

As noted in Annex B of this technical report, portability is defined as the ease with which
system functionality can be moved from one system to another. This may be considered from
the point of view of

— Inter-language portability, i.e. the ease of converting a program organization unit type
specification from one language to another; or

provig mong all
the defined languages. However, as noted in item 5) of 2.3 of thi§ te ach of
the | bf the

problgm domain. This limits the ease with which an algorif
langupges can be translated into another programming langu

— the selection and iteration constructs of the nslate

efficiently into FBD or LD;

— tektual expressions can only be used in the age.
The problems in the first edition of {EC\614 [ iffefent support of EN/ENO in
graphjical languages and textual langd S D i 2 second edition, as already

mentipned in 2.5.1.5.

Due tp the remaining limitations, ogse the language most appropripte to
the type of algorithm to b ¢ Q. &’ function or function block.

2.5.22 Inter-system por
IEC §1131-3 ne i equikes”a common exchange format for intercharlge of
program organizatio it (F éfinitions written in graphical languages; but iff does

B for the common elements and for the two textual
langupges ST and \inimally required encoding for the export and import of library
elemgnts written~ i ormat is also defined in item j) of 1.5.1 of IEC 61131-3. This
is a new i i ond edition of IEC 61131-3, which will improve inter-system

Consgquently, tomplignt POUs, as defined in 1.5.2 of IEC 61131-3, may only be portable if
they gre written in atéxtual language (ST or IL). Even if written in textual language, conjpliant
POUY will~aot be portable unless the set of features supported in the target system is|equal
to or p'superset of the features supported in the source system. Compliant POUs may also
not be portable if the set of implementation-dependent parameters of the two systems differ
in important values. A typical example is the support of a different number of characters used
in distinguishing two identifiers.

3 Application guidelines

3.1 Use of data types

Subclause 2.3.2 of IEC 61131-3 offers many elementary data types. The user can also define
new data types, as described in 2.3.3 of IEC 61131-3, as necessary to meet the data
representation needs of the application. All data types, including user-defined types, are
made available for use in a “library” of data types as described in 1.4.3 of IEC 61131-3. The
user then declares the data type to be used for each variable.
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The selection of a type for a variable should be appropriate to the range of values and
operations to be performed on the variable. For instance,

— if a variable can only hold the values 0 or 1, and is only to be operated on by Boolean
operations, then the elementary type BOOL should be chosen;

— if a programmable controller program has to count something and the counts are
expected to be in the range from 0 to 1000, a variable of type SINT or USINT cannot be
used, since their value ranges only extend from -128 to +127 for SINT and from 0 to 255
for USINT. A reasonable data type for this purpose would be UINT. This has a sufficient
value range and the usage of an unsigned integer type also makes it clear that negative
values are not expected.

3.1.1 | Type versus variable initialization

In a program that complies with IEC 61131-3, each variable hag\ inthialize either
expliditly by programming or implicitly by the default mechanism§_defi the stamdard.
Uninifialized values should never occur. To ease the declaratig =ntary

types|have default initial values specified in the standard. ble is
specified by the user, then that variable will have the defa initial
valueg

IEC 6 5. For
instan

Any d D50.0
instes owing
decla riable
Pipe imum
temperature for the pi to be set before the first usage of the

varialjle. Forgetting S In the present example, the majimum
temperature for the bailer ialized~With a\proper default initial value. There is no negd for
a set{up before‘ vhi 3 simplifies a programmable controller program
and irjcreases softwa

ature: TempLimit;
arature: REAL;

3.1.2 ed and subrange types

IEC §1131=3~provides mechanisms for the definition of enumerated and subrange types.
These types can make a program more readable and thus act as documentation aifds. In
additiph,vthese types can contribute to program reliability by helping to avoid the yse of
unintended values of variables as well as by explicitly expressing the intended semantics of
the values of enumerated variables.

An enumerated data type restricts the values of variables of the type to a user-defined set of
identifiers. As an example consider

TYPE Color - ( Red, Yellow, Green ); END_TYPE

\-/AF-Q_GLOBAL brickColor : Color; END_VAR

Here a new type Color is defined. It may only have three values — Red, Green, or Blue.
IEC 61131-3 does not define numerical values to which these enumerated values may
correspond. There also is no conversion function to and from enumerated types to integral
types. The values only have to be distinct and reproducible. An assignment of a value to the
variable brickColor is possible only if one of the defined colour values is used. All other
values are flagged as errors.
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IEC 61131-3 provides standard functions for multiplexing, selection, and comparison (equality
and inequality) of enumerated data types.

IEC 61131-3, 2nd edition, also provides for the typing of enumerated values to distinguish,
for instance, between the values brickColor#Red and paintColor#Red. The second edition
also allows the use of an enumerated value as a selector in a CASE statement.

The syntax given in B.1.4 and B.1.3.3 of IEC 61131-3 allows the creation of “anonymous
subrange data types” and “anonymous enumerated data types” in the declaration of variables
and of elements of structured data types. An “anonymous subrange data type” is
characterized by its base type and subrange. Similarly, an “anonymous enumerated data

type” [S characterized by the number, order, and rdentiiiers ot Its enumerated values.
EXAMPLE 1
Givenl the type and variable declarations below, the variable Y i siders bf the
same|anonymous enumerated type as the CURRENT_COLOR copripanent ¥ riable X and
the assignment statement shown is valid. However, an as bf the
varialjle brickColor shown above to either Y or X.CURRE cause
the type Color is not anonymous.
TYPE TRAFFIC_LIGHT:
STRUCT
POWER_STATE: BOOL;
CURRENT_COLOR: (Red
END_STRUCT
END_TYPE
VAR X: TRAFFIC_LIGHT;
Y: (Red, Yellow, Gre
END_VAR
EXAM
See 3.1. be”.
3.1.3
Users ner, it
repre$ ORD,
whersg his is
in reg dfer of
data 5 and
thumbwheel switches.

Since compliant systems are not required to support BCD arithmetic, BCD encoded data must
be converted to one of the integer types (SINT, INT, DINT, LINT, USINT, UINT, UDINT, or
ULINT) using one of the BCD_TO_** conversion functions defined in 2.5.1.5.2 of IEC 61131-
3, in order to be manipulated arithmetically. Similarly, the **_TO_BCD functions are provided
to convert integer data to BCD encoded form for transfer to external devices.

Users should be aware of the potential errors that may be caused in the encoding of BCD
data.

a) Since no standard BCD encoding is defined for the “minus” sign, the use of a negative
number as an input to a **_TO_BCD conversion may cause a conversion error.

b) The range of an integer variable is larger than the range of a BCD-encoded bit string
variable with the same number of bits. For instance, the range of a variable of type SINT
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s (-128..127), while the range of numbers that can be encoded in a bit string of type
BYTE is only (0..99).

The example shown in Figure 4 illustrates precautions that may be necessary to avoid these
errors. In this example, the function block BCD_DIFF takes the difference between two two-
digit BCD-encoded inputs THUMB1 and THUMB2 and outputs the result as a two-digit BCD

encoded bit string plus a Boolean sign, which could be used for example to drive a “two-digit
plus sign” BCD display.

A diffe

both
Funct
produ

BCD_DIFF |
BYTE---]| THUMB1 SGN]---BYTE

BY E---]J THUMBZ DIFF|---BYIE

Figure 4a — External interface

et
+-——=] < |---SGN
| +--1 |

| ]+t

pining
28 type SBCD_BYTE shown in Figune 5a.
Figure 5b and c, could then be defined jwhich

> BYTE: STRUCT
TA: BYTE; SGN: BOOL;
_STRUCT; END_TYPE

|g re Meflnltlon of structured data type SBCD_BYTE

o +
SBCD_DIFF |
BYTE---| THUMB1 | ---SBCD_BYTE
BYTE---| THUMB2 |
o +
L) |5u|c 5b I—I\tclllﬂl mneTrravve
et

————————————— + = I S FupUIp S S —
THUMB1--] BCD_TO_SINT |-+-]--] - |--1 ABS |--] SINT_ |--SBCD_DIFF.DATA

————————————— + o+ | +--—-——-—-+ | TO_ |

| +-—-+ | BCD |

Figure 5¢ — Body
Figure 5 — Function block SBCD_DIFFF

IEC 2064/03
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3.1.4 Use of REAL data types

The 32-bit REAL data type described in 2.3.1 of IEC 61131-3 can be used for holding the
majority of decimal values such as control loop set-points, and process values. The REAL
data type supports a wide range of values within the range +10%38 | with a precision of 1 part

in 223, j.e., 1 part in 8388608.

Where a higher value range or higher precision is required, the 64-bit (long) format LREAL
can be used with a range of +10+308 and precision of 1 part in 252,

NOTE 1 In some algorithms, rounding errors may be magnified by the calculations performed. Data types with
higher precision than initially apparent may be required in order to avoid such errors.

NOTE R See 4.2.1 of this technical report for additional considerations in the implementafionof REAL type

UT

3.1.5| Use of character string data types

The §TRING data type provides storage for variable length textuakd istihg 8-bit
charagters, which is required in the majority of application pro - blding
proceps batch identifiers, recipe names, operator security

IEC ¢ 16-bit
(“Unigode”) characters.

IEC 61131-3 provides means for defjring 5tring.
This [s often required when constructi le, in
order 3 ontrol
charagters in messages sent to a printgr.

Length of character stri

Acconding to IEC 61131-3 nd its
current length. The maxi ple or

the u{

e Im

e Im

The currentlfength’of a string constant does not change, but the current length of a|string
v1riable may be €hanged by an assignment of a new value to the string.

e C

rrent length, L.

— L < L4 for string variables

— Lg = L4 for string constants

IEC 61131-3 does not specify what may happen when an assignment operation tries to
assign a new value of current length L. ., to a string variable with declared maximum length

Lmg < Lcnew- Users should be aware that implementation dependencies may cause an error
or may truncate the assigned value to the length L4 in this case.

NOTE Truncation rather than error is the recommended option for implementers.
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3.1.6 Use of time data types

IEC 61131-3 provides a number of data types for holding time of day, date and duration.
Recording the times activities occur, measuring process durations, and triggering actions at
prescribed times of day or on particular dates are typical and, in some cases, essential
features of most process, production and manufacturing application programs.

Typical usage of time includes

a) accurate definition of the duration of a process phase, for example, in heat treatment
where the annealing time of some materials is critical;

b) repording the date and time of alarm conditions for process audj maintepance
pyrposes;

c) cdntrolled switch-on of a process according to the time of day, fo ) intiate pre-
hgating of a reactor vessel before the first shift of the week;

d) repording the calibration date of critical analog inputs so { A _camwarn|when
retcalibration is required;

e) repording the times of power failure and power resumpti alculate the down-time
dyration. This can be used with an applicatiop to define 3 ail strategy. For
eXample, if power fails for a few minutes, the appli . ¢ to continue befpause

the process vessels are still warm; howeve ater a I 9 ailure, the appligation

should abort the process and take ary to put the plant jnto a
safe state;
NQTE 1 i is ¢ to retain the date and time of power
failure in non-volatile memory.

f) dgfining time-outs for certain ope i [ > For example, if a communicgations
trgnsaction with a ser I8 in time, the operatjon is

agsumed to have failet

The {ime data types DATE and DATE_AND_TIME, can be used in
i i +), SUB (-), MUL (*), DIV (/), and alsp with

expregsions wit A
the cgncatenatio G Mn exaniple of such usage is given in Figure 6.

phaseDuration * phaseCount;
startTime + processDuration;
CONCAT_DATE_TOD(todayDate,

IEC 2065/03

Figure 6 — ST example of time data type usage

There are also type conversion functions to support all the required manipulation between
dates, time of day and duration. For example, it is possible to extract the TIME_OF_DAY from a
DATE_AND_TIME variable.

NOTE 2 IEC 61131-3, secon edition, modified the naming conventions for several functions of time data types in
Table 30 of IEC 61131-1, in order to make them consistent with the definition of overloaded functions given in
2.5.1.4 of IEC 61131-3. Previous function names not consistent with this definition are deprecated, i.e. they will
not be included in IEC 61131-3, third edition.

3.1.7 Declaration and use of multi-element variables

There is provision within IEC 61131-3 for multi-element (“aggregate®) variables, including
arrays and structures. Arrays are useful in a wide range of programs. Their use can avoid
repetition of code and in many cases can make the program easier to understand. An
example of the usage of an array variable is given in Figure 7. In this example, speeds is an
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array of permitted line speeds, and lineState is an integer (INT) giving state of the line such
as 0 for stopped, 1 to 3 for graded increases in speed.

According to the IEC 61131-3 definition of aggregate, each definition of an array in a variable
or structure declaration creates a data type. Such “anonymous array types” are characterized
by their element types and subscript range(s). For instance, the aggregate accelerations as
declared in Figure 7 would be considered to be of the same type as the aggregate speeds,
while the aggregate positions would not be considered to be of the same type. Hence the
values of all elements of the aggregate accelerations can be assigned the values of all
elements of the aggregate speeds in a single assignment, while the assignment of values
from speeds to the elements of positions has to be done by component-wise assignment as
showrm Figwc 7~

O

VAR_IN lineState: INT; END_VAR; /\\ >
VAR_OUT lineSpeed: REAL; END_VAR; < \\ >
VAR

speeds: ARRAY[O0..3] OF REAL:= (0.0,
accelerations: ARRAY[0..3] OF REAL;
positions: ARRAY[1..4] OF REAL;

1: INT;
ND_VAR; /Agjx
ineSpeed:= speeds[ lineSkate
ccelerations:= speeds; (* acc

T+ Q wm | [T]
o/

OR I:= 0 TO 3

positions[l1+1];~ speeds ];%el
ND_FOR N
N \) IEC |2066/03

-wise assignment *)

M

3.1.8

The de 2 ions in Tables 27 and 28 of IEC 61131-3 are defined to
oper:bn ‘ j gydata types BOOL, BYTE, WORD, DWORD and LWORD as well as
on nu INT. Comparisons of bit-string data are made bitwise frgm the
most signifi he least significant bit, and shorter bit strings are considered to bq filled
on th ith = én compared to longer bit strings; that is, comparison of bit{string

varial f e result as comparison of unsigned integer variables.

EXAMPLES — The following expressions all evaluate to TRUE:

GT(TRUE EAI SF)
GT(TRUE, DWORD#0)
GT(WORD#1FF, BYTE#FF)

The operation of MIN and MAX functions on bit-string types can be considered as an
application of the comparison functions. For mathematical details, see 4.2.2.

EXAMPLES
MAX(BYTE#5, BYTE#FO, BYTE#EF) = BYTE#FO because
BYTE#FO > BYTE#5 and BYTE#FO > BYTE#EF;
similarly,
MIN(BYTE#5, BYTE#FO, BYTE#EF) = BYTE#5 because
BYTE#5 < BYTE#FO and BYTE#5 < BYTE#EF .
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3.1.9 Strongly typed assignment

Although not explicitly stated in IEC 61131-3, it was the intention of the standard to specify
that assignment of the result of evaluating an expression to a variable be “strongly typed”;
that is, that assignment should only take place when the result is of the same type as the
variable. This is implied, for instance, by the discussion of the assignment statement in
3.3.2.1 of IEC 61131-3. In this interpretation, a result is considered to be of the same type as

a variable when

— its type name is the same as the type name of the variable to which it is to be assigned;

or

~ ba . C . “
as
other; or

— bdth the result and the variable to which it is to be assigned are
types” as discussed in 3.1.2 , whose enumerated value sets exac
nymber, order and identifiers of the enumeration elements.

type of the result is the same as the “parent” type of |
howeyver, a run-time check must be made to determine
subrahge limits of the variable.

Thesg conditions apply not only to
statements but also to the use of th
of EC|61131-3, data flow connections
IEC 6[1131-3, and data passing as discu

EXAMPLE 1

Consi
HANNEL_CONFIGURATION;

ymous array type *)
URATION;

Wher \ are defined as in Table 12 of IEC 61131-3:

LOG_SIGNAL_RANGE ;
- ANALOG_DATA ;
- ANALOG_DATA ;

ANALOG_16_INPUT_CONFIGURATION :

discussed in 3.1.7, whose element type and subscript range(s) gxaetly match| each

hment
3.2.2
e 4 of

S RUCT

SIGNAL_TYPE : ANALOG_SIGNAL_TYPE ;

FILTER_PARAMETER : SINT (0..99) ;
(* An anonymous subrange data type *)

CHANNEL : ARRAY [1..16] OF ANALOG_CHANNEL_CONFIGURATION;

(* An anonymous array type *)
END_STRUCT ;
END_TYPE

Then an assignment statement of the form
X:z= Y.CHANNEL;

is valid and would cause an assignment of the values Y.CHANNEL[1]
Y .CHANNEL[16] to the variable elements X[1] through X[16], respectively.

through
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Similarly, an assignment statement of the form

Z = Y.FILTER_PARAMETER;

is valid and could cause an assignment of the value of the FILTER_PARAMETER element of the
structured variable Y to the variable z. However, a run-time error would occur if the value of
the FILTER_PARAMETER element were less than 5 or greater than 95.

