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Introduction

Introduction

Thank you for purchasing an NJ/NX-series CPU Unit.

This manual contains information that is necessary to use the NJ/NX-series CPU Unit. Please read
this manual and make sure you understand the functionality and performance of the NJ/NX-series
CPU Unit before you attempt to use it in a control system.

Keep this manual in a safe place where it will be available for reference during operation.

Intended Audience

This manual is intended for the following personnel, who must also have knowledge of electrical sys-
tems (an electrical engineer or the equivalent).

» Personnel in charge of introducing FA systems.

» Personnel in charge of designing FA systems.

» Personnel in charge of installing and maintaining FA systems.

» Personnel in charge of managing FA systems and facilities.

For programming, this manual is intended for personnel who understand the programming language
specifications in international standard IEC 61131-3 or Japanese standard JIS B 3503.

Applicable Products

This manual covers the following products.
* NX-series CPU Units

+ NX701-1000

+ NX502-10000

+ NX102-1000

+ NX102-9001J

« NX1P2-100000

« NX1P2-901000

* NJ-series CPU Units
« NJ501-00000
« NJ301-1000
* NJ101-10030
« NJ101-90010O

Part of the specifications and restrictions for the CPU Units are given in other manuals.
Refer to Relevant Manuals on page 2 and Related Manuals on page 27.
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Relevant Manuals

Relevant Manuals

The following table provides the relevant manuals for the NJ/NX-series CPU Units. Read all of the

manuals that are relevant to your system configuration and application before you use the NJ/NX-ser-

ies CPU Unit.

Most operations are performed from the Sysmac Studio Automation Software. Refer to the Sysmac

Studio Version 1 Operation Manual (Cat. No. W504) for information on the Sysmac Studio.

Manual

NJ/NX-series
Troubleshooting Manual

NJ/NY-series NC Integrated Controller
User’s Manual

NJ-series NJ Robotics CPU Unit
User's Manual

NJ-series Robot Integrated CPU Unit
User’s Manual

NJ-series SECS/GEM CPU Units
User's Manual

NJ/NX-series Database Connection CPU Units
User's Manual

NX-series CPU Unit
FINS User’s Manual

NJ/NX-series CPU Unit OPC UA
User’s Manual

NJ/NX-series CPU Unit
Built-in EtherNet/IP Port User’s Manual

NJ/NX-series CPU Unit
Built-in EtherCAT Port User’'s Manual

NJ/NX-series
Motion Control Instructions Reference Manual|

NJ/NX-series CPU Unit
Motion Control User’s Manual

Basic information

NJ/NX-series
Instructions Reference Manual

NX-series NX1P2 CPU Unit
Built-in 1/0 and Option Board User's Manual

NJ/NX-series CPU Unit
Software User’s Manual

NJ-series CPU Unit
Hardware User’s Manual

NX-series NX1P2 CPU Unit
Hardware User’s Manual

NX-series NX102 CPU Unit
Hardware User’s Manual

NX-series NX502 CPU Unit
Hardware User’s Manual

NX-series CPU Unit
Hardware User’s Manual

O]l O] O |0 | O

Purpose of use

Introduction to NX701

CPU Units

Introduction to NX502

CPU Units

Introduction to NX102

CPU Units

Introduction to NX1P2

CPU Units

Introduction to NJ-series

Controllers

Setting devices and hard-

ware

Using motion control
Using EtherCAT
Using EtherNet/IP

Using robot control for

OMRON robots
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NJ/NX-series
Troubleshooting Manual

NJ/NY-series NC Integrated Controller
User’s Manual

NJ-series NJ Robotics CPU Unit
User's Manual

NJ-series Robot Integrated CPU Unit
User’s Manual

Relevant Manuals

NJ-series SECS/GEM CPU Units
User's Manual

NJ/NX-series Database Connection CPU Units
User's Manual

NX-series CPU Unit
FINS User’s Manual

NJ/NX-series CPU Unit OPC UA
User’s Manual

NJ/NX-series CPU Unit
Built-in EtherNet/IP Port User’s Manual

NJ/NX-series CPU Unit
Built-in EtherCAT Port User’s Manual

Manual

NJ/NX-series
Motion Control Instructions Reference Manual|

NJ/NX-series CPU Unit
Motion Control User’s Manual

NJ/NX-series
Instructions Reference Manual

NX-series NX1P2 CPU Unit
Built-in 1/0 and Option Board User's Manual

NJ/NX-series CPU Unit
Software User’s Manual

Basic information

NJ-series CPU Unit
Hardware User’s Manual

NX-series NX1P2 CPU Unit
Hardware User’s Manual

NX-series NX102 CPU Unit
Hardware User’s Manual

NX-series NX502 CPU Unit
Hardware User’s Manual

NX-series CPU Unit
Hardware User’s Manual

Purpose of use

Using robot control by
NJ Robotics function
Using the NX1P2 CPU
Unit functions

Using the NX1P2 CPU

Using robot control for
Unit functions

Using the GEM Serv-
OMRON robots

ices
Using robot control by

NJ Robotics function
Using numerical con-

trol

Programming error

Using motion control
processing

Using numerical con-
Using EtherCAT
Using EtherNet/IP
Using OPC UA
Using FINS

trol

Using robot control for

Using the GEM Serv-
OMRON robots

Using motion control
Using EtherCAT
Using EtherNet/IP
Using OPC UA

ices

Using the database
connection service

Using FINS
Using the database

connection service

Writing the user program

Software settings
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NJ/NX-series
Troubleshooting Manual

NJ/NY-series NC Integrated Controller
User’s Manual

NJ-series NJ Robotics CPU Unit
User's Manual

NJ-series Robot Integrated CPU Unit
User’s Manual

NJ-series SECS/GEM CPU Units
User's Manual

NJ/NX-series Database Connection CPU Units
User's Manual

NX-series CPU Unit
FINS User’s Manual

NJ/NX-series CPU Unit OPC UA
User’s Manual

NJ/NX-series CPU Unit
Built-in EtherNet/IP Port User’s Manual

NJ/NX-series CPU Unit
Built-in EtherCAT Port User’'s Manual

Manual

NJ/NX-series
Motion Control Instructions Reference Manual|

AlA|lA|AA|A]A]O
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NJ/NX-series CPU Unit
Motion Control User’s Manual

NJ/NX-series
Instructions Reference Manual

NX-series NX1P2 CPU Unit
Built-in 1/0 and Option Board User's Manual

NJ/NX-series CPU Unit
Software User’s Manual

Basic information

NJ-series CPU Unit
Hardware User’s Manual

NX-series NX1P2 CPU Unit
Hardware User’s Manual

NX-series NX102 CPU Unit
Hardware User’s Manual

NX-series NX502 CPU Unit
Hardware User’s Manual

NX-series CPU Unit
Hardware User’s Manual

Relevant Manuals

Purpose of use

O] O] O |0 |O

Refer to the NJ/NX-series Troubleshooting Manual (Cat. No. W503) for the error management concepts and the error items. However,
refer to the manuals that are indicated with triangles for details on errors corresponding to the products with the manuals that are indi-

cated with triangles.

Using the NX1P2 CPU

Unit functions

Using robot control by
Using numerical con-
trol

Using motion control
Using EtherCAT

Using robot control for
NJ Robotics function

Using the GEM Serv-
OMRON robots

Using motion control
Using EtherCAT
Using EtherNet/IP
Using OPC UA

ices

Using FINS
Using the database

connection service
Using EtherNet/IP

Testing operation and de-
management and correc-

bugging
Learning about error
Maintenance

tions™?
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Manual Structure

Manual Structure

Page Structure

The following page structure is used in this manual.

g
i+ Level-2 heading
'— Level-1
. . section number
Level-2 Ladder Diagram Instructions Gives the number
heading of the section.
Instruction Name Page
LD and LDN tg:g/NOT 214
AND and ANDN ﬁxg/NoT 2.16
OR and ORN g:NOT 218
Out and OutNot gﬁ:m/Nm 220
Manual name N sores Insirucions Refarenc Naual (522 Tz
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Manual Structure

Level-3
heading

Manual name

OR and ORN

2 Instruction Descriptions

OR: Takes the logical OR of the value of a BOOL variable and the execution condition.
ORN:  Takes the logical OR of the inverse of the value of a BOOL variable and the execution condi-

tion.

suoponssu] weibelq Jeoppe

—— Level-1 heading
Level-2 heading
— Level-3 heading

Give the current
headings.

result:=vBool1 OR vBool2; '__ Leve|-1
section number

Instruction Name FB/FUN Graphic expression ST expression
OR OR e
T Variable Variable
wee|| JIF I
Upward Downward
—| differentiation differentiation
ORN OR NOT i result:=vBool1 OR NOT
S Variable Variable VvBooI2;
Upward Downward
differentiation differentiation
Variables
None
Function
® OR

The OR instruction takes the logical OR of the value of a specified BOOL variable and the execution
condition and outputs it to the next instruction. Use the OR instruction for a NO bit connected in parallel
with the previous instruction. Use the OR instruction to configure a logical OR between an NO bit and
one of the following: a LD or LDN instruction connected directly to the bus bar, or the logic block starting

with a LD or LDN instruction and ending with the instruction immediately before the OR instruction.

® ORN

The ORN instruction takes the logical OR of the inverse of the value of a specified BOOL variable and
the execution condition and outputs it to the next instruction. Use the ORN instruction for a NC bit con-
nected in parallel with the previous instruction. Use the ORN instruction to configure a logical OR
between an NC bit and one of the following: a LD or LDN instruction connected directly to the bus bar,

or the logic block starting with a LD or LDN instruction and ending with the instruction immediately

before the ORN instruction.

The following figure shows a programming example of the OR instruction. It takes the logical OR of vari-
able A and variable B and outputs it to variable C.

LD instruction

A c

Out instruction

OR instruction

NJ-series Reference Manual (W502)
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NYO PUe ¥O

Gives the number

of the section.

Note These pages are for illustrative purposes only. They may not literally appear in this manual.

Special Information

Special information in this manual is classified as follows:

Precautions for Safe Use

Precautions on what to do and what not to do to ensure safe usage of the product.

MPrecautions for Correct Use

Precautions on what to do and what not to do to ensure proper operation and performance.

@Additional Information

Additional information to read as required.

This information is provided to increase understanding or make operation easier.

Version Information
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Manual Structure

Information on differences in specifications and functionality for Controller with different unit versions
and for different versions of the Sysmac Studio is given.
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Sections in this Manual

Instruction Set

Sections in this Manual

Instruction Descriptions

Appendices

Index
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Terms and Conditions Agreement

Terms and Conditions Agreement

Warranty, Limitations of Liability

I Warranties

® Exclusive Warranty
Omron’s exclusive warranty is that the Products will be free from defects in materials and work-
manship for a period of twelve months from the date of sale by Omron (or such other period ex-
pressed in writing by Omron). Omron disclaims all other warranties, express or implied.

® Limitations

OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, ABOUT
NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF
THE PRODUCTS. BUYER ACKNOWLEDGES THAT IT ALONE HAS DETERMINED THAT THE
PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE.

Omron further disclaims all warranties and responsibility of any type for claims or expenses based
on infringement by the Products or otherwise of any intellectual property right.

® Buyer Remedy
Omron’s sole obligation hereunder shall be, at Omron’s election, to (i) replace (in the form originally
shipped with Buyer responsible for labor charges for removal or replacement thereof) the non-com-
plying Product, (ii) repair the non-complying Product, or (iii) repay or credit Buyer an amount equal
to the purchase price of the non-complying Product; provided that in no event shall Omron be re-
sponsible for warranty, repair, indemnity or any other claims or expenses regarding the Products
unless Omron’s analysis confirms that the Products were properly handled, stored, installed and
maintained and not subject to contamination, abuse, misuse or inappropriate modification. Return
of any Products by Buyer must be approved in writing by Omron before shipment. Omron Compa-
nies shall not be liable for the suitability or unsuitability or the results from the use of Products in
combination with any electrical or electronic components, circuits, system assemblies or any other
materials or substances or environments. Any advice, recommendations or information given orally
or in writing, are not to be construed as an amendment or addition to the above warranty.

See https://lwww.omron.com/global/ or contact your Omron representative for published informa-
tion.

| Limitation on Liability; Etc

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR CON-
SEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN ANY
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Terms and Conditions Agreement

WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS BASED IN CONTRACT,
WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

Further, in no event shall liability of Omron Companies exceed the individual price of the Product on
which liability is asserted.

Application Considerations

I suitability of Use

Omron Companies shall not be responsible for conformity with any standards, codes or regulations
which apply to the combination of the Product in the Buyer’s application or use of the Product. At Buy-
er’s request, Omron will provide applicable third party certification documents identifying ratings and
limitations of use which apply to the Product. This information by itself is not sufficient for a complete
determination of the suitability of the Product in combination with the end product, machine, system, or
other application or use. Buyer shall be solely responsible for determining appropriateness of the par-
ticular Product with respect to Buyer’s application, product or system. Buyer shall take application re-
sponsibility in all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY OR IN LARGE QUANTITIES WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE
HAS BEEN DESIGNED TO ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS
PROPERLY RATED AND INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL EQUIP-
MENT OR SYSTEM.

I Programmable Products

Omron Companies shall not be responsible for the user’s programming of a programmable Product, or
any consequence thereof.

Disclaimers

I Performance Data

Data presented in Omron Company websites, catalogs and other materials is provided as a guide for
the user in determining suitability and does not constitute a warranty. It may represent the result of
Omron’s test conditions, and the user must correlate it to actual application requirements. Actual per-
formance is subject to the Omron’s Warranty and Limitations of Liability.

I Change in Specifications

Product specifications and accessories may be changed at any time based on improvements and oth-
er reasons. It is our practice to change part numbers when published ratings or features are changed,
or when significant construction changes are made. However, some specifications of the Product may
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Terms and Conditions Agreement

be changed without any notice. When in doubt, special part numbers may be assigned to fix or estab-
lish key specifications for your application. Please consult with your Omron’s representative at any
time to confirm actual specifications of purchased Product.

I Errors and Omissions

Information presented by Omron Companies has been checked and is believed to be accurate; how-
ever, no responsibility is assumed for clerical, typographical or proofreading errors or omissions.

Statement of security responsibilities for assumed use cases and
against threats

OMRON SHALL NOT BE RESPONSIBLE AND/OR LIABLE FOR ANY LOSS, DAMAGE, OR EX-
PENSES DIRECTLY OR INDIRECTLY RESULTING FROM THE INFECTION OF OMRON PROD-
UCTS, ANY SOFTWARE INSTALLED THEREON OR ANY COMPUTER EQUIPMENT, COMPUTER
PROGRAMS, NETWORKS, DATABASES OR OTHER PROPRIETARY MATERIAL CONNECTED
THERETO BY DISTRIBUTED DENIAL OF SERVICE ATTACK, COMPUTER VIRUSES, OTHER
TECHNOLOGICALLY HARMFUL MATERIAL AND/OR UNAUTHORIZED ACCESS.

It shall be the users sole responsibility to determine and use adequate measures and checkpoints to
satisfy the users particular requirements for (i) antivirus protection, (ii) data input and output, (iii) main-
taining a means for reconstruction of lost data, (iv) preventing Omron Products and/or software instal-
led thereon from being infected with computer viruses and (v) protecting Omron Products from unau-
thorized access.
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Safety Precautions

Safety Precautions

Refer to the following manuals for safety precautions.

* NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

* NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
* NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
* NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
* NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)
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Precautions for Safe Use

Precautions for Safe Use

Refer to the following manuals for precautions for safe use.

» NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

» NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
» NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
» NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)
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Precautions for Correct Use

Precautions for Correct Use

Refer to the following manuals for precautions for correct use.

* NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

* NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
* NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
* NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
* NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)
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Regulations and Standards

Refer to the following manuals for regulations and standards.

» NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

» NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
» NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
» NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)
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Versions

Hardware revisions and unit versions are used to manage the hardware and software in NJ/NX-series
Units and EtherCAT slaves. The hardware revision or unit version is updated each time there is a
change in hardware or software specifications. Even when two Units or EtherCAT slaves have the
same model number, they will have functional or performance differences if they have different hard-
ware revisions or unit versions.

Refer to the following manuals for versions.

* NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

* NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
* NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
* NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
* NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)

Unit Versions of CPU Units and Sysmac Studio Versions

The functions that are supported depend on the unit version of the NJ/NX-series CPU Unit. The ver-
sion of Sysmac Studio that supports the functions that were added for an upgrade is also required to
use those functions.

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for the relationship be-
tween the unit versions of the CPU Units and the Sysmac Studio versions and for the functions that
are supported by each unit version.
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Related Manuals

Related Manuals

The followings are the manuals related to this manual. Use these manuals for reference.

Manual name Cat. No. Model numbers Application Description
NX-series CPU Unit W535 NX701-0000 Learning the basic An introduction to the entire NX701 system
Hardware User's Manual specifications of the is provided along with the following informa-
NX701 CPU Units, tion on the CPU Unit.
including introductory | ¢ Features and system configuration
information, design- * Introduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- | « |nstallation and wiring
formation is provided. | « \jaintenance and inspection
NX-series W629 NX502-0000 Learning the basic An introduction to the entire NX502 system
NX502 CPU Unit specifications of the is provided along with the following informa-
Hardware NX502 CPU Units, tion on the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- ¢ |ntroduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- | o |nstallation and wiring
formation is provided. | « \1aintenance and inspection
NX-series W593 NX102-0000 Learning the basic An introduction to the entire NX102 system
NX102 CPU Unit specifications of the is provided along with the following informa-
Hardware NX102 CPU Units, tion on the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- ¢ |ntroduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- | « |nstallation and wiring
formation is provided. | « \jaintenance and inspection
NX-series W578 NX1P2-0000 Learning the basic An introduction to the entire NX1P2 system
NX1P2 CPU Unit specifications of the is provided along with the following informa-
Hardware NX1P2 CPU Units, tion on the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- * |ntroduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- | o |nstallation and wiring
formation is provided. | o Maintenance and inspection
NJ-series CPU Unit W500 NJ501-0000 Learning the basic An introduction to the entire NJ-series sys-
Hardware User's Manual NJ301-0000 specifications of the | tem is provided along with the following in-
NJ101-0000 NJ-series CPU Units, | formation on the CPU Unit.

including introductory
information, design-
ing, installation, and
maintenance.

Mainly hardware in-
formation is provided.

¢ Features and system configuration
¢ Introduction

¢ Part names and functions

* General specifications

¢ Installation and wiring

* Maintenance and inspection

NJ/NX-series Instructions Reference Manual (W502)

27



Related Manuals

Manual name Cat. No. Model numbers Application Description
NJ/NX-series CPU Unit W501 NX701-0000 Learning how to pro- | The following information is provided on a
Software User’s Manual NX502-0000 gram and set up an Controller built with an NJ/NX-series CPU
NX102-0000 NJ/NX-series CPU Unit.
NX1P2-0000 Unit. * CPU Unit operation
NJ501-00000 Mainly software infor- | ¢ CPU Unit features
NJ301-0000 mation is provided. * Initial settings
NJ101-00000 * Programming based on IEC 61131-3 lan-
guage specifications
NX-series NX1P2 CPU Unit W579 NX1P2-00000 Learning about the Of the functions for an NX1P2 CPU Unit,
Built-in 1/0 and Option Board details of functions the following information is provided.
User’s Manual only for an NX-series | * Built-in I/O
NX1P2 CPU Unitand | ¢ Serial Communications Option Boards
an introduction of * Analog I/O Option Boards
functions for an An introduction of following functions for an
NJ/NX-series CPU NJ/NX-series CPU Unit is also provided.
Unit. * Motion control functions
¢ EtherNet/IP communications functions
¢ EtherCAT communications functions
NJ/NX-series Instructions W502 NX701-0000 Learning detailed The instructions in the instruction set (IEC
Reference Manual NX502-0000 specifications on the | 61131-3 specifications) are described.
NX102-0000 basic instructions of
NX1P2-0000 an NJ/NX-series
NJ501-0000 CPU Unit.
NJ301-0000
NJ101-0000
NJ/NX-series CPU Unit W507 NX701-0000 Learning about mo- The settings and operation of the CPU Unit
Motion Control User’s Manual NX502-0000 tion control settings and programming concepts for motion con-
NX102-0000 and programming trol are described.
NX1P2-00000 concepts.
NJ501-00000
NJ301-0000
NJ101-0000
NJ/NX-series W508 NX701-0000 Learning about the The motion control instructions are descri-
Motion Control Instructions NX502-0000 specifications of the bed.
Reference Manual NX102-0000 motion control in-
NX1P2-0000 structions.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W505 NX701-0000 Using the built-in Information on the built-in EtherCAT port is
CPU Unit NX502-0000 EtherCAT porton an | provided.
Built-in EtherCAT® Port NX102-0000 NJ/NX-series CPU This manual provides an introduction and
User’s Manual NX1P2-0000 Unit. provides information on the configuration,
NJ501-0000 features, and setup.
NJ301-0000
NJ101-0000
NJ/NX-series W506 NX701-0000 Using the built-in Information on the built-in EtherNet/IP port
CPU Unit NX502-0000 EtherNet/IP port on is provided.
Built-in EtherNet/IP™ Port NX102-0000 an NJ/NX-series Information is provided on the basic setup,
User’s Manual NX1P2-0000 CPU Unit. tag data links, and other features.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W588 NX701-0000 Using the OPC UA. Describes the OPC UA.
CPU Unit NX502-0000
OPC UA NX102-0000
User’s Manual NJ501-1CJ00
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Manual name Cat. No. Model numbers Application Description
NX-series W596 NX701-00020 Using the FINS func- | Describes the FINS function of an NX-ser-
CPU Unit NX502-00000 tion of an NX-series ies CPU Unit.
FINS Function NX102-0000 CPU Unit.
User’s Manual
NJ/NX-series W527 NX701-0J020 Using the database Describes the database connection service.
Database Connection CPU NX502-00000 connection service
Units NX102-0J020 with NJ/NX-series
User’s Manual NJ501-0J20 Controllers.
NJ101-0020
NJ-series W528 NJ501-1340 Using the GEM Serv- | Provides information on the GEM Services.
SECS/GEM CPU Units ices with NJ-series
User’s Manual Controllers.
NJ-series 0037 NJ501-ROOO Using the NJ-series Describes the settings and operation of the
Robot Integrated CPU Unit Robot Integrated CPU Unit and programming concepts for
User’s Manual CPU Unit. OMRON robot control.
Sysmac Studio W595 SYSMAC-SE2[][] | Learning about the Describes the operating procedures of the
Robot Integrated System O operating procedures | Sysmac Studio for Robot Integrated CPU
Building Function with Robot SYSMAC- and functions of the Unit.
Integrated CPU Unit Opera- SE200D-64 Sysmac Studio to
tion Manual configure Robot Inte-
grated System using
Robot Integrated
CPU Unit.
Sysmac Studio W621 SYSMAC-SE2[000 | Learning about the Describes the operating procedures of the
Robot Integrated System O operating procedures | Sysmac Studio for IPC Application Control-
Building Function with IPC SYSMAC- and functions of the ler.
Application Controller Opera- SE200D-64 Sysmac Studio to
tion Manual configure Robot Inte-
grated System using
IPC Application Con-
troller.
Sysmac Studio W618 SYSMAC-SE20J | Learning about an Describes an outline, execution procedures,
3D Simulation Function Oper- O outline of the 3D sim- | and operating procedures for the 3D simu-
ation Manual SYSMAC-SA4] | ulation function of the | lation function of the Sysmac Studio.
-64 Sysmac Studio and
how to use the func-
tion.
NJ-series W539 NJ501-40000 Controlling robots Describes the functionality to control robots.
NJ Robotics CPU Unit NJ501-ROOO with NJ-series CPU
User’s Manual Units.
NJ/NY-series 0030 NJ501-5300 Performing numerical | Describes the functionality to perform the
NC Integrated Controller NY532-5400 control with NJ/NY- numerical control.
User’s Manual series Controllers.
NJ/NY-series 0031 NJ501-5300 Learning about the The G code/M code instructions are descri-
G code NY532-5400 specifications of the bed.
Instructions Reference Man- G code/M code in-
ual structions.
NJ/NX-series W503 NX701-0000 Learning about the Concepts on managing errors that may be
Troubleshooting Manual NX502-00000 errors that may be detected in an NJ/NX-series Controller and
NX102-0000 detected in an information on individual errors are descri-
NX1P2-0000 NJ/NX-series Con- bed.
NJ501-0000 troller.
NJ301-0000
NJ101-0000
Sysmac Studio Version 1 W504 SYSMAC Learning about the Describes the operating procedures of the
Operation Manual -SE20000 operating procedures | Sysmac Studio.

and functions of the
Sysmac Studio.
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Manual name Cat. No. Model numbers Application Description
CNC Operator 0032 SYSMAC-RTNCOLI | Learning an introduc- | An introduction of the CNC Operator, instal-
Operation Manual OoDp tion of the CNC Op- lation procedures, basic operations, con-
erator and how to nection operations, and operating proce-
use it. dures for main functions are described.
NX-series W519 NX-ECCOOO Learning how to use | The following items are described: the over-
EtherCAT® Coupler Unit the NX-series Ether- | all system and configuration methods of an
User’s Manual CAT Coupler Unit EtherCAT Slave Terminal (which consists of
and EtherCAT Slave | an NX-series EtherCAT Coupler Unit and
Terminals. NX Units), and information on hardware,
setup, and functions to set up, control, and
monitor NX Units through EtherCAT.
NX-series W525 NX-OOOO0O4d Referencing lists of Lists of the power consumptions, weights,
Data Reference Manual the data that is re- and other NX Unit data that is required to
quired to configure configure systems with NX-series Units are
systems with NX-ser- | provided.
ies Units.
NX-series W521 NX-IDOOOO Learning how to use | Describes the hardware, setup methods,
NX Units NX-IAOOOO NX Units. and functions of the NX Units.
User’s Manual NX-OCOOOO Manuals are available for the following
NX-ODOOO0O Units.
NX-MDOOOO Digital I/O Units, Analog I/O Units, System
W522 NX-ADOOOO Units, Position Interface Units, Communica-
NX-DAC OO0 tions Interface Units, Load Cell Input Unit,
W592 NX-HADOICICI and |0-Link Master Units.
W566 NX-TSOOOO
NX-HBOOOO
W523 NX-PD10O0O0O
NX-PFOOIOO
NX-PCoOOO
NX-TBX01
W524 NX-EC0O0OO
NX-ECSOOO
NX-PGoOIOO
W540 NX-CIFOOO
W565 NX-RSOOOO
W567 NX-ILMOOO
CJ-series W490 CJ1W-ADOOO Learning how to use | The methods and precautions for using CJ-
Special Unit Manuals CJ1W-DAOOO CJ-series Units with series Units with an NJ-series CPU Unit are
For NJ-series CPU Unit CJ1W-MAD42 an NJ-series CPU described, including access methods and
W491 CJIW-TCOOO Unit. programming interfaces.
W492 CJ1IW-CT021 Manuals are available for the following
Units.
Wass gﬂx:iﬁ;ﬁ Analog I/0 Units, Insulated-type Analog I/O
CJIW-ADO4U Units, Temperature Control Units, ID Sensor
Units, High-speed Counter Units, Serial
Wa93 CJ1W-CRM21 Communications Units, DeviceNet Units,
W494 CJ1w-scutd EtherNet/IP Units and CompoNet Master
W495 CJ1IW-EIP21 Units.
W497 CJ1W-DRM21
Z317 CJ1w-ve8000
CX-Protocol W344 - Creating data trans- Describes operating procedures for the CX-

Operation Manual

fer protocols for gen-
eral-purpose devices
connected to CJ-ser-
ies Serial Communi-
cations Units.

Protocol.
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Manual name Cat. No. Model numbers Application Description

GX-series EtherCAT Slave W488 GX-IbOOOO Learning how to use | Describes the hardware, setup methods
Units GX-ObOood the EtherCAT remote | and functions of the EtherCAT remote 1/O
User’s Manual GXx-ocooogd I/O terminals. terminals.

GX-MDbOOOO

GX-ADOOOO

GX-DADOOOO

GX-ECOOOO

XWT-IDOO

XWT-ODOO
AC Servomotors/Servo Drives | 1586 R88M-1J Learning how to use | Describes the hardware, setup methods
1S-series with R88D-1SNI-ECT | the Servomotors/ and functions of the Servomotors/Servo
Built-in EtherCAT® Communi- | 1621 R88M-1ALC]/ -1AM | Servo Drives with Drives with built-in EtherCAT Communica-
cations User's Manual O built-in EtherCAT tions.

R88D-1SANI-ECT | Communications.
AC Servomotors/Servo Drives | 1576 R88M-K[ Learning how to use | Describes the hardware, setup methods
G5 Series with R88D-KNI-ECT the AC Servomotors/ | and functions of the AC Servomotors/Servo
Built-in EtherCAT® Communi- | 1577 R88L-EC-0] Servo Drives with Drives with built-in EtherCAT Communica-

cations User's Manual

R88D-KNO-ECT-L

built-in EtherCAT
Communications.

tions.

The Linear Motor Type models and dedicat-
ed models for position control are available
in G5-series.
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Revision History

32

A manual revision code appears as a suffix to the catalog number on the front and back covers of the

manual.

[Cat. No.

W502-E1-43 |

| S

Revision code

Revision
code

Date

Revised content

01

July 2011

Original production

02

September 2011

Corrected mistakes.

03

March 2012

* Made changes accompanying release of unit version 1.01 of the CPU Unit
and version 1.02 of the Sysmac Studio.
* Corrected mistakes.

04

May 2012

* Made changes accompanying release of unit version 1.02 of the CPU Unit
and version 1.03 of the Sysmac Studio.
* Corrected mistakes.

05

August 2012

* Made changes accompanying release of unit version 1.03 of the CPU Unit
and version 1.04 of the Sysmac Studio.
* Corrected mistakes.

06

February 2013

* Made changes accompanying release of unit version 1.04 of the CPU Unit
and version 1.05 of the Sysmac Studio.
* Corrected mistakes.

07

April 2013

* Made changes accompanying release of unit version 1.05 of the CPU Unit
and version 1.06 of the Sysmac Studio.
* Corrected mistakes.

08

June 2013

* Made changes accompanying release of unit version 1.06 of the CPU Unit
and version 1.07 of the Sysmac Studio.
* Corrected mistakes.

09

September 2013

* Made changes accompanying release of unit version 1.07 of the CPU Unit
and version 1.08 of the Sysmac Studio.
* Corrected mistakes.

10

December 2013

* Made changes accompanying release of unit version 1.08 of the CPU Unit
and version 1.09 of the Sysmac Studio.
* Corrected mistakes.

11

July 2014

* Made changes accompanying release of unit version 1.09 of the CPU Unit
and version 1.10 of the Sysmac Studio.
* Corrected mistakes.

12

January 2015

* Made changes accompanying release of unit version 1.10 of the CPU Unit
and version 1.12 of the Sysmac Studio.
* Corrected mistakes.

13

April 2015

* Made changes accompanying the addition of NX-series NX701-0J00 CPU
Units and the release of version 1.13 of the Sysmac Studio.

* Added information on the NJ101-CJ3JOC] NJ-series CPU Units.

* Corrected mistakes.

14

October 2015

* Made changes accompanying the addition of hardware revision.
* Corrected mistakes.

NJ/NX-series Instructions Reference Manual (W502)



Revision History

Revision

Date Revised content
code
15 April 2016 * Made changes accompanying release of unit version 1.11 of the CPU Unit
and version 1.15 of the Sysmac Studio.
* Corrected mistakes.
16 July 2016 * Made changes accompanying release of unit version 1.12 of the CPU Unit
and version 1.16 of the Sysmac Studio.
* Corrected mistakes.
17 October 2016 | * Made changes accompanying release of unit version 1.13 of the CPU Unit
and version 1.17 of the Sysmac Studio.
* Corrected mistakes.
18 November 2016 | Corrected mistakes.
19 January 2017 | Corrected mistakes.
20 April 2017 Corrected mistakes.
21 October 2017 | « Made changes accompanying release of unit version 1.16 of the CPU Unit.
* Corrected mistakes.
22 April 2018 * Made changes accompanying release of unit version 1.18 of the CPU Unit
and version 1.22 of the Sysmac Studio.
* Corrected mistakes.
23 April 2018 * Made changes accompanying the addition of NX-series NX102 CPU Units.
* Made changes accompanying the transfer of event codes to the NJ/NX-
series Troubleshooting Manual (Cat. No. W503).
* Corrected mistakes.
24 July 2018 Corrected mistakes.
25 January 2019 | Corrected mistakes.
26 April 2019 * Added information on the functions supported by unit version 1.32 or later of
NX102 CPU Units.
* Added information on the functions supported by unit version 1.21 or later of
NX1P2 CPU Units.
* Added information on the functions supported by unit version 1.21 or later of
NJ501-10J00, NJ301-00000, and NJ101-J0J00 CPU Units.
27 July 2019 * Made changes accompanying the upgrade of NX102-J100, NX1P2-00000
000, NJ501-10300, NJ301-00000, and NJ101-000J00 CPU Units to unit ver-
sion 1.40.
* Made changes accompanying the upgrade of NX701-C1CJ1C1, NJ501-4J00,
NJ501-4010, NJ501-1340 and NJ501-5300 CPU Units to unit version of
1.21.
28 July 2019 Corrected mistakes.
29 October 2019 | Corrected mistakes.
30 August 2020 * Made changes accompanying the addition of NJ501-RCIC] CPU Units.
* Corrected mistakes.
31 October 2020 | Corrected mistakes.
32 January 2021 Corrected mistakes.
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Revision

Date Revised content
code

33 July 2021 * Added information on the functions supported by unit version 1.24 of
NX701-1000 CPU Units.

* Added information on the functions supported by unit version 1.36 of the
NX102-120 CPU Units.

* Added information on the functions supported by unit version 1.45 of the
NX1P2-00J00, NJ301-J00, and NJ101-CJJ00 CPU Units.

* Added information on the functions supported by unit version 1.25 of the
NJ501-1020, NJ501-1340, NJ501-40000, NJ501-5300, and NJ101-13J20
CPU Units.

* Added information on the functions supported by unit version 1.43 of the
NX102-10J00, NJ501-1-J00, and NJ501-RJ00 CPU Units.

* Added information on the functions supported by unit version 1.46 of the
NX102-1000 CPU Units.

* Added information on the functions supported by unit version 1.37 of the
NX102-0020 CPU Units.

* Added information on the functions supported by unit version 1.46 of the
NX1P2-0J0J00 CPU Units.

* Added information of the SD Memory Card.

* Added information of the secure socket service instructions.

* Corrected mistakes.

34 October 2021 Corrected mistakes.
35 April 2022 Corrected mistakes.
36 April 2022 Added information to Terms and Conditions Agreement.

37 October 2022 | + Made changes accompanying the release of unit version 1.50 of the NJ-ser-
ies, NX102, and NX1P2 CPU Units.
* Corrected mistakes.

38 January 2023 | Made changes accompanying the release of unit version 1.32 of NX701 CPU
Units.

39 April 2023 Made changes accompanying the addition of NX502-100 CPU Units.
40 July 2023 Made changes accompanying release of unit version 1.63 of the CPU Unit.

41 October 2023 | * Made changes accompanying release of unit version 1.64 of the CPU Unit.

¢ Corrected mistakes.

42 December 2023 | « Made changes accompanying the addition of the NXR-ILMO8C-ECT IO-Link
Master Unit.

¢ Corrected mistakes.

43 January 2024 | Made changes accompanying the release of unit version 1.65 of NX502 CPU
Units.
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This section provides a table of the instructions that you can use with NJ/NX-series
CPU Unit.
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1 Instruction Set

Instruction Set

» Refer to the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508) for the
specifications of the motion control instructions.

» Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for the specifications of
the simulation instructions.

Ladder Diagram Instructions

Instruction Name Function Page
LD Load Reads the value of a BOOL variable. page 2-14
LDN Load NOT Reads the inverted value of a BOOL variable. page 2-14
AND AND Takes the logical AND of the value of a BOOL variable and | page 2-17
the input value.
ANDN AND NOT Takes the logical AND of the inverted value of a BOOL vari- | page 2-17
able and the input value.
OR OR Takes the logical OR of the value of a BOOL variable and page 2-20
the execution condition.
ORN OR NOT Takes the logical OR of the inverted value of a BOOL varia- | page 2-20
ble and the execution condition.
Out Output Takes the logical result from the previous instruction and page 2-23
outputs it to a BOOL variable.
OutNot Output NOT Takes the inverted value of the logical result from the previ- | page 2-23
ous instruction and outputs it to a BOOL variable.
ST Statement Instructions
Instruction Name Function Page
IF If Selects one of two statements to execute, based on the page 2-28
evaluation result of a specified condition expression.
CASE Case Selects a statement to execute, based on the value of a page 2-32
specified integer expression.
WHILE While Repeatedly executes a statement as long as the evaluation | page 2-36
result of a specified condition expression is TRUE.
REPEAT Repeat Executes a statement once and then executes it repeatedly | page 2-39
until a specified condition expression becomes TRUE.
EXIT Break Loop Ends repeat processing for the FOR, WHILE, or REPEAT page 2-42
instruction of the innermost loop.
RETURN Return Ends a function or function block and returns processing to | page 2-45
the calling instruction.
FOR Repeat Start Specifies the condition for repeat processing, and repeated- | page 2-46
ly executes statements between FOR and END_FOR.
Sequence Input Instructions
Instruction Name Function Page
R_TRIG (Up) Up Trigger Outputs TRUE for one task period only when the input sig- | page 2-48
nal changes to TRUE.
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Instruction Name Function Page
F_TRIG (Down) Down Trigger Outputs TRUE for one task period only when the input sig- | page 2-48
nal changes to FALSE.
TestABit Test A Bit Outputs the value of the specified bit in a bit string. page 2-52
TestABItN Test A Bit NOT Outputs the inverted value of the specified bit in a bit string. | page 2-52
Sequence Output Instructions
Instruction Name Function Page
RS Reset-Priority Keep | Retains the value of a BOOL variable. page 2-56
It gives priority to the Reset input if both the Set input and
Reset input are TRUE.
SR Set-Priority Keep Retains the value of a BOOL variable. page 2-59
It gives priority to the Set input if both the Set input and Re-
set input are TRUE.
Set Set Changes a BOOL variable to TRUE. page 2-62
Reset Reset Changes a BOOL variable to FALSE. page 2-62
SetBits Set Bits Changes consecutive bits in bit string data to TRUE. page 2-66
ResetBits Reset Bits Changes consecutive bits in bit string data to FALSE. page 2-66
SetABit Set A Bit Changes the specified bit in bit string data to TRUE. page 2-69
ResetABit Reset A Bit Changes the specified bit in bit string data to FALSE. page 2-69
OutABit Output A Bit Changes the specified bit in bit string data to TRUE or page 2-71
FALSE.
Sequence Control Instructions
Instruction Name Function Page
End End Ends execution of a program in the current task period. page 2-74
RETURN Return Ends a function or function block and returns processing to | page 2-75
the calling instruction.
MC Master Control Start | Marks the starting point of a master control region and re- page 2-76
sets the master control region.
MCR Master Control End | Marks the end point of a master control region. page 2-76
JMP Jump Moves processing to the specified jump destination. page 2-89
FOR Repeat Start Marks the starting position for repeat processing and speci- | page 2-91
fies the repeat condition.
NEXT Repeat End Marks the ending position for repeat processing. page 2-91
BREAK Break Loop Cancels repeat processing from the innermost FOR instruc- | page 2-98
tion to the NEXT instruction.
Comparison Instructions
Instruction Name Function Page
EQ (=) Equal Determines if the values of two or more variables are all page 2-102
equivalent.
NE (<>) Not Equal Determines if the values of two variables are not equivalent. | page 2-105
LT (<) Less Than Performs a less than comparison between values. page 2-108
LE (<=) Less Than Or Equal | Performs a less than or equal comparison between values. | page 2-108
GT (>) Greater Than Performs a greater than comparison between values. page 2-108
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Instruction Name Function Page

GE (>=) Greater Than Or Performs a greater than or equal comparison between val- | page 2-108
Equal ues.

EQascii Text String Compari- | Determines if two or more text strings are all equivalent. page 2-111
son Equal

NEascii Text String Compari- | Determines if two text strings are not equivalent. page 2-113
son Not Equal

LTascii Text String Compari- | Performs a less than comparison between text strings. page 2-115
son Less Than

LEascii Text String Compari- | Performs a less than or equal comparison between text page 2-115
son Less Than or strings.
Equal

GTascii Text String Compari- | Performs a greater than comparison between text strings. page 2-115
son Greater Than

GEascii Text String Compari- | Performs a greater than or equal comparison between text | page 2-115
son Greater Than or | strings.
Equal

Cmp Compare Compares two values. page 2-118

ZoneCmp Zone Comparison Determines if the comparison data is between the specified | page 2-120

maximum and minimum values.
TableCmp Table Comparison Compares the comparison data with multiple defined ranges | page 2-122
in a comparison table.

AryCmpEQ Array Comparison Determines if the corresponding elements of two arrays are | page 2-125
Equal equal.

AryCmpNE Array Comparison Determines if the corresponding elements of two arrays are | page 2-125
Not Equal not equal.

AryCmpLT Array Comparison Performs a less than comparison between the correspond- | page 2-127
Less Than ing elements of two arrays.

AryCmpLE Array Comparison Performs a less than or equal comparison between the cor- | page 2-127
Less Than Or Equal | responding elements of two arrays.

AryCmpGT Array Comparison Performs a greater than comparison between the corre- page 2-127
Greater Than sponding elements of two arrays.

AryCmpGE Array Comparison Performs a greater than or equal comparison between the page 2-127
Greater Than Or corresponding elements of two arrays.
Equal

AryCmpEQV Array Value Compar- | Determines if each element of an array is equal to a com- page 2-130
ison Equal parison value.

AryCmpNEV Array Value Compar- | Determines if each element of an array is not equal to a page 2-130
ison Not Equal comparison value.

AryCmpLTV Array Value Compar- | Performs a less than comparison between each element of | page 2-132
ison Less Than an array and a comparison value.

AryCmpLEV Array Value Compar- | Performs a less than or equal comparison between each el- | page 2-132
ison Less Than Or ement of an array and a comparison value.
Equal

AryCmpGTV Array Value Compar- | Performs a greater than comparison between each element | page 2-132
ison Greater Than of an array and a comparison value.

AryCmpGEV Array Value Compar- | Performs a greater than or equal comparison between each | page 2-132

ison Greater Than
Or Equal

element of an array and a comparison value.
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Instruction Name Function Page
TON On-Delay Timer Outputs TRUE when the set time elapses after the timer page 2-136
starts.
TOF Off-Delay Timer Outputs FALSE when the set time elapses after the timer page 2-142
starts.
TP Timer Pulse Outputs TRUE for a set period of time after the timer starts. | page 2-145
AccumulationTimer | Accumulation Timer | Accumulates the period of time during which the timer input | page 2-148
is TRUE.
Timer Hundred-ms Timer Outputs TRUE when the set time elapses after the timer page 2-152
starts. The time is set in increments of 100 ms.
Counter Instructions
Instruction Name Function Page
CTD Down-counter Decrements the counter value when the counter input signal | page 2-156
is received. The preset value and counter value must have
an INT data type.
CTD_** Down-counter Group | Decrements the counter value when the counter input signal | page 2-158
is received. The preset value and counter value must be
one of the following data types: DINT, LINT, UDINT, or
ULINT.
CTU Up-counter Increments the counter value when the counter input signal | page 2-161
is received. The preset value and counter value must have
an INT data type.
CTU_** Up-counter Group Increments the counter value when the counter input signal | page 2-164
is received. The preset value and counter value must be
one of the following data types: DINT, LINT, UDINT, or
ULINT.
CTUD Up-down Counter Creates an up-down counter that operates according to an page 2-167
up-counter input and a down-counter input. The preset val-
ue and counter value must have an INT data type.
CTUD_** Up-down Counter Creates an up-down counter that operates according to an page 2-172
Group up-counter input and a down-counter input. The preset val-
ue and counter value must be one of the following data
types: DINT, LINT, UDINT, or ULINT.
Math Instructions
Instruction Name Function Page
ADD (+) Addition Adds integers and real numbers. Also joins text strings. page 2-179
AddOU (+0U) Addition with Over- | Adds integers and real numbers. Also performs an overflow | page 2-183
flow Check check for the integer addition result.
SUB (-) Subtraction Subtracts integers and real numbers. page 2-187
SubOU (-OU) Subtraction with Subtracts integers and real numbers. Also performs an page 2-190
Overflow Check overflow check for the integer subtraction result.
MUL (*) Multiplication Multiplies integers and real numbers. page 2-194
MulOU (*OU) Multiplication with Multiplies integers and real numbers, and outputs the result. | page 2-198
Overflow Check Also performs an overflow check for the integer multiplica-
tion result.
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Instruction Name Function Page
DIV (/) Division Divides integers or real numbers. page 2-202
MOD Modulo-division Finds the remainder for division of integers. page 2-205
ABS Absolute value Finds the absolute value of an integer or real number. page 2-207
RadToDeg Radians to Degrees | Converts a real number from radians (rad) to degrees (°). page 2-209
DegToRad Degrees to Radians | Converts a real number from degrees (°) to radians (rad). page 2-209
SIN Sine in Radians Calculates the sine of a real number. page 2-211
COS Cosine in Radians Calculates the cosine of a real number. page 2-211
TAN Tangent in Radians | Calculates the tangent of a real number. page 2-211
ASIN Principal Arc Sine Calculates the arcsine of a real number (sin"").) page 2-214
(SINT)
ACOS Principal Arc Cosine | Calculates the arccosine of a real number (cos™). page 2-214
(cos™
ATAN Principal Arc Tan- Calculates the arctangent of a real number (tan™). page 2-214
gent (TAN1)
SQRT Square Root Calculates the square root of a real number. page 2-217
LN Natural Logarithm Calculates the natural logarithm of a real number. page 2-220
LOG Logarithm Base 10 Calculates the base-10 logarithm of a real number. page 2-220
EXP Natural Exponential | Performs calculations for the natural exponential function. page 2-224
Operation
EXPT (*¥) Exponentiation Raises one real number to the power of another real num- page 2-226
ber.
Inc Increment Increments an integer value. page 2-232
Dec Decrement Decrements an integer value. page 2-232
Rand Random Number Generates pseudorandom numbers. page 2-234
AryAdd Array Addition Adds corresponding elements of two arrays. page 2-236
AryAddV Array Value Addition | Adds the same value to specified elements of an array. page 2-238
ArySub Array Subtraction Subtracts corresponding elements of two arrays. page 2-240
ArySubV Array Value Subtrac- | Subtracts the same value from specified elements of an ar- | page 2-242
tion ray.
AryMean Array Mean Calculates the average of the elements of an array. page 2-244
ArySD Array Element Calculates standard deviation of the elements of an array. page 2-246
Standard Deviation
ModReal Real Number Modu- | Calculates the remainder of real number division. page 2-248
lo-division
Fraction Real Number Frac- Finds the fractional part of a real number. page 2-250
tion
CheckReal Real Number Check | Checks a real number to see if it is infinity or nonnumeric page 2-252
data.
BCD Conversion Instructions
Instruction Name Function Page
** BCD_TO_*** BCD-to-Unsigned In- | Converts BCD bit strings into unsigned integers. page 2-256
teger Conversion
Group
** TO_BCD_*** Unsigned Integer-to- | Converts unsigned integers to BCD bit strings. page 2-259

BCD Conversion
Group
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Instruction Name Function Page
BCD_TO_** BCD Data Type-to- Converts BCD bit strings into unsigned integers. page 2-262
Unsigned Integer
Conversion Group
BCDsToBin Signed BCD-to- Converts signed BCD bit strings to signed integers. page 2-265
Signed Integer Con-
version
BinToBCDs_** Signed Integer-to- Converts signed integers to signed BCD bit strings. page 2-268
BCD Conversion
Group
AryToBCD Array BCD Conver- | Converts the elements of an unsigned integer array to BCD | page 2-271
sion bit strings.
AryToBin Array Unsigned Inte- | Converts the elements of an array of BCD bit strings into page 2-273
ger Conversion unsigned integers.
Data Type Conversion Instructions
Instruction Name Function Page
** TO_*** (Integer- Integer-to-Integer Converts integers to integers with different data types. page 2-277
to-Integer Conver- Conversion Group
sion Group)
** TO_*** (Integer- Integer-to-Bit String | Converts integers to bit strings. page 2-280
to-Bit String Conver- | Conversion Group
sion Group)
** TO_*** (Integer- Integer-to-Real Converts integers to real numbers. page 2-283
to-Real Number Number Conversion
Conversion Group) Group
** TO_*** (Bit Bit String-to-Integer | Converts bit strings to integers. page 2-286
String-to-Integer Conversion Group
Conversion Group)
** TO_** (Bit Bit String-to-Bit Converts bit strings to bit strings with different data types. page 2-289
String-to-Bit String String Conversion
Conversion Group) Group
**_TO_*** (Bit Bit String-to-Real Converts bit strings to real numbers. page 2-291
String-to-Real Num- | Number Conversion
ber Conversion Group
Group)
** TO_** (Real Real Number-to-In- | Converts real numbers to integers. page 2-293
Number-to-Integer teger Conversion
Conversion Group) Group
** TO_*** (Real Real Number-to-Bit | Converts real numbers to bit strings. page 2-296
Number-to-Bit String | String Conversion
Conversion Group) Group
** TO_*** (Real Real Number-to-Re- | Converts real numbers to real numbers with different data page 2-299
Number-to-Real al Number Conver- | types.
Number Conversion | sion Group
Group)
** TO_STRING (In- | Integer-to-Text Converts integers to text strings. page 2-301
teger-to-Text String String Conversion
Conversion Group) Group
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Instruction Name Function Page
** TO_STRING (Bit | Bit String-to-Text Converts bit strings to text strings. page 2-303
String-to-Text String | String Conversion
Conversion Group) Group
** TO_STRING (Re- | Real Number-to-Text | Converts real numbers to text strings. page 2-305
al Number-to-Text String Conversion
String Conversion Group
Group)
RealToFormatString | REAL-to-Formatted | Converts a REAL variable to a text string with the specified | page 2-307
Text String format.
LrealToFormatString | LREAL-to-Formatted | Converts a LREAL variable to a text string with the specified | page 2-313
Text String format.
STRING_TO_** Text String-to-Inte- Converts text strings to integers. page 2-319
(Text String-to-Inte- | ger Conversion
ger Conversion Group
Group)
STRING_TO_** Text String-to-Bit Converts text strings to bit strings. page 2-321
(Text String-to-Bit String Conversion
String Conversion Group
Group)
STRING_TO_** Text String-to-Real Converts text strings to real numbers. page 2-323
(Text String-to-Real | Number Conversion
Number Conversion | Group
Group)
TO_** (Integer Con- | Integer Conversion Converts integers, bit strings, real numbers, and text strings | page 2-327
version Group) Group to integers.
TO_** (Bit String Bit String Conver- Converts integers, bit strings, real numbers, and text strings | page 2-329
Conversion Group) | sion Group to bit strings.
TO_** (Real Number | Real Number Con- Converts integers, bit strings, real numbers, and text strings | page 2-331
Conversion Group) version Group to real numbers.
EnumToNum Enumeration-to-Inte- | Converts enumeration data to DINT data. page 2-333
ger
NumToEnum Integer-to-Enumera- | Converts DINT data to enumeration data. page 2-335
tion
TRUNC Truncate Truncates a real number to an integer. page 2-338
Round Round Off Real Rounds up or down a real number to the nearest integer, page 2-338
Number depending on the first decimal digit.
RoundUp Round Up Real Rounds up a real number to the nearest integer. page 2-338
Number
Bit String Processing Instructions
Instruction Name Function Page
AND (&) Logical AND Performs a logical AND operation on each corresponding bit | page 2-342
of multiple Boolean variables or bit strings.
OR Logical OR Performs a logical OR operation on each corresponding bit | page 2-342
of multiple Boolean variables or bit strings.
XOR Logical Exclusive Performs a logical exclusive OR operation on each corre- page 2-342
OR sponding bit of multiple Boolean variables or bit strings.
XORN Logical Exclusive Performs a logical exclusive NOR operation on each corre- | page 2-345
NOR sponding bit of multiple Boolean variables or bit strings.
NOT Bit Reversal Inverts each bit of a Boolean variable or bit string. page 2-347
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Instruction Name Function Page
AryAnd Array Logical AND Performs a logical AND operation on individual bits of each | page 2-349
corresponding Boolean or bit-string element in two arrays.
AryOr Array Logical OR Performs a logical OR operation on individual bits of each page 2-349
corresponding Boolean or bit-string element in two arrays.
AryXor Array Logical Exclu- | Performs a logical exclusive OR operation on individual bits | page 2-349
sive OR of each corresponding Boolean or bit-string element in two
arrays.
AryXorN Array Logical Exclu- | Performs a logical exclusive NOR operation on individual page 2-349
sive NOR bits of each corresponding Boolean or bit-string element in
two arrays.
Selection Instructions
Instruction Name Function Page
SEL Binary Selection Selects one of two options. page 2-354
MUX Multiplexer Selects one of two to five options. page 2-356
LIMIT Limiter Limits the value of an input variable between the specified page 2-359
minimum and maximum values.
Band Deadband Control Performs deadband control. page 2-361
Zone Dead Zone Control Adds a bias value to the input value. page 2-363
MAX Maximum Finds the largest of two to five values. page 2-365
MIN Minimum Finds the smallest of two to five values. page 2-365
AryMax Array Maximum Finds elements with the largest value in a one-dimensional | page 2-367
array.
AryMin Array Minimum Finds elements with the smallest value in a one-dimensional | page 2-367
array.
ArySearch Array Search Searches for the specified value in a one-dimensional array. | page 2-370
Data Movement Instructions
Instruction Name Function Page
MOVE Move Moves the value of a constant or variable to another varia- page 2-374
ble.
MoveBit Move Bit Moves one bit in a bit string. page 2-377
MoveDigit Move Digit Moves digits (4 bits per digit) in a bit string. page 2-379
TransBits Move Bits Moves one or more bits in a bit string. page 2-381
MemCopy Memory Copy Moves one or more array elements. The move source and page 2-383
move destination must have the same data type.
SetBlock Block Set Moves the value of a variable or constant to one or more ar- | page 2-385
ray elements.
Exchange Data Exchange Exchanges the values of two variables. page 2-387
AryExchange Array Data Ex- Exchanges the elements of two arrays. page 2-389
change
AryMove Array Move Moves one or more array elements. The data types of the page 2-391
move source and move destination can be different.
Clear Initialize Initializes a variable. page 2-393
Copy**ToNum (Bit Bit Pattern Copy (Bit | Copies the content of a bit string directly to a signed integer. | page 2-395
String to Signed In- | String to Signed In-
teger) teger) Group
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Instruction Name Function Page
Copy**To*** (Bit Bit Pattern Copy (Bit | Copies the content of a bit string directly to a real number. page 2-397
String to Real Num- | String to Real Num-
ber) ber) Group
CopyNumTo** (Sign- | Bit Pattern Copy Copies the content of a signed integer directly to a bit string. | page 2-399
ed Integer to Bit (Signed Integer to
String) Bit String) Group
CopyNumTo** (Sign- | Bit Pattern Copy Copies the content of a signed integer directly to a real page 2-401
ed Integer to Real (Signed Integer to number.

Number) Real Number) Group
Copy**To*** (Real Bit Pattern Copy Copies the content of a real number directly to a bit string. page 2-403
Number to Bit String) | (Real Number to Bit
String) Group
Copy**ToNum (Real | Bit Pattern Copy Copies the content of a real number directly to a signed in- | page 2-405
Number to Signed (Real Number to teger.
Integer) Signed Integer)
Group
Shift Instructions
Instruction Name Function Page
AryShiftReg Shift Register Shifts an array of bit strings by one bit to the left and inserts | page 2-408
an input value to the least-significant bit.
AryShiftRegLR Reversible Shift Shifts an array of bit strings by one bit to the left or right and | page 2-410
Register inserts an input value to the least-significant or most-signifi-
cant bit.
ArySHL Array N-element Left | Shifts array elements by one or more elements to the left page 2-413
Shift (toward the higher elements).
ArySHR Array N-element Shifts array elements by one or more elements to the right page 2-413
Right Shift (toward the lower elements).
SHL N-bit Left Shift Shifts a bit string by one or more bits to the left (toward the | page 2-416
higher bits).
SHR N-bit Right Shift Shifts a bit string by one or more bits to the right (toward the | page 2-416
lower bits).
NSHLC Shift N-bits Left with | Shifts an array of bit strings by one or more bits to the left page 2-419
Carry (toward the higher elements), with the Carry (CY) Flag
available.
NSHRC Shift N-bits Right Shifts an array of bit strings by one or more bits to the right | page 2-419
with Carry (toward the lower elements), with the Carry (CY) Flag avail-
able.
ROL Rotate N-bits Left Rotates a bit string by one or more bits to the left (toward page 2-422
the higher bits).
ROR Rotate N-bits Right Rotates a bit string by one or more bits to the right (toward page 2-422
the lower bits).
Conversion Instructions

Instruction Name Function Page
Swap Swap Bytes Swaps the upper byte and lower byte of a 16-bit value. page 2-427
Neg Reverse Sign Reverses the sign of a number. page 2-429
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Instruction Name Function Page
Decoder Bit Decoder Sets the specified bit to TRUE and the other bits to FALSE | page 2-431
in array elements that consist of a maximum of 256 bits.
Encoder Bit Encoder Finds the position of the highest TRUE bit in array elements | page 2-434
that consist of a maximum of 256 bits.
BitCnt Bit Counter Counts the number of TRUE bits in a bit string. page 2-436
ColmToLine_** Column to Line Con- | Extracts bit values from the specified position of array ele- page 2-437
version Group ments and outputs them as a bit string.
LineToColm Line to Column Con- | Takes the bits from a bit string and outputs them to the page 2-439
version specified bit position in array elements.
Gray Gray Code Conver- | Converts a gray code into an angle. page 2-441
sion
UTF8ToSJIS UTF-8 to SJIS Char- | Converts a UTF-8 text string to a SJIS BYTE array. page 2-446
acter Code Conver-
sion
SJISToUTF8 SJIS to UTF-8 Char- | Converts a SJIS BYTE array to a UTF-8 text string. page 2-448
acter Code Conver-
sion
PWLApprox Broken Line Approx- | Performs broken line approximations for integers or real page 2-450
imation with Broken | numbers with a check of the validity of the broken line data.
Line Data Check
PWLApproxNoLi- Broken Line Approx- | Performs broken line approximations for integers or real page 2-450
neChk imation without Bro- | numbers without a check of the validity of the broken line
ken Line Data Check | data.
PWLLineChk Broken Line Data Checks whether broken line data to be used for the PWLAp- | page 2-456
Check proxNoLineCheck instruction is sorted in ascending order of
X-coordinate values.
MovingAverage Moving Average Calculates a moving average. page 2-459
DispartReal Separate Mantissa Separates a real number into the signed mantissa and the page 2-466
and Exponent exponent.
UniteReal Combine Real Num- | Combines a signed mantissa and exponent to make a real page 2-469
ber Mantissa and number.
Exponent
NumToDecString Fixed-length Deci- Converts an integer to a fixed-length decimal text string. page 2-471
mal Text String Con-
version
NumToHexString Fixed-length Hexa- Converts an integer to a fixed-length hexadecimal text page 2-471
decimal Text String | string.
Conversion
HexStringToNum_** | Hexadecimal Text Converts a hexadecimal text string to an integer. page 2-474
String-to-Number
Conversion Group
FixNumToString Fixed-decimal Num- | Converts a signed fixed-decimal number to a decimal text page 2-476
ber-to-Text String string.
Conversion
StringToFixNum Text String-to-Fixed- | Converts a decimal text string to a signed fixed-decimal page 2-478
decimal Conversion | number.
DtToString Date and Time-to- Converts a date and time to a text string. page 2-481
Text String Conver-
sion
DateToString Date-to-Text String Converts a date to a text string. page 2-483
Conversion
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Instruction Name Function Page

TodToString Time of Day-to-Text | Converts a time of day to a text string. page 2-485
String Conversion

GrayToBin_** Gray Code-to-Binary | Converts a gray code to a bit string. page 2-487
Code Conversion
Group

BinToGray_** Binary Code-to-Gray | Converts a bit string to a gray code. page 2-487
Code Conversion

StringToAry Text String-to-Array | Converts a text string to a BYTE array. page 2-490
Conversion

AryToString Array-to-Text String | Converts a BYTE array to a text string. page 2-492
Conversion

DispartDigit Four-bit Separation | Separates a bit string into 4-bit units. page 2-494

UniteDigit_** Four-bit Join Group | Joins 4-bit units of data into a bit string. page 2-496

Dispart8Bit Byte Data Separa- Separates a bit string into individual bytes. page 2-498
tion

Unite8Bit_** Byte Data Join Joins bytes of data into a bit string. page 2-500
Group

ToAryByte Conversion to Byte Separates a variable into bytes and stores the bytes in a page 2-502
Array BYTE array.

AryByteTo Conversion from Joins BYTE array elements and stores in a variable. page 2-508
Byte Array

SizeOfAry Get Number of Array | Gets the number of elements in an array. page 2-514
Elements

PackWord 2-byte Join Joins two 1-byte data into a 2-byte data. page 2-516

PackDword 4-byte Join Joins four 1-byte data into a 4-byte data. page 2-518

LOWER_BOUND Get First Number of | Gets the first number of array dimensions. page 2-520
Array

UPPER_BOUND Get Last Number of | Gets the last number of array dimensions. page 2-520
Array

Stack and Table Instructions
Instruction Name Function Page

StackPush Push onto Stack Stores a value into the top of a stack. page 2-526

StackFIFO First In First Out Removes the bottom value from a stack. page 2-535

StackLIFO Last In First Out Removes the top value from a stack. page 2-535

Stacklns Insert into Stack Inserts a value at a specified position in a stack. page 2-538

StackDel Delete from Stack Deletes a value from a specified position in a stack. page 2-541

RecSearch Record Search Searches an array of structures for elements that match the | page 2-543

search key with the specified method.

RecRangeSearch Range Record Searches an array of structures for elements that match the | page 2-548
Search search condition range with the specified method.

RecSort Record Sort Sorts the elements of an array of structures. page 2-553

RecNum Get Number of Re- Finds the number of records in an array of structures to the | page 2-559
cords end data.

RecMax Maximum Record Searches an array of structures for the maximum value of a | page 2-562
Search specified member.

RecMin Minimum Record Searches an array of structures for the minimum value of a | page 2-562

Search

specified member.
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Instruction Name Function Page
StringSum Checksum Calcula- | Calculates the checksum for a text string. page 2-568
tion
StringLRC Calculate Text String | Calculates the LRC value (horizontal parity). page 2-570
LRC
StringCRCCCITT Calculate Text String | Calculates the CRC-CCITT value using the XMODEM page 2-572
CRC-CCITT method.
StringCRC16 Calculate Text String | Calculates the CRC-16 value using the MODBUS method. page 2-574
CRC-16
AryLRC_** Calculate Array LRC | Calculates the LRC value for an array. page 2-576
Group
AryCRCCCITT Calculate Array Calculates the CRC-CCITT value using the XMODEM page 2-578
CRC-CCITT method.
AryCRC16 Calculate Array Calculates the CRC-16 value using the MODBUS method. page 2-580
CRC-16
Text String Instructions
Instruction Name Function Page
CONCAT Concatenate String | Joins two to five text strings. page 2-584
LEFT Get String Left Extracts a substring with a specified number of characters page 2-586
from the start (left) of a text string.
RIGHT Get String Right Extracts a substring with a specified number of characters page 2-586
from the end (right) of a text string.
MID Get String Any Extracts a substring with a specified number of characters page 2-589
from a specified position of a text string.
FIND Find String Searches for the position of a specified substring in a text page 2-591
string.
LEN String Length Finds the number of characters in a text string. page 2-593
REPLACE Replace String Replaces part of a text string with another text string. page 2-595
DELETE Delete String Deletes all or part of a text string. page 2-597
INSERT Insert String Inserts a text string into another text string. page 2-599
GetByteLen Get Byte Length Counts the number of bytes in a text string. page 2-601
ClearString Clear String Clears a text string. page 2-603
ToUCase Convert to Upper- Converts all single-byte letters in a text string to uppercase. | page 2-605
case
ToLCase Convert to Lower- Converts all single-byte letters in a text string to lowercase. | page 2-605
case
TrimL Trim String Left Removes blank space from the beginning of a text string. page 2-607
TrimR Trim String Right Removes blank space from the end of a text string. page 2-607
AddDelimiter Put Text Strings with | Converts the values of all the members in a structure into a | page 2-609
Delimiters text string with delimiters.
SubDelimiter Get Text Strings Mi- | Reads out delimited part of a text string and stores as the page 2-621
nus Delimiters value of the members of a structure.
StringMD5 Convert String to Converts a text string to the MD5 hash value. page 2-633
MD5
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Time and Time of Day Instructions

Instruction Name Function Page
ADD_TIME Add Time Adds two times. page 2-637
ADD_TOD_TIME Add Time to Time of | Adds a time to a time of day. page 2-639
Day

ADD DT TIME Add Time to Date Adds a time to a date and time. page 2-641
and Time

SUB_TIME Subtract Time Subtracts a time from another time. page 2-643

SUB_TOD_TIME Subtract Time from Subtracts a time from a time of day. page 2-645
Time of Day

SUB_TOD_TOD Subtract Time of Subtracts a time of day from another time of day. page 2-647
Day

SUB_DATE_DATE Subtract Date Subtracts a date from another date. page 2-649

SUB_DT_DT Subtract Date and Subtracts a date and time from another date and time. page 2-650
Time

SUB_DT_TIME Subtract Time from | Subtracts a time from a date and time. page 2-652
Date and Time

MULTIME Multiply Time Multiplies a time by a specified number. page 2-654

DIVTIME Divide Time Divides a time by a specified number. page 2-656

CON- Concatenate Date Combines a date and a time of day. page 2-658

CAT_DATE_TOD and Time of Day

DT_TO_TOD Extract Time of Day | Extracts the time of day from a date and time. page 2-660
from Date and Time

DT_TO_DATE Extract Date from Extracts the date from a date and time. page 2-662
Date and Time

SetTime Set Time Sets the system time. page 2-664

GetTime Get Time of Day Reads the current time. page 2-666

DtToSec Convert Date and Converts a date and time to the number of seconds from page 2-668
Time to Seconds 00:00:00 on January 1, 1970.

DateToSec Convert Date to Converts a date to the number of seconds from 00:00:00 on | page 2-670
Seconds January 1, 1970.

TodToSec Convert Time of Day | Converts a time of day to the number of seconds from page 2-672
to Seconds 00:00:00.

SecToDt Convert Seconds to | Converts the number of seconds from 00:00:00 on January | page 2-674
Date and Time 1, 1970 to a date and time.

SecToDate Convert Seconds to | Converts the number of seconds from 00:00:00 on January | page 2-676
Date 1, 1970 to a date.

SecToTod Convert Seconds to | Converts the number of seconds from 00:00:00 to a time of | page 2-678
Time of Day day.

TimeToNanoSec Convert Time to Converts a time to nanoseconds. page 2-680
Nanoseconds

TimeToSec Convert Time to Converts a time to seconds. page 2-681
Seconds

NanoSecToTime Convert Nanosec- Converts nanoseconds to a time. page 2-683
onds to Time

SecToTime Convert Seconds to | Converts seconds to a time. page 2-684
Time

ChkLeapYear Check for Leap Year | Checks if a specified year is a leap year. page 2-686

GetDaysOfMonth Get Days in Month Gets the number of days in a specified month. page 2-687
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Instruction Name Function Page
DaysToMonth Convert Days to Calculates the month based on the number of days from page 2-690
Month January 1.
GetDayOfWeek Get Day of Week Gets the day of the week for a specified date (year, month, | page 2-692
and day).
GetWeekOfYear Get Week Number Gets the week number for a specified date (year, month, page 2-694
and day).
DtToDateStruct Break Down Date Converts a date and time to the year, month, day, hour, mi- | page 2-696
and Time nutes, seconds, and nanoseconds.
DateStructToDt Join Time Joins a year, month, day, hour, minutes, seconds, and page 2-699
nanoseconds into a date and time.
TruncTime Truncate Time Truncates a TIME variable to a specified time unit. page 2-702
TruncDt Truncate Date and Truncates a DT variable to a specified time unit. page 2-706
Time
TruncTod Truncate Time of Truncates a TOD variable to a specified time unit. page 2-710
Day
Analog Control Instructions
Instruction Name Function Page
PIDAT PID Control with Au- | Performs PID control with autotuning (2-PID control with set | page 2-716
totuning point filter).
PIDAT_HeatCool Heating/Cooling PID | Performs heating/cooling PID control with autotuning (2-PID | page 2-747
with Autotuning control with set point filter).
TimeProportionalOut | Time-proportional Converts a manipulated variable to a time-proportional out- | page 2-785
output put.
LimitAlarm_** Upper/Lower Limit Outputs an alarm if the input value is below the lower limit page 2-805
Alarm Group set value or above the upper limit set value.
LimitAlarmDv_** Upper/Lower Devia- | Outputs an alarm if the deviation in the input value from the | page 2-810
tion Alarm Group reference value exceeds the lower deviation set value or the
upper deviation set value.
LimitAlarmDvStby- Upper/Lower Devia- | Outputs upper and lower deviation alarms with a standby page 2-815
Seq_** tion Alarm with sequence.
Standby Sequence
Group
ScaleTrans Scale Transforma- Converts input values from an input range to an output page 2-833
tion range.
AC_StepProgram Step Program Calculates the present set point and the predicted set point | page 2-836
every task period according to the specified program pat-
tern.
System Control Instructions
Instruction Name Function Page
TraceSamp Data Trace Sam- Performs sampling for a data trace. page 2-865
pling
TraceTrig Data Trace Trigger Generates a trigger for data tracing. page 2-869
GetTraceStatus Read Data Trace Reads the execution status of a data trace. page 2-872
Status
SetAlarm Create User-defined | Creates a user-defined error. page 2-875
Error
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Instruction Name Function Page
ResetAlarm Reset User-defined | Resets a user-defined error. page 2-880
Error
GetAlarm Get User-defined Er- | Gets the highest event level (of user-defined error levels 1 page 2-882
ror Status to 8) and the highest level event code of the current user-
defined errors.
ResetPLCError Reset PLC Control- | Resets errors in the PLC Function Module. page 2-884
ler Error
GetPLCError Get PLC Controller | Gets the highest level status (partial fault or minor fault) and | page 2-888
Error Status highest level event code of the current Controller errors in
the PLC Function Module.
ResetCJBError Reset CJ Bus Con- | Resets Controller errors in the I/O bus. page 2-890
troller Error
GetCJBError Get I/O Bus Error Gets the highest level status and highest level event code of | page 2-892
Status the current Controller errors in the 1/0 bus of the NJ-series
CPU Unit.
GetEIPError Get EtherNet/IP Er- | Gets the highest level status (partial fault or minor fault) and | page 2-894
ror Status highest level event code of the current Controller errors in
the EtherNet/IP Function Module.
ResetMCError Reset Motion Con- Resets Controller errors in the Motion Control Function page 2-896
trol Error Module.
GetMCError Get Motion Control Gets the highest level status (partial fault or minor fault) and | page 2-902
Error Status highest level event code of the current Controller errors in
the Motion Control Function Module.
ResetECError Reset EtherCAT Er- | Resets Controller errors in the EtherCAT Master Function page 2-904
ror Module.
GetECError Get EtherCAT Error | Detects errors in the EtherCAT Master Function Module. page 2-906
Status
ResetNXBError Reset NX Bus Error | Resets Controller errors in the NX Bus Function Module. page 2-909
GetNXBError Get NX Bus Error Gets the highest level status of the current Controller errors | page 2-911
Status in the NX Bus Function Module of the NX-series CPU Unit.
GetNXUnitError Get NX Unit Error Gets the highest level status and highest level event code of | page 2-913
Status the current Controller errors in the NX Bus Function Module
of the NX-series CPU Unit or NX Units.
ResetXBUnitError Reset X Bus Unit Er- | Resets Controller errors in the X Bus Function Module of page 2-920
ror the CPU Unit or in the Unit on the X Bus.
GetXBError Get X Bus Error Sta- | Gets the highest level status of the Controller errors in the X | page 2-922
tus Bus Function Module of the CPU Unit and in the X Bus Unit.
GetXBUnitError Get X Bus Unit Error | Gets the highest level status and highest level event code of | page 2-924
Status the current Controller errors in the X Bus Function Module
of the CPU Unit or in the Unit on the X Bus.
Setinfo Create User-defined | Creates user-defined information. page 2-927
Information
ResetUnit Restart Unit Restarts a CPU Bus Unit or Special /O Unit. page 2-929
GetNTPStatus Read NTP Status Reads the NTP status. page 2-934
RestartNXUnit Restart NX Unit Restarts an EtherCAT Coupler Unit or NX Units. page 2-936
NX_ChangeWrite- Change to NX Unit Changes an EtherCAT Coupler Unit or NX Unit to a mode page 2-942
Mode Write Mode that allows writing data.
NX_SaveParam Save NX Unit Pa- Saves the data that was written to an EtherCAT Coupler page 2-948
rameters Unit or NX Unit.
PLC_ReadTotalPo- | Read PLC Total Reads the total power ON time from a specified CPU Unit. page 2-954

werOnTime

Power ON Time

1-16

NJ/NX-series Instructions Reference Manual (W502)



1 Instruction Set

Instruction Name Function Page
NX_ReadTotalPo- Read NX Unit Total Reads the total power ON time from a Communications page 2-957
werOnTime Power ON Time Coupler Unit or NX Unit.

XBUnit_ReadTotal- Read X Bus Unit To- | Reads the total power ON time from an X Bus Unit. page 2-965
PowerOnTime tal Power ON Time
APB_ChangeSam- Change Sampling Changes the variable log sampling settings that are execut- | page 2-967
plingSettings Settings ed by the automation playback function.

Program Control Instructions

Instruction Name Function Page
PrgStart Enable Program Enables the execution of the specified program. page 2-972
PrgStop Disable Program Disables execution of the specified program. page 2-981
PrgStatus Read Program Sta- | Reads the status of the specified program. page 2-1000

tus
EtherCAT Communications Instructions
Instruction Name Function Page
EC_CoESDOWrite Write EtherCAT CoE | Writes a value to a CoE object of a specified slave on the page 2-1006
SDO EtherCAT network.
EC_CoESDORead Read EtherCAT CoE | Reads a value from a CoE object of a specified slave on the | page 2-1009
SDO EtherCAT network.
EC_StartMon Start EtherCAT Starts packet monitoring for EtherCAT communications. page 2-1015
Packet Monitor
EC_StopMon Stop EtherCAT Stops execution of packet monitoring for EtherCAT commu- | page 2-1021
Packet Monitor nications.
EC_SaveMon Save EtherCAT Saves EtherCAT communications packet data to an internal | page 2-1023
Packets file in the main memory of the CPU Unit.
EC_CopyMon Transfer EtherCAT Transfers packet data in an internal file in the main memory | page 2-1025
Packets of the CPU Unit to the SD Memory Card.
EC_Disconnect- Disconnect Ether- Disconnects the specified slave from the EtherCAT network. | page 2-1027
Slave CAT Slave
EC_ConnectSlave Connect EtherCAT Connects the specified slave to the EtherCAT network. page 2-1035
Slave
EC_ChangeEnable- | Enable/Disable Enables or disables an EtherCAT slave. page 2-1037
Setting EtherCAT Slave
EC_GetMasterSta- Read EtherCAT Reads diagnostic and statistical information in the EtherCAT | page 2-1057
tistics Master Diagnostic master.
and Statistical Infor-
mation
EC_ClearMasterSta- | Clear EtherCAT Clears diagnostic and statistical information in the EtherCAT | page 2-1060
tistics Master Diagnostic master.
and Statistical Infor-
mation
EC_GetSlaveStatis- | Read EtherCAT Reads diagnostic and statistical information in the EtherCAT | page 2-1062
tics Slave Diagnostic slave.
and Statistical Infor-
mation
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Instruction Name Function Page
EC_ClearSlaveSta- | Clear EtherCAT Clears diagnostic and statistical information in the EtherCAT | page 2-1065
tistics Slave Diagnostic slave.

and Statistical Infor-
mation
NX_WriteObj Write NX Unit Object | Writes data to an NX object in an EtherCAT Coupler Unit or | page 2-1067
NX Unit.
NX_ReadObj Read NX Unit Object | Reads data from an NX object in an EtherCAT Coupler Unit | page 2-1083
or NX Unit.
10-Link Communications Instructions
Instruction Name Function Page
IOL_ReadObj Read IO-Link Device | Reads data from IO-Link device objects. page 2-1092
Object
IOL_WriteObj Write 10-Link Device | Writes data to 10-Link device objects. page 2-1101
Object
EtherNet/IP Communications Instructions
Instruction Name Function Page
CIPOpen Open CIP Class 3 Opens a CIP class 3 connection (Large_Forward_Open) page 2-1113
Connection with the specified remote node. The data length is set to
(Large_For- 1,994 bytes.
ward_Open)
CIPOpenWithData- | Open CIP Class 3 Opens a CIP class 3 connection with the specified remote page 2-1123
Size Connection with node that allows class 3 explicit messages of the specified
Specified Data Size | data length or shorter to be sent and received.
CIPRead Read Variable Class | Uses a class 3 explicit message to read the value of a varia- | page 2-1127
3 Explicit ble in another Controller on a CIP network.
CIPWrite Write Variable Class | Uses a class 3 explicit message to write the value of a vari- | page 2-1133
3 Explicit able in another Controller on a CIP network.
CIPSend Send Explicit Mes- Sends a class 3 CIP message to a specified device on a page 2-1139
sage Class 3 CIP network.
CIPClose Close CIP Class 3 Closes the CIP class 3 connection to the specified handle. page 2-1144
Connection
CIPUCMMRead Read Variable Uses a UCMM explicit message to read the value of a varia- | page 2-1147
UCMM Explicit ble in another Controller on the specified CIP network.
CIPUCMMWrite Write Variable Uses a UCMM explicit message to write the value of a vari- | page 2-1153
UCMM Explicit able in another Controller on a CIP network.
CIPUCMMSend Send Explicit Mes- Sends a UCMM CIP message to a specified device on a page 2-1160
sage UCMM CIP network.
SktUDPCreate Create UDP Socket | Creates a UDP socket request to open a servo port for the page 2-1171
EtherNet/IP.
SktUDPRcv UDP Socket Re- Reads the data from the receive buffer for a UDP socket for | page 2-1179
ceive the EtherNet/IP.
SktUDPSend UDP Socket Send Sends data from a UDP port for the EtherNet/IP. page 2-1183
SktTCPAccept Accept TCP Socket | Requests accepting of a TCP socket for the EtherNet/IP. page 2-1186
SktTCPConnect Connect TCP Sock- | Connects to a remote TCP port from the EtherNet/IP. page 2-1189
et
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Instruction Name Function Page
SktTCPRcv TCP Socket Receive | Reads the data from the receive buffer for a specified TCP | page 2-1198
socket for the EtherNet/IP.
SktTCPSend TCP Socket Send Sends data from a specified TCP port for the EtherNet/IP. page 2-1201
SktGetTCPStatus Read TCP Socket Reads the status of a TCP socket. page 2-1204
Status
SktClose Close TCP/UDP Closes the specified TCP or UDP socket for the page 2-1207
Socket EtherNet/IP.
SktClearBuf Clear TCP/UDP Clears the receive buffer for the specified TCP or UDP page 2-1210
Socket Receive Buf- | socket for the EtherNet/IP.
fer
SktSetOption Set TCP Socket Op- | Sets the option for TCP socket specified for the EtherNet/IP. | page 2-1213
tion
SktTLSConnect Establish TLS Ses- | Establishes the TLS session using the connected TCP con- | page 2-1218
sion nection.
SktTLSRead Receive TLS Reads the data from the receive buffer for a specified TLS page 2-1228
session for the EtherNet/IP.
SktTLSWrite Send TLS Sends data from a specified TLS session for the page 2-1231
EtherNet/IP.
SktTLSDisconnect Disconnect TLS Disconnects the specified TLS session for the EtherNet/IP. page 2-1233
Session
SktTLSClearBuf Clear TLS Session Clears the receive buffer for a specified TLS session for the | page 2-1235
Receive Buffer EtherNet/IP.
SktTLSStopLog Stop Secure Socket | Stops outputting the secure socket communications log. page 2-1237
Communications
Log
ModbusTCPCmd Send Modbus TCP | Sends general commands using Modbus-TCP protocol. page 2-1240
General Command
ModbusTCPRead Send Modbus TCP Reads data that is requested by sending read commands page 2-1248
Read Command using Modbus-TCP protocol.
ModbusTCPWrite Send Modbus TCP | Sends write commands using Modbus-TCP protocol. page 2-1256
Write Command
ChangelPAdr Change IP Address | Changes the IP address of the built-in EtherNet/IP port on a | page 2-1264
CPU Unit, or the IP address of an EtherNet/IP Unit.
ChangeXBUnitIPAdr | Change IP Address | Changes the IP address of the EtherNet/IP port on an X page 2-1274
of X Bus Unit Bus Unit.
ChangeFTPAccount | Change FTP Ac- Changes the FTP login name and password of the built-in page 2-1278
count EtherNet/IP port on a CPU Unit, or those of an EtherNet/IP
Unit.
ChangeNTPServer- | Change NTP Server | Changes the NTP server address of the built-in EtherNet/IP | page 2-1282
Adr Address port on a CPU Unit, or the NTP server address of an Ether-
Net/IP Unit.
FTPGetFileList Get FTP Server File | Gets a list of the files in the FTP server. page 2-1287
List
FTPGetFile Get File from FTP Downloads a file from the FTP server. page 2-1302
Server
FTPPutFile Put File onto FTP Uploads a file to the FTP server. page 2-1311
Server
FTPRemoveFile Delete FTP Server Deletes a file from the FTP server. page 2-1322
File
FTPRemoveDir Delete FTP Server Deletes a directory from the FTP server. page 2-1332
Directory
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Serial Communications Instructions

Instruction Name Function Page
ExecPMCR Protocol Macro Requests execution of a communications sequence (proto- | page 2-1338
col data) registered in a Serial Communications Unit.
SerialSend SCU Send Serial Sends data in No-protocol Mode from a serial port on a Se- | page 2-1352
rial Communications Unit.
SerialRcv SCU Receive Serial | Receives data in No-protocol Mode from a serial port on a page 2-1363
Serial Communications Unit. It then clears the receive buffer
after reading the data.
SerialRcvNoClear SCU Receive Serial | Receives data in No-protocol Mode from a serial port on a page 2-1363
without Receive Buf- | Serial Communications Unit. It does not clear the receive
fer Clear buffer after reading the data.
SendCmd Send Command Uses a serial gateway and sends a command to a Serial page 2-1378
Communications Unit. Or, sends an explicit command to a
DeviceNet Unit or CompoNet Master Unit.
NX_SerialSend Send No-protocol Sends data in No-protocol Mode from a serial port on an page 2-1390
Data NX-series Communications Interface Unit or Option Board.
NX_SerialRcv Receive No-protocol | Reads data in No-protocol Mode from a serial port on an page 2-1403
Data NX-series Communications Interface Unit or Option Board.
NX_ModbusRtuCmd | Send Modbus RTU Sends general commands from a serial port on an NX-ser- | page 2-1418
General Command ies Communications Interface Unit or Option Board to Mod-
bus-RTU slaves using Modbus-RTU protocol.
NX_ModbusRtu- Send Modbus RTU Sends read commands from a serial port on an NX-series page 2-1429
Read Read Command Communications Interface Unit or Option Board to Modbus-
RTU slaves using Modbus-RTU protocol.
NX_ModbusRtu- Send Modbus RTU Sends write commands from a serial port on an NX-series page 2-1440
Write Write Command Communications Interface Unit or Option Board to Modbus-
RTU slaves using Modbus-RTU protocol.
NX_SerialSigCtl Serial Control Signal | Turns ON or OFF the ER or RS signal of a serial port on an | page 2-1451
ON/OFF Switching NX-series Communications Interface Unit or Option Board.
NX_SerialSigRead Read Serial Control | Reads the CS or DR signal of a serial port on an Option page 2-1459
Signal Board.
NX_SerialStatus- Read Serial Port Reads the status of a serial port on an Option Board. page 2-1464
Read Status
NX_SerialBufClear Clear Buffer Clears the send or receive buffer. page 2-1469
NX_SerialStartMon | Start Serial Line Starts serial line monitoring of an NX-series Communica- page 2-1479
Monitoring tions Interface Unit.
NX_SerialStopMon | Stop Serial Line Stops serial line monitoring of an NX-series Communica- page 2-1484
Monitoring tions Interface Unit.
SD Memory Card Instructions
Instruction Name Function Page
FileWriteVar Write Variable to File | Writes the value of a variable to the specified file in the SD page 2-1490
Memory Card. The value is written in binary format.
FileReadVar Read Variable from | Reads the contents of the specified file on the SD Memory page 2-1496
File Card as binary data and writes it to a variable.
FileOpen Open File Opens the specified file in the SD Memory Card. page 2-1502
FileClose Close File Closes the specified file in the SD Memory Card. page 2-1506
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Instruction Name Function Page
FileSeek Seek File Sets a file position indicator in the specified file in the SD page 2-1509
Memory Card.
FileRead Read File Reads the data from the specified file in the SD Memory page 2-1512
Card.
FileWrite Write File Writes data to the specified file in the SD Memory Card. page 2-1520
FileGets Get Text String Reads a text string of one line from the specified file in the page 2-1528
SD Memory Card.
FilePuts Put Text String Writes a text string to the specified file in the SD Memory page 2-1536
Card.
FileCopy Copy File Copies the specified file in the SD Memory Card. page 2-1545
FileRemove Delete File Deletes the specified file from the SD Memory Card. page 2-1553
FileRename Change File Name Changes the name of the specified file or directory in the page 2-1558
SD Memory Card.
DirCreate Create Directory Creates a directory with the specified name in the SD Mem- | page 2-1564
ory Card.
DirRemove Delete Directory Deletes the specified directory from the SD Memory Card. page 2-1567
BackupToMemory- SD Memory Card Backs up data to the SD Memory Card. page 2-1570
Card Backup
Time Stamp Instructions
Instruction Name Function Page
NX_DOutTimeS- Write Digital Output | Writes a value to the output bit of a Digital Output Unit that page 2-1584
tamp with Specified Time | supports time stamp refreshing.
Stamp
NX_AryDOutTimeS- | Write Digital Output | Outputs pulses from a Digital Output Unit that supports time | page 2-1590
tamp Array with Specified | stamp refreshing.
Time Stamp
Other Instructions
Instruction Name Function Page
ReadNbit_** N-bit Read Group Reads zero or more bits from a bit string. page 2-1600
WriteNbit_** N-bit Write Group Writes zero or more bits to a bit string. page 2-1602
ChkRange Check Subrange Determines if the value of a variable is within the valid range | page 2-1604
Variable of the range specification.
GetMyTaskStatus Read Current Task Reads the status of the current task. page 2-1607
Status
GetMyTaskInterval Read Current Task Reads the task period of the current task. page 2-1610
Period
Task_IsActive Determine Task Sta- | Determines if the specified task is currently in execution. page 2-1612
tus
Lock Lock Tasks Starts an exclusive lock between tasks. Execution of any page 2-1614
other task with a lock region with the same lock number is
disabled.
Unlock Unlock Tasks Stops an exclusive lock between tasks. page 2-1614
ActEventTask Activate Event Task | Activates an event task. page 2-1620
Get**Clk Get Clock Pulse Outputs a clock pulse at the specified cycle. page 2-1627
Group
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Instruction Name Function Page
Get**Cnt Get Incrementing Gets free-running counter values at the specified cycle. page 2-1629
Free-running Coun-
ter Group
GetPrgHashCode Get Program Hash Gets the program hash code of the user program. page 2-1631
Code
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Instruction Descriptions
]

This section describes the specifications of the instructions that you can use with
NJ/NX-series CPU Unit.

Using this Section .......ccccc i ——— 2-3
Ladder Diagram INStruCtions..........cooiiiiiiiiiimn e 213
ST Statement INStruCtionsS ..........cooiiiiii e 2-27
Sequence INput INSrUCtioNS .........cccccermriiiii e e 2-47
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TimMer INSErUCtiONS ... 2-135
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Math INStruCtions..........coiiiii s 2177
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Data Movement INStruCtioNns ... s 2-373
Shift INSErUCLIONS ... 2-407
Conversion INStrUCtiONS ..........cccmiiiiiiii e 2-425
Stack and Table INStructions......... .o 2-525
FCS INSEruCtions.......coo oot 2-567
Text String INStruCtioNS .......cooc i e 2-583
Time and Time of Day INStructions.........ccovviiecccccccemrrer e 2-635
Analog Control INStructions............cccccccimemriini s 2-715
System Control INStructions ... 2-863
Program Control INStructions ..........cccccviiiiniiinc s 2-971
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10-Link Communications Instruction ... e 2-1091
EtherNet/IP Communications INStructions ..........cooooiiiiiiiiiinineees 2-111
Serial Communications INStructions..........ccccoececceeiicccceen e 2-1337
SD Memory Card INStructions........ccccccieiiiiiiscccccccceeerrrrr s 2-1489
Time Stamp INStruCtioNsS.......ccovv i 2-1583
Other INSTrUCLIONS ... e e 2-1599
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2 Instruction Descriptions

Using this Section

The notation used to describe instructions in this section is explained below.

Items

The following items are provided.

Item Description
Instruction The instruction word is given. Example: MoveBit
Name The name of the instruction is given. Example: Move Bit
FB/FUN Whether the instruction is a function block (FB) instruction or a function (FUN) instruction is given.

You can call FB instructions only from programs and function blocks.
You can call FUN instructions from programs, function blocks, and functions.

Graphic expression

The figure that represents the instruction in a ladder diagram is given.
®Example for a FUN Instruction ® Example for a FB Instruction

Instance specification

Instruction option  Instruction word

/ Output variable Upward differentiation AryShiftReg_instande

Input variable nzm~ (@)MoveBit /}me specification AryShiftReg
—EN ENO— —P Shift ENO |—
—In — — Reset

In-out variable _ —{InPos — In

name InOut InOut
—InOutPos —_Size

The instruction option, upward differentiation specification, and instance specification are described
below.
Instruction option . Support for the instruction option is indicated by (@) before the FUN in-
struction.
If support for the instruction option is indicated, you can place @ before
the instruction word to specify upward differentiation.
An instruction for which upward differentiation is specified is executed
when the value of the EN input variable was FALSE in the previous task
period and is TRUE in the current task period.
Upward differentiation
specification

. This is indicated by the arrow pointing into the instruction at the entry
point of the input variable. Instructions with this specification operate as
upwardly differentiated instructions.

Instance specification : An instance of an instruction is indicated by XX_instance above an FB
instruction. You must assign an instance name to any instance of an in-

struction that you specify.
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2 Instruction Descriptions

Item

Description

ST expression

The notation that represents the instruction in ST is given.

There are two ways that you can use to code an instruction in ST. These are described below.

1. Directly specifying the Correspondence between the Parameters and the Input, Output, and In-
Out Variables
Example: MoveBit(In:=abc, InPos:=def, InOut:=ghi, InOutPos:=jkl);

2. Specifying Only the Parameters and Omitting the Input, Output, and In-Out Variables
Example: MoveBit(In, InPos, InOut, InOutPos);

Method 2 is used in this section.

You must assign an instance name to any instruction that is given as “XX_instance(varia-
ble_name).”

Example: TON_instance (In, PT, Q, ET);

Variables

* Name
The input variables, output variables, and in-out variables are given. Example: In1
However, variables that are used by many instructions are not given on the pages that describe
individual instructions. The following eight variables are commonly used. The specifications of
these variables are given later.
(EN, ENO, Execute, Done, Busy, Error, ErrorID, ErrorIDEXx)

* Meaning
The name of the variable is given. Example: Up-counter

* 1/O
Whether the variable is an input variable, output variable, or in-out variable is given.

* Description
The meaning of the variable and any restrictions are given.

* Valid range
The range that the variable can take is given.
Depends on data type indicates that the valid range of the variable depends on the data type that
you use. The valid ranges of the data types are given later in this section.

e Unit
The unit of the value that is specified with the variable is given. --- indicates that no unit is re-
quired. Example: Bytes

* Default
The specified default value is automatically used for the variable if you do not assign a parameter
to the instruction before it is executed.
--- indicates the following:
Input variables . The default value of the data type of the input variable is assigned. The
default values of the data types are given later in this section.
If the input variable is a structure, the default value is given in the specifi-
cations of the structure in the description of the function of the instruc-
tion.
Qutput variable . Default values are not set.
In-out variables : Default values are not set.

» Data Types
The data type of the variable is given.
The use of enumerations, arrays, structures, and unions is also given.

Function

The function of the instruction is described.
Variable names are given in italic text. Example: In1
Array names are followed by “[]”. Example: InOut[]
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Item

Description

Related System-de-
fined Variables

The system-defined variables that are related to the instruction are given.
Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on system-
defined variables.

Related Semi-user-
defined Variables

The semi-user-defined variables and variable names that are related to the instruction are given.
Refer to the specified manuals for details on semi-user-defined variables.

Additional Informa-
tion

Additional information on the function of the instruction is provided.
This includes related instructions and helpful information for application of the instruction.

Precautions for Cor-
rect Use

Precautions for application of the instruction are given.
The conditions under which errors occur for the instruction are also given here.

Sample Program-
ming

Short samples of how to use the instruction in an application program are provided.
The ladder diagram and ST for the same process are shown.

Common Variables

The specifications of variables that are used for many instructions (EN, ENO, Execute, Done, Busy,
Error, ErrorID, and ErrorIDEXx) are described below.

These variables are not described in the tables of variables for individual instructions. Check the
graphic or ST expression for the instruction to see if the instruction uses these variables.

| en

EN is an input variable that gives the execution condition for a FUN instruction.
When you use a FUN instruction in a ladder diagram, connect the execution condition to EN.

Meaning 110 Description Data type Valid range Default
TRUE: Instruction is executed.
Enable “
EN (Execution Input BOOL TRUE or FALSE | TRUE
. FALSE: Instruction is not exe-
Condition)
cuted.

*1.  If upward differentiation (@) is specified as an instruction option, the instruction is executed when the value of EN
changes from FALSE to TRUE.

* FB instructions do not have EN input variables.

* When you call a FUN instruction from structured text, omit the EN input variable. The EN input varia-
ble is not required in structured text because the execution condition for the instruction is deter-
mined by the operation sequence.

| eno

ENO is an output variable which passes the result of instruction execution.
The output variable can be used to pass execution conditions to the next instruction in a ladder dia-

gram.

Normally, when the instruction execution is completed, the value of ENO changes to TRUE. Execution
of the next instruction is then started.
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2 Instruction Descriptions

Meaning 1/10 Description Data type Valid range Default

TRUE: Normal end."

FALSE: Error end, execution in
progress, or execution condition
not met.

ENO Enable Output | Output BOOL TRUE or FALSE | ---

*1.  The value is TRUE only while the execution condition is met. The value of ENO changes to FALSE when the execution
condition is no longer met after a normal end.

* Most FUN instructions and FB instructions have ENO output variables. There are, however, some
instructions that do not have an ENO output variable.

I Execute, Done, and Busy

Execute is an input variable that gives the execution condition for some FB instructions.

Instruction execution starts when Execute changes to TRUE. After Execute changes to TRUE, execu-
tion of this instruction is continued until the processing is completed even if the value changes to
FALSE or the instruction execution time exceeds the task period.

Done is an output variable that shows the completion of execution for some FB instructions.
Busy is an output variable that shows that instruction execution is in progress for some FB instruc-
tions.

Meaning 110 Description Data type Valid range Default

TRUE: Instruction is executed.
*1
Execute Execute Input FALSE: Instruction is not exe- BOOL TRUE or FALSE | FALSE

cuted. "2

TRUE: Normal end.” ™
FALSE: Error end, execution in
progress, or execution condition

Output  |-notmet BOOL TRUE or FALSE | -—

TRUE: Execution processing is
in progress.

FALSE: Execution processing is
not in progress.

Done Done

Busy Busy

*1.  If the value of Execute is already TRUE when Controller operation starts, the instruction is not executed. To execute
the instruction, change the value of Execute to FALSE.

*2.  Processing is continued to the end even if the value changes to FALSE during execution.

*3. The value of Done changes to FALSE when the execution condition is no longer met after a normal end.

*4. If the execution condition is no longer met when a normal end occurs, the value of Done is TRUE for one task period,
and it then changes to FALSE.

® Instructions Completed in One Task Period

Below is a timing chart for an instruction that has EN and ENO variables (i.e., an instruction to be com-
pleted in one task period).
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,  Task period Task period Task period Task period

TRUE ! :
o se LI - 5
Instruction Instruction Instruction Instruction :
executed. executed. executed. exeo:uted. '
P P i L : &
TRUE b ' ' Vo ' 2
ENO  FaALSE — ' : b : =
' ' ' ' ' ' ' ' =2
2
g
Processing of the instruction is Processing of the instruction is Processing of the instruction is a
started because EN is TRUE. not started because ENis FALSE. started because ENis TRUE. The S
The execution condition is not execution condition is met, so

ENO changes to TRUE when met, so ENO changes to FALSE.  ENO remains TRUE.
processing of the instruction

is completed normally.

O
o
. . 3
® Instructions Processed over More Than One Task Period 3
Below is a timing chart for an instruction that has Execute and Busy variables (i.e., an instruction to be s
processed over more than one task period). §>
©
(2]
Task Task Task Task Task  Task Task  Task
1_period ; period ! . \period } .iperiod | . iperiod :period ;  .period :period :
Exccute  TRUE ] b
FALSE a0 . . S N —a
Instruction Instruction Instruction Instruction Instruction Instruction Instruction Instruction
executed. executed. executed. executed. executed. executed. executed. exécuted.
TRUE G e i T
Busy FALSE —— : o S R
RUE -77i="1 L I———I R b —_| i
e e R e e e e T R
Processing of the Busy changes to FALSE and Even if Execute changes to  Execute is FALSE at the
instruction is started  Done changes to TRUE when FALSE during processing of  end of processing, so
because Executeis  processing of the instruction the instruction, Busy remains Done is TRUE for one
TRUE. Busy changes is completed normally. TRUE until processing of the  task period and then it
to TRUE and Done Execute is FALSE, so instruction is completed. changes to FALSE.
changes to FALSE. Done changes to FALSE.

I Error, ErroriD, and ErrorIDEx

Error, ErrorID, and ErrorIDEX are output variables used by some FB instructions, and indicate error
end of the instructions.
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Meaning

/0

Description

Data type

Valid range

Default

Error Error

ErrorlD Error code

ErrorIDEx

Expansion er-

Output

TRUE: Error end.” "2

FALSE: Normal end, execution
in progress, or execution condi-
tion not met.

BOOL

TRUE or FALSE

This is the error ID for an error
end.

The value is WORD#16#0 for a
normal end.

WORD

This is the error ID for an Ex-
pansion Unit Hardware Error.

DWORD

Depends on the
instruction.

ror code

The value is DWORD#16#0 for
a normal end.

*1.  The value of Error changes to FALSE when the execution condition is no longer met after the error end.
*2.  If the execution condition is no longer met when an error end occurs, the value of Erroris TRUE for one task period
and it then changes to FALSE.

Refer to A-1 Error Codes That You Can Check with ErrorlD on page A-2 for a list of error codes,
which can be identified with ErroriD.
Refer to the NJ/NX-series Troubleshooting Manual (Cat. No. W503) for the meanings of the error co-

des.

® Normal End

Below is a timing chart for Execute, Done, Busy, Error, ErrorlD, and ErrorIDEX.

2-8

]

’—i—‘ZZOne task period

L

Execut TRUE
XeCUl® Al SE
TRUE r“““‘1
Busy FALSE ! :
TRUE *~°*
Done FALSE .
Error TRUE ™73 :
FALSE — :
ErrorlD - EI :
ErrorIDEx oy E

Execution starts when Execute
changes to TRUE. Busy changes to
TRUE, Done changes to FALSE,
and Error changes to FALSE.

T

Execute is FALSE at the end of
execution, so Done is TRUE for one
task period and then changes to
FALSE.

Instruction processing continues to the
end even if Execute changes to FALSE
during execution (when Busy is TRUE).

Execute changed to FALSE, so Done
changes to FALSE.

Normal end. Busy changes to FALSE
and Done changes to TRUE. Error
does not change (remains FALSE).
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® Error End

Below is a timing chart for Execute, Done, Busy, Error, ErrorlD, and ErrorIDEX.

TRUE | |

Execute

FALSE

TRUE |—| ; I_—|
Busy FALSE : !

TRUE - : One task period

Done FALSE .

uonoag siyy buisn

TRUE -1
Error FALSE

ErrorlD

ErrorIDEx

Execution starts when Execute Execute is FALSE at the end of
changes to TRUE. Busy changes to execution, so Erroris TRUE for one task
TRUE, Done changes to FALSE, period and then changes to FALSE.
Error changes to FALSE, ErrorlD
changes to WORD#16#0, and
ErrorIDEx changes to

DWORD#16#0. Instruction processing continues to the
end even if Execute changes to FALSE
during execution (when Busy is TRUE).

Execute changed to FALSE, so Error
changes to FALSE. ErrorID and
ErrorIDEX do not change.

sa|gele Jo sanjep Jnejeq pue sabuey pliep

Error end. Busy changes to FALSE and
Error changes to TRUE. Done does not
change (remains FALSE). ErrorID and
ErrorIDEX output error IDs.

Valid Ranges and Default Values of Variables

The valid range of a variable indicates the range of values that variable can take. The default value of
a variable indicates the value that is assigned to an input variable when the instruction is executed
without a parameter assigned to the input variable.

These values are defined for each data type. If specific values are not given for an instruction, then the
valid ranges and default values of the data types are applied.

These variables are indicated with Depends on the data type in the valid range column and with --- in
the input variable default column.

The valid ranges and default values of the data types are given in the following tables.

c;:fiil::- tDya:: Valid range Default
Boolean | BOOL TRUE or FALSE FALSE
BYTE BYTE#16#00 to FF BYTE#16#00
WORD | WORD#16#0000 to FFFF WORD#16#0000
Bit string | DWORD | DWORD#16#00000000 to FFFFFFFF DWORD#16#00000000
LWORD#16#0000000000000000 to
LWORD EFEEFEFEEFEEFEEE LWORD#16#0000000000000000
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Classifi- Data

cation . Valid range Default
USINT USINT#0 to +255 USINT#0
UINT UINT#0 to +65535 UINT#0
UDINT UDINT#O to +4294967295 UDINT#0
ULINT ULINT#0 to +18446744073709551615 ULINT#O0
Integers | SINT SINT#-128 to +127 SINT#0
INT INT#-32768 to +32767 INT#0
DINT DINT#-2147483648 to +2147483647 DINT#0
LINT#-9223372036854775808 to
LINT +9223372036854775807 LINT#0
REAL#-3.402823e+38 to -1.175495e-38,
0,
REAL +1.175494e-38 to +3.402823e+38, REALHO
+00/-00
Real LREAL#-1.79769313486231e+308 to
numbers -2.22507385850721e-308,
0,
LREAL +2.22507385850721e-308 to +1.79769313486231e LREAL#0
+308,
+00/-c0
T#-9223372036854.775808ms
TIME (T#-106751d_23h_47m_16s_854.775808ms) to TH#0s

T#9223372036854.775807ms
(T#+106751d_23h_47m_16s_854.775807ms)

D#1970-01-01 to D#2106-02-06
DATE D#1970-01-01
(January 1, 1970 to February 6, 2106)

TOD#00:00:00.000000000 to

Times, TOD#23:59:59.999999999
: TOD N TOD#00:00:00.000000000
durations, (00:00 and 0.000000000 to 23:59 and 59.999999999
dates, seconds)
at"F’ text DT#1970-01-01-00:00:00.000000000 to
strings DT#2106-02-06-23:59-
DT #2106-02-06-23:59:59.999999999 DT#1970-01-01-00:00:00.000000000

(00:00 and 0.000000000 on January 1, 1970 to 23:59
and 59.999999999 seconds on February 6, 2106)

Character code: UTF-8

STRING | 0 to 1,986 bytes "
(1,985 single-byte alphanumeric characters plus the
final NULL character)

Derivative Data Types (Enumerations, Structures, and Unions)

Variables that use derivative data types (enumerations, structures, and unions) are specified as such
in the tables of variable data types. The notation is described below.