EXAMPLE 2

See 3.1.2 for an example and use of an “anonymous enumerated type”.

3.2 Datapassing

Therdg are several methods for passing data into and out of POUgi i tions,
functipn blocks, and programs.

NOTE [I The term “parameter passing” is not used in this subclause, because the te 4 i sed in
IEC 61[131-3 except in the narrow sense of “A variable that is given a consjan 3 ifi ication
and that may denote the application” as defined in ISO/IEC 2382-02 and citeéd in |E ) ) 3 e term
paramater is only used in IEC 61131-3 in the context of “implementation-d amet iguration
paramgters”. The term variable is used instead in all other contexts/fo hy take
different values, one at a time” as defined in IEC 61499-1.

The most restricted methods to access data are defi i . i i , only
reading of input variables is allowed and a funcitj [ of an
aggrefgate type (for example, array, string or s g). i BSs to
globally defined variables, nor may they\acc ehted variables. As amother
desigh goal the standard requires functiQns tQ :\{] i . Thi nction
canndt save any of its computed or ji a i i .| Each
invocation will receive a set of freshly |nitigh QG i , i i ues if
not stpted differently by th i ini ogtricti ion [of the

functipn is independent gf any ¢ S i ) i iment
value$ from its current invosation.

NOTE R IEC 61131-3, tion v 3 i in- i 2. output
variablgs in additio ut and intep i : i i i i :
NOTE |3 IEC 61133, s&® i i iti ibili i textual

invocafions of functions;

Within a function\blogk ; Adi i i i iti butput
variables is pérmijtted. ‘ction in- i , i bad or
writtep. All ghobal i i ithi i ion, , bm by
use of tp bek, if
these| glo ' s_ ate redeclared in the function block definition by use qof the
VAR_EXTERNZ

NOTE 4 IEC,61131-3, Second edition, now allows function blocks in addition to programs, configurations and
resourges’to access directly represented variables.

The values of directly represented variables can be passed to a function block as input
variables from the program outside that function block. The same holds for output values
from a function block, which can be copied to directly represented variables in a program. A
function block may declare static storage that it can use to save any data from one invocation
to the next. Function block execution can therefore have many effects upon data, including
external data, which may be essential to the operation of the function block.

Programs have access to data as function blocks have and can contain declarations of global
variables and access paths; see 2.5.3 of IEC 61131-3. These have to be declared within the
program and thereafter can be freely read or written.

3.2.1 Global and external variables

Global variables can be defined and initialized within a configuration, resource, or program by
use of the VAR_GLOBAL keyword. Each program or function block that needs access to one or
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more of these global variables has to redeclare the variables by use of the VAR_EXTERNAL
keyword.

The following example shows how to define a variable TEMP outside a function block and
access it within a function block.

(* Within a CONFIGURATION, RESOURCE or PROGRAM *)
VAR_GLOBAL TEMP: INT; END_VAR

(* Access from inside a FUNCTION_BLOCK *)
VAR_EXTERNAL TEMP: INT; END_VAR

féMP:: -

As global variable declarations include directly represented variables
declafed. These aliases could be referenced by external variable de
block$ and programs.

hction

In the following example a global variable TEMP is declared to be ¢ S input
word ppIw22. Within a function block the variable name TEMP is > i input
word.

A fungtion block may not directly read the input word } alias
instedd.

3.2.2 | In-out (VAR_IN/ O

In-out variables
and programs. Theé

appropriate type. The

¢ used with POUs, i.e., functions, function blocks
any data directly but reference other data o¢f the
se of the VAR_IN_OUT keyword. In-out variablep may

NOTE ) i ow permits the use of in-out variables with functions.
Insidg iables allow access to the original instance of a variable instead of a
local copy™ef th ue.contained in the variable. Consider, for instance, the function|block

ACCU gure 8a. Upon each invocation of an instance of the function blogk, the
current valuesof the_imput X is added to the in-out variable A. If an instance of this fuhction
block| is- 'declared and invoked as shown in Figure 8b, the variable ACC itself will be
augmgnted by the product X1*X2 at each invocation of an instance of the function|block
SUM_PROD. There is no need to copy the output value from ACC1.A back into the variable ACC.
Similarly, in Figure 8c, the variable ACC will be augmented by the sum of products X1*x2 +
X3*X4 at each invocation of an instance of the function block SUM_2 PROD.

Figure 8d) illustrates the use of a VAR_IN_OUT variable in a function which sums the elements
of an array and then resets the array values to zero.

NOTE This is a new feature introduced in IEC 61131-3, second edition.

Since the output of a function does not have permanent storage associated with it, the output
of a function cannot be used as a VAR_IN_OUT variable, as illustrated in Figure 8e. Since an
in-out variable may be written to, it follows that literals, for example, 2.0, or constants that
have been allocated in VAR CONSTANT declarations, cannot be assigned as in-out variables,
as illustrated in Figure 8f.
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o —_— + FUNCTION_BLOCK ACCUM
| ACCUM |
INT---]A-——-- A]l---INT VAR_IN_OUT A : INT ; END_VAR
INT---|X | VAR_INPUT X : INT ; END_VAR
o ——— +
A=A+ X ;
-1
Q:::I * I“‘A END_FUNCT I0N_BLOCK
-t
Figure 8a — Declaration of a FB type using VAR_IN_OUT
Fom e + FUNCTION_BLOCK SUM_PRO
| SUM_PROD |
INT---]JACC----ACC|---1INT VAR_INPUT X1, X2:
INT---]X1 | VAR_IN_OUT ACC
INT---]X2 | VAR ACC1l: ACCUM;
o ——_——— +
ACCL ACC1(A :=
e —_—— +
| ACCUM | END_FUNCT
APC-—-mmmee e |[A-———- A]---ACC
tommt | |
XL--=] * |---IX |
Xp-——] | R + G
R p—
Figure 8b — Usage of an/%tanc }l{FE\({pe using VAR_IN_OUT
P 0 ON)BLOCK SUM_2_ PROD
| SUM_2 p
INT---]JACC---- RuINPUT X1,X2,X3,X4: INT;
INT-—-]X1 END) VAR
INT---]X2
INT-—-] VAR_IN_OUT ACC: INT; END_VAR
INT---] VAR ACC1l, ACC2: ACCUM; END_VAR
ACC1(A:= ACC, X:= X1 * X2);
ACC2(A:= ACC, X:= X3 * X4);
END_FUNCTION_BLOCK
S [ — Al]---ACC
+———+ |
X3---] * |---|X |
Xa--=] | 4------- +
R

Figure 8c — Usage of two instances of a FB type using VAR_IN_OUT
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| ASUM |
I [--INT
INT[1..10]--]A--——- Al--INT[1..10]

FUNCTION ASUM:
VAR_IN_OUT
A: INT[1..10];
END_VAR
VAR
11: INT;
Sum: INT:= O;
END_VAR
FOR I1:= 1 TO 10 DO
Sum:= A[I11] + Sum;
A[l11]:= O;
END_FOR;

ACLIMN =

INT

o =
MOUN . = U 5

END_FUNCTION

RN

Figure 8d — Declaration of another FB type using VAR_IN_gO‘* N\

-t
XL-—-1 * |
Xp---1  [---|A
+———t
XB-——————————
S +
| ACCUM | GAL USAGE:
2.0-—-JA--——-- Al---2¢ In-out A is not a variable
5 r function block name
N
le of illegal usage

IEC| 2067/03

3.2.3 ns and argument lists

The c o invocations in textual languages only.

IEC ¢ introduces extensive improvements in the specificatigns of
functi chion blocks as described below.

NOTE this technical report for a description of the rationale for these changes with respect to
IEC 61 i

a) Agcording to 2.5.1 of IEC 61131-3, functions are able to yield not only a single result —
pgssed to the invoking expression by the function name — but they can — like fuhction
blocks — pass values through output variables and/or in-out variables. Functions still
contain no internal state information, i.e., invocation of a function with the same
arguments (input variable values and in-out variable values) will always yield the same
output values (output variables, in-out variables and function result). The introduction of
output variables now allows for example to pass ENO additionally to the function result in
textual invocations of standard functions. ENO is the only additional output variable
provided by standard functions; user-defined functions may declare an arbitrary number
of additional output or in-out variables.

b) According to 3.3.2.2 of IEC 61131-3, which refers to 2.5.1.1 and Table 19a, function block
invocations now use the same rules and features as function calls. This means especially
that the argument list of a function block invocation may also have the form of a
parenthesized list of the complete set of actual input arguments — like in the above-
mentioned invocation variant for extensible standard functions in IEC 61131-3, first
edition.
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c) Subclause 3.6.2.2 of IEC 61131-3 introduces the terms “formal argument list” and “non-
formal argument list” for the two invocation variants with formal argument assignment and
without formal argument assignment. In 2.5.1.1 of IEC 61131-3 (Table 19a), these two
variants are introduced as features for the invocation of functions, and through the
reference in 3.3.2.2 of IEC 61131-3 for the invocation of function blocks, too. The usage
of feature 1 (formal invocation) or feature 2 (non-formal invocation) is left to the choice of
the programmer, who may, however, have to satisfy the requirements of the actual
application (for example, usage of ENO necessary).

d) Many standard functions did not explicitly define input variable names inside their
declarations in IEC 61131-3, first edition. To allow the usage of formal argument lists for
calls of these functions, corresponding rules for formal input variable naming are now

e) The usage of the operator "=>" introduced in 2.7.1 of IEC 6 131- bgram
canfigurations is extended to formal argument lists. This allows thé butput
variables inside the formal argument list of a function call or a [ i ation.
Fgr function calls, this mechanism of output variable assignmeny i passipleé one,
simce there is no construct to access output variables 6 alling
prpgram organization unit, as it exists for output variables he typical
ugage of this operator is the assignment of ENO in n the
c i Q v the
representation of a negated output, as introduceg/in 2.5 - 9) for

graphical languages, in textual invocations.

les to
butput

f) A fformal argument list has the for
the input and in-out variables
variables to variables located in s not
ngcessary to provide an assignmen nction
blpck: any variable not assigned 2 e i i , if any,

agsigned in the function or function ‘\blos secifjcation, r the

agsociated data type. ing icant.

NQTE 1 All rules in
unmodified compared to tf

"1 — are

t lists, for non-formal argument lists of fupction
calls and fu e actual arguments inside the list have [to be
ordered as prese variables defined in the function or function|block
dgclaration. 3 wve to be provided for the complete set of deglared

g) Infcontrast t

vdriables, nof\i xecution control variables EN and ENO — these varjables
cj ; rmal argument lists. Concerning the completeness of the set,
there | pi extual invocations of functions in IL: in this textual language
the fi UM e function call is expected as the current result, and the non-{formal
ar i ith the second argument (see 3.2.3 of IEC 61131-3).

N(G s in the foregoing paragraph are unmodified compared to the provisions of IEC 61131}3, first
ed|tion.

Table| 25illustrates function calls and function block invocations with non-formal and {formal
argunrenttistsimthetwo textvat-fanguages STamdt=

Table 2 — Examples of textual invocations of functions and function blocks

DESCRIPTION EXAMPLE (Note 8)
a) | Formal function call in ST (Note 1) 1= L|M|T(ENZ= COND,
IN:= B,
MX:= 5,

ENO => TEMP);

b) Non-formal function call in ST A:= LIMIT(1, B, 5);
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Table 2 — Examples of textual invocations of functions and function blocks

c) | Formal function call in ST (Note 2) I= L|M|T(EN3: TRUE,
MN:= 1,
IN:= B,
MX:= 5);
d) | Non-formal function block invocation CMD_TMR(%IX5, T#300ms, OUT, ELAPSED);
in ST
e) | Formal function block invocation in ST | CMD_TMR(IN:= %IX5,
(Note 3) PT:= T#300ms,
Q => OUT,
ET => ELAPSED,
ENO => ERR);

f) | Hormal function block invocation in ST | MYTON(EN == NOT(X <> )\\
(Note 4) IN := START
NOT Q => OUT);

ST A

d) | Nlon-formal function call in IL (Note 5) | LD 1
LIMIT B,5 <\ \
RN

h) Formal function call in IL (Note 6) LIMIT(

L&

) | Non-formal function bg\ inygeation CA‘L\]?J)QQOIXlO, FALSE, A, OUT, B)

j) Fonnalmnc?y*;d§?>ﬁ\§?§mi Ik \\iég C10(CUz= %IX10, Q => OUT)
en

an NO; uses default value MN:= 0.

NOTE 2 ieldgthe it'as ex le b).
NOTE 3 its the's jouras example d); additionally assigns ENO to ERR.
NOTE 4 d input EN and negated output Q
NOTES5 t as example b); loads value of MN into current result
NOJE 6 he salge behaviour as example a)
NOTE ample i); uses PV A from a previous call, but does not assign to B
NOTE 8\ A/declaratton such as
VAR
CMD_TMR, MYTON: TON;
C10: CTU;

A, B INT:
X, Y: REAL;

ELAPSED: TIME;

COND, TEMP, OUT, ERR, START: BOOL;
END_VAR

is assumed in the above examples.

3.3 Use of function blocks
3.3.1 Function block types and instances

A function block type is a POU. This POU describes the input and output variables and the
local data area for instances of the function block. It further contains the rules for processing
this data when an instance of the function block is invoked. Variables cannot be read from, or
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written to, the function block type itself, nor can the function block type itself be invoked;
these operations are reserved for instances of the function block.

Multiple function block instances based on this type of declaration can be used. The
individual instances are independent from each other. Each function block instance has a
unique identifier (the instance name) and a private data area used for input, output, and
internal variables of this function block instance. A function block instance can be accessed
and invoked via its instance name.

These qualities of function blocks are related to object oriented programming (OOP). The
function block type is similar to a class, which defines the data structure and computational
methdd within the body of the function block. Individual objects are represenied by the private
data preas of the individual function block instances. This data can onfy bexmodifieq from
outside the function block body in a controlled manner. This ef he ) software
engingering principles of encapsulation and information hiding, a ke

Typical function block instances are timers or counters, whi irvaltes™Mrom one

field ¢f interest for using function blocks is the access {6 a skhargd Jevice i a confrolled
manngr. Here, a single function block instance gets th X ol of that device and
acts Ilke a semaphore, where the device can be acce sponding fupction
block|instance is invoked.

The 4
defing
multig
functi
of thig
as lor

ionality associated Wwith a
hen be used independently in
~This “prototype” is kept fin the
as necessary by declaring instances
érrors in any function block indtance

Funct esting and debugging, since the entire(set of

current state data irfsta i i scessible for monitoring and on-line modifigation.
Funct i p al fgature of function blocks as defined in IEC 61131-3.
Therd i ivafe 3 dural programming languages such as Pascal or C.

Instantiati unsti is an extension to the capabilities of today’s programmable
contrg plementations, there is only a fixed number of instanges of
each vailable, and additional instances cannot be created. User-defined
functi { 3 be instantiated in an unlimited way are also an extension to] most
existi ]

3.3.2| Scope of data within function blocks

The principle of data encapsulation and hiding of variable names discussed in the preceding
subclause may be unfamiliar to users of traditional programmable controller systems. This
principle also applies to instances of function blocks, which are declared in the same manner
as variables in a VAR. _.END_VAR construct. Hence, function block instances that appear inside
another function block are not visible outside the containing function block, contrary to the
practice in some traditional programmable controller systems. This principle is expressed in
2.5.2 of IEC 61131-3 in the statement:

“The scope of an instance of a function block shall be local to the program
organization unit in which it is instantiated, unless it is declared to be global in a
VAR_GLOBAL block as defined in 2.7.1.”

This requirement might be considered to contradict the assertion in 2.5.2 of IEC 61131-3 that
“any function block which has already been declared can be used in the declaration of
another function block or program as shown in Figure 3”. However, it is clear by reference to
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Figure 3 of IEC 61131-3 that this latter assertion refers to function block types, not function
block instances; hence, the two requirements are not contradictory.

Figure 9 illustrates the application of this principle. Here, an instance named FB1 of function
block type FBy will occur in each instance of function block type FBx. When function block
type FBx is instantiated twice in an instance of program type A, two separate and distinct
instances of function block type FBy are created. As illustrated in Figure 9c), each such
instance forms part of the private data area of an associated instance of FBx (FB1 and FB2,
respectively), and is hence invisible outside of this instance.

FUNCTION_BLOCK FBx

MADLR |l e S [l ] = A \/AD = a3 (ol ] B = - Ll L 4 2o\
V AT\ LI == ruy, LN VTN 5 \ ru_y o A LA LBAYA "L AV AN UETUCUN LleC }

FB1(-.-..); (* Invoke instance FBl1 *)

END_FUNCT 10N_BLOCK ¢\ “
Figure 9a — Declaration of contained function Me\
PROGRAM A N

VAR FBA: FBx; (* Two instances of type
FBB: FBx; (* Each contains an i

*

END_VAR;
-ﬁéA(__.); (* Invoke ins ce
FBB(---); (* Invoke instan BB

END_PROGRAM

program type

FBB
FBx

FB1
FBy

FBy
o

visible ~ visible

invisible

Figure 9c — Visibility of function block instances

NOTE Suppression of irrelevant detail is shown by the ellipsis (...).

+H= 26868/03
Figure 9 — Hiding of function block instances

3.3.3 Function block access and invocation

There is a difference between read access to a variable of a function block instance and the
invocation of the function block instance itself. Reading an output variable of a function block
instance is equivalent to reading the value of an element of a structured variable. However, in
contrast to structured variables, an explicit assignment to the function block output variables
is not allowed. The assignment of values to output variables of a function block instance is
allowed only within the body of the function block instance (see IEC 61131-3, Table 32).

NOTE 1 |In general, it is possible to invoke a single instance of a function block several times (“multiple
assignment”) within a POU. However, depending on the programmable controller implementation, this possibility
may be restricted to a single invocation of each function block instance within a POU. A POU that uses multiple
invocations of a single function block instance may be non-portable to such implementations. See 3.7 of this
technical report for more details.
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All the values of the private data area of a function block instance persist from one invocation
to the next. Thus, the private data area of this instance can be seen to be a “memory”
recording a current state. For this reason, different invocations of the same function block
instance with the same input variable values may yield different values of the data area of
this instance.

The assignment of values to input variables is allowed only as part of the invocation of the
function block instance. However, not all the input variables of a function block instance have
to be set explicitly in order to enable an invocation. This is true because no undefined values
of variables are possible for the following reasons:

— standard default values are defined for initialization of variables of all pneeihln data types;

— the initial value of any variable can be specified in its declaration;

— all variables keep their values from one invocation of a function blq next.
NOTE R The formal invocation of a function block has to be used, if not all inp i 3 ion block
instande are assigned. A non-formal invocation of a function block requires the co ate™s bments
in its afgument list.

NOTE B IEC 61131-3, second edition, has introduced specific initializ 3 s of a
functiop block (see IEC 61131-3, second edition, Table 18, feature 1 .3\e i for the
rationaje for this change.

3.4 ifferences between function block instanc

Althoyigh both function blocks and fi ences

betwgen function blocks and function

a) THhe invocation of a function has one resu
NQTE In IEC 61131-3, second edition, the in

vogcatiom\o
oufput variables or in-out variables as well @s i .
b) ThHe result of invokin i (AR 81

agsignment statem

bciated

or an

c) A [function does not pes: iXate wemory (i.e., internal state information) which is
affected by t i invqcations. Thus each call of a function with identical
arguments yields .

d) THe scope of 3 : at of a function block type, is global, as opposed to
the scope of & fu ( i

3.5 Use of indirectly refere

A fungtio i s referenced for the purpose of reading via its output variablles or
for inyoking ncéd instance. These operations can also be performed on a fupction
block|instance-whqse/instance name is passed as an argument to a POU. In this casp, the
functipn block instance is not referenced directly by using a fixed name for the function|block
instarjcé{ rather, the reference is indirect via an input or external variable of the POU. The
instarrce—mame—of-thereferenced—functiombtock—s asstgrned—to—an—appropriate—variabte from
“outside” of the POU in which it is referenced.

This mechanism allows access to, or invocation of, different instances of a specified function
block type within the body of another program or function block.

The technique of using function block instance names as arguments offers the user many
new possibilities in programming. These features make it possible to access or invoke the
instance of a function block type without defining the particular instance of the referenced
function block need in the declaration section of the referencing POU. Furthermore, the
referenced instance can change from one invocation of the referencing POU to another.

Useful applications for this mechanism can be found in connection with problems handling
several machines with the same behaviour, each represented by a single function block
instance.
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Establishing an indirect function block instance reference

Items 6) and 7) of 2.5.2.2, Table 33, B.1.4.3 and B.1.5.2 of IEC 61131-3 define the
mechanisms for establishing an indirect reference to an instance of a function block. As
illustrated in Figure 10 below, the function block reference may be established as

a) a variable declared in a VAR_INPUT declaration;
b) a variable declared in a VAR_IN_OUT declaration;

c) an external variable.

In each example in Figure 10, the interface definition of a block that references a function

block
block

mstance Ts—showT, fottowed by amexampteof thepassingof theTeferenced—fu
instance as part of the invocation of the referencing function block.

1ction

Fomm - + (* Referencing
| INSIDE_A |

TON---]I1_TMR EXPIRED]---BOOL
T +

FUNCT ION_BLOCK

o +
| EXAMPLE_A |

BOOL---]GO DONE | ~

encing Block *)
I_BLK

——————————— +
INSIDE_A |
I_TMR EXPIRED|---DONE
______________ +

Reference-passing block *)
External interface *)

XAMPLE_B
DONE] ---BOOL

(* Function Block body *)
(* Referenced Block *)

E_TMR (* Referencing Block *)
to——— + I_BLK
| TON | Fom - +
[IN Q] | INSIDE_B
t#100ms---|PT ET] E_TMR---]1_TMR----- I_TMR]--- E_TMR
S —— + GO--—-—- |TMR_GO EXPIRED|---DONE
RN SRSy Uy Sy Sy iy iy Sy +

END_FUNCTION_BLOCK

Figure 10b — Function block name used as an in-out variable
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FUNCTION_BLOCK (* Referencing block type *)
Fomm - + (* External interface *)
| INSIDE_C |
BOOL--]| TMR_GO EXPIRED|]---BOOL

VAR_EXTERNAL X_TMR: TON; END_VAR
END_FUNCTION_BLOCK

PROGRAM (* Reference-passing program *)
Fomm - + (* External interface *)
| EXAMPLE_C |
BOOL---]GO DONE]---BOOL

VAR_GLOBAL X_TMR: TON; END_VAR (* Referenced blog
(* Program body <

1_BLK (* Referencin
o +
| INSIDE_C |
GO--—-—- | TMR_GO EXPIRED|]---DONE
P +

END_PROGRAM NN
Figure 10c — Function block name used, 4 ex nmarl W
Figure 10 — Graphical use of a(functj amie IFC 20p9/03

3.5.2| Access to indirectly referencgd

Accegs to an indirectly referenced functign b i ans reading (i.e., using without
modifying) its output variables. The private data_akea of the function block instance remains
unchgnged (see Table 32 and 2.5.2.2, RC 1-3).

Examples of this usage are giveh in Fi thraugh 11c, corresponding to the int¢rface
and VFriabIe declaratigrs given tn Fi NQa through 10c, respectively. In each case,[the Q
outpuf of the reference is passed to the EXPIRED output af the
refergncing funcfion blogk

"\ ;}ngED:: I_TMR.Q:
Wﬂ —Referenced input block

TON

|PT ET]

TON
TMR_GO---]IN Q]---EXPIRED
IPT ET|

Figure 11c — Referenced external block
IEC 2070/03

NOTE See Figure 10 for corresponding variable and interface definitions.

Figure 11 — Access to an indirectly referenced function block instance

3.5.3 Invocation of indirectly referenced function block instances

As described in item 5 of 2.5.2.2 of IEC 61131-3, the invocation of an indirectly referenced
function block instance means the invocation of the function block instance from inside
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another function block. Using this capability, the private data area (and therefore also the
output variables) of this function block instance can be modified.

The general rules for an invocation of a function block instance given in IEC 61131-3, Table
32 are valid in this case.

— The assignment of a value to an input variable of the indirectly referenced function block
instance is allowed only as part of the invocation of this function block.

— The output variables of this function block instance cannot be modified from outside.

As defined in B.1.4.3 and B.1.5.2 of IEC 61131-3, the reference to the invoked function block

. . —ll —
instancecambeestattstred—va

— ayariable declared in a VAR_IN_OUT declaration, as illustrated in Figs

— ar external variable.

Examples of this usage are shown in Figures 12b and 12c, respesti

An injocation of an indirectly referenced function bloc e\established via an|input
varialjle is not allowed, since an invocation of this function blosi iRstance’may change the
valueg of the private data area. The modified valu ks oUtside the invoked
functipn block. This behaviour is prohibited for i les. As/noted in 3.5.4, this

preclydes the graphical representation (which Ampli n) of indirectly refergnced
functipn block instances established \mut(ag:%es.

FUNCTION_BLOCK B
VAR_IN_OUT COUNTER : END\ VAR

VAR REACHED: BOOL; ENR::?:
< i variable>COUNTER_FB *)

COUNTER_FB
S +
| CTU I
| |

——->CU Q |---REACHED
| |

---|R I
| |

———|PV cv |
Fe————————= F

Figure 12b — Graphical invocation
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PROGRAM P2
VAR REACHED: BOOL;
B1: B;
COUNTER1: CTU;
COUNTER2: CTU;
END_VAR

i;-Access value of COUNTER1.Q before invocation *)
REACHED := COUNTER1.Q;

(* Invocation of Bl causes invocation of COUNTER1 *)

——— B+ CCOUNTERFB——=COUNTERD)

i;-Access value of COUNTER1.Q after invocatig
REACHED := COUNTER1.Q;

i;-lnvocation of Bl causes invocation of €0
B1 (COUNTER_FB := COUNTER2);

END_PROGRAM N\ X
Figure 12c — Textual passing W& \\/

COUNTER1.Q---REACHED

IEC 207(/03

In thel example shown in Figure 12, different instances of CTU function blocks can be injoked
within the body of function block B. An indirect reference to a CTU function block instance is
established as a variable declared in a VAR_IN_OUT declaration to function block B. In Figure
12c) and d), several invocations of instance B1 of function block B with different instance
names of function block COUNTER_FB as a variable result in invocations of different CTU
instances corresponding to the variable instance names.

As shown in IEC 61131-3, Figure 11c), a function block instance can be declared as a global
variable in a program, and the function block instance name can then be used as an external
variable in function blocks of other types. Although the particular instances of such function
blocks may vary between programs, the referenced function block instance does not vary
from one invocation to the next of the referencing function block (the block containing the
external reference). Such a function block instance may be used, for example, to provide
means for externally setting the values of variables of all instances of a function block type
that contains the function block name as an external reference.


https://iecnorm.com/api/?name=a7fdd8b3112f139ee50fab12c8849c48

- 38 - TR 61131-8 © IEC:2003(E)

Thus, the use of external variables for function block instance names differs from the use of
VAR_IN_OUT variables for function block instance names as described above. While
VAR_IN_OUT variables can be changed from one invocation of a function block instance to the
next, external function block instance references will not change, although their variable
values may change.

This fact has implications for the validity checking provided by the PSE for the scope of a
function block instance. It is strongly recommended that this scope check should be done
during edit time, so that there is no need for the user to wait until run time for a scope check.
The consequence of this requirement is that the function block instance names used as
arguments are fixed and not kept within a variable. Also, there is neither a chance to
concaterate—this—string—atror—tme—norte—aceess—a—string—arraykeeping—this—faretem block

instance name.

3.5.4 | Recursion of indirectly referenced function block instance

Acconding to 2.5 of IEC 61131-3, invocations of POUs shall not S i i o true
for inyocations of function blocks.

Since| IEC 61131-3 defines the POU as the function bloc ¢ ion|block
instarjce, the check for recursive invocations of function blo an be\made by checking the
body pf a function block type. This is true even whén the, methani Fusi ion|block
instarjce names as arguments is supported, be < | ype of

an inyoked function block can vary from ole: . invoked
functipn block is determined by the d i e

Recufsion within programmable contfoller progra i i i in{more
detail[in 3.6 of this technical report.

3.5.5| Execution control ©

The fpllowing megsures are
contrgl of indire@ 5

cution

a) Direct assomah 31-3,
should be avg

b) Uge of suchfungti s should be restricted if possible to algorithms written in the ST
lapguage\ definey (i . IEC 61131-3, which has explicit function block invofation

statepie

c) Where~an application makes graphic use of such function blocks unavoidable, the PSE
shiould prowide too|s for establishing unambiguous execution control.

3.5.6 | Use-of indirectly referenced function block instances in functions

As mentioned in 2.5.2 of IEC 61131-3, a function block instance name can be used as an
input variable of a function. Within the body of this function, the output variables of the
indirectly referenced function block instance can be read.

At a first view this seems to be contrary to the definition of a function in 2.5.1 of IEC 61131-3.
A call of a function with the same input variables always has to yield the same output value.
This may not be true, if the same function block instance name is passed to a function and
this function block instance has been invoked in the meantime. A more detailed investigation
of this fact, however, shows that the read access to a function block instance is similar to a
read access of a structured variable. To get the same function value, it is therefore not
enough to ensure that the name of a function block instance is identical from one function call
to the next but also that the values of all output variables of the referenced function block
instance are identical.
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3.6 Recursion within programmable controller programming languages

As stated in 2.5 of IEC 61131-3, recursive calls of POUs are not allowed. That means that a
POU shall not contain or invoke another POU of the same type. This is true also if the
recursion is not direct but indirect, for example, if a POU A calls a POU B and this POU B
calls POU A again.

Because of run-time performance, it is recommended that the program be checked for
possible recursion by the PSE during edit time. This requires the ability to detect possible
recursion by traversing and checking the static call hierarchy tree. In every possible
combination of the path from the PROGRAMS associated with a TASK to the deepest level

call ofaPQU noname of a PQU may-occurmore than once
The €dit time check for recursion is possible also in connection with the\ yaction| block
instarjce names as arguments as the recursion is bound to function b ver than to

functipn block instances.

3.7 $Pingle and multiple invocation

Some| programmable controllers allow assignment of only bre va ‘ yput of a fuhction
or furjction block, while others allow multiple assignr S N a programmable
contrgller system is regarded as a replacem ircuitry, no mpltiple
assighments may exist as these would introduce to the
“wired or” of outputs in FBDs. On the~qther son why a function|block
implemented in a digital computing eqtityxco dMrom different locationg, with
differgnt input values in each invocatio

ations of function block instanftes is

An appropriate example for the usage of
[ Y such as semaphores, monitqrs or

the implementation of cotte sypchrokiza

rendezvous.

NOTE | These function blocks\ha ; of user-defined since there are no standard flunction
blocks [for code-synch i ided in NEC-¥ .

An exfample of m@ e i s as follows:

ELOCK_TYPE; END_VAR

Here S named aFB is expected to have a Boolean input variable named “IN”.
Depending on the current value of some Boolean expression this function block is inyoked
with gither a value of 0 or a value of 1 for this input. There are two invocations of the fupction
block aFB with different values assigned to an input. In a sysiem that allows multiple
assignment this would not cause any problems; but in a strict single assigning system the IF
statement would have to be reformulated to

aFB(IN:= aBooleanExpression, ... );

Depending on the complexity of a function block and the number of inputs that depend on
calculated values, the invocation of function blocks becomes more and more complicated and
hides the intended purpose of the function block. If in the example above the input IN would
not have the type BOOL but the type INT, a binary selection function SEL would have been
required.

aFB(IN1:= SEL(G:= aBooleanExpression, INO:= 0, IN1:= 1), IN2:=_._.);

Strict single assignment might also increase the number of intermediate variables necessary
to decouple the assignment of values to the inputs of function blocks.
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Similar examples of multiple assignment may be found in SFCs where an instance of a
function block may be invoked in more than one action.

IEC 61131-3 does not stipulate whether a system uses strict single invocation or allows
multiple invocations. Both have advantages and shortcomings. With a single invocation rule
there is one, and only one, place where the input variable of a function block will be assigned
a value, which increases the reliability and maintainability of the software. With multiple
invocation, programmable controller programs may be maintained more easily because of a
lower level of nesting of functions, and may have better responsiveness and processing
capacity by avoiding superfluous calculations.

NOTE _See 3.12.3 for a description of additional situations in which multiple invocations should not be used.

3.8 Language specific features

3.8.1 | Edge-triggered functionality

Several mechanisms for rising and falling edge-triggered fu in IEC

61131-3:
— aq function block inputs in 2.5.2.2;
— ag R_TRIG and F_TRIG function blocks in 2.5.2.3.