I Enumerations

The data type for an enumerated variable is given in the table.
The following is an example. Here, the data type of the Out variable is enumerated type _eDAYOF-
WEEK. The enumerators are described in the description of the function of the instruction.
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Real . .
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=} [t (/]
W | w| =S c c| c - x| 540 b
S |3|5|3|8|2|5|g|c|2/z|2|E|&|a&l2/5|8|9/2 ¢
© A 2|8/8/3/5/5/3(3(3|3|5|2|E|R|A|l8|7|g ¢t
S/ glo |+ = ~ o) a
In OK OK =
(7]
Out Refer to Function for the enumerators for the enumerated type _eDAYOFWEEK. @
Q
=
=

I Structures and Unions

The data type for a structure or union variable is given in the table.
The following is an example. Here, the data type of the In7 variable is structure _sPORT. Details on

>
the members of a structure or union are given in the description of the function of the instruction. 3
Real %
ea
Boo . Times, durations, 5
Bit strings Integers num- . 2
lean dates, and text strings =
bers S
[2]
| - 7
w w c c | c _ =
o<§5§9‘—:9:‘£295ﬁ;ﬁ='§3o5'
°|A|8|8(8|3/3|5|3|3|3|3|3|2|E|R|A|S|7|2
r|mlo|lg|lg|d = | 4 -~ m o
In1 Refer to Function for details on the structure _sPORT.

The tables also indicate any variables for which you can specify a structure, a structure member, a
union, or a union member as the parameter.

In the following example, you can specify a parameter with a basic data type, or you can specify a
structure, a structure member, a union, or a union member for the In1 variable. To specify a structure
or union, specify only the structure or the union as the parameter. To specify a structure member or a
union member, specify the member as the parameter.

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O |- 7
W | w| S = c | c — x| 540 5
o 2/3|3|8|¢2 S|lgc|g2/z2|S|m AR S|3|3|2|=
S FlB8|lz|2|Z|5|2|3|5|"|S5|5|&g|2|m|m|O9]| =
- Ol g|lo| - | - — [a)
1 OK [OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
n
A structure, structure member, union, or union member can also be specified.

Array Specifications

Array variable names are followed by “[]” and “(array)” is specified. For these variables, specify an ele-
ment of the array (i.e., specify the subscript) as the parameter.
An example is shown below. Here, the table shows that In1[] is a BYTE array.

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
=} [t (]
W | w| S c c| c _ o | O o
o | 2|8|35|3|e|S|e|c|g|=z/2|c|alB|2|B|3|alz
o| o z z zZ |z m| = () Al
O | 5 o =] = [ - - a)
In1[] (array) OK
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The data type table indicates the arrays for which structures and unions can be used as elements, as
shown in the following example. For these variables, specify an element of the array (i.e., specify the
subscript) as the parameter.

Real
Boo . 5 Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
=)} - (]
w w| = s S| c|S|C|w|=|o|lr|=x ; - | O| 4 -
8 13/5/5|8|2/5/28|58(=2|2/5|8|8 2|58 z|z
r | m| S| (5|55 I I I o B B 3
In1[] (array) Arrays of structures or unions can also be specified.

The table indicates any variables for which you can specify either an array or an array element as the
parameter.

In the following example, you can specify a basic data type for the In7 variable, or you can specify an
entire array or an array element, as well. To specify an entire array, pass its array name as a parame-
ter. To specify an element of an array, pass its array name with its subscript as a parameter.

Real
Boo ) X ea Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
=)} - (7]
v} c C (= r
8|2 5|/3|5|8|c|E|E|lg|=|2|c|R|B8|2|8/3|glz
°|A|28|8(8(3|5/3|3|5|3|3|3|#|8|F|3|5|7z2
I OK |[OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK | OK
n
An array or array element can also be specified.
Others

I Errors Detected for All Instructions

The errors that can occur for an instruction are given in the Precautions for Correct Use section. The
following errors, however, can be detected for any instruction. They are not listed in the Precautions
for Correct Use sections.
» Reading or writing elements that exceed the range of an array variable.
Example: Setting a[4] for an input variable for the array variable a[0..3].
» Passing parameters that are not array variables to instructions for which array variables are defined
for input, output, or in-out variables.
» Assigning a text string that is longer than the defined number of bytes to a STRING variable.
« Assigning a text string that does not end in a NULL character to a STRING variable.
» Dividing an integer variable by 0.

I Precautions for All Instructions

The amount of processing that is required for some instructions depends on the parameters that you
connect.

If there is too much processing, the instruction execution time increases and the task period may be
exceeded. This will result in a Task Period Exceeded error. Adjust the amount of processing to a suita-
ble amount.
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Ladder Diagram Instructions

Instruction Name Page
LD and LDN Load/Load NOT page 2-14
AND and ANDN | AND/AND NOT page 2-17
OR and ORN OR/OR NOT page 2-20
Out and OutNot | Output/Output NOT | page 2-23
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LD and LDN

LD . Reads the value of a BOOL variable.
LDN : Reads the inverted value of a BOOL variable.

Instruction Name :l?r{l Graphic expression ST expression
Variable [ Variable Variable ]
LD Load }_{ }_ _n }_ _“ }_ None
Upward Downward
\differentiation differentiation;
Variable | Variable Variable
LDN Load NOT -—- Upward Downward None
L differentiation  differentiation J
Variables
None
Function
| wo
The LD instruction reads the value of the specified BOOL variable and outputs it to the next instruc-
tion.
If the value of the specified variable is TRUE, then TRUE is output. If the value is FALSE, then FALSE
is output.

Use the LD instruction for the first NO bit from the bus bar or for the first NO bit of a logic block.

The operation is as shown below if you do not specify upward or downward differentiation.

Instruction | Value of variable | Output value
TRUE TRUE
FALSE FALSE

LD

If you specify upward or downward differentiation, the operation depends on the following: the value of
the variable the last time the instruction was executed and the current value of the variable. This is
shown below.

. . ... e Value of variable at last execution and current | Output val-
Instruction | Differentiation specification i
value of variable ue
) o FALSE at the last execution — Currently TRUE TRUE
Upward differentiation
LD Other than the above. FALSE
) o TRUE at the last execution — Currently FALSE TRUE
Downward differentiation
Other than the above. FALSE
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The following figure shows a programming example and timing chart.

| | | | | g

TRUE g

e L

B1 o

A gy TRUE | | | | 8

H <:> FALSE [ | | | E

A B3 rog | | | | | | =

It (O B3 rase : : : : g

A BS TRUE | I I I g

—4 (O B Fase_ | I I I °
| | |

/

Instruction execution

Na1 pue @l

| Lon

The LD instruction reads the inverse of the value of the specified BOOL variable and outputs it to the

next instruction.

If the value of the specified variable is TRUE, then FALSE is output. If the value is FALSE, then TRUE
is output.

Use the LDN instruction for the first NC bit from the bus bar or for the first NC bit of a logic block.

The operation is as shown below if you do not specify upward or downward differentiation.

Instruction | Value of variable | Output value
TRUE FALSE
FALSE TRUE

LDN

If you specify upward or downward differentiation, the operation depends on the following: the value of
the variable the last time the instruction was executed and the current value of the variable. This is
shown below.

. ) L. . Value of variable at last execution and current | Output val-
Instruction | Differentiation specification i
value of variable ue
) o FALSE at the last execution — Currently TRUE FALSE
Upward differentiation
LDN Other than the above. TRUE
) o TRUE at the last execution — Currently FALSE FALSE
Downward differentiation
Other than the above. TRUE

The following figure shows a programming example and timing chart.
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Instruction execution

Precautions for Correct Use

216

In the following cases, an error will occur and the output from this instruction to the subsequent rung

will be undefined.

a) You specify an array element for the variable value and the element does not exist.
Example: A BOOL array a[0..5] is defined, but the instruction is executed using a[10] as the vari-
able.

If the output from this instruction to the subsequent rung is undefined as mentioned above, it is rec-

ommended to take one of the following measures.

a) Make it a program that always sets the element number that fits in the area so that elements that
exceed the array area are not read.

b) Check the element number in advance, and if it exceeds the array area, use the JMP instruction
to make the program avoid the occurrence of an error.

Do not use these instructions as the rightmost instruction on a rung. If you do, an error occurs on the

Sysmac Studio and you cannot transfer the user program to the Controller.
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AND and ANDN

AND : Takes the logical AND of the value of a BOOL variable and the input value.
ANDN : Takes the logical AND of the inverted value of a BOOL variable and the input value.

suononisu| wesbeiq Jappe]

FB/
Instruction Name FUN Graphic expression ST expression
Variable
AND AND N Variable Variable result:=vBool1 AND vBool2;
_{ T }_ _“ }_ result:=vBool1 & vBool2; 2
Upward Downward S
differentiation differentiation, 3
>
z
Variable %
ANDN AND NOT Variable Variable result:=vBool1 AND NOT vBool2;
Upward Downward
differentiation differentiation

Variables

None

Function

| AnD

The AND instruction takes the logical AND of the value of a specified BOOL variable and the execu-
tion condition and outputs it to the next instruction.
Use the AND instruction for a NO bit connected in series with the previous instruction.

The following figure shows a programming example of the AND instruction. It takes the logical AND of
variable A and variable B and outputs it to variable C.

S

LD AND Out
instruction instruction instruction
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A
e )—c

It takes the logical AND of variable A and
variable B and outputs the result to variable C.

The operation is as shown below if you do not specify upward or downward differentiation.

Instruction | Combination of variable value and execution condition | Output value
Variable value: TRUE

AND Execution condition: TRUE
Other than the above. FALSE

TRUE

If you specify upward or downward differentiation, the operation depends on the following: the value of
the variable the last time the instruction was executed, the current value of the variable, and the exe-
cution condition. This is shown below.

Instruc- | Differentiation specifica- | Combination of value of variable at last execution, Output
tion tion current value of variable, and execution condition value
Variable value: FALSE at the last execution — Current-
) o ly TRUE TRUE
Upward differentiation Execution condition: TRUE
Other than the above. FALSE
AND Variable value: TRUE at the last execution — Currently
) o FALSE TRUE
Downward differentiation Execution condition: TRUE
Other than the above. FALSE
| AnDN

The ANDN instruction takes the logical AND of the inverse of the value of a specified BOOL variable
and the execution condition and outputs it to the next instruction.
Use the ANDN instruction for a NC bit connected in series with the previous instruction.

The operation is as shown below if you do not specify upward or downward differentiation.

Instruction | Combination of variable value and execution condition | Output value

Variable value: FALSE
ANDN Execution condition: TRUE

Other than the above. FALSE

TRUE

If you specify upward or downward differentiation, the operation depends on the following: the value of
the variable the last time the instruction was executed, the current value of the variable, and the exe-
cution condition. This is shown below.
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Instruc- | Differentiation specifica- | Combination of value of variable at last execution, Output
tion tion current value of variable, and execution condition value

Variable value: FALSE at the last execution — Current-
ly TRUE
Execution condition: TRUE FALSE

iff tiati
Upward differentiation Variable value: Ignored

Execution condition: FALSE
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ANDN Other than the above. TRUE
Variable value: TRUE at the last execution — Currently
FALSE
Execution condition: TRUE FALSE

Downward differentiation
Variable value: Ignored

Execution condition: FALSE
Other than the above. TRUE

Precautions for Correct Use

NANV pue aNv

* In the following cases, an error will occur and the output from this instruction to the subsequent rung
will be undefined in the ladder diagram program.
In ST language, the line containing this instruction is not executed. For more information, refer to
Operation When a Syntax Error Occurs in a POU Written in ST in the NJ/NX-series CPU Unit
Software User’s Manual (Cat. No. W501).
a) You specify an array element for the variable value and the element does not exist.
Example: A BOOL array a[0..5] is defined, but the instruction is executed using a[10] as the vari-
able.
« If the output from this instruction to the subsequent rung is undefined in the ladder diagram program
as mentioned above, it is recommended to take one of the following measures.
a) Make it a ladder diagram program that always sets the element number that fits in the area so
that elements that exceed the array area are not read.
b) Check the element number in advance, and if it exceeds the array area, use the JMP instruction
to make the ladder diagram program avoid the occurrence of an error.
» Do not use these instructions as the rightmost instruction on a rung. If you do, an error occurs on the
Sysmac Studio and you cannot transfer the user program to the Controller.
* You cannot connect these instructions directly to the bus bar.
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OR and ORN

OR : Takes the logical OR of the value of a BOOL variable and the execution condition.
ORN : Takes the logical OR of the inverted value of a BOOL variable and the execution condition.

FB/
Instruction Name FUN Graphic expression ST expression
ety orTT Variable Variable
OR OR ... | Variable _{ I }_ _“ }_ result:=vBool1 OR vBool2;
Upward Downward
—{ differentiation differentiation
" Variable Variable
ORN OR NOT Variable u result:=vBool1 OR NOT vBool2;
Upward Downward
differentiation differentiation
Variables
None
Function
| or

The OR instruction takes the logical OR of the value of a specified BOOL variable and the execution
condition and outputs it to the next instruction.

Use the OR instruction for a NO bit connected in parallel with the previous instruction. Use the OR
instruction to configure a logical OR between an NO bit and one of the following: a LD or LDN instruc-
tion connected directly to the bus bar, or the logic block starting with a LD or LDN instruction and end-
ing with the instruction immediately before the OR instruction.

The following figure shows a programming example of the OR instruction. It takes the logical OR of
variable A and variable B and outputs it to variable C.

LD instruction
: \

_{ Out instruction

OR instruction
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A
53 >—°

It takes the logical OR of variable A and
variable B and outputs the result to variable C.

The operation is as shown below if you do not specify upward or downward differentiation.

Instruction | Combination of variable value and execution condition | Output value
Variable value: FALSE

OR Execution condition: FALSE
Other than the above. TRUE

FALSE

suononisu| wesbeiq Jappe]

If you specify upward or downward differentiation, the operation depends on the following: the value of
the variable the last time the instruction was executed, the current value of the variable, and the exe-

cution condition. This is shown below. 2
)
Instruc- | Differentiation specifica- | Combination of value of variable at last execution, Output %
tion tion current value of variable, and execution condition value g
Variable value: FALSE at the last execution — Currently
TRUE
Execution condition: Ignored. TRUE

i L
Upward differentiation Variable value: Ignored

Execution condition: TRUE
Other than the above. FALSE
Variable value: TRUE at the last execution — Currently
FALSE

Execution condition: Ignored. TRUE

OR

Downward differentiation
Variable value: Ignored

Execution condition: TRUE
Other than the above. FALSE

| orn

The ORN instruction takes the logical OR of the inverse of the value of a specified BOOL variable and
the execution condition and outputs it to the next instruction.

Use the ORN instruction for a NC bit connected in parallel with the previous instruction. Use the ORN
instruction to configure a logical OR between an NC bit and one of the following: a LD or LDN instruc-
tion connected directly to the bus bar, or the logic block starting with a LD or LDN instruction and end-
ing with the instruction immediately before the ORN instruction.

The operation is as shown below if you do not specify upward or downward differentiation.

Instruction | Combination of variable value and execution condition | Output value

Variable value: TRUE
ORN Execution condition: FALSE

Other than the above. TRUE

FALSE

If you specify upward or downward differentiation, the operation depends on the following: the value of
the variable the last time the instruction was executed, the current value of the variable, and the exe-
cution condition. This is shown below.
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Instruc- | Differentiation specifica- | Combination of value of variable at last execution, Output
tion tion current value of variable, and execution condition value
Variable value: FALSE at the last execution — Current-
. _ ly TRUE FALSE
Upward differentiation Execution condition: FALSE
ORN Other than the above. TRUE
Variable value: TRUE at the last execution — Currently
) o FALSE FALSE
Downward differentiation Execution condition: FALSE
Other than the above. TRUE

Precautions for Correct Use

* In the following cases, an error will occur and the output from this instruction to the subsequent rung
will be undefined in the ladder diagram program.

In ST language, the line containing this instruction is not executed. For more information, refer to

Operation When a Syntax Error Occurs in a POU Written in ST in the NJ/NX-series CPU Unit

Software User’s Manual (Cat. No. W501).

a) When an array element is specified for the value of the variable and the element does not exist.
(Example) When a BOOL type array a [0..5] is defined and an attempt is made to execute this
instruction by specifying the variable a [10].

« If the output from this instruction to the subsequent rung is undefined in the ladder diagram program
as mentioned above, it is recommended to take one of the following measures.

a) Make it a ladder diagram program that always sets the element number that fits in the area so
that elements that exceed the array area are not read.

b) Check the element number in advance, and if it exceeds the array area, use the JMP instruction
to make the ladder diagram program avoid the occurrence of an error.

» Do not use this instruction as the rightmost instruction on a rung. If you do, an error occurs on the

Sysmac Studio and you cannot transfer the user program to the Controller.
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Out and OutNot

suononisu| wesbeiq Jappe]

Out . Takes the logical result from the previous instruction and outputs it to a BOOL variable.
OutNot : Takes the inverted value of the logical result from the previous instruction and outputs it to a BOOL
variable.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
Variable
Out Output . N Variable i Variable Varia.ble:f(Logic.expression up to g
P o previous instruction); )
(o}
Upward Downward g
differentiation differentiation z
Variable
Vo @ Variable:=NOT(Logi i
OutNot Output NOT B ariable : (0) ( ogic e_:xpressmn
C o up to previous instruction);
Variables
None
Function
I Out
The Out instruction takes the logical result from the previous instruction and outputs it to a specified
BOOL variable.

The operation is as shown below if you do not specify upward or downward differentiation.

Logic processing result from previous instruction | Output
TRUE TRUE
FALSE FALSE

You can specify upward or downward differentiation for the Out instruction. If upward or downward dif-
ferentiation is specified, the output value is determined by changes in the result of logic processing
from the previous instruction between the last execution of the instruction and the current execution.
The operation is according to the current logical result from the previous instruction, as shown in the
following table.

Results of logic processing from the previous execution and cur-
Differentiation specification " gicpr ing Ir _pr VIous executt na eur Output
rent execution
) o FALSE at the last execution — Currently TRUE TRUE
Upward differentiation
Other than the above. FALSE
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Differentiation specification Results of logic processing from the.previous execution and cur- Output
rent execution
) o TRUE at the last execution — Currently FALSE TRUE
Downward differentiation
Other than the above. FALSE

The following figure shows a programming example and timing chart.

TRUE | | | |
A FALSEJ: : : | : : :
A B1 TRUE | | | |
| | (O B Faise | | | |
2w 1L
——® FALSE ! ! . .
B3 | | | |
B3 TRUE I I I I
@ FALSE___| | | |
/ | | |
Instruction executed
| outNot

The OutNot instruction takes the inverse of the logical result from the previous instruction and outputs
it to a specified BOOL variable.

Logic processing result from previous instruction | Output
TRUE FALSE
FALSE TRUE

The following figure shows a programming example and timing chart.

RUE | | | |
i . R

A 2 TRUE | | |
| | | () B4 FaLse | | | |
| | | |

/

Instruction executed

Additional Information

Differences between the Set and Reset Instructions and the Out and
OutNot Instructions

» The Set and Reset instructions operate only when the input value changes to TRUE. They do not
operate when the input value is FALSE. When the input value is FALSE, the output does not
change.

» The Out and OutNot instructions affect the output whether the logical result of the previous instruc-
tion is TRUE or FALSE.
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Precautions for Correct Use

* In the following case, an error occurs and nothing is output.
a) You specify an array element for the variable value and the element does not exist.
Example: A BOOL array a[0..5] is defined, but the instruction is executed using a[10] as the vari-
able.
» The following connections are possible.
a) You can connect another Out instruction after the Out instruction.

}_{A B C
b) You can connect the LD instruction and Out instruction after the Out instruction.
}_{A B C D
» The following connections are not possible.
a) You cannot connect only the LD instruction after the Out instruction.

o -

b) Functions and function blocks cannot be connected after the Out instruction.
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MOVE

A B
}—O— EN  ENO—
C—In Out—D
¢) Branches and joins cannot be used after Out instructions.

O

T
Qe O=
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2 Instruction Descriptions

IF

The IF construct selects one of two statements to execute, based on the evaluation result of a speci-
fied condition expression.

FB
Instruction Name Furlq Graphic expression ST expression

IF condition expression THEN
statement;
ELSIF condition expression THEN
IF If - None statement;
ELSE
statement;
END_IF;

Variables

None

Function

The IF construct selects one of two statements to execute, based on the evaluation result of a speci-
fied condition expression. Use a condition expression that evaluates to TRUE or FALSE as shown in
the table below.

Item used for condition .
i Example Evaluation result
expression
a>3 If the value of variable a is greater than 3, the result is TRUE. Other-
) ) wise, the result is FALSE.
Logic expression - -
a=b If the values of variables a and b are equal, the result is TRUE. Other-
wise, the result is FALSE.
BOOL variable abc If the valug of variable abc is TRUE, the result is TRUE. If it is FALSE,
the result is FALSE.
BOOL constant TRUE TRUE
Function with a BOOL re- FUN name If the function returns TRUE, the result is TRUE. If it returns FALSE,
turn value the result is FALSE.

You can use the following operators in the logic expression.

Opera-
‘t)or Meaning Example Evaluation result
If the values of variables a and b are equal, the result is TRUE. Other-
= Equals a=b . .
wise, the result is FALSE.
- Not equals a<sb If the values of variables a and b are not equal, the result is TRUE. Other-
q wise, the result is FALSE.
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O;:z:a- Meaning Example Evaluation result
< a<b If the value of variable a is less than the value of variable b, the result is ﬁ
TRUE. Otherwise, the result is FALSE. )
- a<=b If the value of variable a is less than or equal to the value of variable b, %
. the result is TRUE. Otherwise, the result is FALSE. 2
Comparison - - - 5
S asb !f the value of varllable ais grea.ter than the value of variable b, the result g.
is TRUE. Otherwise, the result is FALSE. =
o a>=b If the value of variable a is greater than or equal to the value of variable b, g
the result is TRUE. Otherwise, the result is FALSE.
AND (&) | Logical AND : QI\:)D b The result is the logical AND of BOOL variables a and b.
OR Logical OR aORb The result is the logical OR of BOOL variables a and b.
XOR Exclusive OR | a XOR b | The result is the logical exclusive OR of BOOL variables a and b. T
NOT NOT NOT a The result is the NOT of BOOL variable a

In the following flowchart, the IF construct is executed based on the evaluation results of condition ex-
pressions 1 and 2. More than one statement can be used in a IF construct, as shown below.

IF condition expression 1 THEN
statement 1;

ELSIF condition expression 2 THEN
statement 2;

ELSE
statement 3;

END IF;

@ami FALSE
expression 1

TRUE
ondition FALSE
expression 2

Statement 1

TRUE

Statement 2

Statement 3

Additional Information

 |F statements can be nested. The following example executes statement 11 if the evaluation results
of both condition expression 1 and condition expression 11 are TRUE.

IF condition expression 1 THEN

IF condition expression 11 THEN
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statement 11;
ELSIF condition expression 12 THEN
statement 12;
ELSE
statement 13;
END IF;
ELSIF condition expression 2 THEN
statement 2;
ELSE
statement 3;

END_IF;

You can use ELSIF more than once. The following processing flow is for this example.

IF condition expression 1 THEN
statement 1;

ELSIF condition expression 2 THEN
statement 2;

ELSIF condition expression 3 THEN
statement 3;

ELSE
statement 4;

END IF;

TRUE

Statement 1

Statement 2 TRUE

Statement 3 Statement 4

» ELSIF is not needed if the IF construct has only one condition expression. ELSE is not needed ei-
ther if no processing is required when none of the condition expressions evaluate to TRUE. The fol-
lowing processing flow is for this example.

IF condition expression THEN
statement;

END_IF;
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<ondm9>n FALSE
expression

TRUE

Statement

suoljonIsu| Juswalels 1S

» There are no restrictions on the statements that you can use. You can use any statements for the IF
construct as you do for other instructions, such as function block calls and FOR statements.

E|

Precautions for Correct Use

* You must always use IF and END_IF. IF and END_IF must be paired.
* You can nest statement constructs up to a maximum of 15 levels, including IF, CASE, FOR, WHILE,

and REPEAT statements.

Sample Programming

In the following example, INT#0 is assigned to variable def if the value of variable abc is less than
INT#0. INT#1 is assigned to variable def and INT#2 to variable ghi if the value of variable abc is
INT#0. INT#3 is assigned to variable def if the value of variable abc is none of the above.

Variable | Data type | Initial value
abc INT 0
def INT 0
ghi INT 0

IF (abc<INT#0) THEN

def:=INT#0;

ELSIF (abc=INT#0) THEN
def:=INT#1;
ghi:=INT#2;

ELSE
def:=INT#3;

END IF;
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CASE

The CASE construct selects a statement to execute, based on the value of a specified integer expres-

sion.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
CASE integer expression O
F
value:
statement;
value:
CASE Case - None
statement;
ELSE
statement;
END CASE;
Variables
None
Function

The CASE construct selects a statement to execute, based on the value of a specified integer expres-
sion.
The following integer expressions and values can be used.

Allowed notation
Integer expres- Integer variable, integer constant, integer expression, or a function that returns an integer
sion return value, enumeration variable, enumeration expression, or enumerator
Values Integer constants

The flowchart in the following example shows the processing flow for an integer expression. You can
use more than one statement as shown below.

CASE integer expression OF
1

statement 1;

statement 2;

statement n;
ELSE

statement m;

END CASE;
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TRUE

Equal to
value 17?

TRUE

suoljonIsu| Juswalels 1S

3ISVO

Statement m Statement n Statement 2 Statement 1

Additional Information

» CASE statements can be nested. The following example executes statement 12 if the value of inte-
ger expression 1 is 1 and the value of integer expression 11 is 2.

CASE integer expression 1 OF
1:
CASE integer expression 1 OF

1:
statement 11;
2:
statement 12;
ELSE
statement 1m;
END CASE;
2:
statement 2;
3:
statement 3;
ELSE
statement m;
END CASE;

* You can use more than one value at the same time. Separate values with commas. In the following
example, statement 1 is executed if the value of the integer expression is either 1 or 2.

CASE integer expression 1 OF
1,2:

statement 1;
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statement 2;

statement 3;
ELSE
statement m;

END_CASE;

* You can use a range of consecutive values. Place two periods between the numbers to indicate
consecutive values. In the following example, statement 1 is executed if the value of the integer ex-
pression is between 10 and 15, inclusive.

CASE integer expression 1 OF
10..15:
statement 1;
16:
statement 2;
17:
statement 3;
ELSE
statement m;

END CASE;

* You can omit ELSE. If you do, none of the statements is executed if none of the values is equal to
the value of the integer expression.

» There are no restrictions on statements that you can use. You can use any statements for the CASE
construct as you do for other instructions, such as function block calls and FOR statements.

» The CASE statement behaves differently from the switch case statement in C programming. With a
switch case statement in C programming, all statements after a value that matches the integer ex-
pression are executed unless a break statement is used. With a CASE statement, only statements
selected based on a value that matches the integer expression are executed. In the following exam-
ple, statements 1 to 3 are executed for the switch statement in C programming. On the other hand,
only statement 1 is executed for the CASE instruction.

C Language switch Statement CASE Instruction
val=1; val:=1;
switch val CASE val OF
{ 1:
case 1: statement 1,
statement 1; 2:
case 2: statement 2,
statement 2, 3:
case 3: statement 3;
statement 3; END_CASE;

Precautions for Correct Use

* You must always use CASE and END_CASE. CASE and END_CASE must be paired.
» The data types of the integer expression and values can be different.
» Each value can be given only once.
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* You can nest statement constructs up to a maximum of 15 levels, including IF, CASE, FOR, WHILE,
and REPEAT statements.

Sample Programming

If the value of variable abc is INT#1, INT#10 is assigned to variable def. Similarly, INT#20 is assigned
for INT#2, and INT#30 for INT#3. For any other value, the value of variable ghi is assigned.

suoljonIsu| Juswalels 1S

Variable | Data type | Initial value
abc INT 0
def INT 0
ghi INT 0

CASE abc OF

3ISVO

INT#1:
def:=INT#10;
INT#2:
def:=INT#20;
INT#3:
def:=INT#30;
ELSE
def:=ghi;
END_CASE;

If the value of variable abc is INT#1, INT#10 is assigned to variable def. Similarly, INT#20 is assigned
for either INT#2 or INT#5, and INT#30 for a value between INT#6 and INT#10, inclusive. For any other
value, no value is assigned.

Variable | Data type | Initial value
abc INT 0
def INT 0

CASE abc OF
INT#1:
def:=INT#10;
INT#2, INT#5:
def:=INT#20;
INT#6..INT#10:
def:=INT#30;
END_ CASE;
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WHILE

The WHILE construct repeatedly executes a statement as long as the evaluation result of a specified
condition expression is TRUE.

FB
Instruction Name Furlq Graphic expression ST expression
WHILE condition expression DO
WHILE While - None statement;
END_WHILE;
Variables
None
Function

The WHILE construct repeatedly executes a statement as long as the evaluation result of a specified
condition expression is TRUE. Use a condition expression that evaluates to TRUE or FALSE as
shown in the table below.

Item used for condition .
i Example Evaluation result
expression
a>3 If the value of variable a is greater than 3, the result is TRUE. Other-
) ) wise, the result is FALSE.
Logic expression ) .
a=b If the values of variables a and b are equal, the result is TRUE. Other-
- wise, the result is FALSE.
. If the value of variable abc is TRUE, the result is TRUE. If it is FALSE,
BOOL variable abe the result is FALSE.
BOOL constant TRUE TRUE
Function with a BOOL re- If the function returns TRUE, the result is TRUE. If it returns FALSE,
FUN name .
turn value the result is FALSE.

You can use the following operators in the logic expression.

Opera-
tor

Meaning Example

Evaluation result

Equals a=b

If the values of variables a and b are equal, the result is TRUE. Other-
wise, the result is FALSE.

<>

Not equals a<>b

If the values of variables a and b are not equal, the result is TRUE. Other-
wise, the result is FALSE.

If the value of variable a is less than the value of variable b, the result is
TRUE. Otherwise, the result is FALSE.

If the value of variable a is less than or equal to the value of variable b,
the result is TRUE. Otherwise, the result is FALSE.

Comparison

If the value of variable a is greater than the value of variable b, the result
is TRUE. Otherwise, the result is FALSE.

If the value of variable a is greater than or equal to the value of variable b,
the result is TRUE. Otherwise, the result is FALSE.
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Opera-

tor Meaning Example Evaluation result
, aAND b . . .
AND (&) | Logical AND 2&b The result is the logical AND of BOOL variables a and b.
OR Logical OR aORb The result is the logical OR of BOOL variables a and b.
XOR Exclusive OR | a XOR b | The result is the logical exclusive OR of BOOL variables a and b.
NOT NOT NOT a The result is the NOT of BOOL variable a

The following processing flow is for this example. You can use more than one statement.

WHILE condition expression DO
statement;

END WHILE;

Condition FALSE
expression

TRUE

Statement

Additional Information

« If the first condition expression evaluates to FALSE, the following statement will not be executed.

» There are no restrictions on statements that you can use. You can use any statements for the
WHILE construct as you do for other instructions, such as function block calls and FOR statements.

» Execute the EXIT instruction to cancel repeat processing. The processing between the EXIT instruc-
tion and the END_WHILE instruction will not be executed.

Precautions for Correct Use

* You must always use WHILE and END_WHILE. WHILE and END_WHILE must be paired.
* You can nest statement constructs up to a maximum of 15 levels, including IF, CASE, FOR, WHILE,
and REPEAT statements.

Sample Programming

INT#7 is repeatedly added to variable abc as long as the value of variable abc is less than or equal to
INT#1000.

Variable | Data type | Initial value
abc INT 0

abc:=INT#0;
WHILE abc<=INT#1000 DO
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abc:=abc+INT#7;
END_WHILE;
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REPEAT

The REPEAT construct executes a statement once, and then executes it repeatedly until a specified
condition expression becomes TRUE.

suoljonIsu| Juswalels 1S

FB
Instruction Name FUl{l Graphic expression ST expression
REPEAT
statement;
REPEAT R t --- N
epea one UNTIL condition expression
END_REPEAT,
Pyl
- 3
Variables z
_|
None
Function

The REPEAT construct executes a statement once, and then executes it repeatedly until a specified
condition expression becomes TRUE. Use a condition expression that evaluates to TRUE or FALSE
as shown in the table below.

Item used for condition ex- | Exam-
pression ple

Evaluation result

If the value of variable a is greater than 3, the result is TRUE. Other-
wise, the result is FALSE.
If the values of variables a and b are equal, the result is TRUE. Oth-

Logic expression

a=b erwise, the result is FALSE.
. If the value of variable abc is TRUE, the result is TRUE. Ifit is
BOOL variable abe FALSE, the result is FALSE.
BOOL constant TRUE TRUE
Function with a BOOL return | FUN If the function returns TRUE, the result is TRUE. If it returns FALSE,
value name the result is FALSE.

You can use the following operators in the logic expression.

Opera-
‘t)or Meaning Example Evaluation result
If the values of variables a and b are equal, the result is TRUE. Other-
= Equals a=b . .
wise, the result is FALSE.
- Not equals a<>b If the values of variables a and b are not equal, the result is TRUE. Other-
q wise, the result is FALSE.
< a<b If the value of variable a is less than the value of variable b, the result is
TRUE. Otherwise, the result is FALSE.
- a<=b If the value of variable a is less than or equal to the value of variable b,
) the result is TRUE. Otherwise, the result is FALSE.
Comparison - - -
S asb If the value of variable a is greater than the value of variable b, the result
is TRUE. Otherwise, the result is FALSE.
o a>=b If the value of variable a is greater than or equal to the value of variable b,
N N the result is TRUE. Otherwise, the result is FALSE.
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2 Instruction Descriptions

O;t):rra- Meaning Example Evaluation result
. aAND b . . .
AND (&) | Logical AND a&b The result is the logical AND of BOOL variables a and b.
OR Logical OR aORb The result is the logical OR of BOOL variables a and b.
XOR Exclusive OR | a XOR b | The result is the logical exclusive OR of BOOL variables a and b.
NOT NOT NOT a The result is the NOT of BOOL variable a

The following processing flow is for this example. You can use more than one statement.

REPEAT
statement;
UNTIL condition expression

END REPEAT;

Statement

<ondm9>n TRUE
expression

FALSE

Additional Information

» The statement is executed once before the condition expression is evaluated. Therefore, the state-
ment is always executed at least once.

» There are no restrictions on statements that you can use. You can use any statements for the RE-
PEAT construct as you do for other instructions, such as function block calls and FOR statements.

» Execute the EXIT instruction to cancel repeat processing. The processing between the EXIT instruc-
tion and the END_REPEAT instruction will not be executed.

Precautions for Correct Use

» You must always use REPEAT, UNTIL, and END_REPEAT. REPEAT, UNTIL, and END_REPEAT
must be used as a set.

* You can nest statement constructs up to a maximum of 15 levels, including IF, CASE, FOR, WHILE ,
and REPEAT statements.

Sample Programming

INT#1 is repeatedly added to variable abc until the value of variable abc exceeds INT#10.

Variable | Data type | Initial value
abc INT 0
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2 Instruction Descriptions

abc:=INT#0;

REPEAT
abc:=abc+INT#1;

UNTIL abc>INT#10

END REPEAT;
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2 Instruction Descriptions

EXIT

The EXIT instruction ends repeat processing for the FOR, WHILE, or REPEAT instruction of the inner-

most loop.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
FOR Index:=0 TO 9 BY 1 DO
IF Error[Index] THEN
EXIT Break Loop - None EXIT;
END IF;
END_FOR;
Variables
None
Function

The EXIT instruction ends repeat processing for the FOR, WHILE, or REPEAT instruction of the inner-
most loop. Processing moves to the next instruction after the repeat processing.

In the following programming, the value of variable A is checked every time the FOR instruction is
processed for repeat processing. If the value of variable A is TRUE, the EXIT instruction is executed
and the repeat processing is ended. If that occurs, C:=B; following END_IF is not executed and the
previous value of variable C is retained.

FOR position:=INT#0 TO INT#10 BY INT#1 DO
IF (A=TRUE) THEN
EXIT;
END IF;
C:=B;
END_FOR;

The flowchart for this programming is given below.
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2 Instruction Descriptions

START

| position:=INT#O |

INT#0 < position < INT#10

suoljonIsu| Juswalels 1S

If the value of variable A is
TRUE, the EXIT instruction is
executed and the repeat
processing is ended. The value
of C at that point is retained.

1IX3

position : = position + INT#1 |

END

When the EXIT instruction is executed, only the innermost repeat processing is ended. In the following
programming, when the value of variable B is TRUE, EXIT instruction 2 is executed and the repeat
processing for WHILE instruction 2 is ended. And processing moves to x:=x+17;. In this case, repeat
processing for WHILE instruction 1 (one level higher) is continued.

If the value of variable A is TRUE, EXIT instruction 1 is executed and the repeat processing for WHILE
instruction 1 is ended. And processing moves to C:=D;.

x:=INT#0;
y:=INT#0;
WHILE x<=INT#10 DO // WHILE instruction 1

IF (A=TRUE) THEN

EXIT; // EXIT instruction 1
END IF;
WHILE y<=INT#20 DO // WHILE instruction 2

IF (B=TRUE) THEN

EXIT; // EXIT instruction 2
END TF;
yi=y+1l;
END WHILE;
x=x+1;
END WHILE
C:=D;

The flowchart for this programming is given below.
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2 Instruction Descriptions

Repeat processing
for WHILE instruction 1

Repeat processing
for WHILE instruction 2

If the value of variable A is

— TRUE, the repeat processing
/ for WHILE instruction 1 is

FALSE

ended.

If the value of variable B is
// TRUE, the repeat processing
for WHILE instruction 2 is

ended.

Precautions for Correct Use

2-44

» Always place this instruction between the FOR and END_FOR, WHILE and END_WHILE, or RE-

PEAT and END_REPEAT instructions.

* If you nest repeat processing, one EXIT instruction is required for each nesting level to end all of the

repeat processing.
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2 Instruction Descriptions

RETURN

Refer to the instruction, RETURN on page 2-75, in the Sequence Control Instructions for a descrip-
tion of this instruction.
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2 Instruction Descriptions

FOR

Refer to the instructions, FOR and NEXT on page 2-91, in the Sequence Control Instructions for a
description of this instruction.
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R_TRIG (Up) and F_TRIG (Down)

Up Trigger/ Down Trigger

page 2-48

TestABit and TestABItN

Test A Bit/ Test A Bit NOT

page 2-52
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2 Instruction Descriptions

R_TRIG (Up) and F_TRIG (Down)

R_TRIG (Up) : Outputs TRUE for one task period only when the input signal changes to TRUE.
F_TRIG (Down) : Outputs TRUE for one task period only when the input signal changes to FALSE.

FB
Instruction Name Furlq Graphic expression ST expression
R_TRIG_instance
R_TRIG
R_TRIG FB e al— R_TRIG_instance(Clk, Q);
Up Trigger
Up
Up FUN —In — Out None
F_TRIG_instance
F_TRIG
F_TRIG FB Ck F_TRIG_instance(Clk, Q);
p— Q_
Down Trigger
Down
Down FUN —In — Out None
Variables
Meaning 110 Description Valid range Unit Default
. . Depends on da-
Clk, | Input | Input Input | -
n nput signa npu nput signa ta type.
. . Depends on da-
, Out Output I Output Output | ---
Q, Ou utput signa utpu utput signa ta type.
R
Boo . 5 eal Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
= ”n
w | wm| S = c | c _ 2| 5l 4|0 =
o | <| O g g & % = | = % z g - Al E| > olo|=
O [ HA|lA|%|2|Z2|5|2|Z2|5|5|5|5|2|>|mlAlo|"|=z
r m| o gle| - = | = - |~ m )
CIk, In OK
Q, Out OK
Function
| R TRIG

R_TRIG assigns TRUE to output signal Q for one task period only when input signal Clk changes to
TRUE. Otherwise, the value of Q is FALSE.
The functions of the R_TRIG instruction and the Up instruction are the same.

The following figure shows a programming example and timing chart.
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2 Instruction Descriptions

LD ST

R_TRIG_instance(A, abc);
R_TRIG_instance
A R_TRIG abc

—{ I Clk a0
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TRUE _I—l—
Clk  FaLSE
_ TRUE
Q=abe  paioE

Task period

The Up instruction assigns TRUE to output signal Out for one task period only when input signal In
changes to TRUE. Otherwise, the value of Out is FALSE.

The functions of the R_TRIG instruction and the Up instruction are the same.

However, the operation of the Up instruction is different from the operation of the R_TRIG instruction in
the first task period in which it is executed. Refer to Precautions for Correct Use on page 2-50 for the
operation of the Up instruction in the first task period in which it is executed.

(umoQ) O1YL 4 pue (dn) o1yl o

The following figure shows a programming example and timing chart.

LD

A Up abc

—n_ —O

TRUE
I FALSE
_ TRUE r———w
Out = abc FALSE
f—

Task period

| FTriG

F_TRIG assigns TRUE to output signal Q for one task period only when input signal Clk changes to
FALSE. Otherwise, the value of Q is FALSE.
The functions of the F_TRIG instruction and the Down instruction are exactly the same.

The following figure shows a programming example and timing chart.
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2 Instruction Descriptions

LD ST

F_TRIG_instance(A, abc);
F_TRIG_instance
A F_TRIG abc

—4 P————cm o)

TRUE
ok emee_ |
TRUE
Q=ab
¢ FaLsE

Task period

I Down

The Down instruction assigns TRUE to output signal Out for one task period only when input signal In
changes to FALSE. Otherwise, the value of Out is FALSE.
The functions of the F_TRIG instruction and the Down instruction are exactly the same.

The following figure shows a programming example and timing chart.

LD

A Down abc

}—m —O)

5 TRUE _I—l—
" FALSE
_ TRUE
Out = ab
w=aC EalsE

Task period

Precautions for Correct Use

» Detection of upward or downward differentiation depends on differences between the current value
of Clk or In and the value the last time the instruction was executed. Caution is required if this in-
struction is not executed every task period as the JMP instruction or any other instruction is used.

« If power is interrupted, the value of Clk or In is not detected as FALSE. The value of Clk or In is
detected as FALSE only if the instruction evaluates the value of Clk or In while Clk or In is FALSE.

« In the first task period in which the Up instruction is executed, the value of Out is always FALSE
regardless of the value of In.

* If the value of In in the Up instruction is TRUE when the power supply is turned ON, the value of Out
remains FALSE until the value of In changes to FALSE and then to TRUE.
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2 Instruction Descriptions

* In the first task period in which the F_TRIG instruction is executed, the value of Q is always FALSE
regardless of the value of Clk.

+ If the value of Clk in the F_TRIG instruction is FALSE when the power supply is turned ON, the val-
ue of Q remains FALSE until the value of Clk changes to TRUE and then to FALSE.

* In the first task period in which the Down instruction is executed, the value of Out is always FALSE
regardless of the value of In.

+ If the value of In in the Down instruction is FALSE when the power supply is turned ON, the value of
Out remains FALSE until the value of In changes to TRUE and then to FALSE.

suonongsuj ynduj asuanbag

L~ Version Information

If the value of Clk is TRUE, the value of Q varies depending on the unit version of the CPU Unit
when the R_TRIG instruction is executed at the timing described in the table below.

. . Value of Q 'j—c:
Timing of execution of — - - . : - Y
R_TRIG when Clk is TRUE CPU Unit with unit version 1.02 CPU Unit with unit version 1.01 o
or later or earlier §

Task period in which TRUE Always TRUE %’_
R_TRIG is first executed M
When the power supply is TRUE The value of Q remains FALSE un- :__u'
turned ON til the value of Clk changes to g
FALSE and then to TRUE. 2

=}
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2 Instruction Descriptions

TestABit and TestABitN

TestABit : Outputs the value of the specified bit in a bit string.
TestABItN : Outputs the inverted value of the specified bit in a bit string.

FB/
Instruction Name FUN Graphic expression ST expression
(@)TestABIt
—EN — Out
TestABit Test A Bit FUN —In Out:=TestABit (In, Pos);
—1Pos
(@)TestABItN
—EN — Out
TestABItN Test A Bit NOT | FUN —In Out:=TestABitN (In, Pos);
—1Pos
Variables
Meaning 110 Description Valid range Unit Default
D d da-
In Bit string Bit string epends on da *1
ta type.
Input 0to th ber |
. . o . . o the number
Pos Bit position Specified bit position of bits in In -1 0
* TestABit
Val f ifi it
. alue 9 specified bi Depends on da-
Out Bit value Output * TestABItN -— -—
ta type.
Inverse of value of
specified bit

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . ) ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
] o|lc|lc|lec|jlc|lc|luon|s|lo|lc|la|lc|ldlold|o0|on
JHHHBEHBEHHEEBHHHEEEE
| m x| S S -2 m Z
o g 2 — = z
In OK | OK | OK | OK
Pos OK
Out OK
Function

| TestaBit

The TestABit instruction assigns the value of the bit at bit position Pos in the bit string In to the bit val-
ue Out when EN is TRUE.

2-52 NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

When EN is FALSE, the value of Out is FALSE.
The following example shows the TestABit instruction when Pos is USINT#3.

LD ST

def:=TestABit(abc, USINT#3);

TestABit def

H e
abc—In

USINT#3—Pos

suonongsuj ynduj asuanbag

Pos=USINT#3
Most-significant bit Bit 0

In=abc E s _— Out=def

N}dVvisaL pue jigyisal

| TestaBitn

The TestABitN instruction assigns the inverted value of the bit at bit position Pos in the bit string /n to
the bit value Out when EN is TRUE.
When EN is FALSE, the value of Out is FALSE.

Precautions for Correct Use

+ If the TestABit instruction and the TestABItN instruction are used in a ladder diagram, the value of
Out changes to FALSE when an error occurs in the previous instruction on the rung.

» An error occurs in the following case. Out will be FALSE.
a) The value of Pos is greater than the number of bits in In - 1.
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Sequence Output Instructions

Instruction Name Page
RS Reset-Priority Keep | page 2-56
SR Set-Priority Keep page 2-59
Set and Reset Set/Reset page 2-62
SetBits and ResetBits | Reset Bits/Reset Bits | page 2-66
SetABit and ResetABit | Set A Bit/Reset A Bit | page 2-69
OutABit Output A Bit page 2-71
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2 Instruction Descriptions

RS

The RS instruction retains the value of a BOOL variable. It gives priority to the Reset input if both the
Set input and the Reset input are TRUE.

FB
Instruction Name Furlq Graphic expression ST expression
RS_instance
RS
Reset-Priorit
RS eset-rriorty FB — Set Q1 — RS_instance(Set, Reset1, Q1);
Keep — Reset1
Variables
Meaning 110 Description Valid range Unit Default
Set 1 Set Set input Depends on da-
Input - 0
Reset1 *1 Reset Reset input ta type.
Depends on da-
1 K Output K tput ---
Q eep utpu eep outpu ta type.

*1.  On Sysmac Studio version 1.03 or higher, you can use S instead of Set and R1 instead of Reset1 to more clearly show
the correspondence between the variables and the parameter names in ST expressions.
For example, you can use the following notation: RS_instance(S:=A, R1:=B, Q1=>abc);.
Real
Boo ) X ea Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
| = [7)
c c| c .
8 g g S| 2| oS5 = || & = 9| E ﬁ r;?l = g 6' o 5'
o|A|2|8|8|3|5|35|3|3|5|5|3|2|E|R|A|S|7|2
- O o () | = = r 3]
Set OK
Reset1 OK
Q1 OK
Function
The RS instruction forms a self-holding output that gives priority to resetting. The following table
shows input values and resulting output values.
Value of Set | Value of Reset1 | Value of Q1
TRUE TRUE FALSE
TRUE FALSE TRUE
FALSE TRUE FALSE
FALSE FALSE Not changed.
The following figure shows a programming example and timing chart.
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2 Instruction Descriptions

LD ST

RS_instance(A, B, abc);

RS_instance
A RS abc

—4 P—————-sa a1 )
B Reset1

suononssuj yndinQ asuanbag

TRUE
Set=A EaLsE _I_I—l_L

TRUE
FALSE

~ TRUE
Q1 =abe FALSE_| I_, |_

Reset1 =B

]
=

Additional Information

* The RS instruction behaves like the following self-holding rung.

A B abc

11 IA
1 Vi

abc

_|

* However, if the RS instruction is in a master control region and the master control region is reset,
the behavior will not be the same as the above self-holding rung.

Instruction/rung | Value of B | Value of abc
. ) TRUE Not changed.
RS instruction
FALSE FALSE
) TRUE
Self-holding rung FALSE
FALSE

Precautions for Correct Use

* Never use an NC bit directly from an external device for the Reset? input. The internal power supply
in the Controller will not turn OFF immediately when the AC power is interrupted (even for momenta-
ry interruptions), and the input from the Input Unit may change to ON first. This could cause the
Reset1 input to change to TRUE.

« If this instruction is used in a ladder diagram, the value of Q7 is retained when an error occurs in the
previous instruction on the rung.

« If this instruction is not executed due to the execution of a jump instruction (e.g., the JMP instruc-
tion), Q17 retains the value from the last execution.
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2 Instruction Descriptions

« If this instruction is in a master control region and the master control region is reset, the operation is
as follows:

a) If the value of Reset1 is TRUE, the value of Q7 is retained. If the value of Reset1 is FALSE, the
value of Q7 changes to FALSE.
b) FALSE is input to the instruction that is connected to Q7 even if the value of Q17 is TRUE.

» Even if you connect a parameter with a Retain attribute to Q7, the value will not be retained when
the power is interrupted. After the power supply is restored, the value of Q7 will change to FALSE
when the operating mode is changed to RUN mode and the instruction is executed. If the self-hold-
ing rung given in Additional Information on page 2-57 is used, the value is retained even after the
power supply is restored.
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SR

The SR instruction retains the value of a BOOL variable. It gives priority to the Set input if both the Set
input and Reset input are TRUE.

FB
Instruction Name FUl{l Graphic expression ST expression
SR_instance
SR
Set-Priorit
SR et-rrionty FB — Set1 Q11— SR_instance(Set1, Reset, Q1);
Keep — Reset
Variables
Meaning /10 Description Valid range Unit Default
Set1 1 Set Set input Depends on da-
Input - 0
Reset Reset Reset input ta type.
Depends on da-
1 K Output K tput --- ---
Q eep utpu eep outpu ta type.

*1.  On Sysmac Studio version 1.03 or higher, you can use S7 instead of Set7, and R instead of Reset to more clearly
show the correspondence between the variables and the parameter names in ST expressions.
For example, you can use the following notation: SR_instance(S1:=A, R:=B, Q1=>abc);.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| = (%))
w w| = Clcl|lC€|CSluw|l_|lolr|la|lSlalo| 4 =
S13/8/8/5|2|5|2|c|g/=2 /2|5 |8|8|2/ 28 9z
r|ml | 83|8|5|°|5]5|" S| d |- B | M| m s
Set1 OK
Reset OK
Q1 OK
Function

The SR instruction forms a self-holding output that gives priority to setting. The following table shows
input values and resulting output values.

Value of Set? | Value of Reset | Value of Q1
TRUE TRUE TRUE

TRUE FALSE TRUE
FALSE TRUE FALSE
FALSE FALSE Not changed.