- as for the LD language

in
3.8.1.
As nd 3 mable controller systems use |cyclic
execu } IEC 61131-3 notation, this is
accon 2 ' at .implements the control algorithm with a

periodi 7. EC 61131-3. Users should be aware that in| such
systems, in worst-case e >f-& change of state in an edge-triggered| input

may not appear he %0 scan cycles later, as noted in Figure 3 gbove.
This dan be illu @.s. 5

Program +---+ +--—+ +-—--+
Scan I | I
————————— + +————+ +————+ - ..
Output ++
Scan I | I
—————————————— et —
Fom e ——_——— +
OouT1 | |
_________ o & +——

|<--- Delay --->]|

Figure 13b — Worst-case timing
Figure 13 — Timing of edge triggered functionality

IEC 2072/03
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3.8.1.2 Use of edge-triggered function blocks

The R_TRIG and F_TRIG function blocks defined in 2.5.2.3.2 of IEC 61131-3 exhibit different

behaviour following “cold restart” as described in 2.4.2 of that document. The Q output

of an

R_TRIG instance can be set to 1 on the first invocation but the Q output of an F_TRIG instance
always requires at least two invocations before being set to 1. This behaviour can be

explained as follows.

— Since the default value of Boolean variables is 0, then if the CLK input is 1 on the first
invocation, it means that the input has changed its value from 0 to 1 i.e. a rising edge has

been detected and thus the Q of an R_TRIG instance is set to 1.

— In
be
ne

fore a change of state from 1 to 0 can be detected. Thus, at least invocatio
eded.

An injeresting use of R_TRIG as a “first-cycle detection mechanisp

descr|ption. If the CLK input to an R_TRIG instance is the cons utput Q

will b¢ true only on the first invocation since no subsequent ghange \of state
be popsible. This may be used as a first-cycle detect mechaki

firstCycle( CLK:= TRUE );
IF firstCycle.Q THEN (* fir

ELSE
END_IF;

3.8.2

Subcl
used
Boole

in the ul in eliminating ambiguities that might be ¢

by the elements described in 4.1.4 of IEC 61131-3.
NOTE ) 7 ne gws the use of EN and ENO in textual languages as well as gr|
langua ge_i atiomof function blocks types as well as function types.

Figurg¢ 14 n @pplication” of this principle to portions of the FBD body of the STAC
functi ple given in IEC 61131-3, Clause F.4. Combinations of the Bg

Rl/are used in conjunction with the EN and ENO variables to ag
unampiguous(e ion control without jumps and labels.

an be
ovide
used
aused

pphical

K_INT
olean
hieve

functional evaluations. However, the use of ENO for extensive run-time error reporting and
diagnosis is not recommended; instead, the procedures described in 4.6.2 of this technical
report should be employed.

IF R1 THEN OUT := 0; PTR := -1; ...etc.

ELSIF (POP & NOT EMPTY) THEN PTR := PTR - 1; EMPTY := (PTR < 0);
...etc.

ELSIF (PUSH & NOT OFLO) THEN PTR := PTR + 1; OFLO := (PTR = NI);
...etc.

END_IF;

Figure 14a — ST language without EN/ENO
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o + oo +
| == 1 | == 1
R1-——|EN ENO|--—=---—————- |EN ENOJ---——--- ...etc.
0-—-| |--oUT  -1--] |--PTR
o + o +
S + o +
+o— -t I - 1 I < 1
R1--—-- o] & J-------- IEN ENOJ---—--- IEN ENOJ---—--——- e
POP-—--- Il | PTR—-] |--PTR--] |--EMPTY--_ . .etc.
EMPTY--0] | 1-- I 0--1 I
+-——+ o + o +
Fo————o ¥ Fo————=o
4ot |+ | =
R1--—-- o] & |-------- IEN ENOJ------- IEN ENOJ
PUSH----] |  PTR--| |--PTR--|
OFLO---0] | 1--1 | NI-—-]
+———+ oo + o

Figure 14b — FBD language with EN/E
D73/03

Figure 14 — Execution control

Xa

3.8.3

Subcl anguages such as Rascal
and ( 23, in the programmjng of
functi used for such prograniming,
interf port must be provided in order to
permi

3.9 U

SFC language elemenfts al &nd logical representation of the seqyential
structure of con@ trol programs.

An SKEC consists of g of steps and transitions. Associated with each step
is a get of actionsg\A s the operations associated with one or more steps,

and m

collection“ofmetworks in the FBD language;

seguential function chart; or

[ R R B O B O R

») 1 H bl
DUUITdAdll valiauvlitT.
3.9.1 Action control

The execution of an action is affected by the states of its associated steps combined with the
effects of their action qualifiers.

As defined in 2.6.4.5 of IEC 61131-3, the action control block contains a logic description of
the effects and interactions of action qualifiers. In order to gain a better understanding of the
action control, a copy (instance) of the action control block is assigned to each action.
Therefore, the action control block is a constituent part of an action: it defines the execution
of the action (one could also say that it “controls” the execution).
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In this way, the execution of an action can be enabled for the duration of a step, executed
just once (“pulsed”), enabled for an indefinite time (“set” or “stored”), disabled (“reset”),
enabled after a time delay, or enabled for a limited time.

IEC 61131-3 requires that the functionality of action control blocks, but not necessarily the
blocks themselves, must be implemented in an SFC-compliant programmable controller
system. This functionality can be described informally by the following rules.

a) The behaviour (function) of an action in parts of the program is mainly determined by the
following features:

b)

status of step flag;

The action control block describes (logically) the operadi
inferplay of action qualifiers. (An action can be defined

wil

ween-the “final scan” and “no final scan” implementations in Figures 15a) and 15b) of IEC 61131-3,

action qualifier;
action;

action control block.

hin one program or part of a program.) Action qualifie
N non-stored;

S set/stored;

R overriding reset;
P pulse;

L time-limited;

D time-delayed;

DS delayed and stored;

-3 represent the logical flow of the activation
61131-3 defines two action control features: 1

TE 3~ The influence of the PO and P1 actions on the “Q” output of the action control block is incor

and
lifiers

as a
with
bb).

hich do

) limits
en two

sistent

Any section of an SFC network usually comprises a succession of action blocks, which
often only differ in the choice of the attribute. Furthermore, several different actions can
be connected to one step, as illustrated in Figure 16a) of IEC 61131-3. Therefore, the
following general observations can be made.

Each step can be connected to several action blocks.

However, each action block is connected to one step.

Each action is connected with exactly one action control block.

Each action control block is connected with one or more action blocks.

Figure 16b) of IEC 61131-3 illustrates the transformation of the SFC net in Figure 16a)
into a block wiring diagram, corresponding to the realization of the action blocks of the
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SFC as an (optimized) wiring net. The actual executable code generated need not be
identical to this figure, as long as its behaviour is functionally equivalent.

c) There may only occur one activation of a time-dependent action qualifier (D, L, SD, DS,
SL) per action block.

d) The activation of an SL qualifier in one action block does not allow the processing of an
SD qualifier in the same block, and vice versa.

Timing diagrams of the functional characteristics of the various qualifiers are given in the
following subclause.

3.9.2 Boolean actions

An agtion that operates on a Boolean variable only is called a Boolean a iSspecial
case,|the behaviour of an action is established by the direct assigr ’ us of
outpuf Q to the Boolean variable.

Figure 15 shows all the qualifier functions for Boolean variable : . descripfion of
actior] qualifiers in IEC 60848. In these figures, it is assumed t
a varipble of type BOOL.

NOTE [I If a combination of various qualifiers is required, it is rg the detailed description of
the acfion control block in 2.6.4.5 of IEC 61131-3 in order/to gai tanding of the rgsulting
operatipns.

NOTE R The use of P1 and PO qualifiers will false of ansassociated Boolean actiop when
“final span” (feature 1 of Table 45a of IEC 61431-3) is {mplemgnted\When/‘ndfihal scan” (feature 2 of Table 45a
of IEC|61131-3) is implemented, the associated Boolean action Will) ke true jor the single scan when the|step is
entered or exited, respectively. Therefore, the use\of th ifters forBaotéan actions is not recommendgd.

et At +
]S12]--1 N | oo
F———+ -2 o

o O

+ C

l AN R
%Wnon-stored) action

The\Boolean vatiable “t€st” is set as long as the step S12 is active.

+— c— ko ——-\—+ S16. X +--—————————————— +
| S16T1~c| L + e
F—— =t (he——F+X————— + g o
| ---------------------- +
+\_)g test ++
S ettt B 5 CYSRRyRy Uy Gy Uy iy Sy iy iy Sy Sy

P (pulse) action
As soon as the step is active, the Boolean variable is set for one operating
cycle.
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+—!—+ ot + S20.X +———+
|S20]--] S| test | = -————- + Fomm -
ot et ——— + d e
| ---------- +
+ d test +--—-———-—-————- +
| ettt + S TS
: S25.X +-——+
ey gy + S A
| k oo
1l - +
T T Ry —— +
5251 FR—t—test
F———+ t———t—————— +
|
+ k
I AN

F———t  t————— Fom +
]S13]--1 L | test |
F—-——+ | T#5s | |
| R T—— o —— +
+ e
I

time-limited) action
Booleanvariable is set for a preset length of time,
/\ s long asthe corresponding step is active.

N SN Sk A ———+ S15.X +-—————mmmm +
| S15] -2 | test |  --———-—- + Fom -
F———+ | | f o —_—
| +————— o —— + e +
¥, F test Fom——— +
i + + +
e >
5s
S15. X +---+
______ + S
i e
---------- +
test
______ e e e
e >
5s

D (time-delayed) action
The Boolean variable is set after a preset time has elapsed and remains set for
as long as the corresponding step is active.
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: S20. X +-——--—— +
| ------ + [ T
-t - e + S25.X +-—-
|S20]--] SD | test | = -————-- Fomm - +
+---+ | T#5s | [ test b+
o - I Fom - + +-—-
c |<--—————--—-———- >|
5s

L e o —

F———+ -t ————— +

| S25]--] R | test |

T LT e +
|

—+- k

SD (stored andtimesdelayed)
The action is stored, and the Boolean varigbleNs set when a preset period of
if fhe step becomes inactive.

time has elapsed after step activatiqn;
TWnW rsists ®ntil the dction is reset.
N

| i +
F———+ e I, N—— - -+ e
9.X +--
—————— 4
test Fm—_— +
------ o+ +-——
|<--————----————- >|
5s
S14.X +-—--+
______ + e
test
e >|
+ i 5s
| (519.X = don"t care if S14_.X falls before 5 sec.)

DS (time-delayed and stored)
In this case, as for the SD qualifier, the Boolean variable is set with a time
delay.
It differs from the SD qualifier in that the corresponding step must remain active
during the time delay.
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: S32. X +———-—— +

| ------ + f
B p—— S TS + S38.X +-—+
[S32]--] SL | test | = -—-——-—- Fom - +
+---+ | T#5s | | test +-—--—-—-—-———————— +

| o Fommm e + e + Fomm——m

+ a

!

|
T Sy —— +
] S38]--] R | test |
F———+ - —t—————— +

|

+d

|

3.9.3| Non-SFC act

In addlition to Bouwle
actior]s, as illustrated i

re complex algorithms can also be programmed

3074/03

within

<:: WA STIR_ACTION I
& Stirring
! oo + |
| EndY | TP | Motor_on |
e B [IN - Qf------ ()-=---- +
| T#10s-|PT ET] ]
| o + |
| |
| Hopper_1 Motor_on Message |
ot |/] - F————- Il 1---—---—------ S)----- +
1 | |
| | Hopper_2 | |
I U |

Figure 16 — Example of a programmed non-Boolean action

IEC 2075/03

The processing of such actions is dependent on the status of the Q output of the
corresponding action control block. While output Q is TRUE, the code of the action is
continuously enabled to be executed, under the control of the enclosing program organization
unit such as a program or function block. Upon the transition of Q from TRUE to FALSE, the
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code is executed one final time. During this final execution, the corresponding step flag is
already set to 0.

In the development of IEC 61131-3, the above specification for programming of actions was
formulated in order to maximize user control of the following aspects:

— maintaining the consistency of computed data by assuring that the programmed action
cannot be interrupted prematurely;

— assuring that a computed output bit can be forced to the correct value, for example, by
evaluating a step flag, when the action is terminated.

In org ion is
evalupted at least twice (once with Q = 1 and once with Q = 0). Figure—+_illustratgs this
point i in an
intege 17a),
this is r this
actior e Al5
will be and d)
illustr

S15 gT*-— SIBNCT ¢ 13

Flgur/e\17b Incorr ct I;Qd\{er a\o\\MS (ST language)

AN

— Coxrectbody for action A15 (ST language)

S15_CTR
G +
| CTU |
L-->CU Q]---
-..——]R
-..———|PV CV]---S15_CT
e +

17d — Correct body for action A15 (FBD language)

IEC 2076/03

Figure 17 — Use of the pulse (P) qualifier

3.9.4| SFC actions

An SFC action is an action that contains one or more complete SFC networks. Just as with
other actions, an SFC action can be associated with several steps (see 2.6.4 of IEC 61131-
3).

NOTE The use of SFC actions is NOT RECOMMENDED due to the possibility of independent operation of “child”
SFC actions even when execution of the “parent” has been suspended. Deletion of this feature from future editions
of IEC 61131-3 is anticipated.

3.9.5 SFC function blocks

The body of a function block can be defined by an SFC; this will be denoted as an SFC
function block. The use of such function blocks follows the rules common to all function
blocks. The user can declare several instances of the same function block type; each will
have a private data area, which also contains information about the current state of the SFC.
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Each instance then can work independently, using the same SFC algorithm but with separate,
hidden internal state variables.

A declaration of a simple SFC function block is shown in Figure 18. It will be noted that the
SFC contained in an SFC function block is defined in the same (textual or graphical) way and
under the same restrictions as for ordinary SFCs. In particular, each SFC network of an SFC
function block must contain an initial step.

Instances of SFC function blocks can be invoked in the same manner as all other function
blocks. Input variables that control the evolution of the SFC can be declared and used. For
example, a Boolean transition condition for starting the evolution can be passed via input

variajffes such as T 11 .in Figure 18. An action declared locally in the body of the SFC fuhction
block|can also access these function block variables.
Execdtion of an instance of an SFC function block is invoked in r any
functipn block, depending on the invocation mechanisms availabl ed for
programming the instance of the function block. The body 06 then
execy
Due fo the restriction that no recursion of program organiz ] i SFC
functi type.
BOOL——IT12 + e —t—— +
BOOL--]T13 | S12 |--] N | RUN |
+——— + et +
Figur—
+ et +
| S13 |--]1 N | DONE |
+ et +
Figure 18b — Body
Figure 18 — An SFC function block IEC por/os

3.9.6 “Indicator” variables
As shown in 2.6.4.3 of IEC 61131-3, an “indicator” variable can be specified in an action

block in order to indicate the correct or incorrect execution of an action and to pass on the
information for further processing, for instance, as a transition enabling condition.

The main purpose of the representation of “indicator” variables in an action block is to
improve the clarity and the documentation of the program.

The programming of an “indicator” variable is done in the content of an action by the user.

As the “indicator” variables are freely programmable, they can be used in a very flexible way.
For instance, the variable may be associated with the first occurrence of a defined status. It
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can also be associated with the fulfilment of a condition over a longer period of time or a
time-delayed available status. This flexibility would be lost if the “indicator” variable’s
functionality were fixed as part of the run-time library of a programmable controller.

3.10 Scheduling, concurrency, and synchronization mechanisms
3.10.1 Operating system issues

Programmable controllers have always served the purpose of controlling a multitude of
parallel industrial processes in real time. Prior program execution strategies assumed that
the controller can execute its entire program as qU|ckIy as necessary to meet the real-time
t and
onger
ityowjith a

ble to meet ever-increasing requirements for speed and

straightforward, single program scan.
IEC §1131-3 offers additional language elements to aid the user in 3ling bgram
execytion to meet these new requirements. In order to assist the pre \ ind most

effectjve use of these features, the most important terms are.brie

In thip discussion, the term task refers to a set of runs
independently of and (quasi-)parallel to other tasks.

The ferm TASK is used as a key in A ¢ z i hporal
activdti S ciated

tasks

=1);
1:= %|x1.1,...);

PRQGRAM F 1, FB2 WITH FAST_1);
PR » y (FBT WITH PER_2):

The dharacteristic arendefined explicitly by the first four lines. The first|three

defing the characte vhose execution is to be scheduled periodically at the
specified intervals ihe pecifies a task triggered by the rising edge of a Bgolean
varial

Thus,| pt and function block FB1 in program P2 are associated with a task that is
running every ith priority of 2, defined as SLOW_1. The faster task FAST_1 only

consis netion block FB2. Program P2 belongs to a task that is always active when no
other|[task issexevutable (see 2.7.2 of IEC 61131-3). Program P4 is associated with task
INT_4, triggered on the rising edge of variable z2, while function block FB1 in |P4 is
assodiated with the periodically executing task PER_2.

The strategy by which tasks are selected for execution determines the responsiveness of the
system and the efficiency with which its processing capacity is utilized. Responsiveness and
efficiency are usually improved when a running task can be interrupted by another one
(“preemptive scheduling”). These aspects are addressed in 3.10.2.

Other issues in multi-processing are the control of exclusive access to operational equipment
and the provision of data transfer between tasks. These aspects are addressed in 3.10.3 and
3.10.4, respectively.

As shown in Table 3, multi-user/multitasking systems and real-time responsiveness and
efficiency are usually mutually exclusive.
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Table 3 — Differences between multi-user and real-time systems

Multi-user systems

Real-time systems

Fair distribution of the processor time on the running
tasks yields high production rate of the system

The task execution has to keep up with the external
process. Prompt reaction to external events and the
execution of the responding task before a new occurrence
is necessary

Program running times cannot be calculated

Bounds on program running times (for example, response
time) have to be guaranteed

Storage administration can swap out a task onto

second

ary storage (dynamic allocation of resources)

Allocation of resources is fixed (the reloading of a
swapped-out task into the primary storage takes time)

The ta
accord

k priority changes dynamically, for example,
ng to the CPU time usage

Priorities are fixed. The task with highest priorIity gets
the processor for as long as it r quires. The task’¢an only
be interrupted by another tas 'ority orjwhen it
explicitly relinquishes cont/r\

Data files are usually in directories as tree structures. High disc I/O speed req typ aII dict the
Large dlata files may be distributed on non-contiguous storage of data on c g S

disc sefctors

Bus thjoughput is likely to be a bottleneck Bus |nterrupt/e’§po\n\5§ |SQ\\§ to ke aMIeneck
3.10.2 Task scheduling

Subclpuse 2.7.2 of IEC 61131-3 introdyces two

called
time
proce
contrq

Non-g

systems. Preemptive scheduling

5s computers, while non-preempti
llers.

reemptive scheduli

fasks,

real-
s and
mable

hange

witch) only after a complete execufion of
complete execution of all such POUE, the
currently has the highest priority or has waited
gat the same priority level. Preemptive schefluling
bever a task of higher priority than the current task is
e associated TASK block, the entire state of the
by the processor and the task will be suspended| Then
execute. This procedure is called a “preemptive context

from pne task to another
all PQUs associated wi

next task that will he
the lopgest time @

switc peast all its registers) has to be emptied in favour of the task
with hig time the new task is expected to relinquish the procgssor.
Therdaf ded\task will regain its context (all register values as they had bgen at
the preemption poi nd will resume execution. Preemptive scheduling may even| have
nestefd contextS~at a'given point in time there can be several lower priority tasks that have

been uspended.

3.10.

Both methods of scheduling (preemptive and non-preemptive) try to execute pending tasks
with higher priority before tasks with lower priority levels. The main difference is the amount
of time a higher priority task has to wait when it requests execution. With preemptive
scheduling this time is usually very short. Depending on the underlying operating system and
processor speed, the necessary housekeeping time for a context switch ranges from several
microseconds to milliseconds. This implies that the reaction time (i.e., the time from setting a
task ready to execute by means of its TASK block to the beginning of execution) of a system
using preemptive scheduling is short, at the expense of some additional processing time to
save and restore context data.

When a non-preemptive programmable controller switches from one task to another, there is
a negligible amount of data in the processor that has to be saved. The context switch itself
would be short, probably shorter than in the case of a preemptive context switch; but this
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changeover from one task to another will never be done while a POU is still executing.
Hence, with non-preemptive scheduling, the worst-case reaction time is at least as long as
the time the longest running function block or program might need for a complete execution.
As this not only holds for standard FBs but also for all user-defined FBs and programs, it may
be difficult to determine a maximum limit for the reaction time of a non-preemptive scheduling
system.

NOTE The use of scheduling mechanisms other than those defined in IEC 61131-3 may be needed in some
applications which require a guaranteed maximum reaction time.

Usually, preemptive task switching causes a small performance degradation (as the context
SWItCheS consume tlme) but |mproves the reactlon time S|gn|f|cantly This can be seen by
h the
Huling
wait,
three

ay be
preemptiveg task
e configurationg and

thése rules are sat|sfied.
The S sufficient information to
enable i S i dles are satisfied.

3.10.3

NOTE q e ed from IEC 61131-3, 2nd edition, due| to the
difficul i i i andard. ubcla se addresses the nature of these difficultjes.

NOTE P Manufacturers argsencoyraged z cess to
operatipnal equipment withip fu i ¢ ational

Committees for inclusign in
3.10.3. :):

used
equip burce.
Other tests
if the essful
assig to the
assodi bf the

operatti

According~to 3.3.2.4 of IEC 61131-3, “the WHILE and REPEAT statements shall not bg used
to achieve inter-process synchronization, for example, as a ‘wait loop’ with an extdrnally
determined termination condition. The SFC elements defined in 2.6 shall be used for this
purpose”. This interdiction applies to semaphores, which are also an “inter-process
synchronization” mechanism. Violation of this rule can lead to severe degradation in software
reliability, portability and reusability; in the case of semaphores, it may lead to unanticipated
and untraceable suspension of the execution of a program organization unit.

3.10.3.2 Deadlocks
Incorrect use of semaphores may result in a task waiting for operational equipment that

another task is using at that moment and vice versa. As a consequence, both tasks will in
principle wait forever, which is called a deadlock.

Four conditions are necessary for a deadlock.

a) The deadlocked tasks have exclusive access to the corresponding operational equipment.
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b) The deadlocked tasks already have operational equipment assigned to them while they
wait for further operational equipment.

c) Itis not possible to remove the assignment of operational equipment to any task until the
task releases it.

d) There is a closed chain of tasks, in which each task is assigned operational equipment
which is required by the next task in the chain.

Programmable controller PSEs may eventually support methods for the avoidance,
prevention, detection and/or removal of deadlocks. In the meantime, the programmer and
system designer should be aware of the potential existence of deadlocks.

NOTE b occur

3.10.4

A with
thods
n also
ES.

each

3.10.4.

Two t
acce
for th
and

both. The protocol [of the
n this, there is great liberty
ented by the VAR_GLIOBAL

b implementation of a data transfer.
AR_EXTERNAL constructs defined—

er via
ing it
ja, for

were
ers in

gs, or both, may be used by the communication function blocks
is“technical report. However, the particular mechanism employed is
ible tg the user, who need only be concerned with the externally sp4cified

The term “time stamping” comes originally from the field of data bases. With time stamping,
each data element of the data base contains not just the value of the data, but also
information on the time of input. If the data changes, the old element is not removed from the
data base; instead, the old element is marked invalid and the new element is entered along
with its time stamp. The advantage of this approach is that changes within the data base can
be traced relatively easily by following the time stamps; also, new values that are in error can
be deleted and older, correct values restored.

Time stamps have also been used extensively in distributed control systems for continuous
industrial processes for similar reasons, namely, for establishing historical process log data;
for determining the validity of data by its age; and for restoring erroneous data to a previously
valid value.
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Time stamping of data is easily supported by including the value of the data in a variable of a
structured data type that also includes its time stamp. For instance, a time-stamped data type
that can contain REAL values could be declared according to the rules given in 2.3.3 of
IEC 61131-3 as

TYPE STAMPED_REAL:
STRUCT
VALUE: REAL;
STAMP: DATE_AND_TIME;
END_STRUCT;
END_TYPE

311 r€ reationfaciities- 1S OHEC-9566/5 HEE-64434<5

NOTE | The term variable is used throughout this clause in place of the term parameter lused in -5, for
the reasons given in Note 1 of 3.2 .

IEC §1131-5 defines a set of standard function blocks that can beé in the 1k p1131-3
langupges for communication among programmable controller A cation
with host devices. This will enable the user to program netwo e ) ication
functipnality in any programmable controller system complying S 31-5.

ISO/IEC 9506/5 will specify the requirements for a as a
Virtugl Manufacturing Device (VMD) in the Man MMS)
contekt, including the mapping of certain IEC 61

3.11.1 Communication channels

A programmable controller can esta mable
contrgller device using IEC 61131-5 by, op

Lower layers within th o0 and

from {the remote node

and dpta is corrl@,

All ofthe details co
frami

~For example, if a communication error qccurs
d automatically.

buing,

The gpecjfications i hy for
addrefssi efore,
uniqu nique
addr vs the

3.11.2 'Reading and writing variables

A programmable controller can read from, and write to, variables within other remote
programmable controllers supporting IEC 61131-5, providing they are either directly
represented variables as defined in 2.4.1.1 of IEC 61131-3 or variables declared to be
accessible using the VAR_ACCESS ... END_VAR construction defined in 2.7.1 of IEC 61131-
3. This reading and writing are performed using the READ and WRITE FBs, respectively, as
described below.

It is recommended that the VAR_ACCESS method always be used when accessing variables
in remote programmable controllers because it is then possible to use meaningful names for
variables. There is always the likelihood that 1/O physical addresses will be changed if the
remote programmable controller program is modified. It may be convenient to fix
VAR_ACCESS names for a number of different programmable controller programs.
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3.11.3 Communication function blocks

IEC 61131-5 defines a set of function blocks that can be controlled and accessed within an
IEC 61131-3 program in exactly the same manner as other blocks. These function blocks
provide the following functionality.

CONNECT - provides a local “channel ID” (not an “identifier” in the IEC 61131-3 sense) for
communicating with a remote device. The remote device should have a unique name. The
channel ID provided by this function block can be used by other communication function
blocks to identify remote devices.

STAT] hat a
programmable controller check the status of a remote device perlodlcall ensure. that the
remofle programmable controller is behaving correctly.

USTATUS - allows a programmable controller to receive the re ication
information, including its physical and logical status. The reM <\ e the
capabhili ification i S

REAL s can
be giy\ 5t and
respo n the
functi

NOTE should
re-trigd

WRIT list of
variak evice
is sel¢

USEN al O \ i ication
program. The remote\applicatie JRCV
functipn block i@ ‘ N [ i block
sendq values to th¥ ¢ ¢k i

URCV

SEND . The
SEND bf nding
to the A from>a _CONNECT block and the R_ID variable. The remote programmable
contrgller applisation program, on receiving the values, loads a set of values as a resgonse,
which| is then retirxged to the SEND block. The SEND and RCV blocks are provided for
applidations where there is a requirement for interlocking as well as data exchange befween
the lopaltand remote programs.

RCV - receives the values of one or more variables from an associated SEND block.

NOTE The time between the NDR (New Data Ready) indication from the RCV block and the request to transmit
the response is determined by the application program. Since, in many communication systems, the
communication channel may block if too many responses are pending, programming constructs that respond as
quickly as possible to the NDR signal are recommended.

ALARM - sends values of one or more variables to a remote device identified by the channel
ID and an event identifier when an event condition is detected. The alarm can be
characterized by severity level. This block expects the remote device to acknowledge the
reception of the alarm.

NOTIFY - this is the same as the ALARM block except an acknowledgement from the remote
device is not expected.
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3.12 Deprecated programming practices

The effects of programming technique on software quality should be considered when
choosing among the options made available in IEC 61131-3. This subclause indicates some
of the more significant of these effects and recommends programming practices to achieve
higher software quality.

3.12.1 Global variables

Excessive use of global variables contradicts the principles of encapsulation and hiding
discussed in 2.4.2.1 and can greatly reduce software reliability, maintainability and
reusapility. In particular, the writing of global variables from more than one program location
should be avoided. It is recommended that global variables should be used-ifat all) anly for

— ddgfining access paths for open communication;
— supplying values of “global” interest to other program organizatig

Globdl variables should never be used for communicating ously
runnisrrg programs if data concurrency is an important issue. URCV
FBs should be used in such cases to assure concurrency.

3.12.2 Jumps in FBD language

As nqted in 2.3, the FBD language is .modellg 3 ircui , i.e.,
functipn block instances in networks ¢ [ . In such a cgntext,
jumpg over or between networks ca er who may be think|ng in
hardware terms, thus reducing softwars iabili intaihability and adaptability| It is
recomimended that conditional execution of FBR\N ks should be controlled by placing

such |networks in SFC actjons as described\i \6 .4 IEC 61131-3, or by using the EN

(enabjle) input and ENO This
corresponds more closel ions of
hardw ircui j and
checking the state.of jump>cond

3.12.7

For th in the
FBD ance.

Hardy
the s§
copie
maintpi

it understand “circuit diagrams” containing several copjes of
&’ impossible to determine the sequence of execution of myltiple
ction block instance, thus reducing software reliability and

3.12.4 Coupling of SFC networks

Whe mulhhln SEC networks exist inthe hnrh/ of g program—or function hlnr\l( th y are

Tcrt

typically mterlocked together in some fashion. An example of this is given in program AGV
shown in Clause F.8 of IEC 61131-3, where the interlocking is performed via the Boolean
variable CYCLE and the step flags READY . X and DONE . X.

Unexpected effects can arise among coupled state machines of any kind, including SFCs.
One of the most common is the deadly embrace, analogous to the deadlock condition
described in 3.10.3.2 above, where each SFC is waiting for a transition clearing condition
from another in a deadlocked chain. The following measures are recommended to enhance
the avoidance and diagnosis of such conditions, thus increasing software reliability and
maintainability.

a) Avoid the use of step flags in transition conditions to detect the completion of actions
associated with other steps, especially if action qualifiers other than “N” (Non-stored) are
used.
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b)

c)

d)

3.12.

Whenever possible, avoid the use of SFC actions as described in 3.9.4 above; this
introduces coupling via the action control mechanism in addition to possible coupling
through transition conditions.

Whenever possible, encapsulate individual SFC networks into SFC function blocks as
described in 3.9.5 above, and use an FBD to express the coupling among the SFC
function blocks. This explicit coupling greatly enhances the readability and hence the
maintainability of the software, as well as providing the potential for reuse of the
encapsulated SFCs via the function block instantiation mechanism.

Ensure that each SFC network is “reachable”, i.e., a closed path exists from the initial
step to any other step in the network and back to the initial step, and is “safe”, i.e.,
uncontrolled generation of tokens is not possible (see 2.6.5 of IEC 61131-3 for further
discussion of this point).

Dynamic modification of task priorities

It is f task
priorifies may have unpredictable effects on the execution of paralelNorogran ing the
generation of deadlocks. Since 2.7 of IEC 61131-3 TASKS 2 direct
to operating system tasks, additional |mplementat|o cts may bccur.

Thergfore, |t |s hlghly recommended that the applicatien jram af ¥se dynami¢ task
priori

3.12.

The Cy are
descr in 2.7. -3. 3 a should—be aware of the fact that yise of
this fe i O 1g program run time. The guidglines
provid 3 pSulted to determine the mecha[risms
provig . 5 implemenfation-
deper e’ portable between different IEC 61131-3
compli

3.12.7 { KT constructs

Accordi 3. E He WHILE and REPEAT statements shall not bg used
to achi i gtion, for example, as a ‘wait loop’ with an extgrnally
determined t inati ion.”The SFC elements defined in 2.6 shall be used fqr this

purpose”.
strong

anticipated and potentially dangerous effects, usens are
this prohibition to any case of inter-code synchronizatioh. For

instarjce » itis desjred to perform a scaling calculation at the rising edge of a SAMPLE

input
when|the calcu
shoulfl not-be used:

shown in Figure 19a) and provide a rising edge at a DONE ¢utput
ation Mis complete. Then the programming construct shown in Figurg 19b)
o avoid this usage, the SAMPLE input can be changed to a rising-edge

trigger' as shown in Figure 19c) and the function block body shown in Figure 19d) cpn be
0

used

rthe SFC shown in Figure 19e) can be used with the interface shown in Figure 19a).
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o —— + (* DEPRECATEDI!II! *)
| SCALE | WHILE TRUE (* DO FOREVER *)
BOOL---]| SAMPLE DONE]---BOOL WHILE NOT SAMPLE (* WAITING *)
REAL---]IN OUT]---REAL END_WHILE;
REAL---]ZERO | OUT = IN*GAIN+ZERO;
REAL---]GAIN | DONE := TRUE;
o ——— + WHILE SAMPLE (* WAIT AGAIN *)
. . END WHILE;
Figure 19a — Example interface DONE ?: FALSE:
END_WHILE;

Figure 19 — Incorrect construct

o — +
| SCALE | IF SAMPLE THEN
BOOL--->SAMPLE DONE]---BOOL OUT := IN*GAIN+ZEROQO;

REAL-—-]IN OUT]---REAL DONE := TRUE;
REAL---]ZERO | ELSE DONE := FALSE
REAL---]GAIN |

Figure 19d — FB odymte faw

Higure 19c — Alternative interface

IEQ 2078/03

3.13 |Useof TRUNC and REAL_TO_INT functions

Footnofe (a) of Table ZZ of TEC B6113T1-3 states that -Cconversion irom ype REAL or LREAL
to SINT, INT, DINT or LINT shall round according to the convention of IEC 60559,
according to which, if the two nearest integers are equally near, the result shall be the
nearest even integer....” It should be noted that the rounding procedure specified by IEC
60559 may not operate in the same manner as the rounding function defined in other
programming languages. The examples given in Table 22 of IEC 61131-3 should be
consulted for clarification.