The following figure shows a programming example and timing chart.
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2 Instruction Descriptions

LD ST

SR_instance(A, B, abc);

SR_instance
A SR abc
—{ }7 Set ar—)
B — Reset

TRUE
Set1=A  palsE _I_l—l_L

TRUE
FALSE

~ TRUE
Q1 =abe FALSE_| I_, I_

Reset =B

]

Additional Information
« The SR instruction behaves like the following self-holding rung.

A abc
1
]

* However, if the SR instruction is in a master control region and if the master control region is reset,
the behavior will not be the same as the above self-holding rung.

Instruction/rung | Value of B | Value of abc
) . TRUE Not changed.
SR instruction
FALSE FALSE
. TRUE
Self-holding rung FALSE
FALSE

Precautions for Correct Use

* Never use an NC bit directly from an external device for the Reset input. The internal power supply
in the Controller will not turn OFF immediately when the AC power is interrupted (even for momenta-
ry interruptions), and the input from the Input Unit may change to ON first. This could cause the
Reset input to change to TRUE.

« If this instruction is used in a ladder diagram, the value of Q7 is retained when an error occurs in the
previous instruction on the rung.

« If this instruction is not executed due to execution of a jump instruction (e.g., the JMP instruction),
Q1 retains the value from the last execution.

2-60 NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

« If this instruction is in a master control region and the master control region is reset, the operation is
as follows:

a) If the value of Reset is TRUE, the value of Q1 is retained. If it is FALSE, the value of Q7 changes
to FALSE.
b) FALSE is input to the instruction that is connected to Q7 even if the value of Q7 is TRUE.

» Even if you connect a parameter with a Retain attribute to Q7, the value will not be retained when
the power is interrupted. After the power supply is restored, the value of Q7 will change to FALSE
when the operating mode is changed to RUN mode and the instruction is executed. If the self-hold-
ing rung given in Additional Information is used, the value is retained even after the power supply is
restored.

suononssuj yndinQ asuanbag
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2 Instruction Descriptions

Set and Reset

Set Changes a BOOL variable to TRUE.
Reset Changes a BOOL variable to FALSE.
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
out r Out Out 7
Set Set - C Upward Downward None
L differentiation  differentiation
out r Out Out 7
Reset Reset --- ( ) Upward Downlward None
| differentiation  differentiation J
Variables
Meaning 110 Description Valid range Unit Default
D -
Out Output Output Output epends on da - -
ta type.
Boo . 5 Real Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
| = 7
w | wm| S c €| c _ 5 =) o
S|3|g/8|8|2|g(2|E|2/5/2|5|8 8|85 28|s|z
r|m|&|8|8|5||5|5] S|F | F|E|MmM m|© 3
Out OK
Function
I Set
The Set instruction changes Out to TRUE if the input is TRUE.
If Outis TRUE, the Set instruction will not change Out to FALSE even if the input changes to FALSE.
Use the Reset instruction to change Out to FALSE.
The operation is as shown below if you do not specify upward or downward differentiation.
Instruction | Input Output
TRUE | TRUE
Set
FALSE | Not changed.
If you specify upward or downward differentiation, the operation depends on the following: the value of
the input for the last execution and the current value of the input. This is shown below.
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2 Instruction Descriptions

Value of input at last execution and current

Instruction | Differentiation specification value Output value
) o FALSE at the last execution -> Currently TRUE TRUE
Upward differentiation
Set Other than the above. Not changed.
e
) o TRUE at the last execution -> Currently FALSE TRUE
Downward differentiation
Other than the above. Not changed.
I Reset

The Reset instruction changes Out to FALSE if the input is TRUE.
If Out is FALSE, the Reset instruction will not change Out to TRUE even if the input changes to

FALSE.

Use the Set instruction to change Out to TRUE.

The operation is as shown below if you do not specify upward or downward differentiation.

Instruction | Input Output
TRUE | FALSE
Reset
FALSE | Not changed.

If you specify upward or downward differentiation, the operation depends on the following: the value of

the input for the last execution and the current value of the input. This is shown below.

Value of input at last execution and current

Instruction | Differentiation specification value Output value
. . FALSE at the last execution -> Currently TRUE FALSE
Upward differentiation
Reset Other than the above. Not changed.
ese
) o TRUE at the last execution -> Currently FALSE FALSE
Downward differentiation
Other than the above. Not changed.
I Programming Example and Timing Chart
The following figures show programming examples and timing charts.
LD
TRUE
A FALSE _I_l—
A abc TRUE |
—{ —@ ®  FALSE_:
TRUE | '
_{B a:bc abe FALSE_| I_
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2 Instruction Descriptions

LD

TRUE
A FALSE _I_I—

. TRUE i I—I
FALSE |

be TRUE | '

abe FALSE_| I_

b o

LD
TRUE
A FALSE J_I—
abc 5 TRUE E I—I
_{ () FALSE ' .

oo TRUE ’—|
_{B ic ¢ FALSE

Additional Information

Differences between the Set and Reset Instructions and the Out In-
struction

* The Set and Reset instructions operate only when the input value changes to TRUE. They do not
operate when the input value is FALSE. When the input value is FALSE, the output does not
change.

» The Out instruction changes the specified variable to TRUE when the result from the previous in-
struction is TRUE, and to FALSE when the result from the previous instruction is FALSE. It operates
both when the input is TRUE and when it is FALSE.

Differences between the Set and Reset Instructions and the SR and RS
Instructions

The SR and RS instructions require that the Set input and Reset input are in the same place in the
program. You can place the Set and Reset instructions in different places.

Precautions for Correct Use

« If the Set instruction and the Reset instruction are in a master control region and if the master con-
trol region is reset, the value of Out is retained.

« If these instructions are not executed due to execution of a jump instruction (e.g., the JMP instruc-
tion), the value of Out is retained.
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» These instructions will not be executed if you specify upward differentiation and if the input is TRUE
at the time of power-on. They will be executed only when the input changes to FALSE and then
back to TRUE.

» These instructions will be executed if you do not specify upward differentiation and if the input is
TRUE at the time of power-on. In this case, it is not necessary to change the input to FALSE before
the execution.

suononssuj yndinQ asuanbag
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SetBits and ResetBits

SetBits . Changes consecutive bits in bit string data to TRUE.
ResetBits : Changes consecutive bits in bit string data to FALSE.

FB/
Instruction Name FUN Graphic expression ST expression
(@)SetBits
—EN ENO—
InOut
SetBits Set Bits FUN — - — SetBits(InOut, Pos, Size);
—Pos —Out
—{Size
(@)ResetBits
—EN ENO—
InOut
ResetBits Reset Bits FUN —t e — ResetBits(InOut, Pos, Size);
—Pos —Out
—{Size
Variables
Meaning /10 Description Valid range Unit Default
D d da-
InOut Bit string In-out Bit string ependsonda- | _ -—
ta type.
0 to the number
Pos Bit position Specified bit position of bits in InOut 0
Input -1 -
Size Number of bits Number of bits 0 to.thc?: number 1
of bits in InOut
Out Return value Output Always TRUE TRUE only -—- -—-
Real
Boo ) X ea Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
g |- 7
w w| S c c| e _ | T 4| o a
8 (%8| 5/5|2|5(8|E|¢g=2|5/2|8(2/8 28|33
e Bl 2|23 |5|Z2|3|S||S|S5|E|l2|m|mM|O| |2
r mlo|g|lo| - =4 | 4 Ll < m o
InOut OK |OK | OK | OK
Pos OK
Size OK
Out OK
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Function

I SetBits

The SetBits instruction changes the value of Size bits from the bit position Pos in the bit string InOut to
TRUE. The status of the other bits will not change.

The following example shows the SetBits instruction when Pos is USINT#3 and Size is USINT#2.

suononssuj yndinQ asuanbag

LD ST

SetBits(abc, USINT#3, USINT#2);

SetBits

—{ I EN ENO—
InOut

abc—--------------1 —abc

USINT#3—Pos —
USINT#2—{Size

s}giesay pue sjigies

Pos = USINT#3
Most-significant bit Bit 0

inout=abe [1/1)ofofojfo]1| —— [1[1[of]t]olo]
\_l_l

Size = USINT#2

I ResetBits

The ResetBits instruction changes the value of Size bits from the bit position Pos in the bit string /nOut
to FALSE. The status of the other bits will not change.

Additional Information

Use these instructions to globally set variables with AT specification in memory areas that handle data
by word (e.g., the DM Area) to TRUE or FALSE.

Precautions for Correct Use

+ If the SetBits instruction and the RestBits instruction are in a master control region and the master
control region is reset, the value of InOut is retained.

* If these instructions are not executed due to execution of a jump instruction (e.g., the JMP instruc-
tion), the value of InOut is retained.

» The value of InOut does not change if the value of Size is 0.

* Return value Out is not used when these instructions are used in ST.

» An error will occur in the following cases. ENO will be FALSE, and Out and InOut will not change.
a) The value of Pos is greater than the number of bits in /nOut - 1.
b) The value of Size is outside the valid range.
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c) The value of Pos or Size exceeds the number of bits in InOut.
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SetABit and ResetABit

SetABit :  Changes the specified bit in bit string data to TRUE.
ResetABit : Changes the specified bit in bit string data to FALSE.

suononssuj yndinQ asuanbag

FB/
Instruction Name FUN Graphic expression ST expression
(@)SetABit
—EN ENO[—
SetABit Set A Bit FUN _|mQut L SetABit(InOut, Pos);
—Pos — Out
(%)
0]
5
(@)ResetABit ;-‘
—EN ENO|— 3
. . InOut . . o
ResetABit Reset A Bit FUN e | ResetABit(InOut, Pos); o
—Pos — Out %
@©
Variables
Meaning 1/0 Description Valid range Unit Default
InOut Bit string In-out Bit string Depends on da- - -
ta type.
0 to the number
Pos Bit position Input Specified bit position of bits in InOut | --- 0
-1
Out Return value Output Always TRUE TRUE only - -
R
Boo . . eal Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | - [7)
c c| c r
212/ 5|2|5|8|c|E|E|g|=|2lc|B|2|2|8|3|g|z
o | H 29181 213|2|2|3|5/3|3| 2|8 |5|3|l0|7|%
InOut OK | OK | OK | OK
Pos OK
Out OK
Function
| setaBit

The SetBits instruction changes the value of the bit at bit position Pos in the bit string /nOut to TRUE.
The bits that are not specified do not change.
Even if EN changes to FALSE after execution, the Pos bit in InOut will not change.

The following example shows the SetABit instruction when Pos is USINT#3.
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LD ST
SetABit(abc, USINT#3);
SetABiIt
—{ }— EN ENO|—
InOut
abc—----------m-oe — abc
USINT#3—{Pos —
Pos = USINT#3
Most-significant bit Bit 0

— [1lofoft[olo}

InOut = abc

| ResetaBit

The ResetABit instruction changes the value of the bit at bit position Pos in the bit string /nOut to
FALSE. The bits that are not specified do not change.
Even if EN changes to FALSE after execution, the Pos bit in InOut will not change.

Additional Information

OutABit Instruction

* The SetABit and ResetABit instructions change the value of the specified bit to either TRUE or
FALSE.

» With the OutABiIt instruction, however, you can dynamically change the value to which the specified
bit is set.

I Differences between the SetABit and ResetABit Instructions and the

Precautions for Correct Use

« If the SetABit instruction and the ResetABit instruction are in a master control region and the master
control region is reset, the value of InOut is retained.

« If these instructions are not executed due to execution of a jump instruction (e.g., the JMP instruc-
tion), the value of InOut is retained.

* Return value Out is not used when these instructions are used in ST.

* An error will occur in the following case. ENO will be FALSE, and Out and /nOut will not change.
a) The value of Pos is greater than the number of bits in /n - 1.
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OutABit

The OutABIt instruction changes the specified bit in bit string data to TRUE or FALSE.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)OutABit
—EN ENO—
InOut
OutABiIt Qutput A Bit FUN —f e — OutABIt(InOut, Pos, BitVal);
—Pos —Out
—BitVal
@]
C
>
: 2
Variables
Meaning 110 Description Valid range Unit Default
D -
InOut Bit string In-out Bit string epends on da - -
ta type.
0 to the number
Pos Bit position Specified bit position of bits in InOut 0
Input -1 -
D -
BitVal Set value Value to set epends on da TRUE
ta type.
Out Return value Output Always TRUE TRUE only - -
R
Boo . . eal Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=) (o) (72}
c c | c L
8 |%2/8|2|2|G|s|S|E|e|l=|g2|lc|B|a|28|23|c3
o || 2|8|8(3/3/2(3|5|5|3|3|7|2|F|A|S|7|z
InOut OK | OK | OK | OK
Pos OK
BitVal OK
Out OK
Function

The OutABIt instruction stores the value of set value BitVal at bit position Pos in the bit string InOut.
Only the bit at Pos changes.

The following shows an example where Pos is USINT#2 and BitVal is TRUE.
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LD ST
OutABit(abc, USINT#2, TRUE);
OutABit
—{ }— EN ENO—
InOut
abc—------------- — abc
USINT#2—Pos —
TRUE —{BitVal
Pos = USINT#2

Most-significant bit Bit 0
inout=abe.— [1]1Jololololol] —— [1]1]olo[o]]o]1

Additional Information

OutABit Instruction

* The SetABit and ResetABit instructions change the value of the specified bit to either TRUE or
FALSE.

» With the OutABit instruction, however, you can dynamically change the value of the specified bit by
changing the value of BitVal.

I Differences between the SetABit and ResetABit Instructions and the

Precautions for Correct Use

« If this instruction is in a master control region and the master control region is reset, the value of
InOut is retained.

« If this instruction is not executed due to execution of a jump instruction (e.g., the JMP instruction),
the value of InOut is retained.

» Return value Out is not used when this instruction is used in ST.

* An error will occur in the following case. ENO will be FALSE, and Out and /nOut will not change.
a) The value of Pos is greater than the number of bits in /InOut - 1.
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Sequence Control Instructions

Instruction Name Page
End End page 2-74
RETURN Return page 2-75
MC and MCR Master Control Start/Master Control End | page 2-76
JMP Jump page 2-89
FOR and NEXT | Repeat Start/Repeat End page 2-91
BREAK Break Loop page 2-98
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End

The End instruction ends execution of a program in the current task period.

FB/
Instruction Name FUN Graphic expression ST expression
End
End End FUN —EN ENO— None

Variables

None

Function

The End instruction ends execution of a program in the current task period.

The following figure shows a programming example. When the End instruction is executed in the ex-
ample, the SR instruction that follows it is not executed.

LD
Any instructions after End
this point are not executed. EN ENO—
~ .
SR_instance
A SR abc
—{ }7 Set1 Q1 —O
B —{ Reset

Precautions for Correct Use

* This instruction must be used only in a program.
« If this instruction is used in a function, function block, or inline ST, a building error will occur.
* You must connect this instruction to the left bus bar.
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RETURN

The RETURN instruction ends a function or function block and returns processing to the calling in-

struction.

. FB/ . . .
Instruction Name FUN Graphic expression ST expression

RETURN
RETURN Return FUN —EN ENO|— RETURN;

Variables

None
Function

The RETURN instruction ends a function or function block and returns processing to the calling in-
struction.

The following figure shows a programming example. When the RETURN instruction is executed in the
example, the SR instruction that follows it is not executed.

LD ST

RETURN;

SR_inst A, B, abc);
Any instructions after this instance( abe)

point are not executed RETURN
because processing returns EN ENO |—
to the calling instruction. —__
SR_instance
A SR abc
—{ }7 Sett ar—()
B— Reset

Precautions for Correct Use

» Observe the following precautions if you use this instruction in a ladder diagram.

a) Use this instruction only in functions and function blocks. If you use it in a program, a building
error will occur.

b) Always connect this instruction directly to the left bus bar.

» Before you execute this instruction, set the return value, output variables, and ENO value of the
POU.

« If you use this instruction too often, the flow of processing will be difficult to understand. Use it with
caution.
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MC and MCR

MC Marks the starting point of a master control region and resets the master control region.
MCR Marks the end point of a master control region.
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
MC
Master Control —In ENO —
MC Start --- —IMeNo None
MCR
Master Control —1EN ENO —
MCR End - —ImeNo None
Variables
Meaning /10 Description Valid range Unit Default
In
FALSE: Resets the Depends on da-
(MC instruc- | Master control input master control reqion @ tp o -
tion only) Input glen. ype. -
MCNo Master control number Master control number | 0 to 14" 0
*1.  The number is automatically registered by the Sysmac Studio. You do not need to set it.
Real
Boo . 5 ea Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
=) [ (]
W | m| = c c|c - o5 o
| 2|3|3|3|e|S|e|lc|g| =2\ 5|a|lRg|2|8|3|cl=
S | A2 2|=2|Z2|3|2|2/3|5|53|5|2|2|m|lAdlo|7Z2
In
(MC instruc- | OK
tion only)
MCNo OK
Function

Master control is used to stop processing or place in an equivalent status all POUs in a specified re-
gion of a program.
You can use master control to easily control the execution conditions for a relatively long segment of
processing.

The region in the program for which master control is applied is called the master control region. You
place the MC instruction at the start of the master control region and the MCR instruction at the end.
When the value of the master control input In changes to FALSE, the outputs for all the LD instructions
that are connected to the left bus bar in the master control region are forced to change to FALSE. This
is called a master control reset.

2-76
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When master control is reset, the POUs that follow the LD instructions, as a rule, operate as if the exe-
cution condition is FALSE. There are, however, some POUs that operate differently. This is explained
later.

Ve The value that is output from the LD instruction changes

to FALSE regardless of the value of variable A.
—{ }7 In ENO |—
0—{MCNo

suolonIsu| [013u0) adusnbag

A
Master control region —{ }7 -

MCR
EN ENO |—
0—{MCNo

HOIN pue O

If the value of In is TRUE, a master control reset is not performed. The POUs in the master control
region operate normally.

I POU Operation during a Master Control Reset

The operation of the POUs when master control is reset depends on the POU as described in the fol-

lowing table.
POU Operation
Out and OutABit instruc- FALSE is output to the specified variable.
tions
OutNot instruction FALSE is output to the specified variable.
Set and Reset instructions | The output from before the master control reset is retained.
TON instruction The instruction operates with FALSE for timer input /n. That means that the timer
is reset.

The value of elapsed time ET changes to 0 and the value of timer output Q
changes to FALSE.

TOF instruction The instruction operates with TRUE for timer input /n. That means that the timer is
reset.

The value of elapsed time ET changes to 0 and the value of timer output Q
changes to TRUE.

However, if the Out instruction is connected to Q, the execution condition to the
Out instruction is FALSE.

TP instruction The instruction operates with FALSE for timer input /n. That means that the timer
is reset.
Timing ac-  : The value of elapsed time ET is incremented to the end and then
tive returns to 0. The value of timer output Q is TRUE until the end of

timing, and then it changes to FALSE.
Timing not  : The value of ET changes to 0 and the value of Q changes to
active FALSE.
However, if the Out instruction is connected to Q, the execution condition to the
Out instruction is FALSE even while timing is active.
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POU

Operation

AccumulationTimer instruc-
tion

The instruction operates with FALSE for timer input /n. That means that the timer
stops.

The values of elapsed time ET and timer output Q are retained.

However, if the Out instruction is connected to Q, the execution condition to the
Out instruction is FALSE even if the value of Q is TRUE.

However, reset Reset is enabled.

Timer instruction

The instruction operates with FALSE for timer input /n. That means that the timer
is reset.

Remaining time ET is set to the value of set time PT, and the value of timer output
Q changes to FALSE.

CTU, CTD, and CTUD in-
structions

These instructions are not executed. If the instruction was in operation before the
master control reset, the count value from before the reset is held.

If an Out instruction is connected to the Counter Completion Flag, Q, the execu-
tion condition to the Out instruction is FALSE.

JMP instruction

This instruction is not executed.

FOR and NEXT instruc-
tions

These instructions are not executed.

BREAK instruction

This instruction is not executed.

Function blocks that are
executed over more than
one task period

(i.e., instructions with Done,
Busy, and Error output vari-
ables)

The power flow from the left bus bar changes to FALSE.

If this instruction is being executed when the master control reset is attempted,
the execution is continued until completed. Busy, Done, and Error outputs will be
made, but FALSE will always be output if the next instruction is an output instruc-
tion. If a variable is directly connected to Busy, Done, or Error, the variable will be
assigned a proper value as specified in the instruction specifications.

You can also get the value of Busy, Done, or Error in the form of
instance_name.output_variable.

Other functions

These are not executed.

Other function blocks

The power flow from the left bus bar changes to FALSE.

® Out

FALSE is output while the master control is reset.

MC_ON NG

—{ In
0— MCNo

A B

H—0

MCR

0—{MCNo

@ OutNot
FALSE is output while the master control is reset.

Caution is required because this operation of the OutNot instruction is different from when the output
of the previous LD instruction is FALSE.

2-78

ENO —

EN ENO —

Master control reset

TRUE — —
MC_ON raLsE
TRUE ; — :
A FALSE i 5 l_, 5 L
Outputfrom  TRUE ' |—| E
LD instruction ~ FALSE — | b= !
g TRUE ' i H
FALSE |_| :
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Master control reset
MC_ON G &
_{ }7 In  ENOI— RUE ' . . s
0— MCNo 3
MC_ON £alsE 3
' ' H e)
A 5 TRUE : ] : 3
_{ A Facse - : =
g 6 bl N ' =3
Output from TRUE | _l l 2
LD instruction  FALSE o o ' j g
MCR Vo I i e
EN ENO|— B TRUE ™7 HE ! g
o—ImcNo FALSE - |_ @

® Set and Reset

=
The previous value of the output is retained while the master control is reset. Q
a
MC_ON Master control reset =
- MC .-—4-. S
—{ }7 In ENO — TRUE ' ' X

0 —MCNo ] —

MC_ON raLsE

A B A TRUE :
_{ C FALSE_I ; I_

Output from  TRUE
LD instruction FALSE —] ;

E

MCR 5 TRUE ]—__
EN ~ ENO— FALSE --

0—MCNo

Master control reset

\

TRUE
FALSE

MC_ON

:

TRUE

A FALSE

R

Output from  TRUE
LD instruction FALSE

B TRUE
FALSE

i
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MC_ON NG

T
0 —MCNo

ENO

_{A @B
MCR
ENO

EN
0—{MCNo

e CTU, CTD, and CTUD

TRUE —
FALSE

MC_ON

A

Output from
LD instruction

B TRUE
FALSE --

TRUE
FALSE

MC_ON

A

Output from
LD instruction

B TRUE
FALSE

TRUE ; ;
FALSE—| | :

TRUE
FALSE —!

TRUE
FALSE

TRUE
FALSE

Master control reset

'
aq
1
'
'

Master control reset

The previous counter value is retained while the master control is reset. When the master control reset
is cleared, counting continues from the counter value that was retained.

MC_ON Ve

H
0—MCNo

ENO

CTU_instance

A CTU
HF——c o
— Reset CV
— PV
MCR
EN  ENO
0—MCNo

MC_ON

A

Output from
LD instruction

- B

Master control reset
1 1

TRUE —
FALSE

TRUE : i

FALSE—I L_I: I_I I_J: I_
TRUE ] E |‘|
FALSE — L !

—

Operation of POUs with Input Upward Differentiation or Input Down-

ward Differentiation

The POUs that are given in the following table have upward or downward differentiation specifications.

Differentiation

Instructions

Input upward differen-
tiation

LD, LDN, AND, ANDN, OR, ORN, and Out with upward differentiation specifications

R_TRIG (Up)

Functions with an @ input upward differentiation option
Functions blocks (e.g., counter instructions) with input upward differentiation speci-

fications

Input downward differ-
entiation

LD, LDN, AND, ANDN, OR, ORN, and Out with downward differentiation specifica-

tions
F_TRIG (Down)
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When the master control is reset or the reset is cleared, the execution conditions for these POUs
change. That means that the upward or downward differentiation conditions for these POUs may be
met. If the upward or downward differentiation conditions are met, then the instructions are executed
accordingly.

e R_TRIG (Up)
When the master control is reset, the execution condition changes to FALSE. If the execution condi-

tion is TRUE when the master control reset is cleared, the input upward differentiation condition is met
and the instruction operates accordingly.

suolonIsu| [013u0) adusnbag

Master control reset
MC_ON MC

_{ }7“1 ENO— TRUE S A -
0 — MCNo
MC_ON ¢alsE
R_TRIG_instance : .
R_TRIG A JTRUE

A :
FALSE -
—{ }—\ Clk Ql—-B L

HOIN pue O

Output from  TRUE |_|
LD instruction FALSE —; ! !
MCR ! : -
EN ENO|— B TRUE |_|
0—MCNo FALSE /

Input upward differentiation condition met.

® F_TRIG (Down)

When the master control is reset, the execution condition changes to FALSE. If the previous execution
condition was TRUE, then the input downward differentiation condition is met. However, the value of
the output from the F_TRIG (Down) instruction during the master control reset is forced to change to
FALSE, so the output value changes to FALSE.

Master control reset
MC_ON MC

—{ }7 In ENO |— ' ! !
0—{MCNo TRUE

MC_ON raLsE

F_TRIG_instance H : :

TRUE : /0 :
A F_TRIG A CalsE : . I_I : :
—{ }—\Clk Q—B v : P H
TRUE |—| l‘
b matruaton PALSE— | o -
MCR : P '
EN  ENOf— B TRUE i : ﬂ
o—ImeNo FALSE S > L

The input downward differentiation
condition is met, but master control is
reset, so the output is FALSE.

® Set and Reset with Input Upward Differentiation Specification

The previous value of the output is retained while the master control is reset.
When the master control reset is cleared, the execution condition changes to TRUE and the instruc-
tion operates.
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MC_ON

H
0—MCNo

MC

ENO

H—0

MC_ON

A

Output from

TRUE
FALSE

TRUE
FALSE

Master control reset

]

’_l

TRUE i
LD instruction FALSE — . i

MCR 5 TRUE --]-—-_._
EN  ENO— FALSE --

0—MCNo
Master control reset
TRUE i —
MC_ON FALSE _I—
A FaLSE : 5
Outputfrom TRUE ! I
LD instruction FALSE : !
g TRUE ! |_
FALSE : /
Here, the input upward differentiation condition is met
and the output value changes to TRUE.
MC_ON MC Master control reset
_{ }7 e O TRUE — -
0 —MCNo
MC_ON raLsE
A B A TRUE I———|: :
_{ . FALSE .
Output from IIEBSEE
LD instruction Vo ' :
MCR g TRUE "7 o
EN ENO (— FALSE -+ [
0—{MCNo
Master control reset
TRUE i
MC_ON Al sE _I_
A TRUE ,_‘—|:
FALSE L :
Output from ;EIEJSEE :
LD instruction ' '
g TRUE 1 '
FALSE

\J

Here, the input upward differentiation condition is met
and the output value changes to FALSE.

® Set and Reset with Input Downward Differentiation Specification
When the master control is reset, the execution condition changes to FALSE. If the previous execution
condition was TRUE, then the input downward differentiation condition is met. However, during the
master control reset, the previous output value is retained, so as a result the value of the output is
retained.
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MC_ON MG Master control reset g)
_{ }7 R TRUE . - - E
0— MCNo o
MC_ON ealsE 3
: : : o
A B TRUE ] Bl : S
6 A FaLsE— I - 2
[ A : o
Output from IEIEJSEE ﬁ
MCR LD instruction , i ! E
EN ENO[— B TRUE : S
0—MCNo PALSE— @
The input downward differentiation
condition is met, but master control is
reset, so the output is retained.
<
MC_ON Master control reset o
MC o
—{ In  ENO|— RUE ' T ' a
0—1MCNo =
MC_ON palsE S
1 ' 1 ' Ry
A B TRUE il 5
_{ . A Fase—| poH I—
Output from EEI?SEE
MCR LD instruction : ; : :
EN ENOf— B TRUE : ; 5
0—{MCNo FALSE o

The input downward differentiation
condition is met, but master control
is reset, so the output is retained.

e CTU, CTD, and CTUD
When the master control is reset, the value of the counter input changes to FALSE. If the value of the
counter input is TRUE when the master control reset is cleared, the input upward differentiation condi-
tion is met and the instruction counts.

MC_ON MC Master control reset

—{ In ENO — ' .

MC_ON raLsE

CTU _instance

A CTU A TRUE _I——'—L
_{ cu Q — FALSE i ;

— Reset CV —B [

—_PV Output from IEIEJSEE

MCR LD instruction : '

EN ENO|— B _,—'_
/

0 —MCNo

Input upward differentiation condition met.

Always use the MC and MCR instructions as a pair in the same POU. The same value is used for
master control number MCNo for both of the paired MC and MCR instructions. The user does not set
the value of MCNo. It is automatically registered by the Sysmac Studio.

The MC and MCR instructions can be nested to up to 15 levels.
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MC
—{ In ENO |—
0—{MCNo
MC
—{ In ENO |—
1—MCNo
MCR
EN ENO |—
1—MCNo
MCR
EN ENO [—
0—MCNo

The following figure shows a programming example.
If the value of bit A is FALSE, the master control region is reset. While the master control region is in a
reset state, the TON instruction is reset. The MOVE instruction is not executed. Also the Out instruc-
tion and OutNot instruction will output FALSE to bits D and E.

MC

A
—{ }*In ENO |—
0 —{MCNo

TON_instance

B TON abc
i ™ 8
T#10ms —PT ET |— def
FOR
EN ENO—
UINT#0 —InitVal Index —position
UINT#10 —EndVal
UINT#1 —{StepVal / These are not executed.
MOVE
EN ENO—
INT#0 —{In Out — array[position]
NEXT
EN ENO|—

C D
—{ éE > FALSE is output.

MCR
EN

0 —]MCNo

ENO —

Precautions for Correct Use

2-84

» These instructions must be used in a ladder diagram. They cannot be used in ST. They also cannot
be used in inline ST in a ladder diagram.
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» Always connect In directly to the left bus bar. You cannot pass a variable or constant to In.

» Always use the MC and MCR instructions as a pair in the same POU.

» Always place the MCR instruction after the MC instruction.

* Do not nest the MC and MCR instructions to more than 15 levels.

« If there is inline ST in the master control region, the inline ST is not executed when the master con-

trol region is reset.

If you use the MC and MCR instructions and the JMP instruction together, the operation is as fol-

lows:

a) The following figure shows an MC-MCR pair inside a JMP-Label pair. Here, the jump is executed
regardless of the value of In.

L ]
suolonIsu| [013u0) adusnbag

Flow of processing

JMP instruction executed.
. % Label

i MC

E —{ }7 In ENO —
: 0 —{MCNo

HOIN pue O

Not executed due
to JMP instruction.

: MCR
: EN ENO|—

0 —MCNo

Label

~

Instructions after the label
are executed.

b) The following figure shows a JMP-Label pair inside an MC-MCR pair. Here, operation is as given
in the following table.

Value of In Operation

Master control region is not reset.

TRUE
The jump is made.

Master control region is reset.

FALSE
The jump is not made.
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® In = TRUE ® /n = FALSE

Flow of processing Flow of processing

MC instruction \

executed.
\

MC instruction not executed. MC

—{ }— In ENO |—
0 —MCNo
JMP instruction executed.
~ % Label

Not executed due
to JMP instruction.

MC

—{ }—In ENO |—
0 —{McNo
% Label

JMP instruction
not executed. N

Master control

Label reset Label
Instructions after the label
are executed.
MCR MCR
EN ENO|— EN ENO
, _ ~ 0 —MCNo _ , ~ 0 —|MCNo
MCR instruction not executed. MCR instruction
executed.

¢) In the following figure, the JMP instruction, the MC instruction, a Label, and the MCR instruction
are arranged in the stated order. First, the JMP instruction is executed. As a result, the MC in-
struction is not executed. Therefore, instructions can be executed after the Label. If the value of
Inis FALSE, the MCR instruction is executed, but nothing changes.

® In =TRUE ® /n = FALSE

Flow of processing Flow of processing

JMP instruction executed. : JMP instruction
i executed.
™~ % Label 5 ™~ % Label
Not executed due : MC : Not executed due : MC
to JMP instruction. |/ —{ }_ In ENO— ' to JMP instruction. | , : —{ }— In ENO |—
: 0 —MCNo ! ' 0 —MCNo
MC instruction ; ' MC instruction ;
not executed. . Label i not executed. . Label
Instructions after the : Instructions after the
label are executed. label are executed.
MCR ! MCR
- EN ENO| EN ENO|
MCR instruction 0 —{MCNo ' ) ) 0 —MCNo
+ MCR instruction
not executed. '

executed, but
nothing changes.

d) The instructions are in the following order in the following figure: MC instruction, JMP instruction,
MCR instruction, and Label. Here, operation is as given in the following table.

Value of In Operation

TRUE Mastler corﬁrol region is not reset.
The jump is made.

FALSE Master control region is reset.

The jump is not made.
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® In = TRUE ® /n = FALSE

Flow of processing Flow of processing

MC

, —{ }— In  ENO|—
! 0 —MCNo

Master control |

reset ! % Label

MC instruction \

executed.

MC instruction \ MC

not executed. _{ }— In ENO |—
0 — MCNo
% Label

JMP instruction executed.

suolonIsu| [013u0) adusnbag

Not executed due JMP instruction

to JMP instruction. | ! MCR not executed. MCR
; EN ENO|— EN ENO|
L
. A 0 —MCNo ~ 0 —{MCNo
aﬂoflz;gztrtl;tlon : MCR instruction
' . Label executed. Label

Instructions after the
label are executed.

HOIN pue O

* If you use the MC and MCR instructions and the FOR and NEXT instructions together, the operation
is as follows:
a) The following figure shows an MC-MCR pair inside a FOR-NEXT pair. Here, operation is as giv-
en in the following table.

Value of In Operation

Master control region is not reset.

TRUE
The FOR loop is executed.

Master control region is reset.
FALSE The FOR loop is executed, but the instructions between the MC and MCR instructions are
not executed.

® In = TRUE ® /n = FALSE

Flow of processing Flow of processing

FOR instruction executed. : FOR instruction
~— FOR i executed. N FOR
MC instruction mC : MC instruction MmC
not executed. —{ }— In ENO|— ! executed. ! —{ }— In ENO |—
0—MCNo ! ' 0 —{MCNo
, Master control *
MCR ; freset : MCR
EN ENO| \ EN ENO|—
; : 0—{MCNo ' 0 —{MCNo
MCR instruction ' MCR instruction
not executed. NEXT ' executed. NEXT

b) The following figure shows a FOR-NEXT pair inside an MC-MCR pair. Here, operation is as giv-
en in the following table.

Value of In Operation

Master control region is not reset.

TRUE
The FOR loop is executed.
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Value of In Operation

FALSE

Master control region is reset.
The FOR loop is not executed.

® /n=TRUE

Flow of processing

MC instruction MC
not executed. _{ In ENO
0 —MCNo
FOR instruction executed.
~ FOR
~~
NEXT
MCR
EN ENO
0 —{MCNo

MCR instruction

not executed.

® /n=FALSE
Flow of processing
MC instruction MC
executed. T _{ }_ In ENO |—
; 0 —MCNo
FOR instruction FOR
not executed. ™.
Master control
reset : NEXT
MCR
EN ENO —
MCR instruction 0 —MCRo
executed.

¢) A building error occurs if the FOR, NEXT, MC, and MCR instructions are used in either of the

following orders.

FOR, MC, NEXT, MCR, or MC, FOR, MCR, NEXT

2-88
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JMP

The JMP instruction moves processing to the specified jump destination.

FB/
Instruction Name FUN Graphic expression ST expression

% Label
JMP Jump FUN None

Variables

None

Function

When the execution condition is TRUE, the JMP instruction moves processing to the jump destination
specified by a Label in a ladder diagram. The label can be any text string.

The following figure shows a programming example. This example uses the text string STEP1 as the
label. When the JMP instruction is executed, processing moves to the location marked STEP1. In this
example, the Out instruction between the JMP instruction and the Label is not executed, and the value
of variable B is retained.

LD

—{ %> STEP1

Not executed and value of variable B retained.
A B /

H—0

STEP1

1O

Additional Information

* You can also jump to a Label instruction above the JMP instruction in the section.
* You can use the same Label instruction as the jump destination for more than one JMP instruction.

Precautions for Correct Use

* You cannot omit labels. If you omit a label, a building error will occur.
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2-90

Place the JMP and Label instructions in the same POU and in the same section.

¢ Do not set the same Label instruction more than once in the same section.
* You cannot jump into a FOR-NEXT loop from outside the loop.

The following restrictions apply to the characters that can be used as labels.

Item

Specification

Maximum number
of bytes

127 bytes
127 characters when converted to ACSII
31 characters when converted to Japanese characters (including single-byte kana)

Character code

UTF-8

Applicable char-
acters

Not case sensitive.
English alphanumeric characters and other language characters.
Symbols: _ (underbar) and ~ (tilda)

Prohibited text
strings

* Any text string that starts with ASCII characters 0 to 9 (character codes 16#30 to 16#39)
* A text string that consists of only a single _ (underbar) ASCII character

* Any text string that includes two or more consecutive _ (underbar) ASCII characters

* Any text string that starts with an _ (underbar) ASCII character

* Any text string that ends with an _ (underbar) ASCII character

* Any text string that starts with P_

Prohibited charac-
ters

Blank space | "#$ &' ()*+,-./:;<=>?2@[]1" %

* Variable names cannot be used as labels.
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FOR and NEXT

FOR : Marks the starting position for repeat processing and specifies the repeat condition.
NEXT : Marks the ending position for repeat processing.

suolonIsu| [013u0) adusnbag

FB/
Instruction Name FUN Graphic expression ST expression
FOR FOR Index:=InitVal TO
—IEN ENO}— Endval BY StepVal DO
FOR Repeat Start | FUN T|pievel ndexi— expression
—1EndVal .
—{StepVal END_FOR*;
-
*In ST, do not use NEXT to mark %
NEXT the ending position of repeat proc- o
NEXT Repeat End FUN —EN ENO— essing. Use END_FOR instead. ;
2
_‘
Variables
Meaning 110 Description Valid range Unit Default
Value to set the Index
InitVal Initial value to when repetition is Depends on da-
started. “ *2
Value of Index where ta type.
EndVal End value Input e -
repetition is stopped
Value .to add to Inqex Depends on da- )
StepVal Increment each time processing . 4
) ta type.™
is repeated
Depends on da-
Index Control variable Output Loop index P - -
ta type.

*1.  When using a ladder diagram, set InitVal so that it is less than EndVal.

*2.  If you omit an input parameter, the default value is not applied. A building error will occur.

*3.  When using a ladder diagram, 0 and negative numbers are not included. When using an ST program, 0 is not included.

*4.  If you omit the input parameter in a ladder diagram, the default value is not applied. A building error will occur. If you
omit the input parameter in ST, a default value of 7 is applied.

Real . .
Boo Bit strings Integers num- Times, durations,
lean : 9 9 dates, and text strings
bers
| w2 5(s|c|S|c|lae|l=|olc|m|5|2|0|4 a
o 61 5|9|c|2 2| E =
AR R HEHEHER T EERE:
InitVal OK | OK|OK|OK|OK|OK|OK | OK
e An enumeration, array element or structure member can also be specified.”
Vel [ 7 | T TJokJok]ok]ok[ok[ok[ok]ok] [ [ [ | [ |
An array element or structure member can also be specified.
Stopval 7 | T TJokJok]ok]ok[ok[ok[ok]ok] [ [ [ | [ |

An array element or structure member can also be specified.
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Real

Boo . . Times, durations,
Bit strings Integers num- i
lean bers dates, and text strings
O | - (7
c r
82/ 8|5/3/8|c|S|E|lg|l=|2|c|B|Rl2|8| 2|3
0 |4 2|Q|%812|3/2|2|3|5|2|3|2/8|=|3|8|"]|%2
r|mio|8|§g|S5|7|5]S = Fl 2| M| m 5
OK|OK | OK| OK| OK | OK | OK | OK
Index

An array element or structure member can also be specified.

*1. You cannot specify enumerations in ladder diagrams.

Function

The FOR and NEXT instructions repeat the processing that you place between them. (FOR and
END_FOR are used in ST.)
The processing procedure for a FOR-NEXT loop is as follows:

1 The value of InitVal is set in control variable Index.

2 The values of StepVal, Index, and EndVal are checked to see if the conditions in the following
table are met. If the conditions are met, processing moves to step 3. If the conditions are not
met, repeat processing is not performed, and processing moves to the next process after the
NEXT instruction (or END_FOR in ST).

Programming language | Conditions to start repeat processing
Ladder diagram StepVal = 0 and Index < EndVal
StepVal z 0 and Index < EndVal
StepVal < 0 and Index = EndVal

ST

3 The values of Index and EndVal are checked to see if the conditions in the following table are
met. If the conditions are met, processing moves to step 4. If the conditions are not met, repeat
processing is ended, and processing moves to the next process after the NEXT instruction (or
END_FORin ST).

Programming language | Conditions to continue repeat processing
Ladder diagram Index < EndVal

If StepVal =2 0, Index must be < EndVal

If StepVal < 0, Index must be = EndVal

ST

4 The processing between the FOR instruction and the NEXT instruction (or the END_FOR in-
struction in ST) is executed once.

5 The value of StepVal is added to Index.

6 Processing returns to step 3.

The following example is for when InitVal is INT#0, EndVal is INT#9, and StepVal is INT#1. The MOVE
instruction is executed 10 times and INT#0 is assigned to array variables AryOut[0] to AryOut[9].
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LD ST

FOR position:=INT#0 TO INT#9 BY INT#1 DO
AryOut[position]:=INT#0;

(7]
o
-1
[=
(]
=]
8
END_FOR;

FOR - g:
EN ENO— g,_
INT#0—InitVal Index—position o:
INT#9—EndVal )
INT#1—StepVal g
a
MOVE g'
EN ENO— )

INT#0 —]In Out — AryOut[position]

NEXT
EN ENO—

START

INT#0 — InitVal
INT#9 — EndVal
INT#1 — StepVal

1X3N pue 404

InitVal — Index

StepVal > 0 and
Index < EndVal *

INT#O is assigned in order
to AryOut[0] to AryOut[9].

AryOut[0] [INT#0
AryOut[1] [INT#0
AryOut[2] [INT#0
AryOut[3] [INT#0
AryOut[4] [INT#0
AryOut[5] [INT#0
AryOut[6] [INT#0
AryOut[7] [INT#0
AryOut[8] [INT#0
AryOut[9] [INT#0

Index < EndVal

INT#0 — AryOut[Index]
Index + StepVal — Index

* For ST: InitVal < EndVal
END

ST Programming Example That Uses Expressions or Functions for In-
put Variables.

If you use these instructions in an ST program, you can use the following notation for the /nitVal,
EndVal, and StepVal input variables.

* An expression with an integer result

» A function that returns an integer

A function that returns an enumerator
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The following shows an example with EndVal for the function and StepVal for the expression.
A:= DINT#1;

B:= DINT#2;

C:= REAL#9.6;

FOR 1 := 0 TO RoundUp (C) BY A+B DO
DINTArray[i]:= 1i;
END FOR;

L~ Version Information

Sysmac Studio version 1.08 or higher is required to use expressions for EndVal and StepVal.
You can use an expression for /nitVal even with Sysmac Studio version 1.07 or lower.

Additional Information

« Execute the BREAK instruction (or the EXIT instruction in ST) to cancel repeat processing. The
processing between the BREAK instruction and the NEXT instruction will not be executed.

* FOR-NEXT loops (or FOR-END_FOR loops in ST) can be nested. In the following figure, the proc-
esses are performed in the following order.
Process A — Process B — Process B — Process C — Process A — Process B — Process B —
Process C — Process A — Process B — Process B — Process C

InitVal = INT#0
I / EndVal = INT#2
StepVal = INT#1
Process
A Initval = INT#0
B EndVal = INT#1
StepVal = INT#1
Process
B
NEXT
Process
C
L NEXT

Precautions for Correct Use

* In a ladder diagram, connect the FOR and NEXT instructions directly to the left bus bar.

» Always use the FOR and NEXT instructions (FOR and END_FOR statements in ST) as a pair. A
programming error will occur if there is not the same number of both instructions.

* Program the paired FOR and NEXT instructions in the same section.

» Set the condition to end repetition carefully so that you do not create an infinite loop. If an infinite
loop occurs, task execution will time out.
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If the values that are given in the following table are used for the input parameters to the variables,
the value of Index will never be greater than the value of EndVal because the maximum value of

SINT data is 127. Therefore, an infinite loop is created.
Do not set the maximum value for the data type in EndVal.

Variable | Value of input parameter

InitVal SINT#0

EndVal | SINT#127

StepVal | SINT#1

Index -

» The following table describes operation according to the values of StepVal, InitVal, and EndVal.

Programming
language

Value of StepVal

Values of InitVal and
EndVal

Operation

Ladder diagram

StepVal > 0

InitVal < EndVal

Operation is normal.

InitVal > EndVal

The processing between the FOR and
NEXT instructions is not executed even
once.

An error does not occur.

StepVal <0

InitVal < EndVal

The processing between the FOR and
NEXT instructions is executed an indeter-
minate number of times.

Do not use settings like these. An error
does not occur.

InitVal = EndVal

The processing between the FOR and
NEXT instructions is not executed even
once.

An error does not occur.

StepVal =0

InitVal < EndVal

An infinite loop occurs and task execution
times out.

InitVal 2 EndVal

The processing between the FOR and
NEXT instructions is not executed even
once.

An error does not occur.

ST

StepVal > 0

InitVal < EndVal

Operation is normal.

InitVal > EndVal

The processing between the FOR and
END_FOR instructions is not executed
even once.

An error does not occur.

StepVal <0

InitVal < EndVal

The processing between the FOR and
END_FOR instructions is not executed
even once.

An error does not occur.

InitVal = EndVal

Operation is normal.

StepVal =0

InitVal < EndVal

An infinite loop occurs and task execution
times out.

InitVal > EndVal

The processing between the FOR and
END_FOR instructions is not executed
even once.

An error does not occur.
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2-96

The FOR-NEXT loops can be nested up to 15 levels, but count all nesting levels for the following
instructions: IF, CASE, FOR, WHILE, and REPEAT.

If loops are nested, you will need one BREAK instruction (or one EXIT instruction in ST) for each
nesting level to cancel all repeat processing.

Do not use Jump Instructions (e.g., the JMP instruction) to interrupt repeat processing. Always use
the BREAK instruction (or the EXIT instruction in ST) to cancel repeat processing.

The operation to change the values of InitVal, EndVal, and StepVal during repeat processing is dif-
ferent in a ladder diagram and ST.

Operation
Variable
Ladder diagram ST
InitVal The new value is not applied until repeat proc- | The new value is not applied until repeat proc-
essing is completed. essing is completed.
EndVal The new value is applied even during repeat
processing.
StepVal The intended operation may not occur. Do not
change the value of this variable during repeat
processing.

* In a ladder diagram, use the same data type for InitVal, EndVal, StepVal, and Index. Otherwise, a

building error will occur.

Set the data type of Index to include the valid ranges of /nitVal, EndVal, and StepVal. Otherwise, a
building error will occur.

The value of Index after repeat processing is different in a ladder diagram and ST. In a ladder dia-
gram, the value of StepVal is not added to /ndex at the end of repeat processing. In ST, the value of
StepVal is added to Index at the end of repeat processing. Processing is repeated the same number
of times.

The following example is for when InitVal is 1, EndVal is 100 and StepVal is 1.

Ladder diagram

ST

The value of Index will be 100 after 100 repetitions.

The value of Index will be 101 after 100 repetitions.

» Caution is required when you specify upward or downward differentiation for a LD, AND, or OR in-

struction in a FOR loop in a ladder diagram and an array is used for the LD, AND, or OR instruction.
For upward or downward differentiation, the value of the specified variable at the previous execution
is compared with the value of the specified variable at the current execution to determine upward or
downward differentiation. Normally, the value of the specified variable does not change every time
the instruction is executed. However, if an array is specified in a FOR loop, the array element
changes each time the instruction is executed. Therefore, upward or downward differentiation is de-
termined by comparing different array elements.

The following table shows the relationship between the values of x[i-1] and x[i], and the increment

processing for Count1[i].

Value of x[i-1] | Value of x[i] | Increment processing for Count1[i]
TRUE TRUE Not executed.

TRUE FALSE Not executed.

FALSE TRUE Executed.

FALSE FALSE Not executed.
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FOR
EN ENO—
DINT#0 —{InitVal Index|—i
DINT#10—jEndVal
DINT#1 —|StepVal

suolonIsu| [013u0) adusnbag

i Inc
_{ T i— EN ENO|—
InOut
Count1[i]—F------------ -
; o . ; i NEXT
Upward differentiation is detected by comparing x[i] to x[i-1]. NG

* In the following programming, upward differentiation of x[i] is detected by the R_TRIG instruction. An
instance of the R_TRIG instruction is provided for each element of x][i], so it is possible to detect the
elements of x[i] for which there was upward differentiation. The following table shows the relation-
ship between the value of x][i] for the previous execution of R_TRIG_instance]i], the value of x][i] for
the current execution of R_TRIG_instance[i], and the increment processing of Count2][i].

1X3N pue 404

Value of x[i] for previous exe- | Value of x[i] for current execu-

I t ing for Count2]i
cution of R_TRIG_instance[i] | tion of R_TRIG_instancel[i] nerement processing for Count2(i]

TRUE TRUE Not executed.
TRUE FALSE Not executed.
FALSE TRUE Executed.

FALSE FALSE Not executed.

The values of x[i] at the previous

FOR execution and the current execution of
EN ENO— R TRIG_instance[i] are compared to
DINT#0 —{InitVal Index—!  determine upward differentiation.

DINT#10—{EndVal
DINT#1 —]{StepVal /

R_TRIG_instanceli]
x[i] R_TRIG

—{ '—Clk Q—

R_TRIG_instancel[i].Q

I i EN ENO—

Count2[i]—--=--=--==-- |

NEXT
EN ENO—
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BREAK

The BREAK instruction cancels repeat processing from the innermost FOR instruction to the NEXT in-

struction.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
BREAK
BREAK Break Loop FUN —EN ENO— None
Variables
None
Function

The BREAK instruction cancels the repeat processing from the lowest level FOR instruction to the
NEXT instruction. It moves processing to the next instruction after the NEXT instruction.
The processing between the BREAK instruction and the NEXT instruction is not executed.

The following figure shows a programming example. When the FOR loop is executed, the value of var-
iable A is checked each time. If the value of variable A is TRUE, the repeat processing is ended imme-
diately.

In this example, the Out instruction after the BREAK instruction is not executed, and the value of varia-
ble C is retained.

LD

FOR

EN ENO—

INT#0 —]InitVal Index|—position
INT#10—EndVal
INT#1 —StepVal

BREAK

I e
1O

NEXT
EN ENO—
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INT#0 — InitVal
INT#10 — EndVal
INT#1 — StepVal

StepVal > 0 and InitVal < EndVal

InitVal — Index

FALSE

Index < EndVal

END

Precautions for Correct Use

If the value of A is
TRUE, the repeat
processing is ended
immediately. The value
of C is retained.

2 Instruction Descriptions

» Always place this instruction between the FOR and NEXT instructions.
+ If you nest FOR and NEXT instructions, one BREAK instruction is required for each nesting level to

end all of the repeat processing.

* Do not use Jump Instructions (e.g., the JMP instruction) to interrupt repeat processing. Always use
the BREAK instruction to cancel repeat processing.
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Comparison Instructions

Instruction Name Page
EQ (=) Equal page 2-102
NE (<>) Not Equal page 2-105
LT (<), LE (<=), GT (»), and GE Less Than/Less Than Or Equal/Greater Than/Greater Than Or Equal page 2-108
(>=)
EQascii Text String Comparison Equal page 2-111
NEascii Text String Comparison Not Equal page 2-113
LTascii, LEascii, GTascii, and Text String Comparison Less Than/Text String Comparison Less Than | page 2-115
GEascii or Equal/Text String Comparison Greater Than/Text String Comparison
Greater Than or Equal
Cmp Compare page 2-118
ZoneCmp Zone Comparison page 2-120
TableCmp Table Comparison page 2-122
AryCmpEQ and AryCmpNE Array Comparison Equal/ Array Comparison Not Equal page 2-125
AryCmpLT, AryCmpLE, Ar- Array Comparison Less Than/Array Comparison Less Than Or Equal/ | page 2-127
yCmpGT, and AryCmpGE Array Comparison Greater Than/Array Comparison Greater Than Or
Equal
AryCmpEQV and AryCmpNEV Array Value Comparison Equal/Array Value Comparison Not Equal page 2-130
AryCmpLTV, AryCmpLEV, Ar- Array Value Comparison Less Than/Array Value Comparison Less page 2-132
yCmpGTYV, and AryCmpGEV Than Or Equal/Array Value Comparison Greater Than/Array Value
Comparison Greater Than Or Equal
NJ/NX-series Instructions Reference Manual (W502) 2-101
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EQ ()

The EQ (=) instruction determines if the values of two or more variables are all equivalent.

FB/
Instruction Name FUN Graphic expression ST expression
(@EQ
—EN —Out
—In1
— Out:=(In1=In2) & (In2=In3) & -+ &
ut:=(In1=In n2=In
EQ(=) Equal FUN (@)= (INN-1=InN);
—EN —~Out
—In1
—{InN
Variables
Meaning 110 Description Valid range Unit Default
Val t D -
In1 to InN Comparison data Input Na=u2estooscompare taeti)/zr:js on da -— 01
D d da-
Out Comparison result Output Comparison result taeti)/;e)r; sonda -—-

*1.  If you omit the input parameter that connects to /nN, the default value is not applied, and a building error will occur.
For example, if N is 3 and the input parameters that connect to In7 and /n2 are omitted, the default values are applied,
but if the input parameter that connects to In3 is omitted, a building error will occur.

Boo . 5 Real Times, durations,

Bit strings Integers num- '
lean bers dates, and text strings
g | c 7]
8 2/8|5/5/8|c|E|E|lgl=|2|c|RR2|8| 2|3
0 |3|2|S/%/2|3/2|2/2|/3|3|2|=|0|2|3(8|9|%2
r|m|e|8|8|3|7|5|5|7 = -2 M| m F
OK | OK | OK | OK | OK

OK |OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK| , . . . .

In1 to InN T 1 1 1

Enumerations can also be specified.

Out o) [ I [ 1 [ [P PP

*1. You can specify TIME, DATE, TOD, DT, and STRING data with Sysmac Studio version 1.02 or higher. If you open a
project that was created with Sysmac Studio version 1.01 or lower on Sysmac Studio version 1.02 or higher and then
use any of these data types, refresh the display. To refresh the display, right-click the instruction in the Edit Pane and
select Update. If you do not refresh the display, a building error will occur.

Function

The EQ (=) instruction determines if the contents of from two to five variables In1 to InN are all equiva-
lent.

The comparison result Out is TRUE only when all values are equivalent. Otherwise, the value of Out is
FALSE.
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When comparing STRING data, "equivalent" means that both the lengths and contents of the text
strings are the same.

The following example is for when In7 is INT#3, In2 is INT#5 and In3 is INT#10. The value of variable
abc will be FALSE.

LD ST

abc:=(INT#3=INT#5)&(INT#5=INT#10);

EQ abc

b O
INT#3 —In1
INT#5 —{In2
INT#10 —In3

The EQ instruction determines if In1 to In3 are all equivalent.
If they are different, the value of abc will be FALSE.

Compared to see if they are equivalent.
Different.

_— Out=abc
in in2 In3

Additional Information

» The functions of the EQ instruction and the = instruction are exactly the same. Use the form that is
easier to use.

* When you compare TIME, DT, or TOD data, adjust the accuracy of their values so that the compari-
son can be based on the same accuracy. Use the following instructions to adjust the accuracy:
TruncTime on page 2-702, TruncDt on page 2-706, and TruncTod on page 2-710.

Precautions for Correct Use

« If the data types of In1 to InN are different, they will be expanded to a data type that includes the
ranges of all of the data types.

* You cannot compare bit string data (BYTE, WORD, DWORD, or LWORD) with integers(SINT, INT,
DINT, LINT, USINT, UINT, UDINT, and ULINT). You cannot compare bit string data to real number
data (REAL and LREAL).

+ Signed integers (SINT, INT, DINT, and LINT) cannot be compared to unsigned integers (USINT,
UINT, UDINT, and ULINT).

» Always compare data with the same data type for TIME, DATE, TOD, DT, and STRING data. If vari-
ables with different data types are specified, a building error will occur.

* You can compare enumerations only to other enumerations. The data types must also be the same
to compare enumerations.

» Two values that are positive infinity or two values that are negative infinity are equivalent.

« If any of the values of In7 to InN is nonnumeric data, the value of Out is FALSE.

« If this instruction is used in a ladder diagram, the value of Out changes to FALSE if an error occurs
in the previous instruction on the rung.
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2 Instruction Descriptions

» If In1to InN are real numbers, the desired results may not be achieved due to rounding error. Do not

use this instruction to check if two values are equal when one or more of them is a real number. Use
a value comparison instruction and check to see if the difference in the absolute values is within the
allowable range. For example, the following programming can be used to check to see if the sum of
REAL variables real_a and real_b is equal to 0.1. If the value of BOOL variable boolv is TRUE, the
two values are considered to be equal.

boolv:=(ABS((real_a + real_b) - 0.1) < threshold);

threshold: Value for allowable range
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NE (<>)

2
o
3
H
The NE (<>) instruction determines if the values of two variables are not equivalent. g'
=]
: FBI : . : 2
Instruction Name FUN Graphic expression ST expression g
2]
(@)NE 2
—EN —Out
—In1
—In2
NE(<>) Not Equal FUN @)<> Out:=(In1<>In2);
—EN —Out
—In1 z
—{in2 m
A
N2
Variables
Meaning /10 Description Valid range Unit Default
D d da-
In1 and In2 | Comparison data Input Values to compare ependsonda- | "
ta type.
D d da-
Out Comparison result Output Comparison result taetszz sonda-) -

*1. If you omit an input parameter, the default value is not applied. A building error will occur.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | (7]
W | m| = clclC€lC|lon|l_|lolrcrlalGFla|o| 4 =
S|3|5/8|5|2|5|2|5|%|2|2|5|8|8|2|5|8|g|2
r|/mg|8|&8|5|* 5|5 S| =H || 2| m m|© 3
OK|OK|OK | OK | OK
OK |[OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK| , . . . .
In1 and In2 1 1 1 1 1
Enumerations can also be specified.
Out o | [ [ [ ]

*1.  You can specify TIME, DATE, TOD, DT, and STRING data with Sysmac Studio version 1.02 or higher. If you open a
project that was created with Sysmac Studio version 1.01 or lower on Sysmac Studio version 1.02 or higher and then
use any of these data types, refresh the display. To refresh the display, right-click the instruction in the Edit Pane and
select Update. If you do not refresh the display, a building error will occur.

Function

The NE (<>) instruction determines if the contents of two variables In71 and In2 are not equivalent.
If they are not equivalent, the comparison result Out is TRUE. If they are equivalent, it is FALSE.
When comparing STRING data, "equivalent” means that both the lengths and contents of the text
strings are the same.

The following example is for when In1 equals /n2 (both have a value of INT#5). The value of variable
abc will be FALSE.
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LD ST

abc:=(INT#5<>INT#5);

NE abc

— free —O

INT#5—{In2

The NE instruction determines if In1 and In2 are different.
If they are the same, the value of abc will be FALSE.

Compared to see if they are different.

Equivalent

— Qut=abc

Additional Information

» The functions of the NE instruction and the <> instruction are exactly the same. Use the form that is

easier to use.

* When you compare TIME, DT, or TOD data, adjust the accuracy of their values so that the compari-

son can be based on the same accuracy. Use the following instructions to adjust the accuracy:
TruncTime on page 2-702, TruncDt on page 2-706, and TruncTod on page 2-710.

Precautions for Correct Use

2-106

If the data types of In1 and In2 are different, the smaller one is expanded to a data type that in-
cludes the ranges of both of the data types.

You cannot compare bit string data (BYTE, WORD, DWORD, or LWORD) with integers (SINT, INT,
DINT, LINT, USINT, UDINT, ULINT). You cannot compare bit string data with real number data (RE-
AL and LREAL).

Signed integers (SINT, INT, DINT, and LINT) cannot be compared to unsigned integers (USINT,
UINT, UDINT, and ULINT).

Always compare data with the same data type for TIME, DATE, TOD, DT, and STRING data. If vari-
ables with different data types are specified, a building error will occur.

You can compare enumerations only to other enumerations. The data types must also be the same
to compare enumerations.

Two values that are positive infinity or two values that are negative infinity are equivalent.

If the value of either In1 or In2 is nonnumeric data, the value of Out is TRUE.

If this instruction is used in a ladder diagram, the value of Out changes to FALSE if an error occurs
in the previous instruction on the rung.

If In1 and In2 are real numbers, the desired results may not be achieved due to rounding error. Do
not use this instruction to check if two values are different when one or both of them is a real num-
ber. Use a value comparison instruction and check to see if the difference in the absolute values is
greater than the allowable range. For example, the following programming can be used to check to
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2 Instruction Descriptions

see if the sum of REAL variables real_a and real_b is not equal to 0.1. If the value of BOOL variable
boolv is TRUE, the two values are considered to be not equal.

boolv:= (ABS((real_a + real_b) - 0.1) > threshold);

threshold: Value for allowable range

suoionJsu| uosuedwon
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LT (<), LE (<), GT (>),

These instructions compare the sizes of two or more values.

LT (<)

Performs a less than comparison.

LE (<=) : Performs a less than or equal comparison.

GT(>)
=)

GE (>

Performs a greater than comparison.
Performs a greater than or equal comparison.

and GE (>=)

Instruction

Name

FB/
FUN

Graphic expression

ST expression

LT(<)

Less Than

FUN

(@)LT
—EN —Out
—In1
—inN

(@)<

—EN —Out
—In1

—InN

Out:=(In1<In2) & (In2<In3) & -+ &
(InN-1<InN);

LE(<=)

Less Than Or
Equal

FUN

(@)LE
—EN —Out
—In1
—inN

(@)<=

—EN —Out
—In1

—InN

Out:=(In1<=In2) & (In2<=In3) & --*
& (InN-1<=InN);

GT(>)

Greater Than

FUN

(@)GT
—EN —Out
—In1

—InN

(@)
—EN —Out
—In1

—InN

Out:=(In1>In2) & (In2>In3) & -+ &
(InN-1>InN);

GE(>=)

Greater Than
Or Equal

FUN

(@)GE
—eN L out
—In1
—inN

(@)>=

—EN —Out
—In1

—InN

Out:=(In1>=In2) & (In2>=In3) & -
& (InN-1>=InN);

2-108
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Variables
Meaning 1/10 Description Valid range Unit Default
. Values to compare Depends on da-
In1to InN C dat Input --- 1
n1toIn omparison data npu N=2t05 ta type.
. . Depends on da-
Out Comparison result Output Comparison result ta type - -

*1.  If you omit the input parameter that connects to InN, the default value is not applied, and a building error will occur.
For example, if N is 3 and the input parameters that connect to /In71 and In2 are omitted, the default values are applied,
but if the input parameter that connects to /n3 is omitted, a building error will occur.

R
Boo . . eal Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| - [7)
@ | o= = c|c _ 2|5 alo @
AEIFHHHEEHEHBEEHEHEHBEEE
o Bla|2a|3|5|2|3|S5 | |55 |g|l2|mm|O| |2
r|mlo|lg|lg|d =5 | 4 -~ B o
OK | OK | OK | OK OK | OK | OK | OK | OK
In1 to InN P T OK|OK|OK|OK|OK|OK|OK |OK |OK |OK o | | o |
Out OK

*1.  You can specify BYTE, WORD, DWORD, LWORD, TIME, DATE, TOD, DT, and STRING data with Sysmac Studio ver-
sion 1.02 or higher. If you open a project that was created with Sysmac Studio version 1.01 or lower on Sysmac Studio
version 1.02 or higher and then use any of these data types, refresh the display. To refresh the display, right-click the
instruction in the Edit Pane and select Update. If you do not refresh the display, a building error will occur.

Function

These instructions compare the data in In1 to InN (N = 2 to 5).
The output value Out is shown below for each instruction.

Instruction Value of Out

LT (<) If In1 < In2 < ... <InN, Out is TRUE. Otherwise, it is FALSE.

LE (<=) If In1 <= 1In2 <= ... <= InN, Out is TRUE. Otherwise, it is FALSE.
GT (>) If In1>In2> ... > InN, Out is TRUE. Otherwise, it is FALSE.
GE (>=) If In1>=1In2 >= ... >=InN, Out is TRUE. Otherwise, it is FALSE.

The relationship between values with data types that are not integers or real numbers are determined
as given in the following table.

Data type Relationship
BYTE, WORD, . . .
DWORD., or LWORD The data is compared as unsigned integers.
TIME The numerically larger value is considered to be larger.

DATE, TOD, or DT Later dates or times of day are considered to be larger.

The specifications are the same as for the instructions, LTascii, LEascii, GTascii, and
STRING GEascii on page 2-115.
Refer to the specified page for details.

The following example shows the LE instruction when In1 is INT#3, In2 is INT#5 and In3 is INT#10.
The value of variable abc will be TRUE.
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2 Instruction Descriptions

LD ST

abc:=(INT#3<= INT#5)&(INT#5<=INT#10);

LE abc

 free —O

INT#5—{In2
INT#10—{In3

The LE instruction determines if In1 < In2 < In3.
If the comparison conditions are met, the value of abc will be TRUE.

Values are compared to see
if In1<1In2<In3.

Comparison conditions met.
—— Out=abc [ TRUE

In1 In2 [INT#5 |  In3 [INT#10]

Additional Information

« The functions of the LT and < instructions, the LE and <= instructions, the GT and > instructions,

and the GE and >= instructions are exactly the same. Use the form that is easier to use.

* When you compare TIME, DT, or TOD data, adjust the accuracy of their values so that the compari-

son can be based on the same accuracy. You can use the following instructions to adjust the accu-
racy: TruncTime on page 2-702, TruncDt on page 2-706, and TruncTod on page 2-710.

Precautions for Correct Use

2-110

If the data types of In1 to InN are different, they will be cast to a data type which can accommodate
every possible value in all the types before comparison.

Signed integers (SINT, INT, DINT, and LINT) cannot be compared to unsigned integers (USINT,
UINT, UDINT, and ULINT).

You cannot compare bit string data (BYTE, WORD, DWORD, or LWORD) with integers (SINT, INT,
DINT, LINT, USINT, UINT, UDINT, or ULINT). You cannot compare bit string data with real number
data (REAL or LREAL).

Always compare data with the same data type for TIME, DATE, TOD, DT, and STRING data. If vari-
ables with different data types are specified, a building error will occur.

If In1 to InN are real numbers and include any non-terminating decimal numbers, error may cause
unexpected processing results.

Two values that are positive infinity or two values that are negative infinity are equivalent.

If any of the values of In1 to InN is nonnumeric data, the value of Out is FALSE.

If this instruction is used in a ladder diagram, the value of Out changes to FALSE when an error
occurs in the previous instruction on the rung.
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2 Instruction Descriptions

EQascii

o
o
3
H
The EQascii instruction determines if two or more text strings are all equivalent. g'
=]
: FB/ . . : 3
Instruction Name FUN Graphic expression ST expression g
2]
(@)EQascii g
Text String —EN — Out
EQascii Comparison FUN flm Out:=EQascii(In1, -+, InN);
Equal — IHN
m
£
Variables 8,
Meaning 110 Description Valid range Unit Default
In1 to InN Co.mparison text Input Text strings to compare | Depends on da- . w1
strings N=2to5 ta type.
) ) Depends on da-
Out Comparison result Output Comparison result ta type - -

*1.  If you omit the input parameter that connects to /nN, the default value is not applied, and a building error will occur.
For example, if N is 3 and the input parameters that connect to In1 and In2 are omitted, the default values are applied,
but if the input parameter that connects to /n3 is omitted, a building error will occur.

Real

Boo . . ea Times, durations,

Bit strings Integers num- .

lean bers dates, and text strings

O - [7)

W | w| = c C | c _ x| 540 b

S|%/8|8(5|2/5/2|5|2/2|2|5|F @ E|2(8|c|z

r|m| o|3 = e = = S| =H || 2| m m|© 3

In1 to InN OK
Out OK
Function

The EQascii instruction determines if two to five text strings In7 to InN are all equivalent.

If the are all equivalent, comparison result Out changes to TRUE. Otherwise, the value of Out is
FALSE.

"Equivalent" means that both the lengths and contents of the text strings are the same.

The following example is for when In1is 'A’, In2 is 'AB', and In3 is 'ABC'. The value of variable abc will
be FALSE.
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LD ST

abc:=EQascii('A, ‘AB’, ‘ABC’);

EQascii abc

H b
‘A—In1

‘AB—{In2
‘ABC'—In3

The EQascii instruction determines if In1 to In3 are all equivalent.
If they are different, the value of abc will be FALSE.

Compared to see if they are equivalent.

Different.
/’\—. Out = abc |FALSE

In1 n2 ['AB" | n3 ['ABC' ]

Additional Information

The text string comparison instructions are convenient when you want to reorder text strings according
to the character codes. For example, the character codes for alphabet characters are in the same or-
der as the alphabet characters. This allows you to alphabetize.

|~ Version Information

With Sysmac Studio version 1.02 or higher, the instruction, EQ (=) on page 2-102, can also be
used to compare text strings. The specifications of the EQ (=) instruction for comparing text
strings are the same as those of the EQascii instruction.

Precautions for Correct Use

» Do not use this instruction as the rightmost instruction on a rung. If you do, an error occurs on the
Sysmac Studio and you cannot transfer the user program to the Controller.

« If this instruction is used in a ladder diagram, the value of Out changes to FALSE when an error
occurs in the previous instruction on the rung.

» Specify text strings that contain only ASCII characters for In1 to InN.
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NEascii

— o
o
3
H
The NEascii instruction determines if two text strings are not equivalent. g'
=]
: FBI : . : 2
Instruction Name FUN Graphic expression ST expression g
2]
. (@)NEascii g
Text String _lEN L out o
NEascii Comparison FUN —In1 Out:=NEascii(In1, In2);
Not Equal —In2
. z
Variables 7
Q:
Meaning /10 Description Valid range Unit Default
C ison text Depends on da-
In1 and In2 qmparlson ex Input Text strings to compare ependsonda- | "
strings ta type.
D d da-
Out Comparison result Output Comparison result taetszz sonda-) -

*1.  If you omit an input parameter, the default value is not applied. A building error will occur.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
O = (7))
W | w| = c c | c _ x|l 540 b
S|2/5|8|5|¢|S|g|c|2\z|2|E|F|A|I2|5|8|g|z
r|/mg|83&8|5| 5|5 S| 4| F|E2|mM| m|O 3
In1 and In2 OK
Out OK
Function

The NEascii instruction determines if two text strings /In1 and In2 are not equivalent.
Comparison result Out will be TRUE if they are different, and will be FALSE if they are the same.
"Equivalent” means that both the lengths and contents of the text strings are the same.

The following example is for when In7 is 'A" and In2 is 'AB'. The value of variable abc will be TRUE.

LD ST

abc:=NEascii(A, ‘AB’);

NEascii abc

— e —O

‘AB—In2
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The NEascii instruction determines if In1 and In2 are different.
If they are different, the value of abc will be TRUE.

Compared to see if they are different.
Different

——  Out=abc

Additional Information

The text string comparison instructions are convenient when you want to reorder text strings according
to the character codes. For example, the character codes for alphabet characters are in the same or-
der as the alphabet characters. This allows you to alphabetize.

L~ Version Information

With Sysmac Studio version 1.02 or higher, the instruction, NE (<>) on page 2-105, can also be
used to compare text strings. The specifications of the NE (<>) instruction for comparing text
strings are the same as those of the NEascii instruction.

Precautions for Correct Use

» Do not use this instruction as the rightmost instruction on a rung. If you do, an error occurs on the

Sysmac Studio and you cannot transfer the user program to the Controller.
« If this instruction is used in a ladder diagram, the value of Out changes to FALSE when an error

occurs in the previous instruction on the rung.
» Specify text strings that contain only ASCII characters for /In1 and In2.
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LTascii, LEascii, GTascii, and

HE 9
©
Eascii :
a.
o
=]
2
These instructions compare the sizes of two or more text strings. 3
2]
LTascii Performs a less than comparison. g
LEascii Performs a less than or equal comparison.
GTascii Performs a greater than comparison.
GEascii Performs a greater than or equal comparison.
: FB/ . . . o
Instruction Name FUN Graphic expression ST expression o
e
(@)LTascii @
Text String —EN — Out )
LTascii Comparison FUN flm Out:=LTascii(In1, -+, INN); 9
Less Than —InN §
_;):
a
. (@)LEascii o
'Cl':ext Strl.ng —en L out 3),-.)-,
LEascii ompanson 1 eyN —{n Out:=LEascii(In1, -, InN); o
Less Than or s
Equal —nN
(@)GTascii
Text String —EN — Out
GTascii Comparison FUN flm Out:=GTascii(In1, -+, InN);
Greater Than —InN
. (@)GEascii
'cl;ext Strl.ng —en L out
GEascii omparison - ey —{n Out:=GEascii(In1, -+, InN);
Greater Than or o
Equal —nN
Variables
Meaning 110 Description Valid range Unit Default
In1 to InN Cqmparison text Input Text strings to compare | Depends on da- . w1
strings N=2to5 ta type.
. . Depends on da-
Out Comparison result Output Comparison result ta type - -

*1.  If you omit the input parameter that connects to InN, the default value is not applied, and a building error will occur.
For example, if N is 3 and the input parameters that connect to /In71 and In2 are omitted, the default values are applied,
but if the input parameter that connects to /n3 is omitted, a building error will occur.
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Real
Boo . . Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
O | - (7
W | m| = ClclC|lCSlow|l_|lolr|lma|GF|alo]| 4 =
AEIEIHEEEEEBHEE T HEEEE
r|m| 5| 8|8|5|°|5|5]" S|4~ 2| m m|© 3
In1 to InN OK
Out OK
Function

2-116

These instructions compare the sizes of from two to five text strings in In1 to InN (N = 2 to 5).
The output value Out is shown below for each instruction.

Instruction Value of Out

LTascii If In1<In2<...<InN, Outis TRUE. Otherwise, it is FALSE.
LEascii If In1<In2<...<InN, Outis TRUE. Otherwise, it is FALSE.
GTascii If In1>In2>...> InN, Out is TRUE. Otherwise, it is FALSE.
GEascii IfIn121In22 ... 2 InN, Outis TRUE. Otherwise, it is FALSE.

The sizes of the character codes are compared. The comparison procedure is as follows:

First, the first character codes in all of the text strings are compared. If the character codes are differ-
ent, the result of the size comparison for the text strings is determined by the size relationship be-
tween those character codes.

If the character codes are the same, comparison continues in order to the other characters until a dif-
ferent character code is found.

If the lengths of the text strings are different, NULL characters (16#00) are added to the shorter text
string to complete the comparison.

The relationships between various text strings are as follows:
'AD'(16#414400) < 'BC'(16#424400)
'ADC' (16#41444300) < 'B’ (16#42000000)
'ABC' (16#41424300) < 'ABD’ (16#41424400)
'ABC' (16#41424300) > 'AB’ (16#41420000)
'AB' (16#414200) = 'AB’ (16#414200)

If the text string contains multi-byte characters, the characters are separated into individual bytes be-
fore comparison. For example, the two-byte character 16#C281 is handled as 16#C2 and 16#81.

The following example for the LEascii instruction is for when In1 is "AB", In2 is "AC", and /In3is "AC".
The value of variable abc will be TRUE.

LD

— e

AC—]

AC—]

LEascii

EN
In1
In2
In3

ST

abc:=LEascii(AB’, ‘AC’, ‘AC’);

abc
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The LEascii instruction determines if In1 <In2 < In3.
If the comparison conditions are met, the value of abc will be TRUE.

Values are compared to see
if In1<1In2 < In3.

Comparison conditions met.
/’\—, Out=abc [TRUE

i 2 s

suoionJsu| uosuedwon

Additional Information

The text string comparison instructions are convenient when you want to reorder text strings according
to the character codes. For example, the character codes for alphabet characters are in the same or-
der as the alphabet characters. This allows you to alphabetize.

|~ Version Information

With Sysmac Studio version 1.02 or higher, the instructions, LT (<), LE (<=), GT (>), and GE
(>=) on page 2-108, can also be used to compare text strings. The specifications of the LT (<),
LE (<=), GT (>), and GE (>=) instructions for comparing text strings are the same as those of
the LTascii, LEascii, GTascii, and GEascii instructions.

IDSETO puE ‘IoseL s ‘NoseTT 10seL

Precautions for Correct Use

» Do not use this instruction as the rightmost instruction on a rung. If you do, an error occurs on the
Sysmac Studio and you cannot transfer the user program to the Controller.

« If this instruction is used in a ladder diagram, the value of Out changes to FALSE when an error
occurs in the previous instruction on the rung.

» Specify text strings that contain only ASCII characters for In1 to InN.
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Cmp

The Cmp instruction compares two values.

FB/
Instruction Name FUN Graphic expression ST expression
(@)Cmp
—EN ENO [—
—In1 — Out Out:=Cmp(In1, In2, OUtEQ,
—n2 83%3: OUtGT, OutGE, OUtNE, OutLT,
Cmp Compare FUN OUtGE — OUtLE);
OutNE —
OutLT — You can omit Out.
OutLE [—
Variables
Meaning 110 Description Valid range Unit Default
D d da-
In1 and In2 | Comparison data Input Values to compare ependsonda) 1
ta type.
Out Return value Always TRUE TRUE only
OutEQ Equal flag Equal flag
OutGT Greater than flag Greater than flag
Greater than or equal Greater than or equal
OutGE d Output a Depends on da- | - -
flag flag
ta type.
OutNE Not equal flag Not equal flag
OutLT Less than flag Less than flag
OutLE Less than or equal flag Less than or equal flag
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo . 5 ea Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
=} [l (]
c c| c T
2 (2|5/2|5|&|c|S|E|lg|=|2|c|B 22|88 3|clz
0 | HA|lz2|8/%8/2|3|/2|2|3|5|3|3|2|8|5|HA|5|°|%
In1 and In2 OK|OK|OK|OK|OK|OK|OK|OK |OK |OK
Out OK
OutEQ OK
OutGT OK
OutGE OK
OutNE OK
OutLT OK
OutLE OK
Function

The Cmp instruction compares two values (/n1 and In2) and outputs flag values.
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2 Instruction Descriptions

The values of the flags are as follows:

Flag Value
OutEQ | If In1 equals In2, the flag shows TRUE. Otherwise the flag shows FALSE.
OutGT | If In1 is greater than In2, the flag shows TRUE. Otherwise the flag shows FALSE.
OutGE | If In1 is greater than or equal to In2, the flag shows TRUE. Otherwise the flag shows FALSE.
OutNE | If In7 is not equal to In2, the flag shows TRUE. Otherwise the flag shows FALSE.
OUutLT | If In1 is less than In2, the flag shows TRUE. Otherwise the flag shows FALSE.
OutLE | If InT is less than or equal to In2, the flag shows TRUE. Otherwise the flag shows FALSE.

suoionJsu| uosuedwon

The following example is for when In1 is INT#10 and In2 is INT#20. The values of variables def, ghi,
and jkI will be FALSE, and the values of abc, mno, pqr, and stu will be TRUE.

LD ST

dwo

abc:=Cmp(INT#10, INT#20, def, ghi, jkl, mno, pqr, stu);

Cmp

—{ }7 EN ENO |—
INT#10 —In1 — abc

INT#20 —{In2 OutEQ[— def

OutGT [— ghi
OUtGE |— JkI
OUutNE f— mno
OutLT — par
OutLE [— stu

The Cmp instruction compares In1 and In2.
The results are given below for the various criteria.

Out Always TRUE Out=abc TRUE
In1 and In2 are compared.  [OuiEQ FALSE because InT does not equal In2. OutEQ=def [FALSE
OutGT FALSE because In1 is not greater than In2. OutGT=ghi |FALSE
OutGE FALSE because In1 is not greater than or equal to In2. | ————  OutGE=jkI FALSE

OutNE TRUE because In1 does not equal In2. OutNE=mno |TRUE

OutLT TRUE because In1 is less than In2. OutLT=pqr TRUE

In1 [INT#10 2. [INT#20 OutLE TRUE because InT is less than or equal to In2. OutLE=stu TRUE

Precautions for Correct Use

« If the data types of In1 and In2 are different, one will be cast to the other data type which can ac-
commodate every possible value in both of the data types before comparison.

 If In1 and In2 are real numbers and include any non-terminating decimal numbers, error may cause
unexpected processing results.

+ Signed integers (SINT, INT, DINT, and LINT) cannot be compared to unsigned integers (USINT,
UINT, UDINT, and ULINT).

» Two values that are positive infinity or two values that are negative infinity are equivalent.

« If the value of either In71 or In2 is nonnumeric data, the values of OutEQ), OutGT, OutGE, OutNE,
OutLT, and OutLE are FALSE.
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ZoneCmp

The ZoneCmp instruction determines if the comparison data is between the specified maximum and

minimum values.

FB/
Instruction Name FUN Graphic expression ST expression
(@)ZoneCmp
one G . —EN — Out
ZoneCmp S;’:e ompan | tuN N Out:=ZoneCmp(MN, In, MX);
—{MX
Variables
Meaning 110 Description Valid range Unit Default
MN Minimum value Minimum value 0
D d da-
In Comparison data Input Value to compare ependsonda ) 1
ta type.
MX Maximum value Maximum value 0
D d da-
Out Comparison result Output Comparison result ependsonda) -—-
ta type.
*1.  If you omit an input parameter, the default value is not applied. A building error will occur.

Boo . . Real Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
w) - (72}
w c c| c r
22| 3|2|5/6|c|S|E|e|=|2|c|Bz22/8|8|clz
o|A|2|8|8|3|5(35(3|5|5|5|3|2|E|R|A|S|7|z2
r (w) o o -] - - - r ®
OK | OK | OK | OK
MN OK|OK|OK|OK|OK|OK|OK|OK|OK |OK T |
OK | OK | OK | OK
In OK|OK|OK|OK|OK|OK|OK|OK|OK |OK R RO VR
OK | OK|OK | OK
MX OK|OK|OK|OK|OK|OK|OK|OK |OK | OK I e
Out OK
*1. You can specify TIME, DATE, TOD, and DT data with CPU Units with unit version 1.01 or later and Sysmac Studio

version 1.02 or higher.

Function

The ZoneCmp instruction determines if comparison data /In is between maximum value MX and mini-
mum value MN.
If MX = In = MN, Out will be TRUE. Otherwise, it will be FALSE.

The relationship between values with data types that are not integers or real numbers are determined
as given in the following table.

2120
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Data type Relationship

TIME The numerically larger value is considered to be larger.

DATE, TOD, or DT | Later dates or times of day are considered to be larger.

The following example is for when MN is INT#10, In is INT#20 and MX is INT#30. The value of varia-
ble abc will be TRUE.

LD ST

abc:=ZoneCmp(INT#10, INT#20, INT#30);

ZoneCmp abc
ok 1O
INT#10 —MN
INT#20 —{In
INT#30 —MX

The ZoneCmp instruction determines if MX > In > MN.
If the comparison conditions are met, the value of abc will be TRUE.

The instruction determines if In is between MX and MN.

X [NT#30

Comparison conditions met.

In |INT#20] ——— Out=abc |TRUE

MN |INT#10

Additional Information

When you compare TIME, DT, or TOD data, adjust the accuracy of their values so that the comparison
can be based on the same accuracy. You can use the following instructions to adjust the accuracy:
TruncTime on page 2-702, TruncDt on page 2-706, and TruncTod on page 2-710.

Precautions for Correct Use

« If the data types of In, MX, and MN are different, they will be cast to a data type which can accom-
modate every possible value in all the types before comparison.

 If In, MX, and MN are real numbers and include any non-terminating decimal numbers, error may
cause unexpected processing results.

+ Signed integers (SINT, INT, DINT, and LINT) cannot be compared to unsigned integers (USINT,
UINT, UDINT, and ULINT).

» Always compare data with the same data type for TIME, DATE, TOD, and DT data. If variables with
different data types are specified, a building error will occur.

» Two values that are positive infinity or two values that are negative infinity are equivalent.

* If the value of In is nonnumeric data, the value of Out is FALSE.

« If this instruction is used in a ladder diagram, the value of Out changes to FALSE when an error
occurs in the previous instruction on the rung.

» An error occurs in the following cases. Out will be FALSE.
a) The value of MN is greater than the value of MX.
b) Either MX or MN contains nonnumeric data.
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TableCmp

The TableCmp instruction compares the comparison data with multiple defined ranges in a compari-

son table.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)TableCmp
—EN —Out
—In
Table Compari- — Out:=TableCmp(In, Table, Size,
TableCmp P FUN —|[eble P
son Size AryOut);
AryOut
Variables
Meaning /10 Description Valid range Unit Default
In Comparison data Value to compare
Table[] Two-dimer.1$ional array y
. . that contains the ele-
(two-dimen- | Comparison table .
. ments for the defined Depends on da-
sional array) Input -—-
ranges ta type.
Number of elements in
Size Comparison size Table[] to which to 1
compare In
Comparison results for
AryOut][] (ar- | Individual comparison Tablef] elements Depends on da
ray) e P in-out | TRUE: Condition met. | ~ tp .
y y FALSE: Condition not ype-.
met.
TRUE: In meets all
comparison conditions
for elements of Table[] Depends on da
Out Comparison result Output FALSE: The compari- a tp o -—- -—-
son condition is not ype-
met for one or more
sets of elements.
*1.  If you omit an input parameter, the default value is not applied. A building error will occur.
Real
Boo . ) ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=)} [} (7]
W | w| S c c|c — 2| 51 alo =
S|2|8|3|8|2|S|S|c|2|z|2|5|F|A|IE/2|8|g|zZ
r|/m| 5|83 &g|5| |55 S| H || 2| m m|© 3
In OK|OK|OK|OK|OK|OK|OK|OK|OK|O
Table[] (two-
dimensional Must be a two-dimensional array with elements that have the same data type as In.
array)
Size e PP
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Real

Boo . . Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings o
o
=] [t (7] 3
c c| c r
212 3|2/5|/6|c|S|E|e|=|2|lc|B 22|82l clz 3
o) — b} o = 4 = = 4 = = 4 > > = =] o — = 7
r|ml 5| 83|8|5|°|5|]5|" Sl Al g|mMm 5 S
=]
AryOut[] (ar- 5
Avout ar- | Z
y) s
Out OK o
=]
(7]
Function

The TableCmp instruction compares comparison data /n with the number of defined ranges specified
by the value of Size in comparison table Table[].

Table[] is a two-dimensional array. The first dimension contains the numbers of the defined ranges. In
the second dimension, element 0 is set value A of the defined range and element 1 is set value B of
the defined range.

dwoelgel

Set value A Set value B
Range 0 | Table[0,0] | | Table[0,1] ‘
Range 1 | Table[1,0] | | Table[1,1] ‘
Range Size -1 | Table[Size-1,0] | | Table[Size-1,1] ‘

Set value A and set value B define range as shown below. Set value A and set value B are always
included in the range.

Set value A < Set value B Set value A > Set value B
-— ———>
- . Defined
Defined range Defined range
range
Set value A Set value B Set value B Set value A

The results of comparing /n and Table[] are stored in individual comparison results array AryOut[]. If In
is within the defined range for element i, AryOut[i] will be TRUE. If it is not within the range, AryOut[i]
will be FALSE. If all Size elements of AryOut[] are TRUE, comparison result Out will be TRUE. Other-
wise, it will be FALSE.

The following example is for when /n is INT#120 and Size is UINT#3.
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LD ST

ghi:=TableCmp(INT#120, abc[1,2], UINT#3, def[3]);

TableCmp ghi

H b
INT#120 —In

abc[1,2]— Table
UINT#3 —{Size

def[3]—f - uennannnns L def[3]

In=INT#120

Table[0,0]=abc[1,2] [__0_| Table[0,1]=abc[1,3] —— AryOut[0]=def[3] [FALSE
Size=UINT#3 | Table[1,0]=abc[2,2] Table[1,1]=abc[2,3] — AryOut[1]=def[4] [TRUE
Table[2,0]=abc[3,2] Table[2,1]=abc[3,3] — AryOut[2]=def[5] |FALSE

Out=ghi

Precautions for Correct Use

2124

» Use the same data type for In and Table[]. Otherwise, a building error will occur.

» Use a two-dimensional array for Table[].

« If an array with more than two dimensions is used for Table[], the elements in the third and higher
dimensions are ignored.

* If the AryOut[] array is larger than the value of Size, the comparison results will be stored in Ary-
Out[0] to AryOut[Size-1]. Other elements of the array will not change.

» Signed integers (SINT, INT, DINT, and LINT) cannot be compared to unsigned integers (USINT,
UINT, UDINT, and ULINT).

* If real numbers are compared, error may cause unexpected processing results. This can occur, for
example, when they contain non-terminating decimal numbers.

* If the value of Size is 0, the value of Out will be FALSE and AryOut[] will not change.

« If this instruction is used in a ladder diagram, the value of Out changes to FALSE if an error occurs
in the previous instruction on the rung.

* An error occurs in the following cases. Out will be FALSE.
a) If the value of Size exceeds the size of the AryOut[] array.
b) If the value of Size exceeds the size of the first dimension of the Table[] array.
c) The size of the second dimension of Table[] is 1.
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AryCmpEQ and AryCmpNE

These instructions compare the corresponding elements of two arrays.

AryCmpEQ Determines if the corresponding elements of two arrays are equal.
AryCmpNE Determines if the corresponding elements of two arrays are not equal.
: FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)AryCmpEQ
—EN ENO[—
Array Compari i o AryCmpEQ(In1, In2, Size, A
rray Compari- —in2 ryCmp n1, In2, Size, Ary-
AryCmpE FUN )
ryCmpEQ son Equal —1Size Out);
AryOut
(@)AryCmpNE
—EN ENO—
Array C ) —In1 — Out
rray Compari- —in2 .
A NE FUN ) A NE(In1, In2, A t);
ryCmp son Not Equal U _lsize ryCmpNE(In1, In2, Size, AryOut)
AryOut
Variables
Meaning 110 Description Valid range Unit Default
In1
n1ll and . Arrays containing the .
In2[] (ar- Comparison arrays 1
elements to compare Depends on da-
rays) Input = oo —
Size Number of comparison Number of elements to ype. 1
elements compare
AryOut[] (ar- | Comparison results ar- In-out Comparison results ar- | Depends on da-
ray) ray ray ta type.
Out Return value Output Always TRUE TRUE only --- ---

suoionJsu| uosuedwon

aNdwHAly pue p3dwHlly

*1. If you omit an input parameter, the default value is not applied. A building error will occur.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=] [} (/2]
(o] e c c r
212|5 g 3|lelS|e|lc|g|=|2|C|a|lR|2|/8|3|c|z
O A2 3|x|Z2|5|2|2|3|7|53|5| 2| m|lRAlo|" |2
In1[] (array) | OK |OK | OK | OK |OK|OK |OK|OK |OK|OK|OK|OK |OK | OK | OK
In2[] (array) Must be an array with the same data type as In1][].
Size OK
Al _
ryOut(] (ar: OK
ray)
Out OK
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Function

These instructions compare the values of the elements with the same element numbers in two arrays
(In1[0] to In1[Size-1] and In2[0] and In2[Size-1]). The comparison results are stored in comparison re-
sults array AryOut[] in the elements with the corresponding element numbers (AryOut[0] to Ary-

Out[Size-1]).

The value of AryOut[i] is as follows for each instruction:

Instruction

Value of AryOut[i]

AryCmpEQ | If In1][i] = In2[i], the result is TRUE. Otherwise, it is FALSE.

AryCmpNE | If In1[i] # In2[i], the result is TRUE. Otherwise, it is FALSE.

The following example shows the AryCmpEQ instruction when Size is UINT#3.

LD
AryCmpEQ
—{ }7 EN ENO—
abc[1]—In1
def[2] —{In2
UINT#3 —Size
AryOut
ghi[3]—t - === == mmme-
In1[0]=abc[1] 10
Size=UINT#3 | In1[1]=abc[2] 20
In1[2]=abc][3] 30

ST

AryCmpEQ(abc[1], def[2], UINT#3, ghi[3]);

- ghi[3]

In2=INT#10 — AryOut[0]=def[2] TRUE
In2=INT#10 — AryOut[1]=def[3] FALSE
In2=INT#10 —> AryOut[2]=def[4] FALSE

Precautions for Correct Use

2126

» Use the same data type for In1[] and In2[]. If they are different, a building error will occur.

* Use an AryOut[] array that is at least as large as the value of Size.

 If In1[] and In2[] contain real numbers, error may cause unexpected processing results. This can oc-
cur, for example, when they contain non-terminating decimal numbers.

« If the value of Size is 0, the value of Out will be TRUE and AryOut[] will not change.

* Return value Out is not used when the instruction is used in ST.

» An error occurs in the following case. ENO will be FALSE, and AryOut[] will not change.
a) Ifthe In1[], In2[], or AryOut[] array is smaller than the value of Size.
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AryCmpLT, AryCmpLE, Ar-

o
o
3
yCmpGT, and AryCmpGE :
a.
o
=]
2
These instructions compare the corresponding elements of two arrays as below. 3
2]
AryCmpLT : Performs a less than comparison. g
AryCmpLE : Performs a less than or equal comparison.
AryCmpGT : Performs a greater than comparison.
AryCmpGE : Performs a greater than or equal comparison.
. FB/ . . . z
Instruction Name FUN Graphic expression ST expression )
3
el
(@)AryCmpLT 5
—EN ENO|— z
Array C ) —{in1 — Out 0
rray Compari- —1In2 i ; B
AryCmpLT son Less Than FUN _sive AryCmpLT(In1, In2, Size, AryOut); =
AryOut >
i I Q
O
3
?
(@)AryCmpLE :
—EN ENO|— 2
Array Compari- —in1 — Out >
J— <
AryCmpLE son Less Than | FUN _'S”iie AryCmpLE(In1, In2, Size, AryOut); o
Or Equal AryOut ©
e — m
(@)AryCmpGT
—EN ENO—
Array Compari- —In1 — Out
AryCmpGT son Greater FUN :'Sn;e AryCmpGT(In1, In2, Size, AryOut);
(@)AryCmpGE
—EN ENO—
A i- —In1 — Out
rray Compari o AryCmpGE(In1, In2, Size, Ary-
AryCmpGE son Greater FUN _size out)
Than Or Equal AryOut ’
Variables
Meaning 1/0 Description Valid range Unit Default
In1 d
nillan . Arrays containing the .
In2[] (ar- Comparison arrays 1
elements to compare Depends on da-
rays) Input ta type -
Size Number of comparison Number of elements to ype: 1
elements compare

NJ/NX-series Instructions Reference Manual (W502) 2-127



2 Instruction Descriptions

Meaning /10 Description Valid range Unit Default
AryOut[] (ar- | Comparison results ar- In-out Comparison results ar- | Depends on da- . .
ray) ray ray ta type.
Out Return value Output Always TRUE TRUE only -—- -—-

*1.  If you omit an input parameter, the default value is not applied. A building error will occur.

Boo . . Real Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
g | - 7
w c c| c r
8|2/ 5(2|5|G|c|S|E|el=z|g|lc|B|z|l2/8/23lalz
o|A|2|8|8|3|5|35(3|5|5|5|3|2|E|R|A|S|7|z2
In1[] (array) OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
In2[] (array) Must be an array with the same data type as In1]].
Size OK
Al -
ryOut[] (ar: OK
ray)
Out OK
Function

These instructions compare the values of the elements with the same element numbers in two arrays
(In1[0] to In1[Size-1] and In2[0] and In2[Size-1]). The comparison results are stored in comparison re-
sults array AryOut[] in the elements with the corresponding element numbers (AryOut[0] to Ary-
Out[Size-1]).

The value of AryOut[i] is as follows for each instruction:

Instruction Value of AryOut[i]

AryCmpLT | If In1][i] < In2[i], the result is TRUE. Otherwise, it is FALSE.
AryCmpLE | If In1][i] <= In2[i], the result is TRUE. Otherwise, it is FALSE.
AryCmpGT | If In1[i] > In2[i], the result is TRUE. Otherwise, it is FALSE.
AryCmpGE | If In1[i] >= In2[i], the result is TRUE. Otherwise, it is FALSE.

The following example shows the AryCmpLT instruction when Size is UINT#3.

LD ST

AryCmpLT(abc[1], def[2], UINT#3, ghi[3]):

AryCmpLT
—{ }7 EN ENO—
abc[1]—In1 —
def[2]—In2
UINT#3—Size
AryOut
ghi[3]—---------------- ——ghi[3]

In1[0]=abc[1] [ 110] In2[0]=def2] [ 100] — AryOut[0]=ghi[3]  [FALSE
Size=UINT#3 | In1[1]=abc[2] [ 120| In2[1]=def[3] [ 130] — AryOut[1]=ghi4]  [TRUE
In1[2]=abc[3] [ 140] In2[2]=def4d] [ 160] — AryOut[2]=ghi5] [TRUE
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Precautions for Correct Use

» Use the same data type for In1[] and In2[]. If they are different, a building error will occur.

» Use an AryOut[] array that is at least as large as the value of Size.

 If In1[] and In2[] contain real numbers, error may cause unexpected processing results. This can oc-
cur, for example, when they contain non-terminating decimal numbers.

« If the value of Size is 0, the value of Out will be TRUE and AryOut[] will not change.

* Return value Out is not used when the instruction is used in ST.

* An error occurs in the following case. ENO will be FALSE, and AryOut[] will not change.
a) If the In1[], In2[], or AryOut[] array is smaller than the value of Size.

suoionJsu| uosuedwon
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AryCmpEQV and AryCmpNEV

These instructions compare each element of an array with a comparison value.

AryCmpEQV Determines if each element of the array is equal to the comparison value.
AryCmpNEV Determines if each element of the array is not equal to the comparison value.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)AryCmpEQV
—EN ENO—
Array Value —In1 — Out
AryCmpEQV(In1, In2, Size, Ary-
AryCmpEQV | Comparison FUN —|n2 Oruyt)_mp QV(in1, In2, Size, Ary
Equal AryOut '
(@)AryCmpNEV
—EN ENO—
Array Value —In1 — Out
AryCmpNEV(In1, In2, Size, Ary-
AryCmpNEV | Comparison FUN :g]iie Oruyt)-mp (In, In2, Size, Ary
Not Equal AryOut ’
Variables
Meaning 110 Description Valid range Unit Default
A taining the el-
In1[] (array) | Comparison array ray containing the e
ements to compare *1
- Depends on da-
In2 Comparison value Input Value to compare ta type -
Size Number of comparison Number of elements to ' 1
elements compare
AryOut[] (ar- | Comparison results ar- In-out Comparison results ar- | Depends on da-
ray) ray ray ta type.
Out Return value Output Always TRUE TRUE only -—- -—-
*1.  If you omit an input parameter, the default value is not applied. A building error will occur.
Real
Boo ) X Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=)} [} (7]
w w| S c c| e _ 7| T 4| o a
8(%|8/5/5|2|5(8|E|¢g=2|5/2|8/2/8 28|33
o 3 | Z2|5/2|z|5|7 |5 |5 |&g|2|m|m|Oo|7|2
AL IEIEIRIETE FlE| @ m 3
In1[] (array) | OK |OK|OK | OK|OK |OK |OK|OK|OK|OK |OK |OK |OK | OK | OK
In2 Must be same data type as the elements of In1[].
Size OK
A -
ryOut(] (ar OK
ray)
Out OK
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Function

These instructions compare comparison value In2 with the specified elements in an array (In1[0] to
In1[Size-1]).

The comparison results are stored in comparison results array AryOut[] in the elements with the corre-
sponding element numbers (AryOut[0] to AryOut[Size-1]).

The value of AryOut[i] is as follows for each instruction:

suoionJsu| uosuedwon

Instruction Value of AryOut[i]
AryCmpEQV | If In1[i] = In2, the result is TRUE. Otherwise, it is FALSE.
AryCmpNEYV | If In1[i] # In2, the result is TRUE. Otherwise, it is FALSE.

The following example shows the AryCmpEQYV instruction when In2 is INT#10 and Size is UINT#3.

z
LD ST 3
3
©
AryCmpEQV(abc[1], INT#10, UINT#3, def[2]); B
<
g
AryCmpEQV ;
—{ }*EN ENO— 3
abc[1]—{In1 — g
INT#10—In2 S
UINT#3—Size m
AryOut <
def[2] —p------------------ — def[2]
In1[0]=abc[1] 10| In2=INT#10 — AryOut[0]=def[2] TRUE
Size=UINT#3 | In1[1]=abc[2] 20 In2=INT#10 — AryOut[1]=def[3] FALSE
In1[2]=abc[3] 30[ In2=INT#10 — AryOut[2]=def[4] FALSE

Precautions for Correct Use

» Use the same data type for In1[] and In2. If they are different, a building error will occur.

» Use an AryOut[] array that is at least as large as the value of Size.

* If In1[] contains real numbers and In2 is a real number, error may cause unexpected processing re-
sults. This can occur, for example, when they contain non-terminating decimal numbers.

« If the value of Size is 0, the value of Out will be TRUE and AryOut[] will not change.

» Return value Out is not used when the instruction is used in ST.

» An error occurs in the following case. ENO will be FALSE, and AryOut[] will not change.
a) If the In1[] or AryOut[] array is smaller than the value of Size.
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AryCmpLTV, AryCmpLEYV, Ar-
yCmpGTV, and AryCmpGEV

These instructions compare each element of an array with a comparison value as below.

AryCmpLTV Performs a less than comparison.
AryCmpLEV Performs a less than or equal comparison.
AryCmpGTV Performs a greater than comparison.
AryCmpGEV Performs a greater than or equal comparison.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)AryCmpLTV
—EN ENO—
Array Value —In1 — Out )
AryCmpLTV Comparison FUN —{In2 AryCmpLTV(Int, In2, Size, Ary-
—Size Out);
Less Than AryOut
(@)AryCmpLEV
—EN ENO—
érray - —_m —ou AryCmpLEV(In1, In2, Size, A
omparison —in2 ryCmp n1, In2, Size, Ary-
A LEV FUN
ryCmp Less Than Or U —Size Out);
Equal AryOut
(@)AryCmpGTV
—EN ENO—
Array Value —In1 — Out )
AryCmpGTV | Comparison FUN —In2 AryCmpGTV(In1, In2, Size, Ary-
—Size Out);
Greater Than A:’?/Out ut)
(@)AryCmpGEV
Array Value ] :i';' ENO: out
Comparison —in2 AryCmpGEV(In1, In2, Size, Ary-
A EV FUN
ryCmpG Greater Than U —Size Out);
Or Equal I -
Variables
Meaning 110 Description Valid range Unit Default
A taining the el-
In1[] (array) | Comparison array ray containing the e
ements to compare b q g 1
In2 Comparison value Input Value to compare taetF;/?)re] sonda )
Size Number of comparison Number of elements to ' 1
elements compare
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Meaning 110 Description Valid range Unit Default
AryOut[] (ar- | Comparison results ar- In-out Comparison results ar- | Depends on da-
ray) ray ray ta type. 9
Out Return value Output Always TRUE TRUE only --- - g
*1.  If you omit an input parameter, the default value is not applied. A building error will occur. g'
=]
2
Real =
Boo . . ea Times, durations, 5
Bit strings Integers num- . =
lean dates, and text strings )
bers 7
O | = (7))
w c c | c C
0355595952295?‘%%523::3
O A4l 2 R 2|Z2|5|2(2|3|5|5|3|2|=2|m|Rlo|"|%
In1[] (array) OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
In2 Must be same data type as the elements of In1[].
Size OK
A -
ryOut]] (ar OK
ray)
Out OK
Function

These instructions compare comparison value In2 with the specified elements in an array (In1[0] to
In1[Size-1]).

The comparison results are stored in comparison results array AryOut[] in the elements with the corre-
sponding element numbers (AryOut[0] to AryOut[Size-1]).