4 Implementation guidelines

This clause describes implementation techniques consistent with the intent of IEC 61131-3.
Other implementations are possible and allowed, as long as the functional requirements
imposed by IEC 61131-3 are met.
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4.1 Resource allocation

The resource, as described in 1.4 and 2.7.1 of IEC 61131, is the basic unit of IEC 61131-3 for
storage of data and program code, the scheduling of code for execution, and the execution of
the appropriate code when a POU, i.e., a program, function or function block, is invoked.

It is possible for an implementation to store in a resource just one copy of the executable
code associated with each type of POU currently resident in the resource. On the other hand,
a separate data area must be provided for each instance of a function block or program. This
includes sufficient data for all the variables and (possibly) SFC state information associated

with the program or function block. In contrast, storage of variables for a function is
temporary and only lasts for the duration of the function’s execution; hence, storage for such

data s typically dynamically allocated from a “stack” (first-in, last-out e) or_axeap”
(mempry reserved for temporary allocation).

4.2 Implementation of data types

4.2.1 | REAL and LREAL data types

In ord , It may
be ne buble-
width arly if
such tween
floatin

Therq i , that
have , the implementor must Iir;rit the
rangel plementation to those specified in
2.31 , say
DSP_| ing the
stand| ms a)
and h

4.2.2

Imple hation
givenl|i

To eliminate i } g i i it idered
that thei it be derived from the comparison functions through the applicafion of
the fo

e Ldt M be‘a-setof bit-string data {b4, by, bs, ...b}.

o (B[ =XMAX(b4, by, bs, ...0,))=((BeM)&V1<j<n, bjeM: (B> bj)); that is, saying that B

1 +la H ] £ 1 F H ] 4+ 4 H th ot 4 ¢ b £+ t d
IS TS TTIAATTTTUTIT varutc Ul 1T oTL 1o TUUTVAITIIU 1U Dayllly uardat 1t 1o a 11iCiTtTuTt Ul U1c o an

it is greater than, or equal to, the value of any member of the set.

e (B =MIN(by, by, b3, ...b)) = ((B € M) & V 1 <j<n, bjeM: (B <by)); that is, saying that B
is the minimum value of the set is equivalent to saying that it is a member of the set and it
is less than, or equal to, the value of any member of the set.

See the examples given in 3.1.8.

4.2.3 Character strings

The maximum length and format of variable length strings is implementation-dependent. This
implies that function blocks and algorithms using character-string data types may not be
portable between programmable controllers, particularly if the maximum string length is
significantly different.
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There are two main techniques used for defining the character string length: 1) a null
character terminator is used, or 2) the length is stored at the head of the string. The null
character technique, as used in the ‘C’ language, may not be convenient if there is also a
requirement to have null characters embedded within the string but does have the advantage
that indefinitely long strings can be stored. Storing the length in a byte or word limits the
maximum string length to 255 or 65535 respectively, but does allow strings to hold null
characters.

NOTE See also the discussion of character string data types in 3.1.5 of this technical report.

4.2.4 Time data types

The sltorage and length of the time data types are implementation-dependent, This posgs the
possibility that functions and function blocks that use time-data types ma he pobtaple. It
is thdrefore required by IEC 61131-3 that the range and precision timeg-data
types|be clearly specified by the implementor.

For example, the TIME (duration) data type might be representéd by ' ined double
integer storing the duration as a count of milliseconds. This e Hefine
accurptely any duration from 1 ms to 49 days. However, thj v the computation
of smgll time differences (less than 1 ms) between eye { time differences
that might be negative.

The (se of floating-point representation for time data j synmended because pf the
lack ¢f precision in the fractional pa < €, using a 32-bit ungigned
double integer, the duration of 30 days i.e., T#30d10m300ms cpn be
represented accurately; this is not possi i bi floating-point value.

It may be convenient to stqore DA _BA¥and DATE_AND_TIME in the [UNIX
formajt in which the DATE i bitursigned double integer as the numper of
secorlds from midnight\1 Jaguaty E_OF_DAY value is held as the niimber
of se¢onds from midni 3 giVE ime of days up to the year 2106. However,

this fqrmat does@a 3 e time-stamped with a precision better than 1 s.

4.2.5| Multi-elemeo

Implementations ¢ eed to limit the number and size of array dimensipns to
accomqmodatg perfs id memory limitations of the programmable controller. A
reasopable limitatiomfor most applications is to limit array variables to no more than|three
dimerjsigns.

Deeply nested dexing may also need to be limited due to the increased complexity
involved inresolving/Memory addresses within the programmable controller, especially|if the
varialjles, use complex derived data types. An example of such deeply nested indexing i$

Toop.sp.= spList[loopParams[phase[recipeJobl]]1Ts

4.3 Execution of functions and function blocks

This clause provides general guidelines for the execution of functions and function blocks. In
addition, when the bodies of user-defined functions or function blocks are programmed in one
of the graphical languages (LD or FBD) defined in Clause 4 of IEC 61131-3, the
implementation should assure that execution obeys the rules for evaluation of networks in
4.1.3,4.2.6 and 4.3.3 of IEC 61131-3 as well as the rules for evaluation of LD elements given
in 4.2.2 through 4.2.5 of IEC 61131-3.

4.3.1 Functions

A function is defined as a program organization unit which, when executed, yields exactly one
data element (which may be multi-valued). A function’s internal data is dynamically initialized
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for each activation, i.e., invocation of a function with the same arguments (input variables)
shall always yield the same value (output).

NOTE 1 Certain standard functions defined in 2.5.1.5 of IEC 61131-3 are allowed to be extensible, i.e., to have a
variable number of inputs.

A function invocation establishes a list of actual variables corresponding to the list of formal
variables specified in the function’s type declaration and causes execution of the program
code corresponding to the function body. Depending on the implementation, the list of
variables may consist of the actual variable values, addresses at which to locate the actual
variable values, or a combination of the two, and may be passed to the executing code on a
stack or by some other means. Typically, the result of function execution will also be returned
on the-staek:

Function execution may be made conditional on the EN input describgd in 2.5:1)2 gf IEC
61131-3. By rules (1) and (2) of 2.5.1.2 of IEC 61131-3, the inj sten i upon
invocation of a function is to copy the EN input to the ENO outp as a
“power flow” through the function.

If an error occurs during the processing of a function, the/mimi i ion is
that the ENO output of the function be reset to FALSE. Depending hre_i n, an
error condition may also trigger the execution of a at the
end gf function execution. The user may associate h with
this tgsk.

NOTE R The effect of ENO at the end of flinctio S h given
implementation.

NOTE B The reading of the EN input within the-body of afu h value
TRUE, [since the function will not be evaluated when i

4.3.2 | Function blocks

A furction block is d when
execyted, yields One Litiple
instarjces, each with i one
execytion to the ne erent
resultg, even wit

A number of{stanc unter
and timer i

A function block™nvocati s and
causds execution_of the program code corresponding to the function block body. These
valueg may. be established graphically by connecting variables or the outputs of|other
functipn§ ot function blocks to the corresponding inputs, or textually by listing the |value
assignments to input variables. If no value is established for a variable in the functionlblock

invocation, a default value is used. Depending on the implementation, input variables may
consist of the actual variable values, addresses at which to locate the actual variable values,
or a combination of the two. These values are always passed to the executing code in the
data structure associated with the function block instance. The results of function block
execution are also returned in this data structure. Hence, if the function block invocation is
implemented as a procedure call, only a single argument — the address of the instance data
structure — need be passed to the procedure for execution.

NOTE 1 When a function block instance in a program is associated with a separate task (features 3b and 4b of
IEC 61131-3, Table 50), invocation of the function block from the program should establish values for the function
block’s input variables, but should not cause execution of the program code associated with the function block
body. Execution of this code should be under the exclusive control of the associated task as required by Rule (5)
of 2.7.2 of IEC 61131-3.

NOTE 2 When a function block instance is used to interface to high-speed hardware, such as counters or flash
A/D converters, or when the function block instance is executed preemptively by a high-speed periodic or interrupt-
driven task, the actual output values of the function block may change while computations involving those outputs
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are proceeding in the program containing the function block instance. In such cases, the implementation must
provide means of effectively “freezing” such outputs while such computations are taking place, for example, by
providing a temporary buffer for the actual output value.

Additional data-type qualifiers R_EDGE and F_EDGE are available for function block input
variables only. These data types provide rising (0-->1) or falling (1-->0) edge detection,
respectively, of Boolean inputs, upon invocation of the function block. The variable condition
is only TRUE when the specified edge is detected and is FALSE otherwise.

NOTE 3 See 2.5.2.2 of IEC 61131-3 for additional descriptions of this feature.

4.4 Implementation of SFCs

4.4.1| General considerations

A number of points relevant to the implementation of SFCs have alread 3 i sed in
previqus portions of this technical report. These points are recapitu

a) Agtion control may be implemented either as an action i ts fungtional
eduivalent in optimized code and data structures; see 3.9. 3 B.4.5 gf IEC
61131-3.

b) A [consistent method, such as the four-step algorith ibethin\3.9%4 ild be
ut|lized for execution of SFC evolution, whether r SFC
adtions.

c) It fis recommended that the “indicato faples 3Cri [ -3 be
sUpported as a notational convenience i any specific implemenfation-
dgpendent functionality, in order to f this
feature, as discussed in 3.9.6 above:

d) It plines
dgscribed in 3.12.4 ahove

e) Ag pining
SkCs, it is necess on as
well as for i state
information i apsed
times (if suppo

4.4.2

Therd i jrams

using nition

is requi e “top
level” nning
an SH

a) dgtermine the currently active set of steps. This is the set of initial steps for the firs{ scan
fo iuvvillg system inittatizationr—Otherwisethis—setisdetermined Iuy dcautivatillg the steps
preceding and activating the steps following the current list of transitions to be cleared;

b) determine the state of all action control block Q outputs and perform the final scan of any
actions associated with a falling edge Q;

c) scan all actions with action control block Q values of Boolean 1;
d) determine the transitions to be cleared (if any) on the next scan.
This definition of scans recognizes the fact that there is no implicit looping to the initial step
whenever a final step has been reached. All loops have to be programmed explicitly, for

example, the loop from ENDING to START in Figure 19e). In this way, there is no chance to
lose the token of an SFC network as all transitions have to be succeeded by a step.
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4.5 Task scheduling

The TASK construct is defined in 2.7 of IEC 61131-3 to enable the user to specify the
requirements for scheduling the execution of programs and FBs, without having to develop by
hand a detailed cyclic executive. These requirements can be combined with modern
scheduling techniques for real-time systems to determine in advance whether the system can
be scheduled to meet the expressed user requirements, especially in systems where
preemptive scheduling is supported (see 3.10.2 above for a discussion of preemptive versus
non-preemptive scheduling). Implementors should be aware of these techniques and
consider their implementation and support in IEC 61131-3 compliant systems.

4.5.1 Classification-of tasks

When[ a task is triggered,

— Aperiodic task is triggered regularly at a determined time intexvaly
the user by connecting the SINGLE input of the task blogk™o ¥
leaving it disconnected), and setting the INTERVAL input\to a ngy

type, representing the periodic triggering interval.

— An aperiodic task is triggered by an external or i
odcur at a regular interval. This is configured by

of
arn

— THhe default task is automaticall a ith-J that have no explicit task
ag jated in d-robin fashion at the lowest
Sy iority. i handlexthexscanning of inputs and outputs as

discussed in 2.1 above.

Aperipdic tasks can be cl§ i i i i . vents
may ipclude

- pld restart” ox “wa
— rup-time erro

nex E of IEC @

(@]

by implementation-dependent hardware or software
interrupt events”), such as the rising edge of an eleftrical
of a high-speed hardware counter.

should “consider specifying Boolean variable names or directly repredented

as~described in 2.4.1.1 of IEC 61131-3) whose rising edges repfesent

described above for a particular resource type or instance as defined in

/This will facilitate the association of these events with tasks whigh can

schedule ‘programs to respond to the event occurrence. Implementors should also copsider

providing/default programs to process the more frequently occurring types of events such as
restarts and run-time errors.

4.5.2 Task priorities

The interaction between the assignment of task priorities, the scheduling intervals of periodic
tasks, the arrival rates of aperiodic events, and task execution times can have profound
effects on the responsiveness and schedulability of real-time systems. Implementors of IEC
61131-3 compliant systems should provide adequate scheduling tools and facilities for the
tasking features supported by the implementation.
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4.6 Error handling

4.6.1 Error-handling mechanisms

Items c) and d) of 1.5.1 of IEC 61131-3 specify the treatment of errors in compliant systems.
Item c) typically applies to syntax or configuration errors in the source program. These errors
may be detected at the time they are entered into the PSE by the user, during the parsing of

the program in the compilation phase (if any), during the linking of program organization

units

into a configuration, or during the loading of the configured software into the controller for

execution.
Item which
are fdr the most part errors that may occur during execution of the user “run-
time grrors”. Item d) lists four possibilities for dealing with these errors:
“1) there shall be a statement in an accompanying document that thé\e ed;
2) the system shall report during preparation of the progra at an
occurrence of that error is possible;
3) the system shall report the error during preparation of
4) the system shall report the error during execution 2 priate
s »
NOTE
NOTE Bre not
mutual ptected
before hlso be
detects
NOTE patures
be treg er, the
implem
Table error
condi
Ta@z\ -time error-handling mechanisms
Error conditions Mechanisnps
&
$ubclause /\ (Notes 1 and 2) (Note 3)
2.313.1 ( *{Nex\f a\\iriaby exceeds the specified subrange RT
2.4]12 /\\ k{r@h o\f\initiMation list does not match number of array entries ED
2.413 \At Wa program organization unit to modify a variable which has | ED
been declared CONSTANT
2.5]1.5.1 conversion errors ED
251162 Numerical result exceeds range for data type RT
Division by zero ED, RT
2.5.1.5.3 N input is less than zero in a bit-shift function EW,RT
2.51.5.4 Mixed input data types to a selection function ED
Selector (K) out of range for MUX function RT
2.5.1.5.5 Invalid character position specified EW, RT

Result exceeds maximum string length
ANY_INT input is less than zero in a string function

2.5.1.5.6 Result exceeds range for data type RT
2.5.2.2 No value specified for a function block instance used as input variable | ED
2.5.2.2 No value specified for a VAR_IN_OUT variable ED
2.6.2 Zero or more than one initial steps in SFC network ED

User program attempts to modify step state or time

2.6.3 Side-effects in evaluation of transition condition ED
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4.6.2

This s
1.5.1
and in

NOTE
may ¢

— 65 -

Table 4 - Recommended run-time error-handling mechanisms

Subclause Error conditions Mechanisms
(Notes 1 and 2) (Note 3)
2.6.4.5 Action control contention error EW, RT
2.6.5 Simultaneously true, non-prioritized transitions in selection divergence | EW,RT
Unsafe or unreachable SFC ED
2.71 Data type conflict in VAR_ACCESS ED
2.7.2 Tasks require too many processor resources ED, RT
Execution deadline not met ED, RT
Other task scheduling caonflicts EW RT
3.2|2 Numerical result exceeds range for data type /‘\Ew RT
3.3|1 Division by zero D, JRT
Numerical result exceeds range for data type < EW, R
Invalid data type for operation (\ \{QD
3.3]12.1 Return from function without value assigned /\ \ ED
3.3|2.4 Iteration fails to terminate \ \ \ MW, RT
411 Same identifier used as connector label and eIem@Qn%&{ \ ED
4.1|3 Uninitialized feedback variable / ~ \ ED
NQTE 1 This table does not include all entries from Table(E.1 Céo 31W)nly those entries that
mgy be identified as run-time errors.
N( S. Implementors may extgnd
thi
N(

commyni

4.6.2.

The irrformation to be reported upon occurrence of an error should include

lause
bgram

hentors
1/10 or

notification of the fact that an error has occurred;

classification of the type of error (for example, “division by zero”);

identification of the source of the error (for example, a program organization unit).

In order to provide a uniform style of error reporting, implementors should consider the
encoding of this information into variables of a single type such as the following.

TYPE ERROR_REPORT:

STRUCT FLAG: BOOL;
CLASS: STRING(-..);
SOURCE: STRING(...);

END_STRUCT;

END_TYPE

NOTE 1

The length of the STRING elements above will be implementation-dependent.
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NOTE 2 The new WSTRING data type defined in IEC 61131-3, 2nd edition, should be considered for the
reporting of errors in various national languages.

NOTE 3 The use of integer or enumerated types for the error class element may be considered if higher
efficiency is required in subsequent error processing.