The value of AryOut[i] is as follows for each instruction:

AFodwohiy pue ‘A1Ddwohiy ‘AFTdwdhiy ‘ALTdwdhly

Instruction Value of AryOut[i]

AryCmpLTV | If In1[i] < In2, the result is TRUE. Otherwise, it is FALSE.
AryCmpLEV | If In1[i] <= In2, the result is TRUE. Otherwise, it is FALSE.
AryCmpGTV | If In1[i] > In2, the result is TRUE. Otherwise, it is FALSE.
AryCmpGEV | If In1[i] >= In2, the result is TRUE. Otherwise, it is FALSE.

The following example shows the AryCmpLEV instruction when In2 is INT#20 and Size is UINT#3.

LD ST
AryCmpLEV(abc[1], INT#20, UINT#3, def[2]);
AryCmpLEV
—{ }*EN ENO—
abc[1]—In1 —
INT#20—{In2
UINT#3—{Size
AryOut
def[2] —------------------ — def[2]
In1[0]=abc[1] 10 In2=INT#20 — AryOut[0]=def[2] TRUE
Size=UINT#3 | In1[1]=abc[2] 20 In2=INT#20 — AryOut[1]=def[3] TRUE
In1[2]=abc[3] 30 In2=INT#20 — AryOut[2]=def[4] FALSE
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2 Instruction Descriptions

Precautions for Correct Use

» Use the same data type for In1[] and In2. If they are different, a building error will occur.

» Use an AryOut[] array that is at least as large as the value of Size.

 If In1[] contains real numbers and In2 is a real number, error may cause unexpected processing re-
sults. This can occur, for example, when they contain non-terminating decimal numbers.

« If the value of Size is 0, the value of Out will be TRUE and AryOut[] will not change.

» Return value Out is not used when the instruction is used in ST.

» An error occurs in the following case. ENO will be FALSE, and AryOut[] will not change.
a) If the In1[] or AryOut[] array is smaller than the value of Size.
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TON On-Delay Timer page 2-136
TOF Off-Delay Timer page 2-142
TP Timer Pulse page 2-145
AccumulationTimer | Accumulation Timer | page 2-148
Timer Hundred-ms Timer | page 2-152
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2 Instruction Descriptions

TON

The TON instruction outputs TRUE when the set time elapses after the timer starts.

FB/
Instruction Name FUN Graphic expression ST expression
TON_instance
TON
TON On-Delay Timer | FB —In Qf— TON_instance (In, PT, Q,ET);
—PT ETH—
Variables
Meaning 110 Description Valid range Unit Default

TRUE: Timer start sig-

In Timer input nal Depends on da- FALSE

P FALSE: Timer reset ta type.
Input signal

Time from when timer

PT Set time starts until Q changes | ™1 ms 0
to TRUE
TRUE: Timer output
ON Depends on da-

Ti tput -
Q imeroutpu o FALSE: Timer output | ta type.
utput OFF -

El d ti i tim-

ET Elapsed time apsediime since im- | ., ms
er started

*1.  T#0 ms to T#106751d_23h_47m_16s_854.775807ms

Real . -
Boo . ) Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
w] - - 7
8|2 5|/3|5|8|c|E|E|lg|=|2|c|B|B8|2|8/3|glz
S Al 2|81%8/2|3/2|2|3|5|3|3|2|2|7|Al0|7|Z2
In OK
PT OK
Q OK
ET OK
Function
The TON instruction outputs TRUE when the set time elapses after the timer starts. The time is set in
nanoseconds.
The timer starts when timer input /In changes to TRUE. Elapsed time ET is incremented as time elap-
ses.
When ET reaches set time PT, timer output Q changes to TRUE. ET is not incremented after that.
The timer is reset when /In changes to FALSE. ET changes to 0, and Q changes to FALSE.
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If In changes to FALSE after the timer is started, the timer is reset even before ET reaches PT.

The following figure shows a programming example and timing chart for a PT of T#10 ms. Variable
abc will change to TRUE 10 ms after variable A changes to TRUE.

LD ST

TON_instance(A, T#10ms, abc, def);
TON_instance
A TON abc

—{ }7In a——()
T#10ms —{PT ET |— def

PT = T#10ms
TRUE

In=A" FALSE
TRUE

Q=abc pplsE

ET = def

Additional Information

» Use the instruction, TP on page 2-145, for a timer that changes the timer output to TRUE when tim-
ing starts and then changes the timer output to FALSE when the set time is reached.

» Use the instruction, TOF on page 2-142, for a timer that starts when /n changes to FALSE and then
changes the timer output to FALSE when the elapsed time reaches the set time.

» To reduce timer execution time, use the instruction, Timer on page 2-152, which measures time in
increments of 100 ms.

* If you are connected to an HMI that does not support TIME data, you must convert the set time from
integer data to TIME data before you input it to this instruction. Use the instruction, NanoSecToTime
on page 2-683, to convert integer data to TIME data. Use the instruction, Time ToNanoSec on page
2-680, to convert TIME data to integer data. Both instructions express the time in nanoseconds. The
following shows a user programming example where the INT variable, msintVar, is the set time in
milliseconds.
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LD
Setparameter MUL
I I I EN ENO|—
msintVar —In1 —tmpLintVar
LINT#1000000—In2
NanoSecToTime
EN ENO—
tmpLintvar —In — msTimeVar
TON _instance
Trigger TON
In Qr—
msTimeVar—{PT ET —
TON_instance.Q Tout
ST

tmpLintVar:=msIntVar*LINT#1000000;
msTimeVar:=NanoSecToTime(tmpLintVar);
TON_instance(In:=Trigger, PT:=msTimeVar, Q=>Tout);

Precautions for Correct Use

2138

» The timing error for which Q is TRUE for PT is -100 ns to (100 ns + 1 task period).
The above range includes the following:
a) The £100 ns is the timing error of ET.
b) Time ET is judged to check if it reaches PT every task period. If time ET reaches PT immediately

after the judgment is completed, there is a delay of one task period.

* The time is displayed in increments of 0.001 ms on the Sysmac Studio, but the timing accuracy is 1
ns.

» The timer starts as soon as operation starts if In is already TRUE.

 If T#O ms or a negative number is set for PT, Q will change to TRUE as soon as the value of In
changes to TRUE.

* You can change the value of PT while the value of In is TRUE. Operation is as follows:

Value of PT af-
. Value of A i
Timer status teritis Operation
Q
changed
After completion The value of Q remains TRUE.
of timin P TRUE - The value of ET also does not change. It remains at the
g same value of PT as before it is changed.
Timing is continued. When the value of ET reaches the value
Timing i PT=ET of PT, the value of Q changes to TRUE and ET is no longer
IMiNg N Prog- | =\ sg incremented.
ress
PT <ET The value of Q changes to TRUE immediately.
Incrementing ET stops immediately.

« If this instruction is in a master control region and the master control region is reset, the timer is re-
set. The value of ET changes to 0, and the value of Q changes to FALSE.
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2 Instruction Descriptions

« If this instruction is not executed due to the execution of a jump instruction (e.g., the JMP instruc-
tion), the value of ET is not updated. However, timing still continues. Therefore, ET is updated to a
correct value the next time this instruction is executed.

« If this instruction is used in a ladder diagram, the value of Q changes to FALSE when an error oc-
curs in the previous instruction on the rung.

Sample Programming

suo1oNIIsu| Jawi|

I Measuring Time with One On-Delay Timer

The value of TimeUp will change to TRUE one second after the value of Trigger changes to TRUE.

—
e
e LD
Variable Data type | Initial value Comment
Trigger BOOL FALSE Execution condition
TimeUp BOOL FALSE Timer output
TON_instance | TON

TON_instance

Trigger TON TimeUp
}7 In Q—— )
T#1s —PT ET —
® ST (Example 1)
Variable Data type | Initial value Comment
Trigger BOOL FALSE Execution condition
TimeUp BOOL FALSE Timer output
TON_instance | TON

IF (Trigger=TRUE) THEN

TON instance (In:=TRUE, PT:=T#ls, Q=>TimeUp)
ELSE

TON instance (In:=FALSE, Q=>TimeUp);
END IF;

@ ST (Example 2)

Variable Data type | Initial value Comment
Trigger BOOL FALSE Execution condition
TimeUp BOOL FALSE Timer output
TON_instance | TON

TON instance (In:=Trigger, PT:=T#ls, Q=>TimeUp);
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I Measuring Time with Multiple On-Delay Timers

e LD

2-140

In this example, a total of 100 instances of the On-Delay Timer instruction, TON_instance[0] to

TON _instance[99], are programmed. Each timer starts when the value of the corresponding timer in-

put, Input[0] to Input[99], changes to TRUE.

The timers for the first 10 instances, TON_instance[0] to TON_instance[9], change the corresponding
values in TimeUpJi] to TRUE i+1 seconds (i = 0 to 9) after execution is started.

The timers for the remaining 90 instances, TON_instance[10] to TON_instance[99], change the corre-
sponding values in TimeUpJi] (i = 10 to 99) to TRUE as soon as execution is started.

TON_instance[0]
—1S . TimeUp[0][TRUE

TON_instance[1]
—25 , TimeUp[][TRUE

TON_instance[9]
— 108, TimeUp[9] [TRUE

TON_instance[10]
— 05 . TimeUp[10] [TRUE

TON_instance[99]
— 05, TimeUp[99] [TRUE

Variable Data type Initial value Comment
Input ARRAYI0..99] OF BOOL [100(FALSE)] Timer input
TimeUp ARRAY[0..99] OF BOOL [100(FALSE)] Timer output

T#1s, T#H2s, T#3s, TH#4s, T#bs, T#6s, THTs, .
TimePT ARRAYI[0..99] OF TIME [I'#Ss, T#9s, T#10s, 90(THOS)] Set time
TON_instance | ARRAY[0..99] OF TON
i UINT 0 Index

FOR

EN ENO—

UINT#0 —{InitVal Indexf— i
UINT#99 —EndVal
UINT#1 —{StepVal

TON_instanceli]

Input[i] TON TimeUp[i]
— In Q
TimePT[i]—PT ET —
NEXT
—EN ENOf—
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e ST
Variable Data type Initial value Comment
Input ARRAY]0..99] OF BOOL [100(FALSE)] Timer input
TimeUp ARRAY[0..99] OF BOOL [100(FALSE)] Timer output 5'
. [T#1s, T#2s, T#3s, TH#4s, T#5s, THOs, THTs, . (]
TimePT ARRAY(0..99] OF TIME Sett -
'me [0.99] T#8s, T#Os, T#10s, 90(T#0s)] erime 5
TON _instance | ARRAYJ[0..99] OF TON g
[ UINT 0 Index g
(7]

FOR 1:=UINT#0 TO UINT#99 DO
TON instance[i] (

In := Inputli],

PT := TimePT[i],

NOL

Q =>TimeUp[i]);
END FOR;
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TOF

The TOF instruction outputs FALSE when the set time elapses after the timer starts.

FB/
Instruction Name FUN Graphic expression ST expression
TOF_instance
TOF
TOF Off-Delay Timer | FB —In Qf— TOF_instance(In, PT, Q, ET);
—PT ETH
Variables
Meaning 110 Description Valid range Unit Default
TRUE: Timer reset sig-
In Timer input nal Depends on da- FALSE
P FALSE: Timer start sig- | ta type.
Input nal
Time from when timer
PT Set time starts until Q changes | ™1 ms 0
to TRUE
TRUE: Timer output
) ON Depends on da-
Q Timer output o FALSE: Timer output | ta type.
utput OFF -
El d ti i tim-
ET Elapsed time apsediime since im- | ., ms
er started
*1.  T#0 ms to T#106751d_23h_47m_16s_854.775807ms
Boo . ) il Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| = 7
c c r
8|2 5|/3|5|8|c|E|E|lg|=|2|c|B|B8|2|8/3|glz
o|A|2|8|8|3|5|35(3|5|5|5|3|2|2|R|A|S|7|2
In OK
PT OK
Q OK
ET OK
Function
The TOF instruction outputs FALSE when the set time elapses after the timer starts. The time is set in
nanoseconds.
The timer starts when timer input /n changes to FALSE. Elapsed time ET is incremented as time elap-
ses.
When ET reaches set time PT, timer output Q changes to FALSE. ET is not incremented after that.
The timer is reset when /In changes to TRUE. ET changes to 0, and Q changes to TRUE.
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2 Instruction Descriptions

If In changes to FALSE after the timer is started, the timer is reset even before ET reaches PT.

The following figure shows a programming example and timing chart for a PT of T#10 ms. Variable
abc will change to FALSE 10 ms after variable A changes to FALSE.

LD

A

TRUE

FALSE
TRUE

Q=abc ) e

ET = def

H s
T#10ms —PT

TOF_instance

TOF

ST

TO

abc

S — def :

PT =T#10ms

Additional Information

F_instance(A, T#10ms, abc, def);

suo1oNIIsu| Jawi|

401

» Use the instruction, TP on page 2-145, for a timer that changes the timer output to TRUE when tim-
ing starts and then changes the timer output to FALSE when the set time is reached.

» Use the instruction, TON on page 2-136, for a timer that starts when In changes to TRUE, and then
changes the timer output to TRUE when the elapsed time reaches the set time.

* If you are connected to an HMI that does not support TIME data, you must convert the set time from
integer data to TIME data before you input it to this instruction. Use the instruction, NanoSecToTime
on page 2-683, to convert integer data to TIME data. Use the instruction, TimeToNanoSec on page
2-680, to convert TIME data to integer data. Both instructions express the time in nanoseconds. The
following shows a user programming example where the INT variable, msintVar, is the set time in
milliseconds.

LD

Setparameter

il

msIntVar —

EN
In1

LINT#1000000—In2

MUL

ENO

—tmpLintVar

Trigger

NanoSecToTime

— msTimeVar

TOF_instance.Q

EN ENO
tmpLintvar —{In
TOF_instance
TOF
In Qr—
msTimeVar—|PT ET —
Tout
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ST

tmpLintVar:=msIntVar*LINT#1000000;
msTimeVar:=NanoSecToTime(tmpLintVar);
TOF_instance(In:=Trigger, PT:=msTimeVar, Q=>Tout);

Precautions for Correct Use

2144

» The timing error for which Q is TRUE for PT is -100 ns to (100 ns + 1 task period).
The above range includes the following:
a) The £100 ns is the timing error of ET.
b) Time ET is judged to check if it reaches PT every task period. If time ET reaches PT immediately

after the judgment is completed, there is a delay of one task period.

* The time is displayed in increments of 0.001 ms on the Sysmac Studio, but the timing accuracy is 1

ns.

» If T#0 ms or a negative number is set for PT, Q will change to FALSE as soon as the value of In
changes to FALSE.

 After this instruction is executed, the value of Q changes to TRUE if the value of In is TRUE. The
value of Q changes to FALSE when the set time PT elapses after the timer is started.

* You can change the value of PT while the value of In is FALSE. Operation is as follows:

Value of PT af-
. Value of A i
Timer status teritis Operation
Q
changed
After completion The value of Q remains FALSE.
of timin P FALSE - The value of ET also does not change. It remains at the
g same value of PT as before it is changed.
Timing is continued. When the value of ET reaches the value
Timing i PT=ET of PT, the value of Q changes to FALSE and ET is no longer
ImiNg N Prog- | +e e incremented.
ress
PT <ET The value of Q changes to FALSE immediately.
Incrementing ET stops immediately.

« If this instruction is in a master control region and the master control region is reset, the operation is

as follows:

a) The value of ET changes to 0, and the value of Q changes to TRUE.

b) If an Out instruction is connected to Q, the execution condition to the Out instruction is FALSE.
c) Timing starts as soon as the reset is released.

If this instruction is not executed due to the execution of a jump instruction (e.g., the JMP instruc-

tion), the value of ET is not updated. However, timing still continues. Therefore, ET is updated to a
correct value the next time this instruction is executed.

If this instruction is used in a ladder diagram, the value of Q changes to FALSE when an error oc-
curs in the previous instruction on the rung.
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TP

The TP instruction outputs TRUE for a set period of time after the timer starts. 5'
(]
: FBI : . : 2
Instruction Name FUN Graphic expression ST expression g
2]
TP_instance g
TP ?
TP Timer Pulse FB —In Ql— TP_instance(In, PT, Q, ET);
—PT ET—
—
Variables ©
Meaning 110 Description Valid range Unit Default
TRUE: Timer start sig-
In Timer input nal Depends on da- FALSE
P FALSE: Timer reset ta type.
Input .
signal
) Time during which Q
PT t t 1
Settime remains at TRUE ms 0
TRUE: Timer output
i ON Depends on da-
T tput
Q imer outpu o FALSE: Timer output ta type.
utput OFF .
ET Elapsed time Elapsed time since tim- " ms
er started
*1.  T#0 ms to T#106751d_23h_47m_16s_854.775807ms
Boo . . Real Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | = 7
c c| c r
212 3|2/5|6|c|S|E|e|=|2|lc|Bz2|8|2|lalz
o |H|2|9128/2|3|2/2|3|5|3|3|2|B|&8|3|le|l"|z=
In OK
PT OK
Q OK
ET OK
Function

The TP instruction outputs TRUE while the set time elapses after the timer starts. The time is set in
nanoseconds.

The timer starts when timer input /n changes to TRUE, and timer output Q changes to TRUE. Elapsed
time ET is incremented as time elapses.

When ET reaches set time PT, timer output Q changes to FALSE. ET is not incremented after that.
The timer is reset when In changes to FALSE. ET changes to 0.

The timer is not reset if Inchanges to FALSE before ET reaches PT.

2145
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LD

A

ok
T#10ms —PT

TP_instance
TP abc
oF—O
ET [— def
PT = T#10ms

ST

The following figure shows a programming example and timing chart for a PT of T#10 ms. When varia-
ble A changes to TRUE, variable abc changes to TRUE, and 10 ms later back to FALSE.

TP_instance(A, T#10ms, abc, def);

H=

N

Additional Information

2-146

» Use the instruction, TON on page 2-136, for a timer that starts when In changes to TRUE, and then
changes the timer output to TRUE when the elapsed time reaches the set time.

» Use the instruction, TOF on page 2-142, for a timer that starts when In changes to FALSE, and then
changes the timer output to FALSE when the elapsed time reaches the set time.

« If you are connected to an HMI that does not support TIME data, you must convert the set time from
integer data to TIME data before you input it to this instruction. Use the instruction, NanoSecToTime
on page 2-683, to convert integer data to TIME data. Use the instruction, TimeToNanoSec on page
2-680, to convert TIME data to integer data. Both instructions express the time in nanoseconds. The
following shows a user programming example where the INT variable, msintVar, is the set time in

milliseconds.
LD
Setparameter MUL
I T I EN ENO|—
mslIntVar —In1 —tmpLintVar
LINT#1000000—In2
NanoSecToTime
EN ENO—
tmpLintvVar —{In — msTimeVar
TP_instance
Trigger TP
In QF—
msTimeVar—{PT ET —

TP_instance.Q

Tout

O
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ST

tmpLintVar:=msIntVar*LINT#1000000;
msTimeVar:=NanoSecToTime(tmpLintVar);
TP_instance(In:=Trigger, PT:=msTimeVar, Q=>Tout);

Precautions for Correct Use

» The timing error for which Q is TRUE for PT is -100 ns to (100 ns + 1 task period).
The above range includes the following:
a) The £100 ns is the timing error of ET.
b) Time ET is judged to check if it reaches PT every task period. If time ET reaches PT immediately

after the judgment is completed, there is a delay of one task period.

» The time is displayed in increments of 0.001 ms on the Sysmac Studio, but the timing accuracy is 1
ns.

* The timer starts as soon as operation starts if In is already TRUE.

 If T#O ms or a negative number is set for PT, Q will not change to TRUE even when the value of In
changes to TRUE.

* You can change the value of PT while the value of In is TRUE. Operation is as follows:

suo1oNIIsu| Jawi|

dlL

Value of Value of PT af-

Timer status teritis Operation
Q

changed

The value of Q remains FALSE.

Aft leti
er compietion FALSE - The value of ET also does not change. It remains at the

f timi
ortiming same value of PT as before it is changed.
Timing is continued. When the value of ET reaches the value
Timing i PT=ET of PT, the value of Q changes to FALSE and ET is no longer
IMing I prog- | +pyE incremented.
ress - -
PT <ET The value of Q changes to FALSE immediately.

Incrementing ET stops immediately.

« If this instruction is in a master control region and the master control region is reset, timing is contin-
ued to the end if the timer is operating. Then, the value of ET changes to 0, and the value of Q
changes to FALSE. However, if an Out instruction is connected to Q, the execution condition to the
Out instruction is FALSE even when the value of Q is TRUE.

« If this instruction is not executed due to the execution of a jump instruction (e.g., the JMP instruc-
tion), the value of ET is not updated and timing is not performed. Timing restarts when this instruc-
tion is executed again.

« If this instruction is used in a ladder diagram, the value of Q changes to FALSE when an error oc-
curs in the previous instruction on the rung.
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AccumulationTimer

The AccumulationTimer instruction accumulates the period of time during which the timer input is

TRUE.
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
AccumulationTimer_instance
AccumulationTimer
Accumulation- | Accumulation FB —in Ql— AccumulationTimer_instance(In,
Timer Timer —PT ET— PT, Reset, Q, ET);
—1Reset
Variables
Meaning 110 Description Valid range Unit Default
) ) TRUE: Timer operates | Depends on da-
| Ti t - FALSE
n merinpu FALSE: Timer stops | ta type.
PT Set time Input Maximum time 1 ms 0
TRUE: Timer reset Depends on da-
R R - FALSE
eset eset FALSE: Timer not reset | ta type. S
TRUE: ET reached PT. Depends on da
Q Timer output FALSE: ET has not @ tp R ---
Output reached PT. ype. ---
ET Total time Total time 1 ms
*1.  T#0 ms to T#106751d_23h_47m_16s_854.775807ms
Boo . 5 Real Times, durations,
Bit strings Integers num- '
lean dates, and text strings
bers
| = 7
c c| c T
8|2|8|5/5|8|c|E|E|g|l=z|2|z|B|&l2|8|3|c|3
c|32/S/8/2|3/2|2|3|5|3|3|2|E|5|53|8|3|Z
In OK
PT OK
Reset OK
Q OK
ET OK
Function
The AccumulationTimer instruction accumulates time during which the timer input /n is TRUE. The
time is set in nanoseconds.
If reset Reset is FALSE, the timer starts when In changes to TRUE. Total time ET is incremented as
time elapses.
The timer stops when In changes to FALSE. The value of ET is held.
When In changes to TRUE again, the timer starts again. ET is incremented from the value that was
previously held.
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When ET reaches set time PT, timer output Q changes to TRUE. ET is not incremented after that.
The timer is reset when Reset changes to TRUE. The value of ET changes to 0, and the value of Q
changes to FALSE.

The following figure shows a programming example and timing chart for a PT of T#10 ms. Variable
abc changes to TRUE when the total time reaches 10 ms, accumulating the period of time during
which variable A is TRUE.

LD ST

suo1oNIIsu| Jawi|

AccumulationTimer_instance(A, T#10ms, abc, def, ghi);
AccumulationTimer_instance
A AccumulationTimer def

pE— o0
T#10ms —PT ET ghi

abc — Reset

JBWI] UoNEBINWINODY

TRUE
In=A FALSE _l_l_,—\
TRUE E
Reset = abc FALSE ,

ET = ghi

TRUE ’—\
Q = def FALSE

Additional Information

» Use the instruction, TON on page 2-136, for a timer that resets the timer output and elapsed time
when In changes to FALSE.

* If you are connected to an HMI that does not support TIME data, you must convert the set time from
integer data to TIME data before you input it to this instruction. Use the instruction, NanoSecToTime
on page 2-683, to convert integer data to TIME data. Use the instruction, Time ToNanoSec on page
2-680, to convert TIME data to integer data. Both instructions express the time in nanoseconds. The
following shows a user programming example where the INT variable, msintVar, is the set time in
milliseconds.
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LD
Setparameter MUL
m EN ENO|—
msintVar —In1 —tmpLintVar
LINT#1000000—In2
NanoSecToTime
EN ENO—
tmpLintvar —In — msTimeVar
AccumulationTimer_instance
Trigger AccumulationTimer
In Ql—
msTimeVar— PT ET|—
—{ Reset
AccumulationTimer_instance.Q Tout
ST

tmpLintVar:=msIntVar*LINT#1000000;
msTimeVar:=NanoSecToTime(tmpLintVar);
AccumulationTimer_instance(In:=Trigger, PT:=msTimeVar, Q=>Tout);

Precautions for Correct Use

* The timing error for which Q is TRUE for PT is -100 ns to (100 ns + 1 task period).
The above range includes the following:
a) The £100 ns is the timing error of ET.
b) Time ET is judged to check if it reaches PT every task period. If time ET reaches PT immediately

after the judgment is completed, there is a delay of one task period.

* The time is displayed in increments of 0.001 ms on the Sysmac Studio, but the timing accuracy is 1
ns.

* If In and Reset are both TRUE, Reset has priority. That is, ET changes to 0 and Q changes to
FALSE.

» The timer starts as soon as operation starts if /In is already TRUE.

» If T#0 ms or a negative number is set for PT, Q will change to TRUE.

* You can change the value of PT before the value of ET reaches the value of PT. Operation is as

follows:
Val f | Val f PT after it
Timer status alue o 4 lfe ° attert Operation
Q is changed
After comple The value of Q remains TRUE.
. . p TRUE - The value of ET also does not change. It remains at the
tion of timing .
same value of PT as before it is changed.
Timing is continued. When the value of ET reaches the val-
Timing i PT=ET ue of PT, the value of Q changes to TRUE and ET is no
iming in FALSE longer incremented.
progress - -
PT <ET The value of Q changes to TRUE immediately.
Incrementing ET stops immediately.

« If this instruction is in a master control region and the master control region is reset, the operation is
as follows:

a) The timer stops. The values of ET and Q at that time are retained.
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b) When the master control reset is cleared, ET is incremented again from the value that was re-
tained.

c) If an Out instruction is connected to Q, the execution condition to the Out instruction is FALSE
even when the value of Q is TRUE.

d) Resetis enabled.

« If this instruction is not executed due to the execution of a jump instruction (e.g., the JMP instruc-
tion), the value of ET is not updated. However, timing still continues. Therefore, ET is updated to a
correct value the next time this instruction is executed.

« If this instruction is used in a ladder diagram, the value of Q changes to FALSE when an error oc-
curs in the previous instruction on the rung.

suo1oNIIsu| Jawi|

JBWI] UoNEBINWINODY
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Timer

The Timer instruction outputs TRUE when the set time elapses after the timer starts. The time is set in
increments of 100 ms.

FB/
Instruction Meaning FUN Graphic expression ST expression
Timer
—In — Out
, Hundred-ms —°T Q— Out:=Timer(In, PT, TimerDat, Q,
Timer . FUN TimerDat
Timer [ - ET);
ET[—
Variables
Meaning 110 Description Valid range Unit Default
TRUE: Timer start sig-
nal
| Ti input -—- FALSE
: imerinpu FALSE: Timer reset
. Depends on da-
Input signal
- - ta type.
Time from when timer
PT Set time starts until Q changes ms *1
to TRUE
TimerDat Timer status In-out Current status of timer | --- - -
TRUE: Timer output
N
Out Return value © )
Outout FALSE: Timer output Depends on da- | ---
Hipd OFF ta type. o
Q Timer output Same meaning as Out.
ET Remaining time Remaining time ms

*1. If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . 5 Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
=) [t ()
W | w2 s S|lc|S|C|le|l=|lg|lrc|a|R|2]|9]| =
S|5(8/8(5(2|5/2|5|2|2|2|5(8|8|E|3|8|2
= m| g g g S5/ 55| 4 S| 4| = I:g m|m|© g
In OK
PT OK
TimerDat Structure _sTimer
Out OK
Q OK
ET OK
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Function

The Timer instruction outputs TRUE when the set time elapses after the timer starts. The time is set in
increments of 100 ms.

The timer is reset when timer input /In changes to FALSE. Remaining time ET is set to set time PT, and
timer output Q changes to FALSE.

The timer starts when In changes to TRUE. The value of ET is decremented as time elapses.

When the value of ET reaches 0, timer output Q changes to TRUE. ET is not decremented any further.

suo1oNIIsu| Jawi|

If In changes to FALSE after the timer is started, the timer is reset even before ET reaches 0.

The data type of timer status TimerDat is structure _sTimer.

The following figure shows a programming example and timing chart when PT is UINT#10. Variable

=
ghi will change to TRUE 1,000 ms (1 s) after variable A changes to TRUE. 3
LD ST
def:=Timer(A, UINT#10, abc, ghi, jkl);
A Timer def
ool o
UINT#10 —PT Q|— ghi
TimerDat
abc —f . I abc
ET— jki
PT = UINT#10
TRUE
In FALSE
~ TRUE
Q=N cn sE
ET =jkl : :

Additional Information

For more precise time measurement, use the instruction, TON on page 2-136, which measures time in
nanoseconds. The TON instruction measures time in nanoseconds when executed, so it is more pre-
cise than the Timer instruction. However, the execution time of the Timer instruction is shorter.

Precautions for Correct Use

» Timing is started at the beginning of the POU that contains this instruction. Therefore, the value of
ET will be the same regardless of where the instruction is executed in the POU.
» The timing error for which Q changes to TRUE for PT is +1 task period (a delay of one task period).
The above range includes the following:
a) Time ET is judged every task period to see if it has reached PT. If time ET reaches PT immedi-
ately after the judgment is completed, there will be a delay of one task period.
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2-154

Although TimerDat is an in-out variable, it is not necessary to pass any values. Create a memory
area for the size of the _sTimer structure and pass it to the instruction.

Do not change the contents of TimerDat.

If Inis TRUE, the timer starts as soon as operation starts.

If the value of PT changes, the new value is reflected the next time the timer is reset. The value is
not updated while timing is in progress.

If this instruction is in a master control region and the master control region is reset, the timer is re-
set. ET is set to the value of PT, and the value of Q changes to FALSE.

If this instruction is not executed due to execution of a jump instruction (e.g., the JMP instruction),
the value of ET is not updated. However, timing still continues. Therefore, ET is updated to a correct
value the next time the instruction is executed.

If this instruction is used in a ladder diagram, the values of Q and Out change to FALSE when an
error occurs in the previous instruction on the rung.
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2 Instruction Descriptions

CTD

The CTD instruction decrements the counter value when the counter input signal is received. The pre-
set value and counter value must have an INT data type.

FB/
Instruction Name FUN Graphic expression ST expression
CTD_instance
CTD
—bcCD Q — CTD_instance (CD, Load, PV, Q,
CTD Down-counter | FB I load v |— cv):
— PV
Variables
Meaning 110 Description Valid range Unit Default
CD Counter input Counter input D -
: : epends on da FALSE
Load*! Load signal Input TRUE: Set CV to PV ta type. -
PV Preset value Counter preset value 0 to 32767 0
TRUE: Counter output
ON Depends on da-
Q Count tput
ounter ottpt Output FALSE: Counter output | ta type.
OFF
CcVv Counter value Counter present value | 0to 32767

*1.  On Sysmac Studio version 1.03 or higher, you can use LD instead of Load to more clearly show the correspondence
between the variables and the parameter names in ST expressions.
For example, you can use the following notation: CTD_instance(CD:=A, LD:=abc, PV:=INT#5, Q=>def, CV=>ghi);.

Real
B Times, durations,
o0 Bit strings Integers num- imes, dura |on.s
lean bers dates, and text strings
| = @
c c -
AEHEHEEHEHHEHBEBEEE R IHHERE
o | d|l x| 9 Z| 2| 2| z|Z2|53|2|Z2|>|0/=2/53/8|4]|¢%
r/mo| g8 555 S| A |- B2|mMim Z
CD OK
Load OK
PV OK
Q OK
cv OK
Function

The CTD instruction creates a down counter. The preset value and counter value must have an INT
data type.

When load signal Load changes to TRUE, counter value CV is set to the value of preset value PV and
counter output Q changes to FALSE.

When counter input signal CD changes to TRUE, CV is decremented. When the value of CV reaches
0 or less, the value of Q changes to TRUE.
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After the value of CV reaches 0 or less, CV does not change even if CD changes to TRUE.
CD is ignored while Load is TRUE. CV is not decremented.

The following figure shows a programming example and timing chart for a PV of INT#5.

o
2
LD ST 5
8
CTD_instance(A, abc, INT#5, def, ghi): 2
CTD_instance 5
A CTD def g
—{ }7 CcD Q —O @
abc— Load CV —ghi
INT#5 —| PV

aLo

TRUE

cD=A e L LT LT L) LT L
TRUE

Load=abc FALSE

PV=INT#5 --- i
CV=ghi ; i
e TRUE — : —
-de FALSE !
When Load changes to TRUE, CV When CVreaches 0, Q
is set to the value of PVand Q changes to TRUE.

changes to FALSE.
CVis decremented as soon as
Load changes to FALSE.

Additional Information

» Use the instruction, CTU on page 2-161, to create a counter that increments the counter value each
time the counter input signal is received.

» Use the instruction, CTUD on page 2-167, to create a counter that can be both incremented and
decremented.

Precautions for Correct Use

» Change Load to TRUE and then back to FALSE to restart a counter that has completed counting
down.

» Even when PV is set to a negative value, CV is set to the value of PV when the value of Load
changes to TRUE. The value of CVis 0 or less, so the value of Q will change to TRUE immediately.
After that, the value of CV will not be decremented even if the value of CD changes.

« If the value of CD is FALSE and the power supply is interrupted or the operating mode is changed to
PROGRAM mode, the value of CV is decremented once when this instruction is restarted while the
value of CD is TRUE.

+ If this instruction is used in a ladder diagram, the value of Q changes to FALSE if an error occurs in
the previous instruction on the rung.
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CTD *

The CTD_** instruction decrements the counter value when the counter input signal is received. The
preset value and counter value must be one of the following data types: DINT, LINT, UDINT, or ULINT.

FB/
Instruction Name FUN Graphic expression ST expression
CTD_**_instance
CTD_** e
—bep Ql— CTD_ ._|nstance (CD, Load, PV,
Down-counter — Load cV |— Q, CV);
CTD_** FB — pv
Group "*" must be DINT, LINT, UDINT, or
w must be DINT, LINT, UDINT, or ULINT.
ULINT.
Variables
Meaning 110 Description Valid range Unit Default
CD Counter input Counter input -
. : Depends on da FALSE
Load™! Load signal Inout TRUE: Set CVto PV ta type.
npu ---

Depends on da-
PV Preset value Counter preset value . 0

ta type.™

TRUE: Counter output
ON Depends on da-
t tput
Q Counter outpu FALSE: Counter output | ta type.
Output OFF — —

Depends on da-
(3Y) Counter value Counter present value .

ta type.™

*1.  On Sysmac Studio version 1.03 or higher, you can use LD instead of Load to more clearly show the correspondence
between the variables and the parameter names in ST expressions.
For example, you can use the following notation: CTD_LINT _instance(CD:=A, LD:=abc, PV:=LINT#5, Q=>def,
CV=>ghi);.

*2. Negative numbers are excluded.

Real
Boo ) X Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| - [7)
W | m| = c c | c — |l 5l4alo o
AHHHEBEHEEBEHEHBHEEE
e Bl 2|23 |5|Z2|3|S | |S|S5|E|l2|m|mM|O| |2
- m| o gl o - =4 | - -~ m ®
CD OK
Load OK
PV OK | OK OK | OK
Q OK
CcVv Must be the same data type as PV
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Function

The CTD_** instruction creates a down counter. The preset value and counter value must be one of
the following data types: DINT, LINT, UDINT, or ULINT.

The name of the instruction is determined by the data type of PV and CV. For example, if they are the
CV data type, the instruction is CTD_LINT.

When load signal Load changes to TRUE, counter value CV is set to the value of preset value PV and
counter output Q changes to FALSE.

When counter input signal CD changes to TRUE, CV is decremented. When the value of CV reaches
0 or less, the value of Q changes to TRUE.

suoljonJajsuj J83unon

After the value of CV reaches 0 or less, CV does not change even if CD changes to TRUE.

CD is ignored while Load is TRUE. CV is not decremented.

« dlD

The following figure shows a CTD_LINT programming example and timing chart for a PV of LINT#5.

LD ST

CTD_LINT _instance(A, abc, LINT#5, def, ghi);
CTD_LINT _instance

A CTD_LINT def
Lt o0
abc— Load CV +—ghi
LINT#5 — PV

TRUE
on=a mse ) L LT LT LT LT L

TRUE
Load=abc FALSE

PV=LINT#5 ----

CV=ghi
0

TRUE —|
Q=def FALSE _l
|

When Load changes to TRUE, When CVreaches 0, Q
CVis set to the value of PV and changes to TRUE.

Q changes to TRUE. )
CVis decremented as soon as

Load changes to FALSE.

Additional Information

» Use the instruction, CTU on page 2-161, to create a counter that increments the counter value each
time the counter input signal is received.

» Use the instruction, CTUD on page 2-167, to create a counter that can be both incremented and
decremented.
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Precautions for Correct Use

2-160

Change Load to TRUE and then back to FALSE to restart a counter that has completed counting
down.

Use the same data type for PV and CV.

Even when PV is set to a negative value, CV is set to the value of PV when the value of Load
changes to TRUE. The value of CVis 0 or less, so the value of Q will change to TRUE immediately.
After that, the value of CV will not be decremented even if the value of CD changes.

If the value of CD is FALSE and the power supply is interrupted or the operating mode is changed to
PROGRAM mode, the value of CV is decremented once when this instruction is restarted while the
value of CD is TRUE.

If this instruction is used in a ladder diagram, the value of Q changes to FALSE if an error occurs in
the previous instruction on the rung.
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CTU

2
o
The CTU instruction increments the counter value when the counter input signal is received. The pre- §
]
set value and counter value must have an INT data type. ;;
7]
. FB/ . . . 5
Instruction Name FUN Graphic expression ST expression =
=]
CTU_instance ’
CTU
—bdcu Q — CTU_instance (CU, Reset, PV, Q,
CTu Up-counter FB _ I Reset CV — cv):
— PV
9
_|
c
Variables
Meaning /10 Description Valid range Unit Default
CuU Counter input Counter input D -
* ' epends on da FALSE
Reset" Reset signal Input TRUE: Reset CVto 0 | ta type. -
PV Preset value Counter preset value 0 to 32767 0
TRUE: Counter output
ON Depends on da-
Count tput
Q onter otlipd Output FALSE: Counter output | ta type. -—- -—-
OFF
cv Counter value Counter present value | 0 to 32767

*1.  On Sysmac Studio version 1.03 or higher, you can use R instead of Reset to more clearly show the correspondence
between the variables and the parameter names in ST expressions.
For example, you can use the following notation: CTU_instance(CU:=A, R:=abc, PV:=INT#5, Q=>def, CV=>ghi);.

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| = (7))
w w| = clclc€lC€lon|l_|lolrlalBla|o]|4 —
S13/8/8|5|2|5|2|c|2/=2/28|5|8|8|2/ 28 9z
r|mg|83|&8|5||5|5] e e I o < O 3
CcuU OK
Reset OK
PV OK
Q OK
(&Y OK
Function

The CTU instruction creates an up counter. The preset value and counter value must have an INT da-
ta type.

When reset signal Reset changes to TRUE, counter value CV changes to 0 and counter output Q
changes to FALSE.

When counter input signal CU changes to TRUE, CV is incremented. When the value of CV reaches
the value of PV or higher, the value of Q changes to TRUE.
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After the value of CV reaches the value of PV or higher, the value of CV does not change even if the
value of CU changes to TRUE.

CU is ignored while Reset is TRUE. CV is not incremented.
The following figure shows a programming example and timing chart for a PV of INT#5.

LD ST

CTU _instance(A, abc, INT#5, def, ghi);
CTU_instance

A CTU def
e o =0
abc— Reset CV [—ghi
INT#5— PV

TRUE
con e L LT LT L LT L
TRUE E
Reset=abc FALSE E

PV=INT#5 - -—
CV=ghi ;
0--» E
TRUE : ' I
=def '
Q=de FALSE _1 '
When Reset changes to TRUE, When CVreaches PV, Q
CVisreset to 0 and Q changes to changes to TRUE.
FALSE.

CVis incremented as soon as Reset
changes to FALSE.

Additional Information

» Use the instruction, CTD on page 2-156, to create a counter that decrements the counter value each
time the counter input signal is received.

» Use the instruction, CTUD on page 2-167, to create a counter that can be both incremented and
decremented.

Precautions for Correct Use

* Change Reset to TRUE and then back to FALSE to restart a counter that has completed counting
up.

* Even when PV is set to a negative value, CV is set to 0 when the value of Reset changes to TRUE.
The value of CV is higher than that of PV, so the value of Q changes to TRUE immediately. After
that, the value of CV will not be incremented even if the value of CU changes.

» The following operation is performed if the value of PV is changed while the value of Reset is
FALSE.

Value of PV Meaning

Larger than the current val-

The count operation is continued.
ue of CV P
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Value of PV Meaning

Equal to or smaller than the | The count operation is ended. The value of Q changes to TRUE. The current
current value of CV value of CV is retained and will not change.

« If the value of CU is FALSE and the power supply is interrupted or the operating mode is changed to
PROGRAM mode, the value of CV is incremented once when this instruction is restarted while the
value of CU is TRUE.

« If this instruction is used in a ladder diagram, the value of Q changes to FALSE if an error occurs in
the previous instruction on the rung.

suoljonJajsuj J83unon

nLo
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CTU **

The CTU_** instruction increments the counter value when the counter input signal is received. The
preset value and counter value must be one of the following data types: DINT, LINT, UDINT, or ULINT.

FB/
Instruction Name FUN Graphic expression ST expression
CTU_**_instance
e cTu_ ol CTU_**_instance (CU, Reset, PV,
Up-counter — Reset cV |— Q, CV);
CTU_** FB — pv
Group "*" must be DINT, LINT, UDINT, or
w must be DINT, LINT, UDINT, or ULINT.
ULINT.
Variables
Meaning 110 Description Valid range Unit Default
CuU Counter input Counter input -
* : Depends on da FALSE
Reset'! Reset signal nout TRUE: Reset CVto 0 | ta type.
npu ---

Depends on da-
PV Preset value Counter preset value . 0

ta type.™

TRUE: Counter output
ON Depends on da-
t tput
Q Counter outpu FALSE: Counter output | ta type.
Output OFF — —

Depends on da-
CcVv Counter value Counter present value .

ta type.™

*1.  On Sysmac Studio version 1.03 or higher, you can use R instead of Reset to more clearly show the correspondence
between the variables and the parameter names in ST expressions.
For example, you can use the following notation: CTU_LINT _instance(CU:=A, R:=abc, PV:=LINT#5, Q=>def,
CV=>ghi);.

*2. Negative numbers are excluded.

Real
Boo ) X Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| - [7)
W | m| = c €| c — 2| 51 alo o
AHHHEBEHEEBEHEHBHEEE
e Bl 2|23 |5|Z2|3|S | |S|S5|E|l2|m|mM|O| |2
- m| o gl o - =4 | - -~ m ®
CcuU OK
Reset OK
PV OK | OK OK | OK
Q OK
CcVv Must be the same data type as PV
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Function

The CTU_** instruction creates an up counter. The preset value and counter value must be one of the
following data types: DINT, LINT, UDINT, or ULINT.

The name of the instruction is determined by the data type of PV and CV. For example, if they are the
LINT data type, the instruction is CTU_LINT.

When reset signal Reset changes to TRUE, counter value CV changes to 0 and counter output Q
changes to FALSE.

When counter input signal CU changes to TRUE, CV is incremented. When the value of CV reaches
the value of PV or higher, the value of Q changes to TRUE.

suoljonJajsuj J83unon

After the value of CV reaches the value of PV or higher, the value of CV does not change even if the
value of CU changes to TRUE.

« NLD

CU is ignored while Reset is TRUE. CV is not incremented.

The following figure shows a CTU_LINT programming example and timing chart for a PV of LINT#5.

LD ST

CTD_LINT _instance(A, abc, LINT#5, def, ghi);
CTD_LINT _instance
A CTD_LINT def

}7 CD Q — )
_{ abc— Load CcVv

—ghi
LINT#5 — PV

TRUE
FALSE

TRUE

Reset=abc FALSE

CU=A

CV=ghi

0-- '
e TRUE : —
ae FALSE T :

When Reset changes to TRUE, When CVreaches PV, Q
CVis reset to 0 and Q changes to changes to TRUE.
FALSE.

CVis incremented as soon as Reset
changes to FALSE.

Additional Information

» Use the instruction, CTD on page 2-156, to create a counter that decrements the counter value each
time the counter input signal is received.

» Use the instruction, CTUD on page 2-167, to create a counter that can be both incremented and
decremented.
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Precautions for Correct Use

* Change Reset to TRUE and then back to FALSE to restart a counter that has completed counting
up.

* Even when PV is set to a negative value, CV is set to 0 when the value of Reset changes to TRUE.
The value of CV will be higher than that of PV, so the value of Q changes to TRUE immediately.
After that, the value of CV is not incremented even if the value of CU changes.

» Use the same data type for PV and CV.
» The following operation is performed if the value of PV is changed while the value of Reset is

FALSE.
Value of PV Meaning
Larger than the current val- . .
The count operation is continued.
ue of CV
Equal to or smaller than the | The count operation is ended. The value of Q changes to TRUE. The current
current value of CV value of CV is retained and will not change.

* If the value of CU is FALSE and the power supply is interrupted or the operating mode is changed to
PROGRAM mode, the value of CV is incremented once when this instruction is restarted while the

value of CU is TRUE.
« If this instruction is used in a ladder diagram, the value of Q changes to FALSE if an error occurs in

the previous instruction on the rung.
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CTUD

2
o
The CTUD instruction creates an up-down counter that operates according to an up-counter input and §
]
a down-counter input. The preset value and counter value must have an INT data type. =
7]
. FB/ . . . 5
Instruction Name FUN Graphic expression ST expression =
=]
CTUD_instance ’
CTUD
—p Cu Qu |— )
CTUD Up-down Coun- kB —5CD QD |— CTUD_instance (CU, CD, Reset,
ter — Reset CV — Load, PV, QU, QD, CV);
— Load o
— PV =
C
o]
Variables
Meaning /10 Description Valid range Unit Default
Cu Up-counter input Up counter input
CD Down-counter input Down counter input _
- : Depends on da FALSE
Reset™ Reset signal TRUE: Reset CVto 0 ta type.
Load™ Load signal TRUE: CV set to PV
Input The final counter value -
when operating as an
PV Preset value up counter 0 to 32767 0
The initial counter val-
ue when operating as
a down counter
TRUE: up-counter out-
put ON
U Up- It tput
Q p-counfer outpu FALSE: up-counter
output OFF Depends on da-
Output TRUE: down-counter ta type. — —
output ON
QD Down-counter output FALSE: down-counter
output OFF
Ccv Counter value Counter present value | 0 to 32767

*1.  On Sysmac Studio version 1.03 or higher, you can use R instead of Reset and LD instead of Load to more clearly
show the correspondence between the variables and the parameter names in ST expressions.
For example, you can use the following notation: CTUD_instance(CU:=A, CD:=B, R:=abc, LD:=def, PV:=INT#3,
QU=>ghi, QD=>jkl, CV=>mno);.

Real
Boo Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=) [t - (7]
2 23|22\ 5|c|S|E|le|s|lglc|B a2/ 2|c]z
0312|8912 /23|2|2|2|3|3(2|=|0/2|3/8|3|%2
r|mio|8|&|5|7 5|4 = - 2| ™| m o
Cu OK
CD OK
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Real
Boo . . ea Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
O | - (7
W | m| = ClclC|lCSlow|l_|lolr|lma|GF|alo]| 4 =
AEIEIHEEEEEBHEE T HEEEE
r|m| 5| 8|8|5|°|5|5]" S|4~ 2| m m|© 3
Reset OK
Load OK
PV OK
Qu OK
QDb OK
cVv OK
Function

The CTUD instruction creates an up-down counter that operates according to an up-counter input sig-
nal and a down-counter input signal.

It has the functions of both an up counter and a down counter.

The preset value and counter value must have an INT data type.

I Operation as an Up Counter

When reset signal Reset changes to TRUE, counter value CV changes to 0 and up-counter output QU
changes to FALSE.

When up-counter input signal CU changes to TRUE, CV is incremented. When the value of CV reach-
es the value of PV or higher, the value of QU changes to TRUE.

After the value of CV reaches the value of PV or higher, the value of CV does not change even if the
value of CU changes to TRUE.

I Operation as a Down Counter

When load signal Load changes to TRUE, counter value CV changes to the value of preset value PV
and down-counter output QD changes to FALSE.

When down-counter input signal CD changes to TRUE, CV is decremented. When the value of CV
reaches 0 or less, the value of QD changes to TRUE.

After the value of CV reaches 0 or less, CV does not change even if CD changes to TRUE.

I Common Operation for Up and Down Counters

2-168

CU and CD are ignored while Load and Reset are TRUE. CV is not incremented or decremented.
If both CU and CD change to TRUE at the same time, CV will not change.

If Reset and Load are both TRUE, Reset has priority and the value of CV changes to 0.

If Reset changes to TRUE, CV changes to 0, and so QD changes to TRUE.

If Load changes to TRUE, the value of CV changes to PV, and so QU changes to TRUE.

The following table shows the relationship between Reset, Load, CV, QU, and QD. This assumes that
the value of PV is larger than 0.
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Reset | Load cVv Qu QD Operation

Only up counter operation is performed.
Oorlower |FALSE | TRUE |+ CVisincremented when CU changes to TRUE. It is not

decremented when CD changes to TRUE. o
Between 0 Both up and down counter operation is performed. §
FALSE | FALSE and PV FALSE | FALSE | = CVis incremented when CU changes to TRUE and decre- 3
mented when CD changes to TRUE. ?,_
PV or hiah Only down counter operation is performed. §
or g TRUE | FALSE | = CVis decremented when CD changes to TRUE. It is not %
incremented when CU changes to TRUE.
The up counter is reset.
TRUE | FALSE | 0 FALSE | TRUE * The value of CVis setto 0.
The down counter is reset.
FALSE | TRUE | PV TRUE | FALSE
* The value of CVis set to PV. q
TRUE | TRUE |0 FALSE | TRUE The up counter is reset. Reset take priority over Load. S

* The value of CVis set to 0.

The following figure shows a programming example and timing chart for a PV of INT#3.

LD ST

CTUD _instance(A, B, abc, def, INT#3, ghi, jkl, mno);
CTUD_instance

A CTUD ghi
—{ }7 cu Qu —O
B—pCD QD —jkl
abc— Reset CV [—mno
def — Load
INT#3— PV
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CU=A TRUE

CD=B TRUE !

Reset=abc  FALSE

Load=def  FALSE
CV=mno

QU=ghi TRUE ;

QD=ikl TRUE ; | ;
) FALSE : ; ; :

FALSE

é

FALSE H

TRUE

TRUE

)

PV=INT#3 ------

0 . o

FALSE

When CV reaches PV, QU
changes to TRUE.

When Reset changes to TRUE, CV changes to 0,
QU changes to FALSE, and QD changes to TRUE.

When Reset changes to FALSE, the counter inputs are
enabled. When CU changes to TRUE, CVis increment-
ed. This causes QD to change to FALSE.

When CD changes to TRUE, CV is decremented.

When CV reaches 0, QD changes to TRUE.

When Load changes to TRUE, CV changes to PV . This causes
QU to change to TRUE and QD to change to FALSE.

Additional Information

Use CTD on page 2-156 or CTU on page 2-161 to create either a down counter or up counter alone.

Precautions for Correct Use

2170

* If you change Reset to TRUE to reset the up-counter operation, QU will change to FALSE and QD

will change to TRUE.

If you change Load to TRUE to reset the down-counter operation, QD will change to FALSE and QU
will change to TRUE.

Even when PV is set to a negative value, CV is set to the value of PV when the value of Load
changes to TRUE. The value of CVis 0 or less, so the value of QD will change to TRUE immediate-
ly. After that, the value of CV will not be decremented even if the value of CD changes. When the
value of Reset changes to TRUE, the value of CV changes to 0. The value of CV is equal to or high-
er than PV, so the value of QU changes to TRUE immediately. After that, the value of CV will not be
incremented even if the value of CU changes.

You can change the value of PV during execution of the instruction. If the new value of PV is less
than the current value of CV, the value of QU changes to TRUE immediately.
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* If the value of CU or CD is FALSE and the power supply is interrupted or the operating mode is
changed to PROGRAM mode, the value of CV is incremented or decremented once when this in-
struction is restarted while the value of CU or CD is TRUE.

suoljonJajsuj J83unon

anito
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CTUD **

The CTUD_** instruction creates an up-down counter that operates according to an up-counter input
and a down-counter input. The preset value and counter value must be one of the following data
types: DINT, LINT, UDINT, or ULINT.

FB/
Instruction Name FUN Graphic expression ST expression
CTUD_**_instance
CTUD_**
] 83 83 — CTUD_**_instance (CU, CD, Re-
Up-down Coun- —] Reset CV |— set, Load, PV, QU, QD, CV),
CTUD_** FB —! Load
ter Group — pv "*" must be DINT, LINT, UDINT, or
ULINT.
"*" must be DINT, LINT, UDINT, or
ULINT.
Variables
Meaning /10 Description Valid range Unit Default
CuU Up-counter input Up counter input
CD Down-counter input Down counter input D .
- : epends on da FALSE
Reset™! Reset signal TRUE: Reset CVto 0 ta type.
Load™! Load signal TRUE: CV set to PV
Input The final counter value -
when operating as an
Depends on da-
PV Preset value up ccl)u.n.ter P A 0
The initial counter val- | ta type. 2
ue when operating as
a down counter
TRUE: up-counter out-
put ON
U Up- t tput
Q p-cotnfer outpu FALSE: up-counter
output OFF Depends on da-
TRUE: down-counter ta type.
QD Down-counter output oupt output ON N -
P FALSE: down-counter
output OFF
Depends on da-
cVv Counter value Counter present value .
ta type.™
*1.  On Sysmac Studio version 1.03 or higher, you can use R instead of Reset and LD instead of Load to more clearly

show the correspondence between the variables and the parameter names in ST expressions.
For example, you can use the following notation: CTUD_LINT_instance(CU:=A, CD:=B, R:=abc, LD:=def, PV:=LINT#3,
QU=>ghi, QD=>jkl, CV=>mno);.

*2.

2172

Negative numbers are excluded.
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Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O |- 7
w | w| S c c|c _ x| 540 b
AEIHEEEEHBEBHEETHIEHERE
O (dla|z|xn|Z2|5|2|2|5|5|5 |5/ 2> m|lFAlol" ]|z
- mi o|g|lo| - =5 | = - |~ m )
Cu OK
CD OK
Reset OK
Load OK
PV OK | OK OK | OK
QU OK
QD OK
cv Must be the same data type as PV
Function

The CTUD_** instruction creates an up-down counter that operates according to an up-counter input
signal and a down-counter input signal.

The counter has the functions of both an up counter and a down counter.

The preset value and counter value must be one of the following data types: DINT, LINT, UDINT, or
ULINT.

The name of the instruction is determined by the data type of PV and CV. For example, if they are the
LINT data type, the name of the instruction is CTUD_LINT.

I Operation as an Up Counter

When reset signal Reset changes to TRUE, counter value CV changes to 0 and up-counter output QU
changes to FALSE.

When up-counter input signal CU changes to TRUE, CV is incremented. When the value of CV reach-
es the value of PV or higher, the value of QU changes to TRUE.

After the value of CV reaches the value of PV or higher, the value of CV does not change even if the
value of CU changes to TRUE.

I Operation as a Down Counter

When load signal Load changes to TRUE, counter value CV changes to the value of preset value PV
and down-counter output QD changes to FALSE.

When down-counter input signal CD changes to TRUE, CV is decremented. When the value of CV
reaches 0 or less, the value of QD changes to TRUE.

After the value of CV reaches 0 or less, CV does not change even if CD changes to TRUE.

I Common Operation for Up and Down Counters

CU and CD are ignored while Load or Reset is TRUE. CV is not incremented or decremented.
If both CU and CD change to TRUE at the same time, CV will not change.
If Reset and Load are both TRUE, Reset has priority and the value of CV changes to 0.
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2 Instruction Descriptions

If Reset changes to TRUE, CV changes to 0, and so QD changes to TRUE.
If Load changes to TRUE, the value of CV changes to PV, and so QU changes to TRUE.

The following table shows the relationship between Reset, Load, CV, QU, and QD. This assumes that
the value of PV is larger than 0.

Reset | Load Ccv Qu QD Operation
Only up counter operation is performed.
O orlower | FALSE | TRUE |+ CVisincremented when CU changes to TRUE. It is not
decremented when CD changes to TRUE.
Between 0 Both up and down counter operation is performed.
FALSE | FALSE and PV FALSE | FALSE | = CVis incremented when CU changes to TRUE and decre-
mented when CD changes to TRUE.
PV or high- Only down counter operation is performed.
or TRUE | FALSE | « CVis decremented when CD changes to TRUE. It is not
incremented when CU changes to TRUE.
The up counter is reset.
TRUE | FALSE | O FALSE | TRUE * The value of CVis set to 0.
EALSE | TRUE | PV TRUE | FALSE The down counter is reset.
* The value of CVis set to PV.
TRUE | TRUE |0 FALSE | TRUE The up counter is rgset. Reset take priority over Load.
* The value of CVis set to 0.

The following figure shows a CTUD_LINT programming example and timing chart for a PV of LINT#3.

LD

A

_{

2174

CTUD_LINT _instance

CTUD_LINT

}7 Ccu Qu

B—P CD QD

abc—] Reset CV
def — Load
LINT#3— PV

—— mno

ST

CTUD_LINT _instance(A, B, abc, def, LINT#3, ghi, jkl, mno);

ghi
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_ TRUE
con G LT LT L LT

CD=B TRUE : E : i i
FALSE - - - : : |
| ' ' ' ! ' ' (e)
' ' H H H ' H ' o
- i ! ' : : : . S
TRUE : ; | |—| : : . : 2
Reset=abc  FALSE : ; : ] ' ' ' : =
: ' ' ' ' : ‘ ' 7}
TRUE : ; ! : ' : ! : S
Load=def  FALSE i ' ' 5 N l 5 ! §
I
PV=LINT#3 ------ beaanns SR M oo I REERET CERERE,
CV=mno i . .I :
0 I 1
Qu=ghi  TRUE i i 5 ‘
FALSE . ; .

con  ET L L 1

« ANLD

When CV reaches PV, QU
changes to TRUE.

When Reset changes to TRUE, CV changes to 0, QU
changes to FALSE, and QD changes to TRUE.

When Reset changes to FALSE, the counter inputs
are enabled. When CU changes to TRUE, CV'is
incremented. This causes QD to change to FALSE.

When CD changes to TRUE, CV is decremented.

When CV reaches 0, QD changes to TRUE.

When Load changes to TRUE, CV changes to PV.
This causes QU to change to TRUE and QD to change to FALSE.

Additional Information

Use CTD_**on page 2-158 or CTU_** on page 2-164 to create either a down counter or up counter
alone.

Precautions for Correct Use

« If you change Reset to TRUE to reset the up-counter operation, QU will change to FALSE and QD
will change to TRUE.

« If you change Load to TRUE to reset the down-counter operation, QD will change to FALSE and QU
will change to TRUE.

» Even when PV is set to a negative value, CV is set to the value of PV when the value of Load
changes to TRUE. The value of CVis 0 or less, so the value of QD will change to TRUE immediate-
ly. After that, the value of CV will not be decremented even if the value of CD changes. When the
value of Reset changes to TRUE, the value of CV changes to 0. The value of CV will be the value of
PV or higher, so the value of QU changes to TRUE immediately. After that, the value of CV will not
be incremented even if the value of CU changes.

* You can change the value of PV during execution of the instruction. If the new value of PV is less
than the current value of CV, the value of QU changes to TRUE immediately.
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» Use the same data type for PV and CV.
* If the value of CU or CD is FALSE and the power supply is interrupted or the operating mode is
changed to PROGRAM mode, the value of CV is incremented or decremented once when this in-

struction is restarted while the value of CU or CD is TRUE.
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Math Instructions

Instruction Name Page
ADD (+) Addition page 2-179
AddOU (+OU) Addition with Overflow Check page 2-183
SUB (-) Subtraction page 2-187
SubOU (-OU) Subtraction with Overflow Check page 2-190
MUL (*) Multiplication page 2-194
MulOU (*OU) Multiplication with Overflow Check page 2-198
DIV (/) Division page 2-202
MOD Modulo-division page 2-205
ABS Absolute Value page 2-207
RadToDeg and DegToRad | Radians to Degrees/Degrees to Radians page 2-209
SIN, COS, and TAN Sine in Radians/Cosine in Radians/Tangent in Radians page 2-211
ASIN, ACOS, and ATAN Principal Arc Sine/Principal Arc Cosine/Principal Arc Tangent | page 2-214
SQRT Square Root page 2-217
LN and LOG Natural Logarithm/Logarithm Base 10 page 2-220
EXP Natural Exponential Operation page 2-224
EXPT (**) Exponentiation page 2-226
Inc and Dec Increment/Decrement page 2-232
Rand Random Number page 2-234
AryAdd Array Addition page 2-236
AryAddV Array Value Addition page 2-238
ArySub Array Subtraction page 2-240
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2178

Instruction Name Page
ArySubV Array Value Subtraction page 2-242
AryMean Array Mean page 2-244
ArySD Array Element Standard Deviation page 2-246
ModReal Real Number Modulo-division page 2-248
Fraction Real Number Fraction page 2-250
CheckReal Real Number Check page 2-252
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ADD (+

The ADD (+) instruction adds integers or real numbers. It also joins text strings. =
5
: FB/ . . : 3
Instruction Name FUN Graphic expression ST expression g
2]
(@)ADD S
—|EN  ENO}— ’
—In1 — Out
—{InN
ADD (+) Addition FUN @) Out:=In1 + In2;
—EN ENO [— JO>
—In1 —Out o
. . E
—InN
Variables
Meaning 110 Description Valid range Unit Default
Numbers to add
Ladderdiagram: N =2 | D -
In1 to InN Add values Input g epends on da - 072
tob5 ta type.
ST:N=2"
D d da-
Out Output valu Output Output value ependsonda-| -
ta type.

*1. You can use more than one instruction as operators in one expression, such as result := val1 + val2 + val3;.
You can use up to 64 instructions in one expression.

*2.  If you omit the input parameter that connects to /nN, the default value is not applied, and a building error will occur.
For example, where N is 3, if the input parameters that connect to /In1 and In2 are omitted, the default values are ap-
plied. But if the input parameter that connects to /n3 is omitted, a building error will occur.

Real
Boo . . ed Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=] [t (7]
W @ = s|S|c|S|CS|le|=|g|c|BB| D|2|9]|4 =
AR EEEEHEEE T HEEEE
r|m o3 g5 |55 S| =F || 2| m m|© %
In1 to InN OK|OK|OK|OK|OK|OK|OK|OK|OK|OK OK
Out OK|OK|OK|OK|OK|OK|OK|OK|OK|OK OK

Function

In a ladder diagram, the Add (+) instruction adds up two or more and five or less integers or real num-
bers, and outputs the result to output value Out.

In ST, the Add instruction adds two integers or real numbers, and outputs the result to output value
Out.

The variables, In1 to InN (Add values) can have different data types. In the combination of the different
data types, however, one of the data types should be able to accommodate values held by the other
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data types. Calculations are performed based on the data type that accommodates every possible val-
ue held by the other existing data types. For example, if In1 and In2 are INT data and DINT data, re-
spectively, calculations are performed with DINT data. Here, the addition result is DINT data.
For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

Data type that includes In1 to InN

Examples:

If INT data are added, then INT data is used.
If INT and DINT data are added, then DINT data is used.

i1 [ ] < Addition /

2 Ndition result

n Assignment
B

g

I Processing for Overflows

An overflow occurs if the sum of the variables from /In1 to InN exceeds the valid range of the data type
of the addition result. If an overflow occurs, the data types of In1 to InN, the data type of the addition
result, and the value of the addition result will be as shown in the following table.

Data types of In1 to InN Data ty‘::so::ddltlon Value of addition result
Of the sum of the variables from In1 to InN, the addition
All integer data Integer data result will be the value that can be expressed by the num-
ber of bits in the data type of the addition result.”
At least one real number | Real number data +00™2

*1.  For example, if the values of In1 and In2 are INT#32767 and INT#3, respectively, the addition result will be
INT data. The value of the addition result will be the lower 16 bits of the sum (32,770), i.e., INT#-32766.

*2.  If the sum of the variables from In7 to InN is positive, the addition result will be positive infinity. If the sum is
negative, the addition result will be negative infinity.

I Notation Examples

The following shows an example where In1, In2, and In3 are INT#10, INT#20, and INT#30, respective-
ly. The value of INT variable abc will be INT#60.

LD ST

abc:=INT#10+INT#20+INT#30;

ADD

—{ }7EN ENO|—
INT#10 —In1 — abc
INT#20 —{In2
INT#30 —In3

2-180 NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

The ADD instruction adds In7 through InN.
The calculation is 10 + 20 + 30 = 60, so the value of abc will be INT#60.

Added

In1 [INT#10] ~ +In2[INT#20] ~ +In3[INT#30] ————  Out=abc

I Joining Text Strings

suononsu| yjep

If In1 to InN are STRING data, the text strings are joined.

However, if In1 to InN are STRING data, you must use the instruction in a ladder diagram.

The following shows an example where In1, In2, and In3 are UV, WX, and UZ, respectively. The value
of STRING variable abc will be ‘UVWXYZ'.

5
LD S
2
ADD
—{ }7 EN ENO{—
‘Uv' —{In1 — abc
WX —{In2
‘Yz —{In3

Text strings of In1 to InN are joined to make one text string.
The calculation is 'UV' + 'WX' + 'YZ' = "UVWXYZ', so the value of abc will be 'UVWXYZ'.

Text strings joined.

i (07 ] + 1oz [T ] i3 [77 ] "2 o

I Differences in Specifications between Ladder Diagrams and ST

Specifications of this instruction depend on whether it is used in a ladder diagram or ST. The following
table gives the differences in specifications. In ladder diagrams, the specifications of the ADD instruc-
tion and the + instruction are exactly the same.

Item Ladder diagram ST

Maximum number of values to
add

*

5 2™

You can omit parameters except for

. You cannot omit any input parame-
the input parameters connected to yinputp

Omitting input parameters for

values to add InN. ters.
Existence of EN and ENO Present None
Number of data processing bits

if the values to add are all inte- 8, 16, 32, or 642 32 or 6473
ger data

Joining of text strings Possible Not possible
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Item

Ladder diagram

ST

Errors

An error occurs if the size that results
from joining text strings exceeds None
1,986 bytes.

*1.  You can use more than one Add instruction as operators in one expression, such as result := val1 + val2 +

val3;. You can use up to 64 instructions in one expression.

*2.  The number of processing bits is aligned with the largest data type of all the values to add. For example, if
you add SINT, INT, and DINT data, the data processing bits will be aligned to the size of DINT data, i.e., 32-

bit processing

is performed.

*3. Ifthereis no LINT or ULINT data in the values to add, 32-bit processing is used. For example, if two SINT
values are added up, 32-bit processing is used. If there is LINT or ULINT data in the values to add, 64-bit

processing is

used.

Additional Information

Precautions for Correct Use

2-182

* When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.
» Use the instruction, CONCAT on page 2-584, to join text strings in structured text.

» QOut can have a different data type than the addition result. However, it should be able to accommo-
date the valid value range of the data type of the addition result. Otherwise, a building error will oc-

cur.

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

* When you join text strings, use STRING data for In7 to InN, and Out.

* An error will not occur even if an underflow or overflow occurs in the addition.

« If an underflow or overflow occurs in addition, the calculation result may not be as expected. Allow
sufficient leeway in the sizes of the data types for input and output parameters so that overflows and

underflows will

not occur.

+ Addition of real number values with positive or negative infinity is handled as follows.

Addition

Addition result

+e plus number

+

- plus number | -

+eo plus +e0 + 0
- p|us - © -0
+o0 plus -« Nonnumeric data

« If any of the variables from In1 to InN is nonnumeric data, the value of the addition result is nonnu-

meric data.

* An error will occur in the following case. ENO will be FALSE, and Out will not change.
a) The size of the joined text string exceeds 1,986 bytes.
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AddOU (+OU)

The AddOU (+0U) instruction adds integers and real numbers. It also performs an overflow check for
the integer addition result.

FB
Instruction Name FUt{l Graphic expression ST expression
(@)AddOU
—EN ENO|—
—In1 — Out
Additi ith —my
ition wi
Al + FUN t:=A In1, ==+, InN);
ddOU (+OU) Overflow Check U (@)+0U Out:=AddOU(In1, ---, InN);
—EN ENO—
—In1 — Out
—{InN
Variables
Meaning /10 Description Valid range Unit Default
Numbers to add Depends on da-
In1 to InN Add val Input --- "1
n1toIn values npu N=21t05 ta type. 0
D d da-
Out Output Value Output Output Value ependsonda- -
ta type.

*1.  If you omit the input parameter that connects to /nN, the default value is not applied, and a building error will occur.
For example, where N is 3, if the input parameters that connect to /n1 and In2 are omitted, the default values are ap-
plied. But if the input parameter that connects to /n3 is omitted, a building error will occur.

Boo Bit strings Inteqers Real Times, durations,
lean 9 9 number | dates, and text strings
=] [t (7]
@ | o= = c|c _ 2| 540 @
AR EHEEEEEEEHEE T EHHEEE
r|/mg|8|&8|5| 5|5 S| =H || 2| m m|© 3
OK | OK
In1 to InN OK|OK|OK|OK|OK|OK|OK | OK o |
Out OK|OK|OK|OK|OK|OK|OK|OK|OK|OK

*1. If any of the values from In71 to InN is REAL data, an overflow check is not performed.

Function

The AddOU (+0U) instruction adds up two or more and five or less integers or real numbers, and out-
puts the result to output value Out.

The variables, In1 to InN (Add values), can have different data types. In the combination of the differ-
ent data types, however, one of the data types should be able to accommodate values held by the
other data types. Calculations are performed based on the data type that accommodates every possi-
ble value held by the other existing data types. For example, if In1 and In2 are INT data and DINT
data, respectively, calculations are performed with DINT data. Here, the addition result is DINT data.

NJ/NX-series Instructions Reference Manual (W502) 2-183

suononsu| yjep

(NO+) NOPPY



2 Instruction Descriptions

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

I Processing for Overflows

An overflow occurs if the sum of the variables from /In1 to InN exceeds the valid range of the data type
of the addition result. If all of the variables from /n1 to InN are integer data, the value of the P_CY
system-defined variable (Carry Flag) changes to TRUE when an overflow occurs.
If any of the variables from In1 to InN is REAL data, an overflow check is not performed. Therefore the
value of P_CY will not change.

Data type that includes In1 to InN

Examples:

If INT data are added, then INT data is used.
If INT and DINT data are added, then DINT data is used.

In1 |:| Addition /
Addition result
In2 I:I \ ASS|gnmentOUt I:I

_—

Changes to TRUE if In7 to InN are all integer data
and the value of the addition result exceeds the
valid range of the data type of the addition result.
The data type of Out is not relevant.

If an overflow occurs, the data types of In7 to InN, the data type of the addition result, the value of the
addition result, and the value of P_CY will be as shown in the following table.

Data types of In1to | Data type of addi- o Value of
Val f addit It
InN tion result alue of addition resu P_CY

Of the sum of the variables from In71 to InN, the
addition result will be the value that can be ex-

Allinteger data Integer data pressed by the number of bits in the data type of TRUE
the addition result.”!
At least I D t
eastone rea Real number data 4002 0es no
number change.

*1.  For example, if the values of In1 and In2 are INT#32767 and INT#3, respectively, the addition result will be
INT data. The value of the addition result will be the lower 16 bits of the sum (32,770), i.e., INT#-32766.

*2.  If the sum of the variables from In1 to InN is positive, the addition result will be positive infinity. If the sum is
negative, the addition result will be negative infinity.

I Notation Examples

2184

The following shows an example where In1 and In2 are INT#32767 and INT#1, respectively, and vari-
able abc is INT data.

In1 and In2 are both INT data, so the addition result is INT data. The sum of the two values (32,768)
exceeds the valid range of INT data, so the value of P_CY changes to TRUE. The value of INT varia-
ble abc will be INT#-32768 (the lower 16 bits of 32768).
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2 Instruction Descriptions

LD ST

abc:=AddOU(INT#32767, INT#1);

AddOU
—{ }7 EN ENOF—
INT#32767—In1 —abc
INT#1—In2

The AddOU instruction adds In7 to InN.
The sum of the two numbers (32,768) exceeds the valid range of INT data, so the value of P_CY changes to TRUE.

32,767+1 = the value of the lower 16 bits of 32,768
(INT data size = 16 bits)

Added. \

In1[INT#32767] +In2[INT#1 | ———— +  Out=abc

The sum of the two numbers exceeds the valid range of INT data,
so the value of P_CY changes to TRUE.

I Differences in Specifications between Ladder Diagrams and ST

There are no differences in the specifications of this instruction regardless of whether it is used in a
ladder diagram or ST. In ladder diagrams, there are no differences in the specifications of the AddOU
instruction and the +OU instruction.

Related System-defined Variables

Dat
Name Meaning ata Description
type
TRUE: Overflow occurred for integer calculations.
P_CY Carry (CY) Flag BOOL FALSE: Overflow did not occur for integer calcula-
tions.

Additional Information

 If Out is REAL data, use the instruction, CheckReal on page 2-252, to check if it is positive infinity,
negative infinity, or non-numeric data.
» Use the instruction, ADD (+) on page 2-179, if there is no need for an overflow check. It will reduce

processing time.

Precautions for Correct Use

» Out can have a different data type than the addition result. However, it should be able to accommo-
date the valid value range of the data type of the addition result. Otherwise, a building error will oc-

cur.
For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-

series CPU Unit Software User’s Manual (Cat. No. W501).
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2 Instruction Descriptions

« If an underflow or overflow occurs in addition, the calculation result may not be as expected. Allow
sufficient leeway in the sizes of the data types for input and output parameters so that overflows and

underflows will not occur.
» Addition of real number values with positive or negative infinity is handled as follows.

Addition Addition result

+ plus number | +

- plus number | -«

+ plus +eo +
- © p|u3 - ~c0
+o0 plus -« Nonnumeric data

« If any of the variables from In71 to InN is nonnumeric data, the value of the addition result is nonnu-

meric data.
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SUB ()

The SUB (-) instruction subtracts integers and real numbers. =
5
: FB/ . . : 3
Instruction Name FUN Graphic expression ST expression g
2]
(@)suB S
—EN  ENO}— ’
—In1 — Out
—In2
SUB (-) Subtraction FUN (@)- Out:=In1 - In2;
—EN ENO [—
—In1 — Out (%)
—lIn2 &
Variables
Meaning 1/0 Description Valid range Unit Default
In1 Minuend Minuend Depends on da- .
Input -— 01
In2 Subtrahend Subtrahend ta type.
Depends on da-
Out Output value Output Output Value P - -
ta type.

*1. If you omit the input parameter, the default value is not applied. A building error will occur.

Boo . . Real Times, durations,

Bit strings Integers num- .

lean dates, and text strings
bers

O - (72}

W | w| S c c | c — |5 o =

&|%15/5|3|e|c|g|E|2|z|2|5|8|3|2|8|8|gz

e 7|28 x| 2|5|2|3|S5|7|S5|S5|g|2|m|m|o|7 |z

r | mo|8 8|4 S|4 =l F m F
In1 OK|OK|OK|OK|OK|OK|OK |OK |OK | OK
In2 OK|OK|OK|OK|OK|OK|OK |OK|OK |OK
Out OK|OK|OK|OK|OK|OK|OK |OK |OK |OK

Function

The SUB (-) instruction subtracts subtrahend /n2 from minuend /n1, and outputs the result to output

value Out.

In1 and In2 can have different data types. In the combination of the different data types, however, one
of the data types should be able to accommodate values held by the other data type. Calculations are
performed based on the data type that accommodates every possible value held by the other existing
data type. For example, if In1 and In2 are INT data and DINT data, respectively, calculations are per-
formed with DINT data. Here, the subtraction result is DINT data.

2187
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2 Instruction Descriptions

Data type that includes In1 and In2

Examples:

If subtraction is performed for INT data, then INT data is used.
If subtraction is performed for INT and DINT data, then DINT data is used.

Subtraction result

Int |:| - 2 | | = | |A5Mnt0ut|:|

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

I Processing for Overflows

An overflow occurs if the difference between In1 and In2 exceeds the valid range of the data type of
the subtraction result. If an overflow occurs, the data types of In1 and In2, the data type of the subtrac-
tion result, and the value of the subtraction result will be as shown in the following table.

Data type of sub-

Data types of In1 and In2 traction result

Value of subtraction result

Of the difference between In1 and In2, the subtraction

All integer data Integer data result will be the value that can be expressed by the
number of bits in the data type of the subtraction result.”!
At least one real number Real number data +00™2

*1.  For example, if the values of In1 and In2 are INT#32767 and INT#-3, respectively, the subtraction result will
be INT data. The value of the subtraction result will be the lower 16 bits of the difference (32,770), i.e.,

INT#-32766.

*2.  If the difference between In1 and In2 is positive, the subtraction result will be positive infinity. If the differ-
ence is negative, the subtraction result will be negative infinity.

I Notation Examples

The following shows an example where In1 and In2 are INT#50 and INT#10, respectively. The value of

INT variable abc will be INT#40.

LD ST

SuB
—{ }7EN ENO—
INT#50—In1 — abc
INT#10—In2

The SUB instruction subtracts In2 from In1.

abc:=INT#50-INT#10;

The calculation is 50 — 10 = 40, so the value of abc will be INT#40.

Subtracted.

In1 [INT#50] - In2[INT#10] ————  Out=abc

2-188
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I Differences in Specifications between Ladder Diagrams and ST

Specifications of this instruction depend on whether it is used in a ladder diagram or ST. The following
table gives the differences in specifications. In ladder diagrams, the specifications of the SUB instruc-
tion and the - instruction are exactly the same.

Item Ladder diagram ST

Existence of EN and ENO Present None

Number of data processing bits if the minuend and subtrahend are integer data | 8, 16, 32, or 64" | 32 or 642

*1.  The number of processing bits is aligned with the larger data type of the minuend and subtrahend. For ex-
ample, if you perform subtraction for SINT and DINT data, the data processing bits will be aligned to the size
of DINT data, i.e., 32-bit processing is performed.

*2.  Ifthere is no LINT or ULINT data in the minuend and subtrahend, 32-bit processing is used. For example, if
you subtract one SINT value from another SINT value, 32-bit processing is used. If there is LINT or ULINT
data in the minuend and subtrahend, 64-bit processing is used.

Additional Information

When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

» Out can have a different data type than the subtraction result. However, it should be able to accom-
modate the valid value range of the data type of the subtraction result. Otherwise, a building error

will occur.

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

» An error will not occur even if an underflow or overflow occurs in the subtraction.

+ If an underflow or overflow occurs in subtraction, the calculation result may not be as expected. Al-
low sufficient leeway in the sizes of the data types for input and output parameters so that overflows
and underflows will not occur.

» Subtraction of real number values with positive or negative infinity is handled as follows.

Subtraction

Subtraction result

+e minus number

+ oo

Number minus +

-0

-0 minus number

-0

Number minus -«

+ oo

+o0 minus +%

Nonnumeric data

+e0 MiNuS - + o0
-0 minus +« -0
- minus -« Nonnumeric data

« [f the value of either In1 or In2 is nonnumeric data, the value of the subtraction result is nonnumeric

data.
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2 Instruction Descriptions

SubOU (-OU)

The SubOU (-OU) instruction subtracts integers or real numbers. It also performs an overflow check
for the integer subtraction result.

FB
Instruction Name Furlq Graphic expression ST expression
(@)SubOU
—EN ENO—
—In1 — Out
Subtracti ith Tz
ubtraction wi
SubOU (-OU) Overflow Check FUN (@)-0U Out:=SubOU(In1, In2);
—EN ENO—
—In1 — Out
—In2
Variables
Meaning 110 Description Valid range Unit Default
In1 Minuend Minuend Depends on da- .
Input - 01
In2 Subtrahend Subtrahend ta type.
D d da-
Out Output value Output Output Value ependsonda) -—-
ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . ) ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | - n
W | m| = clclC€lC|lo|l_|lolrlalGBla|lo| 4 =
S|12|g|8|5|¢2||2|c|2/3|8|5|F|8 2|58z
r|/m| 5|8 g|5| |55 S| H || 2| m| m|© 3
OK | OK
In1 OK|[OK|OK|OK|OK|OK|OK|OK |
OK | OK
In2 OK|OK | OK| OK| OK | OK | OK | OK g |
Out OK|OK|OK|OK|OK|OK|OK|OK|OK|OK

*1. If either In1 or In2 is REAL data, an overflow check is not performed.

Function

The SubOU (-OU) instruction subtracts subtrahend /n2 from minuend In7, and outputs the result to
output value Out.

In1 and In2 can have different data types. In the combination of the different data types, however, one
of the data types should be able to accommodate values held by the other data type. Calculations are
performed based on the data type that accommodates every possible value held by the other existing
data type. For example, if In1 and In2 are INT data and DINT data, respectively, calculations are per-
formed with DINT data. Here, the subtraction result is DINT data.
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2 Instruction Descriptions

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

I Processing for Overflows

An overflow occurs if the difference between In1 and In2 exceeds the valid range of the data type of
the subtraction result. If In1 and In2 are both integer data, the value of the P_CY system-defined varia-
ble (Carry Flag) changes to TRUE when an overflow occurs.

If either In1 or In2 is REAL data, an overflow check is not performed. Therefore the value of P_CY will
not change.

suononsu| yjep

Data type that includes In1 and In2

Examples:

If subtraction is performed for INT data, then INT data is used.

If subtraction is performed for INT and DINT data, then DINT data is used.

(NO-) Noans

Subtraction result
Assignment

ln1| |-ln2| |= | |—> Out
pey[ |

Changes to TRUE if In1 and In2 are both integer data
and the value of the subtraction result exceeds the
valid range of the data type of the subtraction result.
The data type of Out is not relevant.

If an overflow occurs, the data types of In1 and In2, the data type of the subtraction result, the value of
the subtraction result, and the value of P_CY will be as shown in the following table.

Data type of sub- Value of subtraction result Value of

Data types of In1 and In2 traction result P_CY

Of the difference between In1 and In2,
the subtraction result will be the value
All integer data Integer data that can be expressed by the number of | TRUE
bits in the data type of the subtraction

result.”

Does not
change.

*

At least one real number Real number data +00"2

*1.  For example, if the values of In1 and In2 are INT#32767 and INT#-3, respectively, the subtraction result will
be INT data. The value of the subtraction result will be the lower 16 bits of the difference (32,770), i.e.,
INT#-32766.

*2.  If the difference between In1 and In2 is positive, the subtraction result will be positive infinity. If the differ-
ence is negative, the subtraction result will be negative infinity.

I Notation Examples

The following shows an example where In1 and In2 are SINT#-128 and INT#1, respectively, and varia-
ble abc is SINT data.

In1 and In2 are both SINT data, so the subtraction result is SINT data. The difference between the two
values (-129) exceeds the valid range of SINT data, so the value of P_CY changes to TRUE. The val-
ue of SINT variable abc will be SINT#127 (the value of the lower eight bits of -129).
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LD ST

abc:=SubOU(SINT#-128, SINT#1);

SubOU
—{ }7 EN ENO—
SINT#-128 —In1 — abc
SINT#1 —In2

The SubOU instruction subtracts In2 from In1.

The difference between the two values (-129) exceeds the valid range of SINT data,

so the value of P_CY changes to TRUE.
-128 - 1 = the value of the lower 8 bits of =129
(SINT data size = 8 bits)

Subtracted. \
In1[SINT#-128] - In2[SINT#1| ———————  Out=abc [ SINT#127 |

/

The difference of the two numbers exceeds the valid range of SINT data,
so the value of P_CY changes to TRUE.

I Differences in Specifications between Ladder Diagrams and ST

There are no differences in the specifications of this instruction regardless of whether it is used in a

ladder diagram or ST. In ladder diagrams, there are no differences in the specifications of the SubOU
instruction and the -OU instruction.

Related System-defined Variables

Dat
Name Meaning ata Description
type
TRUE: Overflow occurred for integer calculations.
P_CY Carry (CY) Flag BOOL FALSE: Overflow did not occur for integer calcula-
tions.

Additional Information

* When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

» Use the instruction, SUB (-) on page 2-187, if there is no need for an overflow check. It will reduce
processing time.

Precautions for Correct Use

» Out can have a different data type than the subtraction result. However, it should be able to accom-
modate the valid value range of the data type of the subtraction result. Otherwise, a building error
will occur.

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

2-192 NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

« If an underflow or overflow occurs in subtraction, the calculation result may not be as expected. Al-
low sufficient leeway in the sizes of the data types for input and output parameters so that overflows
and underflows will not occur.

» Subtraction of real number values with positive or negative infinity is handled as follows.

Subtraction Subtraction result

+c0 minus number | +

Number minus +« | -

suononsu| yjep

- minus number | -«

Number minus -© | +

+0 minus + Nonnumeric data
+% minus -« +

-0 Minus +e -e0

-° minus - Nonnumeric data

« If the value of either In1 or In2 is nonnumeric data, the value of the subtraction result is nonnumeric

(NO-) Noans

data.
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MUL (')

The MUL(*) instruction multiplies integers and real numbers.

FB/
Instruction Name FUN Graphic expression ST expression
(@)MUL
—EN ENO—
—In1 — Out
—{inN
MUL (*) Multiplication FUN @) Out:=In1 * In2;
—EN ENOI—
—In1 — Out
— In.N
Variables
Meaning /10 Description Valid range Unit Default
Numbers to multiply
Ladder diagram: N =2 | Depends on da-
In1 to InN Val t Itipl Input --- *2
n1toIn alues to multiply npu to5 ta type. 1
ST:N=2"1
D d da-
Out Output value Output Output Value ependsonda ) -—-
ta type.
*1.  You can use more than one MUL instruction as operators in one expression, such as result := val1 * val2 * val3;.

You can use up to 64 instructions in one expression.

*2.  If you omit the input parameter that connects to InN, the default value is not applied, and a building error will occur.
For example, where N is 3, if the input parameters that connect to In1 and In2 are omitted, the default values are ap-
plied. But if the input parameter that connects to In3 is omitted, a building error will occur.

Boo . 5 Real Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
| = 7]
c c| c T
2|5/ 2|5|&|c|S|E|lg|=|2|c|Bl2|2|8 3|clz
c|32/8/8/2|3/2|2|3|5|3|3|2|E|5|5|8|3|Z
In1to InN OK|OK|OK|OK|OK|OK|OK|OK |OK |OK
Out OK|OK|OK|OK|OK|OK|OK|OK |OK |OK
Function
In a ladder diagram, the MUL (*) instruction multiplies two or more and five or less integers or real
numbers, and outputs the result to output value Out.
In ST, the MUL instruction multiplies two integers or real numbers, and outputs the result to output val-
ue Out.
The variables, In1 to InN (Values to multiply), can have different data types. In the combination of the
different data types, however, one of the data types should be able to accommodate values held by
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the other data types. Calculations are performed based on the data type that accommodates every
possible value held by the other existing data types. For example, if In1 and In2 are INT data and
DINT data, respectively, calculations are performed with DINT data. Here, the multiplication result is
DINT data.
For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

Data type that includes In1 to InN

Examples:

If INT data are multiplied, then INT data is used.
If INT and DINT data are multiplied, then DINT data is used.

In1 |:| Multiplication /
n2 I:I \Multiplication result
n Assignment
[ o [

suononsu| yjep

(+) ININ

I Processing for Overflows

An overflow occurs if the product of the variables from In7 to InN exceeds the valid range of the data
type of the multiplication result. If an overflow occurs, the data types of In1 to InN, the data type of the
multiplication result, and the value of the multiplication result will be as shown in the following table.

Data types of In1 to Data ty!)e of multipli- Vel E e e e
InN cation result
Integer data Of the product of the variables from In7 to InN, the multipli-
All integer data cation result will be the value that can be expressed by the
number of bits in the data type of the multiplication result.”
At least one real num- | Real number data +o0"2
ber

*1.  For example, if the values of In1 and In2 are INT#16384 and INT#2, respectively, the multiplication result
will be INT data. The value of the multiplication result will be the lower 16 bits of the product (32,768), i.e.,

INT#-32768.
*2.  If the product of the variables from In1 to InN is positive, the multiplication result will be positive infinity. If the

product is negative, the multiplication result will be negative infinity.

I Notation Examples

The following shows an example where In1, In2, and In3 are INT#10, INT#20, and INT#30, respective-
ly. The value of INT variable abc will be INT#6000.
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LD ST

abc:=INT#10* INT#20*INT#30;

MUL
—{ }7 EN ENO—
INT#10 —{In1 — abc
INT#20 —{In2
INT#30 —{In3

The MUL instruction multiplies In1 to InN.
The calculation is 10 x 20 x 30 = 6,000, so the value of abc will be INT#6000.

Multiplied.

In1 [INT#10] x In2 [INT#20] x In3 [ INT#30] ——————— Out=abc

I Differences in Specifications between Ladder Diagrams and ST

Specifications of this instruction depend on whether it is used in a ladder diagram or ST. The following
table gives the differences in specifications. In ladder diagrams, the specifications of the MUL instruc-
tion and the * instruction are exactly the same.

Item Ladder diagram ST

Maximum number of values to

5 "1
multiply 2

You can omit parameters except for

Omitting input parameters for
g Input b the input parameters connected to

You cannot omit any input parame-

values to multiply InN. ters.
Existence of EN and ENO Present None
Number of data processing bits

if the values to multiple are all 8, 16, 32, or 642 32 0or 647

integer data

*1.  You can use more than one MUL instruction as operators in one expression, such as result := val1 * val2 *
val3;. You can use up to 64 instructions in one expression.

*2. The number of processing bits is aligned with the largest data type of all the values to multiply. For example,
if you multiply SINT, INT, and DINT data, the data processing bits will be aligned to the size of DINT data,
i.e., 32-bit processing is performed.

*3. Ifthere is no LINT or ULINT data in the values to multiply, 32-bit processing is used. For example, if two
SINT values are multiplied, 32-bit processing is used. If there is LINT or ULINT data in the values to multiply,
64-bit processing is used.

Additional Information

When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

2-196 NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

Precautions for Correct Use

» Out can have a different data type than the multiplication result. However, it should be able to ac-
commodate the valid value range of the data type of the multiplication result. Otherwise, a building
error will occur.

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

 An error will not occur even if an underflow or overflow occurs in the multiplication.

« If an underflow or overflow occurs in multiplication, the calculation result may not be as expected.
Allow sufficient leeway in the sizes of the data types for input and output parameters so that over-
flows and underflows will not occur.

» Multiplication of real number values with positive or negative infinity is handled as follows.

suononsu| yjep

Multiplication Multiplication result

(+) ININ

+ 0 times positive number | +

+ « times negative number | -«

-« times positive number | -«

- = times negative number | +

+ o times + < t

- times - « + o0

+ o times - « -0

+ « times 0 Nonnumeric data
- times 0 Nonnumeric data

+ If any of the variables from /In7 to InN is nonnumeric data, the value of the multiplication result is
nonnumeric data.
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MulOU (*OU)

The MulOU (*OU) instruction multiplies integers and real numbers, and outputs the result. It also per-
forms an overflow check for the integer multiplication result.

FB
Instruction Name Furlq Graphic expression ST expression
(@)MuloU
—EN ENO—
—In1 — Out
Multiplication — IHN
MulOU (*OU) | with Overflow FUN (@)"ou Out:=MulOU(In1, -+, InN);
Check —EN  ENOI—
—In1 — Out
—{InN
Variables
Meaning 110 Description Valid range Unit Default
) Numbers to multiply Depends on da- .
In1 to InN Val t Itipl Input 1
n1toIn alues to multiply npu N=2t05 ta type. 1
D d da-
Out Output value OQutput Output Value ependsonda)
ta type.

*1.  If you omit the input parameter that connects to /nN, the default value is not applied, and a building error will occur.
For example, where N is 3, if the input parameters that connect to In7 and /n2 are omitted, the default values are ap-
plied. But if the input parameter that connects to In3 is omitted, a building error will occur.

Real
Boo . 5 ea Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
O | - 7
v) w| S ClclClC| | - (] | A I - O | 4 —
AEEHEEEEEBEHEE I EHEEEE
= m| g g g S99 5/5| 4 = = I:g m| m| O g
OK | OK
In1 to InN OK|OK|OK| OK| OK | OK | OK | OK O
Out OK|OK|OK|OK|OK|OK|OK|OK|OK|OK

*1. If any of the values from In7 to InN is REAL data, an overflow check is not performed.

Function

The MulOU (*OU) instruction multiplies two or more and five or less integers or real numbers, and out-
puts the result to output value Out.

Values to multiply, In1 to InN, can have different data types. In the combination of the different data
types, however, one of the data types should be able to accommodate values held by the other data
types. Calculations are performed based on the data type that accommodates every possible value
held by the other existing data types. For example, if In1 and /n2 are INT data and DINT data, respec-
tively, calculations are performed with DINT data. Here, the multiplication result is DINT data.
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For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

I Processing for Overflows

An overflow occurs if the product of the variables from In7 to InN exceeds the valid range of the data
type of the multiplication result. If all of the variables from In1 to InN are integer data, the value of the
P_CY system-defined variable (Carry Flag) changes to TRUE when an overflow occurs.

If any of the variables from In1 to InN is REAL data, an overflow check is not performed. Therefore the
value of P_CY will not change.

suononsu| yjep

Data type that includes In1 to InN

Examples:

If INT data are multiplied, then INT data is used.

If INT and DINT data are multiplied, then DINT data is used.

In1 |:| Multiplication /
Multiplication result
In2 I:I k‘ P Assignment

— Out
InN I:I /

P_CY

(NOx) NOINN

\

Changes to TRUE if In1 to InN are all integer data and
the value of the multiplication result exceeds the valid
range of the data type of the multiplication result.

The data type of Out is not relevant.

If an overflow occurs, the data types of In1 to InN, the data type of the multiplication result, the value
of the multiplication result, and the value of P_CY will be as shown in the following table.

D f multi- Val f
ata type of multi Value of multiplication result alue 9

Dat f In1 to InN
ata types of Inf to In plication result P_CY

Of the product of the variables from In1
to InN, the multiplication result will be

All integer data Integer data the value that can be expressed by the | TRUE
number of bits in the data type of the

multiplication result.”!

Does not

At least one real number Real number data 40072
change.

*1.  For example, if the values of In1 and In2 are INT#16384 and INT#2, respectively, the multiplication result
will be INT data. The value of the multiplication result will be the lower 16 bits of the product (32,768), i.e.,
INT#-32768.

*2.  If the product of the variables from In7 to InN is positive, the multiplication result will be positive infinity. If the
product is negative, the multiplication result will be negative infinity.

I Notation Examples

The following shows an example where In1 and In2 are INT#20000 and INT#2, respectively, and vari-
able abc is INT data.
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In1 and In2 are both INT data, so the multiplication result is INT data. The product of the two values
(40,000) exceeds the valid range of INT data, so the value of P_CY changes to TRUE. The value of
INT variable abc will be INT#-25536 (the lower 16 bits of 40000).

LD ST

abc:=MulOU(INT#20000, INT#2);

MulOU
—{ }7 EN ENO—
INT#20000 —{In1 —abc
INT#2 —In2

The MulOU instruction multiplies In1 to InN.
The product of the two values (40,000) exceeds the valid range of INT data, so the value of P_CY changes to TRUE.

20000 x 2 = the value of the lower 16 bits of 40,000
(INT data size = 16 bits)

. \
In1 [INT#20000 | x In2 [ INT#2 | _ Mulieled | out=abe

/

The product of the two numbers exceeds the valid range of INT data,
so the value of P_CY changes to TRUE.

I Differences in Specifications between Ladder Diagrams and ST

There are no differences in the specifications of this instruction regardless of whether it is used in a
ladder diagram or ST. In ladder diagrams, there are no differences in the specifications of the MulOU
instruction and the *OU instruction.

Related System-defined Variables

Name Meaning Data Description
type
TRUE: Overflow occurred for integer calculations.
P_CY Carry (CY) Flag BOOL FALSE: Overflow did not occur for integer calcula-
tions.

Additional Information

2-200

* When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is

positive infinity, negative infinity, or non-numeric data.

* Use the instruction, MUL (*) on page 2-194, if there is no need for an overflow check. It will reduce

processing time.
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Precautions for Correct Use

» Out can have a different data type than the multiplication result. However, it should be able to ac-
commodate the valid value range of the data type of the multiplication result. Otherwise, a building
error will occur.

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

+ If an underflow or overflow occurs in multiplication, the calculation result may not be as expected.
Allow sufficient leeway in the sizes of the data types for input and output parameters so that over-
flows and underflows will not occur.

» Multiplication of real number values with positive or negative infinity is handled as follows.

suononsu| yjep

Multiplication Multiplication result

+ « times positive number | + « E
+ « times negative number | -« 8
- times positive number | - §
-« times negative number | +« -
+ 0 times + « + o0

- times - « +

+ 0 times - « -0

+ < times 0 Nonnumeric data

-0 times 0 Nonnumeric data

* If any of the variables from /In7 to InN is nonnumeric data, the value of the multiplication result is
nonnumeric data.
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DIV ()

The DIV (/) instruction divides integers or real numbers.

FB/
Instruction Name FUN Graphic expression ST expression
(@)DIV
—EN ENOl—
—In1 — Out
—In2
DIV (/) Division FUN @) Out:=In1/ In2;
—EN ENO—
—In1 — Out
—In2
Variables
Meaning 110 Description Valid range Unit Default
In1 Dividend | ¢ Dividend Depends on da- “
npu -—-
In2 Divisor P Divisor ta type.
Depends on da-
Out Output value Output Output Value - -
ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real

Boo . X ea Times, durations,

Bit strings Integers num- i

lean dates, and text strings
bers

O 7

W | m| = clclC€lC|lo|l_|lo|lrlalBla|lo| 4 =

S|2|g|5|5|¢2|E|2|c|2/2|8|5|E|8 2|58z

r|m| 5|83 &|5| |55 S| H || 2| m| m|©O 3
In1 OK|OK|OK|OK|OK|OK |OK|OK |OK | OK
In2 OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
Out OK|OK|OK|OK|OK|OK|OK|OK |OK | OK

Function

The DIV (/) instruction divides dividend In7 by divisor In2, and outputs the result to output value Out.

In1 and In2 can have different data types. In the combination of the different data types, however, one
of the data types should be able to accommodate values held by the other data type. Calculations are
performed based on the data type that accommodates every possible value held by the other existing
data type. For example, if In1 and In2 are INT data and DINT data, respectively, calculations are per-
formed with DINT data. Here, the division result is DINT data.

If In1 and In2 are both integers, the remainder is truncated, if any.

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

2-202 NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

Data type that includes In1 and In2
Examples:

If division is performed for INT data, then
INT data is used.

If division is performed for INT and DINT
data, then DINT data is used.

If In1 and In2 are integers and there is a
remainder, the remainder is truncated.

/

Division result

In1 I:I / In2| | = | |A5Mnt Outl:l

suononsu| yjep

I Processing for Overflows

() Al

An overflow occurs if the quotient of /n1 and In2 exceeds the valid range of the data type of the divi-
sion result. If an overflow occurs, the data types of In1 and In2, the data type of the division result, and
the value of the division result will be as shown in the following table.

Data types of In1 and In2 | Data type of division result | Value of division result

*

At least one real number Real number data 400”1

*1. If the quotient of In1 and In2 is positive, the division result will be positive infinity. If the quotient is negative,
the division result will be negative infinity.

I Notation Examples

The following shows an example where In1 and In2 are INT#100 and INT#5, respectively. The value of
INT variable abc will be INT#20.

LD ST

abc:=INT#100/INT#5;

DIV
—{ }7EN ENOI—
INT#100—]In1 — abc
INT#5—In2

The DIV instruction divides In1 by In2.
The calculation is 100/5 = 20, so the value of abc will be INT#20.

Divided.

In1 [INT#100] /In2 [INT#5 | ———— Out=abc

I Differences in Specifications between Ladder Diagrams and ST

Specifications of this instruction depend on whether it is used in a ladder diagram or ST. The following
table gives the differences in specifications. In ladder diagrams, the specifications of the DIV instruc-
tion and the / instruction are exactly the same.
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Item Ladder diagram ST
Existence of EN and ENO Present None
Number of data processing bits if the dividend and divisor are integer data | 8, 16, 32, or 64"1 | 32 or 642

1.

*2.

The number of processing bits is aligned with the larger data type of the dividend and divisor. For example,
if you perform division for SINT and DINT data, the data processing bits will be aligned to the size of DINT
data, i.e., 32-bit processing is performed.
If there is no LINT or ULINT data in the dividend and divisor, 32-bit processing is used. For example, if you
perform division for two SINT values, 32-bit processing is used. If there is LINT or ULINT data in the divi-

dend and divisor, 64-bit processing is used.

Additional Information

When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is

positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

» Out can have a different data type than the division result. However, it should be able to accommo-
date the valid value range of the data type of the division result. Otherwise, a building error will oc-

cur.
For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).
* An error will not occur even if an underflow or overflow occurs in the division.
« If an underflow or overflow occurs in division, the calculation result may not be as expected. Allow
sufficient leeway in the sizes of the data types for input and output parameters so that overflows and

underflows will not occur.
« Division of real number values with positive infinity, negative infinity, or 0 is handled as follows.

In1
Positive num- Negative num-
+ 0 =0
ber ber
+ Nonnumeric data | O 0 0 Nonnumeric data
Positive Negative num-
+ Positive number | 0 gative nu -0
number ber
In2 0 o o Nonnumeric - -
data
N ti Negati -
egative -00 egative num 0 Positive number | + «
number ber
-00 Nonnumeric data | O 0 0 Nonnumeric data

* If the value of either In1 or In2 is nonnumeric data, the value of the division result is nonnumeric
data.
* An error will occur in the following case. ENO will be FALSE, and Out will not change.
a) In1 and In2 are integers, and the value of In2is 0.
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MOD

The MOD instruction finds the remainder for division of integers. =
5
: FB/ . . : 3
Instruction Name FUN Graphic expression ST expression g
2]
(@MOD ]
—|EN  ENO}— ’
MOD Modulo-division | FUN —In1 — Out Out:=In1 MOD In2;
—In2
. =
Variables S
Meaning /10 Description Valid range Unit Default
In1 Dividend | ) Dividend Depends on da- *
npu -
In2 Divisor P Divisor ta type.
D d da-
Out Remainder Output Remainder ependsonda- -
ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
(w) r - w
212|325 /G|lc|S|E|le|ls|l2|lc|Bl=l2/22|alz
o389 S1z|2|z|2|3|5|3|3|=2|8 /3|4 S| 4|5
rmS|8|8|5|7 |55 = | 2| ™| m 5
In1 OK|OK|OK|OK|OK|OK | OK | OK
In2 OK|OK|OK|OK|OK|OK | OK | OK
Out OK|OK|OK|OK|OK|OK |OK | OK
Function

The MOD instruction divides dividend In1 by divisor In2 to return the remainder.

In1, In2, and Out can have different data types. In the combination of the different data types, howev-
er, one of the data types should be able to accommodate values held by the other data types.

For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).

This instruction performs the calculation with the following formula.

Out = In1 - (In1/In2)*In2

Decimal places are truncated in the division operation.

Examples with the values of In1, In2 and Out are given in the following table.

NJ/NX-series Instructions Reference Manual (W502)

Value of In1 | Value of In2 | Value of Out
5 3 2
5 -3 2
-5 3 -2
-5 -3 -2
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The following shows an example where In1 and In2 are INT#19 and INT#5, respectively. The value of
variable abc will be INT#4.