Such error-reporting variables would typically be made available as implementation-specific
default declarations, for example, as global variable declarations for a particular resource
type, or as outputs of programs or tasks. For instance, a set of default declarations for a
resource might be

VAR_GLOBAL
MATH_ERROR: ERROR_REPORT; (* Table 23 *)
ARITHMETIC FRROR- FRROR REPORT; (* Table 24 *)
SFC_ERROR: ERROR_REPORT; (* 2.6.4.5(4) *)

END_VAR

NOTE I In this example, the comments refer to the locations in IEC 61131-3 By give
rise to the particular error are described.

NOTE R A single error-reporting variable may be used; however, higher performa } edures
may be achieved by using a larger number of error-reporting variabl c f error

classification.

4.6.22 System-defined error-handling procedure
The hlandling of run-time errors generall

a) The normal flow of program execution It
b) Agtion appropriate to the error type js
— | the error may be corrected if passib,
— | if correction is ngQ j S heous

— | the occurrence|of\the “error\and.any_corr to an
operator{l‘jﬁ i

c) Program exe
the possibility of sch resumption may be immediate or contingenf upon

a |system evént s restart”, “cold restart”, or a command from the
cdmmunic { m-ah operator.

e and

The implementor sheyld'spe the corrective and reporting actions taken by the system, and
the pfoeed . resumption, for each type of run-time error processed hy the
system. If i of errors is modelled by global variables as discussed in the
preceding subslause\the handling of errors could be modelled by preemptive scheduling of
error [processing tasks as defined in 2.7.2 of IEC 61131-3. For the example given |n the
preceding. subclause, the resource-specific specification of the error processing tasks|could
have thelform:

TASK MATH_ERROR_TASK

(SINGLE := MATH_ERROR.FLAG, PRIORITY :=...):
TASK ARITHMETIC_ERROR_TASK

(SINGLE := ARITHMETIC_ERROR.FLAG, PRIORITY :=...):
TASK SFC_ERROR_TASK

(SINGLE := SFC_ERROR.FLAG, PRIORITY :=...):

NOTE 1 The implementor should specify the priority levels at which various errors are to be processed. These
priorities will usually be higher than those of user program tasks in order to assure that user programs will be
interrupted for error processing.

NOTE 2 The occurrence and processing of errors may have severe impacts on the ability of the system to meet its
task scheduling deadlines.
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With the above model, error correction and reporting procedures could be specified by
associating the error processing tasks with appropriate system-defined error processing

programs. In the above example, the declarations of such associations could be

PROGRAM PROCESS_MATH_ERROR WITH MATH_ERROR_TASK:
SYSTEM_MATH_ERROR_PROCEDURE;

PROGRAM PROCESS_ARITHMETIC_ERROR WITH ARITHMETIC_ERROR_TASK:
SYSTEM_ARITHMETIC_ERROR_PROCEDURE;

PROGRAM PROCESS_SFC_ERROR WITH SFC_ERROR_TASK:
SYSTEM_SFC_ERROR_PROCEDURE;

The implementor could then specify the actions to be taken by the specified error-handling

program for each possible error classification in the associated glgbhal ERROR~R
varialjle, for example, the actions to be taken by the SYSTEM_MAT RQR_PROC
program for each of the possible values of MATH_ERROR.CLASS, etc.

4.6.2.3 User-defined error-handling procedures

An IEIC 61131-3 implementation may provide for user-defined\error-h
the gxamples given in the preceding subclause, thig L S
subst(tution or augmentation of system-defined erro dli . ams/by user-d

If usgr-defined error handling procedyres are(suyp éd, implementor should p
facilitles for such procedures to spgcify thg errOr handling and rep
mechanisms, as well as user progran i
defingd procedures. Such facilities cou i tance of global variable]
could| be set, or function blocks that/could bexin i by the user-defined error ha
procefdure.

4.7 $ystem interface

Implementors sh
block] instances i
instance, as des :

global Boolean variables may be used to rep

system-specified s, Yor“example, BATTERY_LOW or POWER_ABOUT_ TO |
Alternjatively, syste S ¢ represented as instances of system-specific fu
block or POWER_SUPPLY, with defined input and output var
repregsenting\theirstatus pol interfaces.

IEC 61131-3\-contai numerous requirements in addition to the general comp
requinrements enumefated in 1.5.1 of IEC 61131-3. Implementors should pay attention f{
occurfefice of the word “shall” in IEC 61131-3, since each such occurrence indica

analing™\pracedures

purpose of interface to system functions.

EPORT
EDURE

. In
y the
efined

ovide
orting
stem-
s that
ndling

nction
For
esent
FAIL.
nction
ables

iance
0 any
tes a

requinement-

The following subclauses deal with a number of the more important provisions that
implementors should bear in mind in the development of IEC 61131-3 compliant systems.

4.8.1 Compliance statement

The first requirement enumerated in 1.5.1 of IEC 61131-3 is that a compliance statement be
included in the documentation or produced by the system itself, for example, as a readable

and printable file included with the system. This consists of a statement of compliance
series of tables enumerating the features supported by the system; the exact form of
tables is prescribed in 1.5.1 of IEC 61131-3.

and a
these

NOTE The compliance statement is not the only documentation requirement imposed by IEC 61131-3; see, for

instance, items b), d)1), e) and i) of 1.5.1 of IEC 61131-3.


https://iecnorm.com/api/?name=a7fdd8b3112f139ee50fab12c8849c48

- 68 - TR 61131-8 © IEC:2003(E)

This format for statement of compliance was considered to be more practical than the
enumeration of compliance classes, given the wide range of application of programmable
controllers. Accumulation of experience in the use of the elements of IEC 61131-3 may make
it possible for compliance classes to be defined in future revisions.

4.8.2 Controller instruction sets

Subclause 1.1 of IEC 61131-3 specifically limits its scope to “the printed and displayed
representation...of the programming languages to be used for programmable controllers....”.
In particular, it is not required that the IL language defined in 3.2 of IEC 61131-3 be

considered an instruction set for any real or V|rtuaI machlne Rather the IL language is

consi 131-3
langupges in an assembly-language format familiar to a large number isting
systeins.

In principle, the IEC 61131-3 language elements can be compi ber of
mach|ne instruction sets. PSEs must be capable of presenting bf the
programmable controller system to the user in the formats p{escrib ¢ 61131-3 and
should hide the details of machine instruction sets from the . Thiswill g he evqlution
of prgqgrammable controller architectures while protecting~the™ 3 ent in software

and tqaining.

It is 4 natural consequence of this flexibility in jr
defingd in 1.5.2 of IEC 61131-3, will o

ompliant programs, as
ode level.

4.8.3 | Compliance testing

The development and execution of co 5 for the IEC 61131-3 languagés will
depend on the accumulati ' eir application; hence, this is g topic
for fujure standardization®

5 PSE requir@

5.1 User interface

The diser interfase is in means of making the features and functionality of a
programmab)é 3 isible to the user, and is often the primary basis for the piser’s
opinign of ths \ re, the development of the user interface is a major isspe for
creatgrs¢oOf prograwg able controller software and hardware.

Thereg will obyisusly be different means of implementation and design of user functiony even
though thessame “pregramming language standard is used. However, an understand|ng of
how thes language elements in the standard are intended to be used should lead to| more
satisfactory PSE design and implementation.

For any software product, it is critical to know which information is useful, when it is useful,
and how it must be displayed. The design of the PSE must respect fundamental ergonomic
principles, for instance:

— the more complex the PSE is, the more the user has to be guided and informed about its
use;

— the PSE should guide the user through the steps of a systematic software development
methodology. However, it should be possible for the user to perform these steps in a
user-determined order;

— the PSE can guide the user with appropriate cues on a screen and window organization
and with a set of dialogues appropriate to the step of the software methodology currently
being performed;
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when available, contextual on-line help should be given in response to user requests.
Help information that is presented when not requested will typically not be read;

recent studies show that the user does not want time-consuming and exhaustive training.
On-line tutorial material should be available that will enable the user to perform the most
commonly used functions within a short learning period, and to learn advanced methods
as necessary in the normal course of productive work;

the use of paper documents is uneconomical for both the PSE vendor and user; therefore,

they should only be used for reference material as a supplement to o
documentation.

n-line

When a multi-windowing user interface system is used, the ergonomic guidelines of the

supplfer of the windowing system should be followed in order to assure high_user produfctivity
and Igw error rates in the shortest possible training time. Such guidelines(typically i e
— cdrrespondences between pointing device (mouse, etc.) and keypbgard ope
— cdgnventions for selecting and deselecting objects;
— rules for using special windows such as message boxes, lis etc.;
— the order of items in menus.
5.2 Rrogramming of programs, functions and fu
The yser must perform a similar set of tasks(in\pregre be a
functipn, function block, or program. ther a
top-down or a bottom-up approach,\or ntains
declafations of variables and a body pr laring
varialjles can be independent of the langu 131-3
standprdizes the textual syntax of dat ented
or enfered by the user in jHis\for '

N

| {

Declarati Programming
f «ariables of the body
< N
ig e@ential phases of POU creation e zoreros
Seriolis con bg given to the provision of features, such as syntax-difected
editors, ediate detection and (possibly) correction of syntax errors duriflg the
declafatio mming of POUs. Such features improve the productivity and qudlity of
programming landuage. However, this advantage will be especially pronounged in
PSEs|for the JEG61131-3 languages for the following reasons.
— E3ch,POU can be programmed in a different textual or graphic language. Immediate
de I ' i ' i less

familiar language.

— When a POU is programmed in a graphical language, it is easier to make errors such as

connection of variables of incompatible types. Immediate detection and correction of such
invalid connections can prevent the generation of a large number of confusing error
messages at compile time.

The tasks of declaration, editing and compilation of a POU may be performed at different
times, and even by different users. It is thus imperative that syntactic errors be detected
and prevented as early in the programming activity as possible.

It should be possible for the user to turn the automatic detection of syntax errors on and off
as desired.
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5.3 Application design and configuration

As illustrated in Figure 21, IEC 61131-3 separates the configuration of an application from its
programming. Therefore, the PSE must also distinctly separate these two phases without
necessarily ordering them. That is, it must be possible to program up to a certain level before

making a configuration.

Programming — Configuration

The HSE must assist the user in performing system configuration as describ
3. This includes such tasks as the description of resources, decl i
assigning programs to be called by tasks, managing
commjunications between the application and external entities etc:
user [n the configuration of access paths as described in, 2.

1131-

igbles,

fining
st the
phical

editor] could be provided to enable the user to specify access paths o .the format of Figure 19

of IEC 61131-3. Such an -editor could auten
VAR_JACCESS...END_VAR statements with syntag
declarations.

5.4 $eparate compilation

The s
decla
the e
expligitly described in ea

The slmplest case to

dependent on other P
be compiled ani
functipn blocks, aid

comp
POU.

—  Sq

R

SO

in Figure 22, consists of a POU that
unction that does not call any other functign can

FUNCTION BLOCK B 0 FUNCTION BLOCK B
= compil T
source code compiled code

uired
type

) that
mplify
ut not
is not
ces of

an be
Of the

y and

ith the

FUNCTION @ FUNCTION
source code compiled code

Figure 22 — Separate compilation of functions and function blocks

IEC 2081/03

The separate compilation of function blocks or of programs that use either VAR_EXTERNAL
or directly represented variables inside their body is similarly straightforward, as shown in
Figure 23. It is possible to compile these POUs and to resolve the unknown links upon

configuration of the application.
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PROGRAM H @ PROGRAM H
source code compiled code

Figure 23 — Compiling a program accessing external or directly represented variables

In this first level of separate compilation, the compiler works from a source that has no links
with other POUs. In more complex cases, a POU may invoke another function, or an FB or
program may contain the declaration of an instance of another FB. These cases require the
introduction of the concept of interfaces.

5.5 $eparation of interface and body
5.5.1 [ Invocation of a function from a programming unit
To prpgram the invocation of function B in the example show ssary
to kngw the name and the type of this function, and also the n input
varialjles (VAR_INPUT). If also present, the output vari S in-out
varialjles (VAR_IN_OUT) of the function have to be kng itutes
the function’s external interface. Function B in the only.
To coLlTwpiIe function A, it is sufficient to know the exfer i ction B, as shown in
Figure 24b), even if the source or compiled cod 0 i |s ot known.
FUNCTION A: REAL \&pf)
VAR_INPUT C,D: REAL; ace *)
A:= B(C) + D;
END_FUNCTION
F| ure/24a>D clar ion of ex mple function
FUNCTION A
compilation
interface
compile
FUNCTION A
compiled
code
Figure 24b — Compilation of example function
IEC 2083/03
Figure-24 — Compiling a function that invokes another function
This éexample—iHustrates—the—importance—ofa—clearseparation—eof-theRPOU-inrterface—from its

body. However, if the use of separate compilation is too difficult, the user (who is not
necessarily a computer scientist) could reject it. Therefore, the PSE should assist the user by
constructing the interface automatically to the maximum extent possible.
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5.5.2 Declaration and invocation of a function block instance

To program the invocation of function block instances, it is necessary to know the name of
this function block and the names and the types of its VAR_INPUT, VAR_OUTPUT, and
VAR_IN_OUT variables. This set of information constitutes the function block’s external
interface. For compilation, the total memory size required for each instance must be
determined. This is calculated from the function block’s external interface and from its local
(VAR) and external (VAR_EXTERNAL) declarations. This set of information constitutes the
compilation interface. In the following discussion, the term “interface” will refer to the
compilation interface.

Toc s FB1
and AB2 must be known in order to allocate memory for each of their de ed instances in
program F. In this example, there are two instances of FB1 and gne instance-of| FB2.
Howeper, as shown in Figure 25b), the bodies of these function blot otxequifed in
order|to compile program F.

Compared to the compilation interface for a function, the compi j a fupction
block|additionally consists of the names and the types of i g’interngl and
exterpal variables (VAR and VAR_EXTERNAL).

PROGRAM F \>

FUNCTION BLOCK FB1
gom ila interfage
<

S 2L

PROGRAM F

FUNCTION_BRLO \Bz/ compilation
4:/0\Q ilation.interfac interface
PROGRAM F

i?RX%GﬁAM’ F

sourge code compiled code

Figure 25b — Compilation of example program
IEC 2084/03

I[igure 25 — Compiling a program containing local instances of function blockr

Figure 26 provides an example of the application of the principles developed above. In this
example, it is assumed that

— the functions F1 and F2 do not invoke any other function;

— function block FB1 invokes functions F1 and F2;

— program G invokes function F1 and uses an instance of the function block FB1;

— program G does not use any global or directly represented variables, and does not
contain a VAR_ACCESS declaration.
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PROGRAM G FUNCTION F2: REAL FUNCTION_BLOCK FB1
(* external - * I
interface *) END_FUNCTION ';5§er$§§§r2§
.- -VAR toto: FB1; (* body *)
.. .END_VAR FUNCTION F1: INT CTI¢* invoke F1 %)
---(* body *) A:= F1(B,C);
--.(* invoke F1 *) END_FUNCTION -..(* invoke F2 *)
X::*Fl(Y,Z%; . Q:= F2(R);
---(* use of toto *) - . .END_FUNCTION_BLOCK
toto(d:= X);
- - -END_PROGRAM

Figure 26a — Sketch of programmin ni mpiled

FUNCTION F1

FUNCTION F1
source code

FUNCTION F2
source code

FUNCTION F2
compilation

interface "

compiled cod@/\
N

FUNCTION_BLOCK FB{l
compiled code

FUNCTION_BLOCK FBf

FUNCTION_BLOCK E
SOU;Q’S\CO e
PAEKS
FUNCTION' T

c?m;n
e e
QS

FUNCTI OCK FB1
compilation interface

compilation interface

PROGRAM G
compiled code

PROGRAM G
compilation
interface

I o 4 P
1~ vetparate—comptr atot

IEC 2085/03

Figure 26 — Separate compilation example

5.6 Linking of configuration elements with programs

In an application configuration, a program is a particular named use (an instance) of a POU
of program type. For example, given a program G as illustrated in 5.5, an application can be
composed of two programs, P1 and P2, which are both instances of the same program G. As
illustrated in Figure 27, it is only necessary to compile program G once, and to resolve the
unknown links when P1 and P2 are mapped onto the configuration.
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CONFIGURATION V
RESOURCE R1 ON PROCESSOR_TYPE_1
PROGRAM P1: G(...) ;

END_RESOURCE
RESOURCE R2 ON PROCESSOR_TYPE_2

PROGRAM P2: G(...) ;

END_RESOURCE
END_CONFIGURATION

Figure 27a — Declaration of the configuration

FUNCTION F1 P
|compiled code

FUNCTION F2 N
Jcompiled code

FUNCTION_BLOCK FB1
compiled code

PROGRAM G
compiled code CONFIGURATION V
l

PROGRAM G
ompilation interface
<

CONFIGURATION W_ N
source codae

IEC 20B6/03

ource, its compilation interface must be known. Simjilarly,
a global instance of a function block (declared with
A\ resodrce, the compilation interface of the function block myst be

description is complete, it can be merged with the POUs in the library

Brious
ways| For instance, bf the
applicatioh—code—ca nts a

monolithic phase of production of the application code, which is similar to a classic link
resolution. In this phase unresolved function or function block calls are resolved if possible,
interface errors are detected, and links between the different POUs are established.

Many implementation-dependent options are possible in the production and use of the
application program. For example,

— the application program may contain the actual address assignments to be used upon
loading, or it may be relocatable, with the calculations of real addresses taking place
during the transfer of the application program to the PLC;

— the application program may contain single or multiple copies of the code for different
types of POUs;

— the production of the application code may be an incremental operation that takes place
either off line or during the loading onto the PLC.
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Whichever option is selected, it must not affect the functional characteristics of the program
as seen by the user. However, depending on the technical choices of the manufacturer, the
execution time of POUs may vary, and some functions may be impossible or incomplete, for
example, the management of a distributed application.

The loading of the application program into the programmable controller is dependent on the
programmable controller’'s hardware and software implementation.

5.7 Library management

As illustrated in Figure 3 of IEC 61131-3, the user must accomplish two major tasks in the
programmmitgof programmable comntrofter systemnTs:

— Re-use management, i.e., the creation, modification, and deletiop~0f reusable~program

elements. These consist of derived POUs, i.e., functions and
(spmetimes) programs and the associated derived data types. § ay be
stpred in a library that is available to several applicatio brived
program elements to be used only in a specific application.

— Application management, i.e., the creation, modificai more
cqnfigurations to be used in each application. A progra a resourcge of a
particular configuration may not be reusable, parficul i rectly
represented variables.

The yser must be able to switch easjhx betw , ang the PSE must assist the

user |n keeping track of the dependenci
suppqrt the updating of libraries with
dependencies in the user library.

ents. Also, the PSE| must
to existing elementy and

The jn by
functi cribed
in 2.5 . e the
interfaces to functions| and i i tional
decor e inte br the
defini in the
desig

The H anagement of the separate compilation process descrilbed in

5.4 apd 5.5 6f thi POICa port by maintaining the relationships among the source|code,
aces, and compilation interfaces of POUs and configurations

5.8 Analysis.toals

5.8.1 | Simulation and debugging

User productivity and software quality can be significantly enhanced if the PSE provides
facilities for simulation and debugging of software without having to be physically connected
to the actual programmable controller system. Such facilities may be provided for

— individual program organization units (functions, function blocks, and programs);

— system configurations (partial or complete).

Further enhancements in productivity can be realized if the PSE provides facilities for
debugging such that those portions of a configuration that are already debugged can be

loaded into a controller system and operated in conjunction with simulation of those portions
of the configuration that are still being developed and debugged.
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Information to determine execution times of POUs is identified as an implementation
dependency in Annex D of IEC 61131-3; additionally, item 3)b) of 2.7.2 of IEC 61131-3
requires that “the manufacturer shall provide information to enable the user to determine
whether all deadlines will be met in a proposed configuration.” Since the rules for determining
this information may be quite complex and difficult to apply systematically, it is to the benefit
of both the implementer and the user if algorithms for making such determinations are

provided as an integral part of the PSE.

5.8.3 Feedback loop analysis

When| the FBD language defined in 4.3 of IEC 61131-3 is supported, the F
tools for the detection and resolution of feedback loops as discussed in 4

5.8.4 | SFC analysis

Subclpuse 2.6.5 of IEC 61131-3 mentions the possibility of dnsa
branches in SFCs. Nesting of AND (simultaneous) branchges\and
(selegtion) branches can cause such SFCs. The PSE cad_assi
detecjion of possible unsafe and unreachable SF

detectgion is described below.

NOTE | "Safety” in this context does not refer to the safety

an “ungafe” SFC can be expected to degrade the

The reduction algorithm is based on th

ovide
31-3.

hable
d OR
early
such

wever,

sensqg of safe and reachable) if onederive at an
SFC ¢onsisting of one step and one {ransition. trated
in Figure 28.
The reductions are repetitive i ting from the initial step, even if this step is jnot at
the tdp of the SFC. The s i the SFC is safe and reachable if either of
the following ter@'
1) The SFC consists
2) the SFC con hes and the initial step is not located in one of the
branches.
|
+-—=3 +
|
+4= o + | [ T + |
| t-—-——- + | | ===> +
£ o==> | | e * !
| R |
§ + | +
| I |
S +
| Figure 28b — A sequence consisting of a transition, a

Figure 28a — A sequence consisting of
a step, a transition and a step is
replaced by one step

step and a transition is replaced by one transition
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(OR branch) is replaced by
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1
IEC 2
Figurgs 29a and 29b illus
termination rule
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Figure 29d illustrate
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NOTE
algorith
conditi
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Figure 29a — No reduction required
per termination rule 1
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Figure 29d — An irreducible
(unreachable) SFC

Figure 29 — Reduction of SFCs IEC 2088/03
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5.9 Documentation requirements

In providing facilities for the production of software documentation by the PSE, the
implementer should consider the following requirements.

1) Listings of the declarations and bodies of POUs should be produced in the same form in
which they were entered by and displayed to the user on the PSE.

2) Listings should include comments in the same form and location in which they were
entered by and displayed to the user.

3) The PSE should be capable of producing an index and cross-reference of usage of global
and directly represented variables and access paths (if any).

The HSE should be capable of producing a mapping between the symbolicrepresentatipns of
vdriables and their physical locations (for example, in the I/0O subsystem).

As an implementation-dependent feature, the PSE may also be g8 g the
mapping between the directly represented variables of a ca grence
dgsignations for signals and tags, as defined in IEC 61346-1

6) If pupported, version control information should be provided

5.10 [Security of data and programs

The i:[wplementer should consider

— wihich items in the PSE and the ¢ ble of
prptection from user access; and

— which classes of users should have a

For instance, the following types of access

— Pgrmission to use the sonteqgs of a

— Pg¢rmission to use

— Pgrmission t<\z>w

— Pe¢rmission to wiod

— P¢rmission to

5.11 |On-li

FacilitieS.wh ftroller

systein are

— Ldadingsef apphcation programs (4.6.2.1)

— Memory access (4.6.2.2)

— Adapting the programmable controller system (4.6.2.3)

— Indicating the automated system status (4.6.2.4)

— Testing the application program (4.6.2.5)

— Modifying the application program (4.6.2.6)

- Ar

chiving the application program (4.6.4)
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Annex A
(informative)

Changes to IEC 61131-3, Second edition

A1 Reasons for the second edition of IEC 61131-3

Since
stand
practi
and unresolved questions as well as features WhICh were unnecesss
were |discovered. The industrial end-users, often represented<{b
supplied many proposals for changes and amendments.

ictions
ement
anies,

To mai pss of
existi SC65B
decide h-step
revision.
Step 1)
Step 2) nd the

ent)

For e g rule,
a program compatible wit

one.

A.2

The first step was i ) eal errors within IEC 61131-3. In addition to gimple
mlspr semantic contradictions in the main part and
incong wpdrt and the annexes, in particular the syntax definifion in
Anne hase, the changes to be incorporated were collected and
evalu g in a corrigendum. This was achieved with the active hlelp of
many

In the e most important corrections are briefly described giving the dlause

numbpr of-the* clauses which are almost identical in the two editions of IEC 61131-3.

1.3 Some terms which are written in italics in the text but not previously defined
are now included in this “Definitions” subclause.

1.41 Correction of the figure which explains the software model

2.3.3.2 Corrections in the syntax of examples, especially concerning the use of

parentheses (Tables 14, 17, 18, 22, 50, Figure 20).
2.3.3.2, 2.3.3.3 Semantic corrections of examples (Tables 14, 17, 18).

2.41.2 Language-specific treatment of array subscripts according to the language
definitions for IL, ST, LD and FBD.
2511 Correction of the general variable assignment description of function calls

in ST (Table 27).

2.5.1.4,2.5.2.2 More precise definition of the applicability of overloading to standard
functions, function block types, operators and instructions (Table 21).
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2.5.1.51 Precise description of the operation of the type conversion function features
according to IEC 60559 (rounding to the next integer value, Table 22).

251.53 Correction of the variable assignment description of standard functions
(Tables 25, 29, 30, 31).

2.51.5.7 The symbol for “is equal to” is “=” and not “~” (Table 31).

2.5.2. Correction of description of the function block AND_EDGE (rising edge
input, Table 33).

2.5.2.3.1 Deleting of the unsafe semaphore example (Figure 13, Table 34).

25233 Correction of the CTUD example (Table 36).

252034 Correction of the RTC example (Table 37).

2.6.3 Syntax correction of the SFC description (Tables 41 and

2.6.45 With an active Q output of the action control s are
executed only with every invocation of the POU & | thus,
the contradiction to rule 6 in 2.7.2 is resolved,

4.3.3 Elimination of the possible deadlock situatio ) ing and
writing of variables in different networks

Anneik B Correction of BNF productions.

Anneix C Correction of delimiters and keywqa

Annei F Correction of the exa

None| of these corrections leads to re in

accorfance with the current standard with

A.3 | Amendment

A.3.1| Background

As a pecond st@ hnical

repor{ was prep report

proposed trial-use & S dgramming languages with the goal of arriving at a

consgnsus on aComis » 31-3.

Theseg propos 31-3,

or both.

Using| th Irgent

were |nclude dment. These amendments were to be integrated in the standard on

the basis of<the 61131-3 corrections in step 1. They only refer to improvements pf the

utmogt impaortance.

The committee—draftofthe—amendment-was—divided—intotwomaim—groups—of-atteratiors and
supplements and a collection of minor changes.

The general goals of all changes in the amendment were

e an increased acceptance of the IEC 61131-3 languages by the application programmers
due to harmonized language possibilities which are better adapted to practice, for
example, new function concept and function block instance-specific initialization of local
variables;

e a more efficient utilization of the control hardware by means of application programs
written in the standard languages, for example, temporary variables in function blocks;

e increased actual semantic portability of control software due to the elimination of possible
misunderstandings concerning the effects of certain language constructs, for example,
EN/ENO behaviour, retentive/non-retentive behaviour of variables and 1/Os;
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e elimination of error sources due to the mixed use of different control languages, for

example, identical treatment of EN/ENO by different languages.

NOTE The parenthesized references in the headings of the following subclauses refer to the subclause of
IEC 61131-3, 2nd edition, that is mainly affected by the changes described; for instance, A.3 below describes

changes mainly affecting 2.2.1 of IEC 61131-3, 2nd edition.

A.3.2 Numeric literals (2.2.1) — typed literals

In the first edition, there are situations where the type of data represented by literal values
such as 12.43, 73, 2#1001 is ambiguous. This is a particular problem in the IL language; for
example, when a literal value is used with a load (LD) instruction, the type of data loaded into

the IL register cannot be specified.

The gmendment proposed that all literals can be prefixed with their da form
"<datla type> #". This feature is added to 2.2.1 of IEC 61131-3, 2nd
A.3.3| Elementary data types (2.3.1) — double-byte strings
The gmendment proposes an additional data type WSTRIN { ined to
hold Houble-byte characters in accordance with ISO/I Xl hese\are required for
handllng messages in languages with complex characte string
handl|ng functions will be overloaded so that they ca . This
featune is added to 2.3.1, 2.3.2 and 2.5.1.5.5 of IEC(61137
A.3.4
Therd are several deficiencies with the ition of
IEC g1131-3. As with literals, the datd iduous.
For ekample, there may be several enume string
"ON".|It was therefore prgpos 31-3,
2nd ddition, that the data\type\of a p $ing a
prefix|in the form <datp\typ
Examples are: D

TYPE

VALVE_MOP

PUMP_MOD

END TYP

2y
The dyntax allow
enumegrated vaniablesSo be used in CASE statements, for example:

TYPE

BATCH TYPE: (SMALL, LARGE, CUSTOM) ;

END _TVYVDR
Frir

VAR

NEW_BATCH: BATCH_TYPE;

END VAR;

CASE NEW_BATCH OF

SMALL: ... (* Small batch *)

LARGE: ... (* Large batch ¥*)
CUSTOM: ... (* Custom size batch ¥*)
ELSE

A.3.5 Single element variables (2.4.1.1) - “wild-card” direct addresses

The definition of direct addresses for some variables, i.e. addresses used with the AT
construct, is another aspect of a configuration which may require redefinition when a

configuration is modified to work on a different physical system.
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For example, a sensor connected to a programmable controller input may be at a particular
physical input channel and 1/O rack position in one system but be connected to completely
different physical input channel and rack in another. In order to use the same software, i.e.
the same IEC 61131-3 configuration in the two systems, it is necessary to redefine the direct
address used for the input. In the first edition of IEC 61131-3, changing direct addresses of
variables can only be achieved by modifying various variable declarations throughout the
configuration and then recompiling the configuration.

The amendment proposed that each variable for which the direct address is to be redefined is
declared using a ‘wild-card’ address specified as an asterisk (**"). Such variables are
considered to be ‘not located’. This feature is now included in 2.4.1.1 of IEC 61131-3, 2nd
editiop-

Examples are:

VAR INPUT1 AT %$IX*:BOOL; (*Boolean input not locat
VAR VALV1 AT %QW*: INT; (*Integer output not located *
The lpcation of such variables can be specified in the VAR_
the fgllowing statements will define the location of these vaxi
VALV are declared within resource RES1.

r exgmple,
INPUT|L and

VAR_CONFIG
RES1.INPUT1 AT %IX100: BOOL;(* Locate
RES1.VALV1 AT %QW210: INT;(* Locate va

END_VAR

It is apsumed that initial values for the
as the last process before creating the

bplied
PLC.

NOTE | An error will be reported when the co direct
addresp is not given a valid dire

A.3.6| Declaration (2}4:

In the first editi 3 as’ho provision to create variables within programs
and fdinction blocke tg k0O es. Values held in variables declared using the VAR
const i es for
tempg

The & QR angd’2.4.3 of IEC 61131-3, 2nd edition provides, that temporary
variablegs d in a
tempg cation
termir

For e

Nz monro

RESULT: REAL;
END_VAR;

RESULT:= AF18 * XV23 * XV767 + 54.2;
OUT1:= SQRT (RESULT) ;

A.3.7 RETAIN and NON_RETAIN Variable attributes (2.4.3.1)

The use of the RETAIN attribute with multi-element variables such as structures and function
block instances is modified in IEC 61131-3, 2nd edition. When RETAIN is used with a multi-
element variable it applies to all contained variables except those that are declared with a
NON_RETAIN attribute.

NON_RETAIN is a new attribute and indicates that the variable’s value is not retained during a
powerfail and its default initial value is to be used after a warm restart. If NON_RETAIN is
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applied to a multi-element variable, then it applies to all contained variables that are not
declared with a RETAIN attribute.

A.3.8 Invocations and argument lists of functions (2.5.1)

IEC 61131-3, 1st edition, had introduced two variants for function calls and one variant for
function block invocations in textual languages.

For function calls, the variant to be used depended on the declaration of the respective
function: if the declaration of a function does not explicitly specify input variable names, the
function had to be called by providing the full set of actual input arguments in the

parenthesizedargumenttist—T s was true, for exampte,; for attextensibte starmdard—furnctions
defingd in 2.5.1.5 of IEC 61131-3, but also for some of the non-extensj wnctions)|If the
declaration of a function specifies input variable names, the function ha ith an
argunnent I|st which contamed aSS|gnments of actual mput arguments to the dec s input
varial ‘ 3 ad[to be
gener
This v bntain
assig
The r
a) TH m the
uger’s point of view
b) Sg pxtual
la NO in
the r ENO
was possible in ST or
IEC 6 htions
for in lause
2.5 of tional
featunes and th
A.3.9
In the data
type d b type
of the inifi varlable Subclause 2.5.1.5.1 of IEC 61131-3, 2nd ed|t|om now
provid ame.
Examples/ofrsome néw BCD type conversion functions are:
WORD—BED—TOHNFO Converts—a wordbit—strimg—comtaiming = BCH-
value to an unsigned integer.
UINT_TO_BCD_DWORD() Converts a unsigned integer to a BCD value in a
double-word bit string.

Data type conversion functions are provided for BCD values held in BYTE, WORD, DWORD and
LWORD variables.

A.3.10 Functions of time data types (2.5.1.5.6)

Subclause 2.5.1.5.6 now defines functions of time data types that resolve conflicts that
existed in the previous edition with the rules for overloading functions for time and date
calculations. Except as noted in A.4, the changes have been made ‘backward compatible’
and do not impact existing programming systems.
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