LD

ST

abc:=INT#19 MOD INT#5;

H e
INT#19—In1

INT#5—{In2

MOD

ENO

— abc

The MOD instruction divides In1 by In2 to find the remainder.
The remainder of 19/5 is 4, so the value of abc will be INT#4.

Remainder calculated.

In1 [INT#19| /1n2 | INT#5 |

Out=abc

Precautions for Correct Use

Set the data type of Out to accommodate the valid value ranges of In1 and In2.
For casting between data types, refer to Data Type Ranking Table and Casting Rules in the NJ/NX-
series CPU Unit Software User’s Manual (Cat. No. W501).
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ABS

The ABS instruction finds the absolute value of an integer or real number. =
5
: FBI : : : 2
Instruction Name FUN Graphic expression ST expression g
2]
(@)ABS g
ABS Absolute Value | FUN S I Out:=ABS(In);
Variables 5
w
Meaning 110 Description Valid range Unit Default
Depends on da-
In Number to process Input Number to process pen - 1
ta type.
Depends on da-
Out Absolute value Output Absolute value . - -
ta type.™

*1. If you omit the input parameter, the default value is not applied. A building error will occur.
*2. Negative numbers are excluded.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| e (7))
w w| = clclC€lC€|lo|l_|lolrlalGFla|lo| 4 =
AR EIHEEEHEEEHEE R IHEEEE
r|/m&|8|&8|5|*|5|5]" S| & M| m 3
In OK|OK|OK|OK|OK|OK|OK |OK|OK |OK
Out OK|OK|OK|OK|OK|OK|OK |OK |OK |OK

Function

The ABS instruction outputs the absolute value of the number to process In.
The data types of In and absolute value Out can have different data types.

The following shows an example where In is REAL#-10.3. The value of variable abc will be RE-
AL#10.3.

LD ST

abc:=ABS(REAL#-10.3);

ABS

—{ '—EN ENO—
REAL#-10.3 —{In — abc
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The ABS instruction outputs the absolute value of In.

The absolute value of REAL# -10.3 is found, so the value of abc will be REAL#10.3.

|-10.3| is taken.

In |REAL#-10.3 | ————  Out=abc |REAL#10.3

Additional Information

When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is

positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

» Set the data type of Out to accommodate the absolute value of In.
« If the value of In is positive infinity, negative infinity, or nonnumeric data, the value of Out is as

shown below.

Value of In Value of Out
+ + o0
-0 + o

Nonnumeric data

Nonnumeric data

2-208

NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

RadToDeg and DegToRad

RadToDeg : Converts a real number from radians (rad) to degrees (°).
DegToRad : Converts a real number from degrees (°) to radians (rad).

FB/
Instruction Name FUN Graphic expression ST expression
(@)RadToDeg
Radi to De- — -
RadToDeg adians o Be | ey EN ENO Out:=RadToDeg(In):
grees —In — Out
(@)DegToRad
Degrees to Ra- —EN ENO— - .
DegToRad dians FUN —In _ out Out:=DegToRad(In);
Variables
Meaning 110 Description Valid range Unit Default
RadToDeg: Ra-
D d da- | di
In Data to convert Input Data to convert taetszr;. Sonaa DIZQ'T'oRad: De. *1
grees
RadToDeg: De-
D d da-
Out Conversion result Output Conversion result taet‘;/(:)r;. sonda ngzg'?oRa dRa |
dians

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
| e (7))
c r
8 |2|3/2|5|&|s|E|E|g|=|2|c|B|B2|2/8|3|clZ
o3| 2[9|%|2/2%|2|2|2|5/23|5|=2|8|3(3|18|7|¢2
rmo|8|8|5|7 |55 = ml2| M| m 5
In OK | OK
Out OK | OK
Function
I RadToDeg

The RadToDeg instruction converts the data to convert /n from radians (rad) to degrees (°).
The following conversion is used.
Out = In*180/n
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I DegToRad

The DegToRad instruction converts the data to convert In from degrees (°) to radians (rad).
The following conversion is used.

Out = In*r/180

The following shows an example where In is REAL#45 for the DegToRad instruction. The value of the
REAL variable abc will be REAL#0.785398.

LD

ST

abc:=DegToRad(REAL#45);

_{ REAL#45 —

DegToRad

EN ENO—
In — abc

The DegToRad instruction converts the value of In from degrees (°) to radians (rad).
An angle of 45° is 0.785398 rad, so the value of abc will be REAL#0.785398.

Converted to radians.

n [REATHS]

Out=abc |REAL#0.785398

Additional Information

When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is

positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

2-210

« If the absolute value of the conversion result exceeds the maximum value of the data type of Out,
the value of Out will be positive or negative infinity.

« If the absolute value of the conversion result is lower than the minimum value of the data type of
Out, the value of Out will be 0.

» Make sure that the data type of Out is equal to or larger than the data type of In.

« If the value of In is positive infinity, negative infinity, or nonnumeric data, the value of Out is as

shown below.

Value of In

Value of Out

+ 0

+ o0

-00

-0

Nonnumeric data

Nonnumeric data

« If you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to In Data type of In
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.
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SIN, COS, and TAN

These instructions perform trigonometric calculations on real numbers. =
5
SIN : Calculates the sine of a number. 2
COS : Calculates the cosine of a number. ?,
TAN : Calculates the tangent of a number. g
(7]
: FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)SIN
L . —EN ENO— — . (%)
SIN Sine in Radians | FUN —n L out Out:=SIN(In); =
@)
O
»
(@)Cos o
ine in Radi- — -
cos Cosine in Radi- | EN ENO Out:=COS(In); r
ans —In — Out ;Z>
(@)TAN
T tin Ra- — -
TAN angentinRa- 1 yn EN ENO Out:=TAN(In);
dians —In — Out
Variables
Meaning 1/10 Description Valid range Unit Default
D d da-
In Number to process Input Number to process epends on ca rad 1
ta type.
SIN: "2
. *2
Out Calculation result Output Calculation result COs: - -
TAN: Depends
on data type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
*2.  The valid value range for REAL data is from -1.000000e+0 to 1.000000e+0. The valid value range for LREAL data is
from -1.00000000000000e+0 to 1.00000000000000e+0.

Real
Boo Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
g | = n
w c c| c r
8 |2|3|2|5|&|c|E&|E|g|l=|2|c|B|22/8|3|clZ
o (H| =2 zZ| 53| 2z|2 5| 3 > | » 41 g| 4|2
- m| g g g S| 5|5| 4 S| 9| | 2| m|m =
In OK | OK
Out OK | OK

Function

These instructions perform trigonometric calculations on real numbers.
Number to process In is an angle in radians (rad).
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| sin

The SIN instruction finds the sine of /n.

| cos

The COS instruction finds the cosine of In.

@ Example for COS Instruction

The following shows an example where In is REAL#3.141592 for the COS instruction. The value of
variable abc will be REAL#-1.0.

LD

_{ |
| REAL#3.141502—

EN
In

COs
ENO

— abc

The COS instruction finds the cosine of In.
The cosine of 3.141592 is -1.0, so the value of abc will be REAL# -1.0.

Cosine found.

In |REAL#3.141592

Y

ST

abc:=COS(REAL#3.141592);

2-212

The TAN instruction finds the tangent of In.
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Out
. . . =
: : , 8
: : : =
' ' H 5
' ' i (7]
5 A LA g
' ' 2
: : : o
; : ; ; 3
' 0 4 3 In 7
—on—3g Lg E X Sy fon
bis . T o ST

NVL pue ‘sod ‘NIS

Additional Information

» Use the instructions, RadToDeg and DegToRad on page 2-209, to convert data between degrees
and radians.

« If In for the TAN instruction is nw/2 (n is an integer), the value of Out is positive infinity or negative
infinity.
Use the instruction, CheckReal on page 2-252, to check if the value of Out is positive infinity, nega-
tive infinity, or non-numeric data.

Precautions for Correct Use

+ If the value of In is positive infinity, negative infinity, or nonnumeric data, the value of Out is nonnu-
meric data.
* If you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to In Data type of In
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.
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ASIN, ACOS, and ATAN

These instructions perform inverse trigonometric calculations on real numbers.

ASIN Calculates the arc sine of a number (sin™)
ACOS Calculates the arc cosine of a number (cos™)
ATAN Calculates the arc tangent of a number (tan™")
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
Brincioal A (@)ASIN
rincipal Arc ] -
ASIN rneip FUN EN ENO Out:=ASIN(In);
Sine (SIN-) —n — Out
Brincioal A (@)ACOS
rincipal Arc ] -
ACOS oP FUN EN  ENO Out:=ACOS(In);
Cosine (COS™) —n — Out
Princioal A (@)ATAN
rincipal Arc ] -
ATAN P FUN EN  ENO Out:=ATAN(In);
Tangent (TAN-1) —n — Out
Variables
Meaning 110 Description Valid range Unit Default
D d da-
In Number to process Input Number to process ependsonda) "1
ta type.
ASIN: -/2 to
/2
Out Calculation result Output Calculation result ACOS:0tor rad -—-
ATAN: -71/2 to
/2
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
R
Boo . ) L Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
g| - [7)
W | m| = c c | c _ . I I I B |
O<O§§Q§EE%zggmr’ﬁ§>aca
o—|;umwz_|zz_|-|_|_|>>m—|u—|z
r mlo|g|lo| - =4 | 4 [l < m o
In OK | OK
Out OK | OK
Function
These instructions perform inverse trigonometric calculations on real numbers.
The calculation result Out is an angle in radians (rad).
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| Asin

The ASIN instruction finds the arc sine (sin™!) of In. Out is between -n/2 and n/2.

Out

suononsu| yjep
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| Acos

The ACOS instruction finds the arc cosine (cos™) of In. Out is between 0 and .

Out

® Example for ACOS Instruction
The following shows an example where /n is REAL#-1.0 for the ACOS instruction. The value of varia-
ble abc will be REAL#3.141592.

LD ST

abc:=ACOS(REAL#-1.0);

ACOS

—{ }7 EN  ENO|—
REAL#-1.0—In — abc
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The ACOS instruction finds the arccosine of In.

The arccosine of 1.0 is 3.141592, so the value of abc will be REAL#3.141592.

Arccosine found.
In [REAL#-1.0 Out=abc |REAL#3.141592

| Atan

The ATAN instruction finds the arc tangent (tan™!) of In. Out is between -n/2 and n/2.
If the value of In is positive infinity, the value of Out is /2. If the value of In is negative infinity, the

value of Out is -n/2.

Out

Additional Information

Use the instructions, RadToDeg and DegToRad on page 2-209, to convert data between degrees and

radians.

Precautions for Correct Use

e If Inis not between -1.0 and 1.0 for the ASIN or ACOS instruction, the value of Out is nonnumeric
data. That also applies when the value of In is positive infinity, negative infinity, or nonnumeric data.
« |f the value of In is nonnumeric data for the ATAN instruction, the value of Out is nonnumeric data.

« If you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to In

Data type of In

USINT, UINT, SINT, or INT REAL
UDINT or DINT LREAL
ULINT or LINT A building error will occur.
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SQRT

The SQRT instruction calculates the square root of a number. =
5
: FB/ . . : 2
Instruction Name FUN Graphic expression ST expression g
2]
(@)SQRT g
SQRT Square Root FUN ] FnN ENO  out Out:=SQRT(In);
Variables 2
2
Name 110 Description Valid range Unit Default
Depends on da- .
In Number to process Input Number to process . - 2
ta type.”!
Out Square root Output Square root 3 - -

*1.  Negative numbers are excluded.

*2.  If you omit the input parameter, the default value is not applied. A building error will occur.

*3.  The valid value range for REAL data is from 0.000000e+00 to 1.844674e+19, or positive infinity. The valid value range
for LREAL data is from 0.00000000000000e+000 to 1.34078079299425e+154, or positive infinity.

Real
Boo Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
g | - (%)
w c c| c r
®|2|3|2|5|&|c|E&|E|g|l=|2|c|B|B2|2/8|3|clZ
o (H| =2 zZ| 53| z|2 5| 3 > | » 41 g| 4|2
- m| g g g S| 5|5| 4 S|4 || 2| m|m =
In OK | OK
Out OK | OK

Function

The SQRT instruction finds the square root of number to process In.
Number to process In and square root Out can have different data types.
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Out

The following shows an example where In is REAL#16.0. The value of variable abc will be REAL#4.0.

LD

_{ REAL#16.0 —

SQRT

EN ENO|—
In — abc

The SQRT instruction finds the square root of In.

ST

abc:=SQRT(REAL#16.0);

The square root of 16.0 is 4.0, so the value of abc will be REAL#4.0.

Square root is found.

n [FEAHTE

Additional Information

Out=abc [REAL#4.0

Use the instruction, CheckReal on page 2-252, to check if the value of Out is positive infinity.

Precautions for Correct Use

2-218

« If the value of In is not a positive number, the value of Out is as shown below.

Value of In Value of Out
Negative number | Nonnumeric data
0 0
+ +

-0

Nonnumeric data

Nonnumeric data

Nonnumeric data

 If you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to In

Data type of In

USINT, UINT, SINT, or INT

REAL
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2 Instruction Descriptions

Data type of parameter that is passed to In Data type of In
UDINT or DINT LREAL
ULINT or LINT A building error will occur.

suononsu| yjep

140S
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LN and LOG

These instructions calculate the logarithm of a real number.

LN . Calculates the natural logarithm of a number.
LOG : Calculates the base-10 logarithm of a number.
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
Natural L @
LN ratraltoga N —EN  ENO— Out:=LN(In);
rithm —In — Out
(@)LOG
Logarithm Base —JEN ENO|— _ )
LOG 10 FUN i L out Out:=LOG(In);
Variables
Meaning /10 Description Valid range Unit Default
Depends on da- .
In Number to process Input Number to process . -— 2
ta type.”!
Out Logarithm Output Logarithm "3 --- ---

*1.  Negative numbers are excluded.
*2.  If you omit the input parameter, the default value is not applied. A building error will occur.
*3.  The valid value range depends on the data types of /In and Out. Refer to Valid Value Range on page 2-222 for details.

Real
Boo ) X ea Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
| - [7)
W | m| S c c | c _ |5l 4a|lo 5
S|12|g|5|5|¢2|E|2|c|2/2|8|5|8|8 2|58z
= m| g g g S5 5/5| 4 = I Ilz m| m| O g
In OK | OK
Out OK | OK
Function

These instructions find the logarithm of a real number.

Y

The LN instruction finds the natural logarithm (logarithm to base e, where e = 2.718282).
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Out

=3
suononsu| yjep

0| /1 2.718282

907 pue N7

| Loc

The LOG instruction finds the base-10 logarithm.

Out

® Example for the LOG Instruction
The following shows an example where /n is REAL#1000.0 for the LOG instruction. The value of varia-
ble abc will be REAL#3.0.

LD ST

abc:=LOG(REAL#1000.0);

LOG

—{ }—EN ENO—
REAL#1000.0—In — abc
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The LOG instruction finds the base-10 logarithm of a real number.
The base-10 logarithm of 1,000.0 is 3.0 so the value of abc will be REAL#3.0.

Common logarithm is taken.

In |REAL#1000.0 Out=abc |REAL#3.0

I Valid Value Range

The following tables show the valid value ranges for LN and LOG.

@ Valid Value Ranges for LN

Data type of In | Data type of Out Valid Value Range

REAL REAL -8.73365448e+1 to 8.87228390e+1
Or -eo/+e0

REAL LREAL -8.7336544750000000e+1 to 8.8722839050000000e+1
Or -o0/+e0

LREAL REAL -7.08384950e+2 to 7.09782712e+2
Or -oo/+o0

LREAL LREAL -7.0838495021978327e+1 to 7.0978271289338399e+2
Or -oo/+o0

@ Valid Value Ranges for LOG

Data type of In | Data type of Out Valid Value Range

REAL REAL -3.79297795e+1 to 3.85318394e+1
Or -eo/+e0

REAL LREAL -3.7929779453965430e+1 to 3.8531839419564961e+1
Or -eo/+e0

LREAL REAL -3.07652656e+2 to 3.08254716e+2
Or -o0/+e0

LREAL LREAL -3.0765265556858878e+2 to 3.0825471555991674e+2
or -oo/+o0

Additional Information

When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

« If the value of In is not a positive number, the value of Out is as shown below.

2-222

Value of In

Value of Out

Negative number

Nonnumeric data

0

-0

+ 0

+

-0

Nonnumeric data

Nonnumeric data

Nonnumeric data
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 If you pass an integer parameter to In, the data type is converted as follows:

2 Instruction Descriptions

Data type of parameter that is passed to /In Data type of In
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.
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EXP

The EXP instruction performs calculations for the natural exponential function.

FB/
Instruction Name FUN Graphic expression ST expression
Natural Expo- (@)EXP
EXP nential Opera- | FUN ] FnN ENO :Out Out:=EXP(In);
tion
Variables
Meaning /10 Description Valid range Unit Default
D d da-
In Exponent Input Exponent ependsonda- ) "
ta type.
) ) Depends on da-
Out Calculation result Output Calculation result . - -
ta type.™

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
*2.  Negative numbers are excluded.

Real
Boo . . Times, durations,
Bit strings Integers num- :

lean bers dates, and text strings

O | - (7]
w c c| c r

32|53 S 3|e|S|g|lc|gl=z|2(s|aBgl2|2|3|olz

[ m (] o o -] - - - r m ®
In OK | OK
Out OK | OK

Function

The EXP instruction returns the natural logarithm of In to the base e.

Out

2.718282

N

0
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The following shows an example where /n is REAL#1.0. The value of variable abc will be RE-
AL#2.718282.

LD ST

abc:=EXP(REAL#1.0);

EXP

—{ }— EN ENO—
REAL#1.0 —In — abc

The EXP instruction returns the natural logarithm of In to the base e.
The value of e is 2.718282, so the value of abc will be REAL#2.718282.

e is taken to the Inth power

In |REAL#1 Out=abc |REAL#2.718282

Additional Information

+ Use the instruction, EXPT (**) on page 2-226, to find powers of numbers with bases other than e.
* When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

+ If the value of In is 0.0, positive infinity, negative infinity, or nonnumeric data, the value of Out is as
shown below.

Value of Out
Value of In
NX1P2 Other models
0.0 1.0 1.0
+ o0 + o Nonnumeric data
-0 0.0 Nonnumeric data
Nonnumeric data | Nonnumeric data | Nonnumeric data

 If you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to /In Data type of In
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.
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EXPT (**)

The EXPT (**) instruction raises one real number to the power of another real number.

FB/
Instruction Name FUN Graphic expression ST expression
(@)EXPT
—EN ENO—
—In — Out
g Out:=EXPT(In, Pwr)
i . ut:= n, Pwr);
EXPT (**) Exponentiation | FUN @) Out:=In ** Pwr:
—EN ENO—
—In — Out
—Pwr
Variables
Meaning 110 Description Valid range Unit Default
Base number
In Base number 9
Inout (e.g., 5 for 59) Depends on da- “
P Exponent ta type.
Pwr Exponent
(e.g., 2 for 52)
D d da-
Out Calculation result Output Calculation result ependsonda )
ta type.
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

I The Instruction of LD and the EXPT Instruction in ST

Boo
lean

Bit strings

Integers

Real
num-
bers

Times, durations,
dates, and text strings

1004

31A9

qQdOoM
duoMmda
QAuOoM1

INISN

1ININ

1NIan
INITN
INIS

1INI

A
m

>
=

aot

O
]

1NIa
AN
avadl
JNIL
3iva
ONIMLS

OK

Pwr

OK | OK

Out

OK

I The ** Operator in ST

Boo
lean

Bit strings

Times, durations,
dates, and text strings

10089

31A9

aqyom
Ayomdad
QoM

1ININ

1NIS

1INI

=)
|

1NIa
INIT
JNIL
3lva
aol
ONRMLS

OK

OK

OK

OK | OK

Pwr

OK

OK

OK

OK | OK
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Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=] [t (/]
W | m| = c c|c — 2| Hla|lo =
S|2/5/3|3(¢2|S|S8|c|¢|z|2|/E2/8/a2/8|8|gz
r|/m&|8|&8|5]|7 5|5 S| =H || 2| m m|© 3
Out OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
Function

The EXPT (**) instruction raises base number /n to exponent Pwr to find InPwr,

The following shows an example where In and Pwr are REAL#10.0 and REAL#3.0, respectively. The
value of variable abc will be REAL#1000.0.

LD ST

abc:=EXPT(REAL#10.0, REAL#3.0);

EXPT

—{ i— EN ENOH—
REAL#10.0 —In — abc

REAL#3.0 —Pwr

The ACOS instruction finds In to the power of Pwr.
10.03:0 is 1,000.0, so the value of abc will be REAL#1000.0.

In  |REAL#10.0| Into the power of Pwr (10.030) is found.
Out-abo [REATFIGNS
Pwr |REAL#3.0

I Differences in Specifications between Ladder Diagrams and ST

Specifications of this instruction depend on whether it is used in ladder diagram programming, or the
** operator is used in ST. The following table gives the differences in specifications. The specifications
of the EXPT instruction and the ** instruction in ladder diagram programming and the EXPT function in
ST programming are exactly the same.

EXPT f i inl ia-
ltem unctions in ladder dia- | ,, operator in ST
gram and ST
Presence of EN and ENO Present None
Number of data processing bits if /n and Pwr are integer | 32 or 64*1 642
data

*1. Operations are performed with REAL or LREAL data type, whichever is smaller. For example, if you operate
SINT and DINT data, the data processing bits will be aligned to the size of LREAL data, i.e., 64-bit process-
ing is performed.

*2.  64-bit processing is performed. For example, if one SINT value is raised to the power of another SINT value,
64-bit processing is performed.
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2 Instruction Descriptions

Additional Information

» Use the instruction, EXP on page 2-224, to find powers for base e.
* When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

« |f the absolute value of a calculation result is lower than the minimum value for a real number, the
value of Out will be 0.

Example: (1.175494e-38)2 — 0

» An error will not occur even if an underflow or overflow occurs in a calculation with the ** operator.

« If an underflow or overflow occurs in the calculation with the ** operator, the calculation result may
not be as expected. Allow sufficient leeway in the sizes of the data types for input and output param-
eters so that overflows and underflows will not occur.

* For the EXPT instruction and ** instruction in ladder programming and the EXPT function in ST, if
you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to In Data type of In
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.

» With the ** operator, integer variables are calculated as real number variables, even when they are
set as operands, if you select 1.15 or earlier version for Version in the Select Device Area of the
Project Properties Dialog Box on the Sysmac Studio for an NX701 CPU Unit or an NJ-series CPU
Unit.

If a rounding error is included in a calculation result, the result value may not be an intended value
because it is rounded to the integer.

Use the EXPT and TO_** (Integer Conversion Group) instructions together to round the value to an
integer.

Example) TO_INT (EXPT(X,Y))

I Combination of In and Pwr Values

2-228

The following table shows the values of Out for different combinations of /n and Pwr values.
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® The EXPT Function for a Device Other Than the NX1P2 CPU Unit

In
N .
+o| 1to+o |[1| 0to1 | 0| 1100 [-A| Atowo | o | ‘onnumeric
data
, S
+o R 1lo 1 0 1 |+ 1 Nonnumeric -Z-
data 2
HEBITD Number Number ri
even num- *qe0 1 %2 S
ber 7]
Positive Number Number Number Number Nonnumeric
odd num- | + *1*9 1 *1* 0 a3 -1 . + o0 data
ber
Positive
decimal Nonnumeric data %
number ;:
0 1|1 1|1 1 |1 =
Pwr B Number Number
even hum- s 11,..
12 1*2
ber
Negative Number Number Number Number Nonnumeric
odd num- |0 *1* 1 *1* + sghg -1 . 0 data
ber
Negative
decimal Nonnumeric data
number
- 0 0 11 4 O 1 1o 0 Nonnumeric
data
Nonnumer Nonnu- Nonnu- Nonnumeric
) 1 mericda- |1 | mericda- |1 Nonnumeric data 1 data
ic data @ @ 1

*1. If the calculation result exceeds the valid value range of the data type of Out, the value of Out will be +e.

*2.  If the calculation result is too close to 0 to express with the data type of Out, or if it is a subnormal number,
the value of Out will be 0.

*3.  If the calculation result exceeds the valid value range of the data type of Out, the value of Out will be -«.
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® The EXPT Function for the NX1P2 CPU Unit

2-230

In
N .
+o| 1to+w 0to1 | 0 | 1t00 |1]| Ato-o | o | onnUmerc
data
+o R . 0 ’ 0 1 |4 ’ Nonnumeric
data
Positive Number Number
even num- *1% T | gep +oo
ber
Positive Number Number Number Number Nonnumeric
odd num- | + *1%2 132 0 - -1 . -o0 data
ber
Positive
decimal Nonnumeric data + o
number
0 1 1 1 1 1 1
Pwr e Number Number
even num- ore 1 1. 0
1*2 12
ber
Negative Number Number Number Number Nonnumeric
odd num- |0 *1%9 *1%9 +oo | s -1 agv3 -0 data
ber
Negative
decimal Nonnumeric data 0
number
- 0 0 o R 110 0 Nonnumeric
data
Nonnumer Nonnu- Nonnu- Nonnumeric
) 1 meric da- meric da- | 1 Nonnumeric data 1 data
ic data
ta ta 1
*1. If the calculation result exceeds the valid value range of the data type of Out, the value of Out will be +.

*2.

*3.

If the calculation result is too close to 0 to express with the data type of Out, or if it is a subnormal number,
the value of Out will be 0.
If the calculation result exceeds the valid value range of the data type of Out, the value of Out will be -=.
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2 Instruction Descriptions

In
N .
+o| 1to+o 1| 0to1 | 0 | 1100 || -Ato-o | -o | |OnrUMenc
data
+o R 1lo 1 0 1 l+eo 1 Nonnumeric
data
Positive Number Number
even num- 1% T | g +oo
ber
Positive Number Number Number Number Nonnumeric
odd num- | + *1%2+3 T e 0 Q%4 -1 *2*3*4 | data
ber
Positive
decimal Nonnumeric data + o
number
0 1 1 1 1 1 1
Pwr e Number Number
even num- e 1T s 0
1*2 1*2
ber
Negative Number Number 5 Number Number Nonnumeric
odd num- |0 *1%9 1 %2 +o0 - -1 - -0 data
ber
Negative
decimal Nonnumeric data 0
number
- 0 0 1] 4 to | 4o 110 0 Nonnumeric
data
Nonnumer Nonnumeric
) 1 Nonnumeric data 1 Nonnumeric data 1 data
ic data 1

*1.
*2.

*3.

*4.
*5.

NJ/NX-series Instructions Reference Manual (W502)

If the calculation result exceeds the valid value range of the data type of Out, the value of Out will be +«.

If the calculation result is too close to 0 to express with the data type of Out, or if it is a subnormal number,
the value of Out will be 0.
If both In and Pwr are integer data, Out will contain an undefined value when the calculation result exceeds
the valid value range of the data type of Out.
If the calculation result exceeds the valid value range of the data type of Out, the value of Out will be -e.
When both /n and Pwr are integer data, Out will contain an undefined value.
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Inc and Dec

Inc  : Increments an integer value.
Dec : Decrements an integer value.
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
(@)Inc
—EN ENO—
Inc Increment FUN _[nQut = Inc(InOut);
— Out
(@)Dec
—EN ENO—
Dec Decrement FUN _[nQut = Dec(InOut);
— Out
Variables
Meaning /10 Description Valid range Unit Default
D d da-
InOut Target data In-out Target data ependsonda)
ta type.
Out Return value Qutput Always TRUE TRUE only -—-
Real
Boo ) 5 Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | c 7
W | m| = c c| c - 2| 5l alo —
A HEEEEEBEBEEHEHEHEEE
e Bl 2|23 |S5|Z2|3|S | |S|S5|E|l2|m|mM|O| |2
r|mlo|g|leg| - S| 4 - m )
InOut OK|OK|OK|OK|OK|OK |OK |OK
Out OK
Function

Ilnc

The Inc instruction increments target data InOut. If the result value exceeds the maximum value of
InOut, it returns to the minimum value.

@ Example for the Inc Instruction

The following shows an example where variable abc is passed to InOut for the Inc instruction.
If the value of variable abc is INT#4, it will change to INT#5 after the instruction is executed.
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2 Instruction Descriptions

LD ST
Inc(abc);
Inc

—{ }7 EN  ENO— 5
InOut =
abc—Ff----ooooo-- — abc 5
— a
c
a
i
=]
(7]

The Inc instruction increments InOut.
If the value of abc is INT#4, the value of abc after the instruction is executed will be INT#5.

Incremented.
InOut=abc | INT#4 InOut=abc | INT#5

25(] pue ou|

I Dec

The Dec instruction decrements target data InOut. If the result value exceeds the minimum value of
InOut, it returns to the maximum value.

Precautions for Correct Use

Return value Out is not used when these instructions are used in ST.
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Rand

The Rand instruction generates pseudorandom numbers.

FB/
Instruction Name FUN Graphic expression ST expression
Rand_instance
Random Num- Rand Rand_instance(Execute, Seed,
Rand FB —Execute ENO[— Rnd):
ber —{Seed  Rnd |— nd);
Variables
Meaning /10 Description Valid range Unit Default
Rand b t-
Random number pat- andom number pa Depends on da- .
Seed tom Input tern ta tyoe --- 1
0: Not specified. ype.
Rnd Random number Output Random number "2 - -
*1. If you omit the input parameter, the value will be 0. It will not be the value that is specified for the Initial Value attribute.

*2.

0.00000000000000e+0 to 1.00000000000000e+0

Boo
lean

Bit strings

Integers

bers

Real
num-

Times, durations,
dates, and text strings

1004

31A9

QdOoM
dyoma
aqyomi

INISN

1ININ
1NIan
INITN
INIS
1INI

1NIa
AN
avad

avay

O
|

JNIL
3iva
aol
ONIMLS

Seed

Rnd

Function

The Rand instruction specifies random number Rnd. The value of Rnd is different each time the in-
struction is executed.

Random number pattern Seed specifies the random number series. If the value of Seed is the same,
the same random number series is generated each time the power supply is turned ON. This allows
you to generate a reproducible series of random numbers.

If the value of Seed is 0, irreproducible random numbers are generated. If you do not want to generate
the same series of random numbers each time the power supply is turned ON, set the value of Seed

to 0.

The following shows a programming example where Seed is UINT#1. The value of Seed is not 0, so
reproducible random numbers are generated.
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2 Instruction Descriptions

LD ST

Rand_instance(A, UINT#1, abc);

Rand_instance
A Rand

—{ }*Execute ENO—
UINT#1—Seed Rnd —abc

suononsu| yjep

The Rand instruction generates a repeatable series of random numbers.

!

1st execution: Rnd = abc | LREAL#0.12
2nd execution: Rnd = abc| LREAL#0.34
3rd execution: Rnd = abc LREAL#O 56

1 - The same random numbers are generated
Power supply turned OFF and ON again. | each time the power supply is turned ON.

puey

1st execution: Rnd = abc LREAL#012 /

2nd execution: Rnd = abc LREAL#O 34
3rd execution: Rnd = abc LREAL#O 56

* The values of the random numbers that are given above are examples. The actual values will be different.

Additional Information

The value of Rnd is a real number between 0 and 1. Perform the following processing to generate ran-
dom numbers within a specific range.

(Example) The following formula generates random numbers between 100 and 200.
Rand_instance(A, UINT#1, abc);
Random number:=LREAL_TO_INT((200.0-100.0)*abc)+100;
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AryAdd

The AryAdd instruction adds corresponding elements of two arrays.

FB/
Instruction Name FUN Graphic expression ST expression
(@)AryAdd
—EN ENO [—
—In1 —Out
AryAdd Array Addition FUN :ISniie AryAdd(In1, In2, Size, AryOut);
AryOut
Variables
Meaning 110 Description Valid range Unit Default
In1
n1 (array), Array to process Array to process 1
In2[] (array) Input Depends on da-
Size Number of elements to P Number of elements to | ta type. 1
process process
AryOut[] (ar- | Calculation results ar- In-out Calculation results ar- | Depends on da-
ray) ray ray ta type.
Out Return value OQutput Always TRUE TRUE only -—- -—-
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo ) X ea Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
| = [7)
w c c| c r
oggiggggcﬂigﬂﬁiﬁﬂgau%
S|A|8|8(8(2|3|2|3|5|3|3|3|2|8|7| 75|78
- O o (] | - | L - 3)
In1[] (array) OK|OK|OK|OK|OK|OK|OK|OK |OK |OK
In2[] (array) Must be an array with the same data type as In1(].
Size ek
AryOut -
ra?//) ut(] (ar Must be an array with the same data type as In1[].
Out ow| [ [ I I [ [ [ [ [ [ [ |
Function
The AryAdd instruction adds each pair of corresponding Size elements in In1[] and In2[], which start
from In1[0] and In2[0], respectively. It outputs each addition result to the corresponding element of Ary-
Out[] (calculation results array).
The following shows an example where Size is UINT#3.
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LD ST
AryAdd(abc[1], def[2], UINT#3, ghi[3]);
AryAdd

—{ }*EN ENO — s
abc[1]—{in1 - 5
def[2] —{In2 2
UINT#3 —]Size g
AryOut 5
Ghi[3] —f === ===z mmmee L ghi[3] S
(7]

In1[0]=abc[1] [1234] + In2[0]=def2] [2345] —» AryOut[0]=ghi[3] [ 3579

Size=UINT#3 | In1[1]=abc2] [2345] + In2[1]=defi3] [3456] —> AryOut[1]=ghif4] [ 5801

In1[2]=abc[3] [3456] + In2[2]=deff4] [4567| —> AryOuti2=ghil5] | 8023

ppyAiy

Precautions for Correct Use

» Use the same data type for In1[], In2[], and AryOut][]. If they are different, a building error will occur.
« If calculation results exceed the valid value range of AryOut][], the results will be illegal values. This
will not result in an error. Data in the memory area adjacent to those elements will not be corrupted.
» The values in AryOut[] do not change if the value of Size is 0.
* Return value Out is not used when this instruction is used in ST.
» An error will occur in the following case. ENO will be FALSE, and AryOut[] will not change.
a) The value of Size exceeds the array range of either In1[], In2[], or AryOut][].
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AryAddV

The AryAddV instruction adds the same value to specified elements of an array.

FB/
Instruction Name FUN Graphic expression ST expression
(@)AryAddV
—EN ENO—
—In1 — Out
A Value Ad-
AryAddV fray value FUN —{In2 AryAddV(In1, In2, Size, AryOut):
dition —Size
AryOut
Variables
Meaning 110 Description Valid range Unit Default
In1[] (array) | Addition array Addition array “
In2 Value to add Input Value to add Depends on da-
: Number of elements of | ta type.
Size Number of elements » 1
In1[] for addition
AryOut - D d da-
ryout(] (ar Addition results array In-out Addition results array ependsonda) -
ray) ta type.
Out Return value Output Always TRUE TRUE only --- ---
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo . X ea Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
O | = ”
c -
S EIHHEEEEBHE N HEEEEE
o |A|8|8(8(2|5/2|3|5|3|5|3|2|8|7 75|72
In1[] (array) OK|OK | OK|OK|OK|OK|OK|OK |OK | OK
In2 Must be the same data type as In1[].
Size e PP
AryOut -
ra?//) utf] (ar Must be the same data type as In1[]
Out ow| | [ PP T
Function
The AryAddV instruction adds value to add /n2 to each of Size elements of addition array In1[], which
starts from In1[0]. It outputs the addition result to each corresponding element of AryOut[] (addition re-
sults array).
The following shows an example where In2 and Size are INT#11 and UINT#3, respectively.
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LD ST

AryAddV(abc[1], INT#11, UINT#3, def[2]);

AryAddV

—{ }7 EN ENO{— 5
abc{1]—{In1 — 5
INT#11 —{In2 >
UINT#3 —{Size g
AryOut g
defl2] —pozzooooooooooc — def[2] <l
(7]

In1[0]=abc[1] [12 | + In2=INT#11 —> AryOut[0]=def[2] 23
Size=UINT#3 | In1[1]=abc[2] [ 23 | + In2=INT#11 — AryOut[1]=def[3] 34
In1[2]=abc[3] | 34 | + In2=INT#11 —> AryOut[2]=def[4] 45

APPYAIY

Precautions for Correct Use

» Use the same data type for In1[], In2, and AryOut[]. Otherwise, a building error will occur.

« If addition results exceed the valid value range of AryOut][], the elements of AryOut[] will contain ille-
gal values. This will not result in an error. Data in the memory area adjacent to those elements will
not be corrupted.

» The values in AryOut[] do not change if the value of Size is 0.

* Return value Out is not used when this instruction is used in ST.

» An error will occur in the following case. ENO will be FALSE, and AryOut[] will not change.

a) The value of Size exceeds the array range of In1[] or AryOut[].
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ArySub

The ArySub instruction subtracts corresponding elements of two arrays.

FB/
Instruction Name FUN Graphic expression ST expression
(@)ArySub
—EN ENO[—
—In1 — Out
A Subtrac-
ArySub \rray Sublrac ey —{n2 ArySub(In1, In2, Size, AryOut);
tion —1Size
AryOut
Variables
Meaning /10 Description Valid range Unit Default
In1[] (array) | Minuend array Minuend array “
In2[] (array) | Subtrahend array Input Subtrahend array Depends on da-
. Number of elements ta type.
Size Number of elements . 1
for subtraction
AryOut][] (ar- | Subtraction results ar- In-out Subtraction results ar- | Depends on da-
ray) ray ray ta type.
Out Return value Output Always TRUE TRUE only -—- -
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo . . ea Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
O | = 7]
w c c| c [
2| 3|2|5/6|c|S|E|e|=|2|c|B 2 2/8|8|clz
o |H|l2|9/128/2/3|2/2|3|5|3|3|2|2|&8|3|le|l"|z2
In1[] (array) OK|OK|OK|OK|OK|OK|OK|OK |OK|OK
In2[] (array) Must be the same data type as In1[]
Size b el P
Al -
rar;/)Out[] (ar Must be the same data type as In1[]
Out ow| | [ PP T
Function
The ArySub instruction subtracts each element value of Size elements in subtrahend array In2[] from
the corresponding element of minuend array In1[]. It outputs each subtraction result to the correspond-
ing element of AryOut[] (subtraction results array).
The following shows an example where Size is UINT#3.
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LD ST
ArySub(abc[1], def[2], UINT#3, ghi[3]);
ArySub

—{ }7 EN  ENO— 5
abc[1]—In1 — 5
def[2]—{In2 2
UINT#3 —Size g
AryOut g
ghi[3]—f------------ — ghi[3] g'
(7]

In1[0]=abc[1] 12 | - In2[0]=def[2] 1 |— AryOut[0]=ghi[3] 1

Size=UINT#3 | In1[1]=abc[2] 23 | - In2[1]=def[3] 2 | AryOut[1]=ghi[4] 21

In1[2]=abc[3] 34 | - In2[2]=def[4] 3 |— AryOut[2]=ghi[5] 31

qnshiy

Precautions for Correct Use

» Use the same data type for In1[], In2[], and AryOut][]. If they are different, a building error will occur.
+ If subtraction results exceed the valid value range of AryOut[], the elements of AryOut[] will contain
illegal values. This will not result in an error. Data in the memory area adjacent to those elements

will not be corrupted.

» The values in AryOut[] do not change if the value of Size is 0.

* Return value Out is not used when this instruction is used in ST.

» An error will occur in the following case. ENO will be FALSE, and AryOut[] will not change.
a) The value of Size exceeds the array range of either In1[], In2[], or AryOut][].
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ArySubV

The ArySubV instruction subtracts the same value from specified elements of an array.

FB/
Instruction Name FUN Graphic expression ST expression
(@)ArySubV
—EN ENO—
Array Value | —out
y valu —In2 ; .
ArySubV Subtraction FUN —lsive ArySubV(In1, In2, Size, AryOut);
AryOut
Variables
Meaning 110 Description Valid range Unit Default
In1[] (array) | Minuend array Minuend array “
In2 Subtrahend Input Subtrahend Depends on da-
, Number of elements of | ta type.
Size Number of elements ) 1
In1[] for subtraction
AryOut[] (ar- | Subtraction results ar- In-out Subtraction results ar- | Depends on da-
ray) ray ray ta type.
Out Return value Output Always TRUE TRUE only -—- -—-
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Boo ) . Real Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
| [7)
W | m| = c c| c - 2| 51 alo —
8218|552 |8|E|2|=|2/5/8(8|2/88|g|3
(] A x| 2| 5 =z Z | 5| - r - S m =~ B 4
r|mio|8|&|S = = m F
In1[] (array) OK|OK|OK|OK|OK|OK|OK|OK |OK |OK
In2 Must be the same data type as In1[].
Size || | ok | | [ [ [ ] [ |
AryOut -
ra?//) utf] (ar Must be the same data type as In1][]
Out ok | | | L] || |
Function
The ArySubV instruction subtracts subtrahend /In2 from each element value of Size elements of minu-
end array In1[], which starts from In1[0]. It outputs each subtraction result to the corresponding ele-
ment of AryOut[] (subtraction results array).
The following shows an example where In2 and Size are INT#11 and UINT#3, respectively.
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LD ST
ArySubV(abc[1], INT#11, UINT#3, def[2]);
ArySubV
—{ HEN ENO—
abc[1]—]In1 —
INT#11—In2
UINT#3 —{Size
AryOut
def[2]—-------------- — def[2]
In1[0]=abc[1] 22 | - In2=INT#11 — AryOut[0]=def[2] 11
Size=UINT#3 [ In1[1]=abc[2] 33 | - In2=INT#11 — AryOut[1]=def[3] 22
In1[2]=abc[3] 44 | - In2=INT#11  — AryOut[2]=def[4] 33

Precautions for Correct Use

» Use the same data type for In1[], In2, and AryOut[]. Otherwise, a building error will occur.

« If subtraction results exceed the valid value range of AryOut[], the elements of AryOut[] will contain
illegal values. This will not result in an error. Data in the memory area adjacent to those elements
will not be corrupted.

* The values in AryOut[] do not change if the value of Size is 0.

* Return value Out is not used when this instruction is used in ST.

 An error will occur in the following case. ENO will be FALSE, and AryOut[] will not change.

a) The value of Size exceeds the array range of In1[] or AryOut][].
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2 Instruction Descriptions

AryMean

The AryMean instruction calculates the average of the elements of an array.

FB/
Instruction Name FUN Graphic expression ST expression
(@)AryMean
—EN ENO[—
AryMean Array Mean FUN —In — Out Out := AryMean(In, Size);
—{Size
Variables
Meaning 110 Description Valid range Unit Default
In[] (array) | Array to process Array to process "1
Input Depends on da-
Size Number of elements to Number of In[] ele- ta type. 1
process ments
D d da-
Out Calculation result Qutput Calculation result ependsonda) -—-
ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . 5 ea Times, durations,
Bit strings Integers num- :
lean bers dates, and text strings
O | - (7))
c r
8 |2|38/25|2|&|c|&|E|¢g|=|2|c|B|a2|2|8|3|alz
0 |4 2|Q|%812|3/2|2|3|5|2|3| 2|8 |=|3|8|"]|%2
r|mio|8|§g|S5|7| 5|5 = Fl 2| M| m 5
In[] (array) OK|OK|OK|OK|OK|OK|OK|OK|OK |OK |OK
Size OK
Out OK|OK|OK|OK|OK|OK|OK|OK | OK |OK | OK
Function

The AryMean instruction calculates the average of Size elements of array to process In[], which starts
from In[0].

The following shows an example where Size is UINT#5.

LD ST

def:=AryMean(abc[1], UINT#5);

AryMean
—{ }7 EN ENO—
abc[1]—In —def
UINT#5 —Size
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2 Instruction Descriptions

In[0]=abc[1] [1234
In[1]=abc[2] [2345 | Average calculated.

Size=UINT#5 | In[2]=abc[3] [3456 | ———————— Out=def [3456]
In[3]=abc[4] 4567
In[4]=abc[5] [5678

Precautions for Correct Use

suononsu| yjep

» Refer to the descriptions of the instructions, ADD (+) on page 2-179, SUB (-) on page 2-187, MUL
(*) on page 2-194, and DIV (/) on page 2-202, for calculation results when the value of In[] is positive
infinity, negative infinity, or nonnumeric data.

« If In[] and Out are integers, the average value is truncated to an integer.

« If the data types of In[] and Out are different, make sure that the valid value range of Out accommo-
dates the valid value range of In]].

« If a calculation result exceeds the valid value range of Out, Out will contain an illegal value. This will

ues\Aly

not result in an error.

« If an intermediate value in the calculation process exceeds the valid value range of In[], Out will con-
tain an illegal value. This will not result in an error.

« If the value of Size is 0, the value of Out is 0.

* An error will occur in the following case. ENO will be FALSE, and Out will not change.
a) The value of Size exceeds the array range of In[].
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ArySD

The ArySD instruction calculates standard deviation of the elements of an array.

FB/
Instruction Name FUN Graphic expression ST expression
(@)ArySD
Array Element —EN ENO—
ArySD Standard Devi- | FUN —In — Out Out:=ArySD(In, Size);
ation —|Size
Variables
Meaning /10 Description Valid range Unit Default
In[] (array) Array to process Array to process 1
Input Number of ol - Depends on da-
Size Number of elements umber ote erTlents " | ta type. 2
In[] for conversion
. . Depends on da-
Out Standard deviation Output Standard deviation -—- -—-
ta type.
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo ) 5 Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g |- 7
W | m| = c c| c _ 2| 51 alo —
8|28/ 5/5|2|5(8|E|¢2=2|5/2|8(2/8 28|33
e Bl 2| 2|3|5|Z2|3|S | |S|S5|E|l2|m|mM|O| |2
r|ml o|g|lg| - S| 4 - m o
In[] (array) OK | OK
Size OK
Out OK | OK
Function
The ArySD instruction calculates the standard deviation of Size elements of array to process In[],
which starts from In[0].
Unbiased variance is used to calculate the standard deviation for this instruction.
. 2
Standard deviation = Ei(ln[|]-InM)
Size-1
i: Subscript of In[], 0 to Size - 1
InM: Average value of In[0] to In[Size - 1]
The following shows an example where Size is UINT#5.
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LD ST

def:=ArySD(abc[1], UINT#5);

ArySD
—{ }7 EN ENO—
abc[1]—In —def
UINT#5 —{Size

suononsu| yjep

In[0]=abc[1] [123.4
In[1]=abc[2] [234.5 I
Size=UINT#5 | In[2]=abc[3] 345.6 Standard deviation calculated. Out=def [175.6645
In[3]=abc[4] [456.7
In[4]=abc[5] |567.8

ashiy

Precautions for Correct Use

* If the value of Size is 0 or 1, the value of Out is 0.

« If an intermediate value in the calculation process exceeds the valid value range of In[], Out will con-
tain an illegal value. This will not result in an error.

» An error will occur in the following case. ENO will be FALSE, and Out will not change.

a) The value of Size exceeds the array range of In[].
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ModReal

The ModReal instruction calculates the remainder of real number division.

FB/
Instruction Name FUN Graphic expression ST expression
(@)ModReal
Real Numb —EN ENO |—
ModReal eal umber | ey —int L out Out:=ModReal(In1, In2);
Modulo-division —in2
Variables
Meaning /10 Description Valid range Unit Default
In1 Dividend Input Dividend Depends on da- »
npu -
In2 Divisor P Divisor ta type.
. . Depends on da-
Out Remainder Output Remainder -—-
ta type.
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Boo . 5 Real Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
| = 7
c r
2|5/ 2|5|&|c|S|E|lg|=|2|c|Bl2|2|8 3|clz
c|32/8/8/2|3/2|2|3|5|3|3|2|E|5|5|8|3|Z
In1 OK | OK
In2 OK | OK
Out OK | OK
Function
The ModReal instruction divides dividend In1 by divisor In2 to find the remainder.
This instruction performs the calculation with the following formula.
Out = In1-(In1/In2)*In2
Decimal places are truncated in the division operation.
Examples with the values of In1, In2 and Out are given in the following table.
Value of In1 | Value of In2 | Value of Out
9.9 3.14 0.48
9.9 -3.14 0.48
-9.9 3.14 -0.48
-9.9 -3.14 -0.48
The following shows an example where In1 and In2 are REAL#-9.9 and REAL#-3.14, respectively.
The value of variable abc will be REAL#-0.48.
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LD

REAL#-3.14 —|

ModReal

n2

ST

2 Instruction Descriptions

abc:=ModReal(REAL#-9.9, REAL#-3.14);

—{ }7 EN ENO—
REAL#-9.9 —In1 — abc

The ModReal instruction divides In1 by In2 to find the remainder.
The remainder of —9.9/(-3.14) is —0.48, so the value of abc will be REAL#-0.48.

In1 [REAL#-9.9| / In2 |

REAL#-3.14]|

Additional Information

Remainder calculated.

Out=abc |REAL#-0.48

When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

Precautions for Correct Use

» The following table shows the values of Out for different combinations of /n71 and In2 values.

In1
0 Number + -0 Nonnumeric data
Nonnumeric
0 data Nonnumeric data Nonnumeric data | Nonnumeric data | Nonnumeric data
Remainder of
Number |0 In1/lnl2 Nonnumeric data | Nonnumeric data | Nonnumeric data
In2
+ 0 Value of In1 Nonnumeric data | Nonnumeric data | Nonnumeric data
-00 0 Value of In1 Nonnumeric data | Nonnumeric data | Nonnumeric data
Nonnu- Nonnumeric
i Nonnumeric data | Nonnumeric data | Nonnumeric data | Nonnumeric data
meric data | data

 If you pass an integer parameter to In1 or In2, the data type is converted as follows:

Data type of parameter that is passed to In1 or In2 | Data type of In1 or In2
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.
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2 Instruction Descriptions

Fraction

The Fraction instruction finds the fractional part of a real number.

FB/
Instruction Name FUN Graphic expression ST expression
(@)Fraction
Real Numb | L
Fraction ea ) umoer FUN EN ENO Qut:=Fraction(In);
Fraction —In — Out
Variables
Meaning 110 Description Valid range Unit Default
D -
In Real number Input Real number epends on da --- "
ta type.
D d da-
Out Fractional part Output Fractional part ependsonda ) -—-
ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo ) X ea Times, durations,
Bit strings Integers num- )
lean bers dates, and text strings
| - [7)
c c r
AEHEHBEEEAREaaHBEREE
S|A|8|8(8(2|3|2|3|5|3|3|3|2|8|7|7|5|7|E
r|m8 85| 4 (O A ®
In OK | OK
Out OK | OK
Function

The Fraction instruction finds the fractional part of real number In.

The following shows an example where In is REAL#-123.456.
The value of variable abc will be REAL#-0.456.

LD ST

abc:=Fraction(REAL#-123.456);

Fraction

—{ I EN ENO—
REAL#-123.456 —In — abc

The Fraction instruction finds the fractional part of In.
The fractional part of -123.456 is —0.456, so the value of abc will be REAL#0.456.

Fractional part extracted.

In | REAL#-123.456 Out=abc |REAL#-0.456
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2 Instruction Descriptions

Additional Information

* When you calculate real numbers, use the instruction, CheckReal on page 2-252, to check if Out is
positive infinity, negative infinity, or non-numeric data.

* If you pass an integer parameter to In, the data type is converted as follows: =
5
Data type of parameter that is passed to In Data type of In §
USINT, UINT, SINT, or INT REAL ?,
UDINT or DINT LREAL g
(7]

ULINT or LINT A building error will occur.

uonoe.l
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CheckReal

The CheckReal instruction checks a real number to see if it is infinity or nonnumeric data.

FB/
Instruction Name FUN Graphic expression ST expression
(@)CheckReal
—EN ENO —
Real N —In — Out heckReal(In, Nan, PosInfini
CheckReal eal Number FUN Nan — Chec .claa(n, an, Poslinfinite,
Check PosInfinite — Neglnfinite);
Neglnfinite —
Variables
Meaning 110 Description Valid range Unit Default
D -
In Real number Input Real number epends on da --- "
ta type.
Out Return value Always TRUE TRUE only
TRUE: Nonnumeric da-
Nan Nonnumeric data ta
check result FALSE: FALSE: Not
nonnumeric data
G Output | TRUE: Positive infinity | Depends on da- | -—- -
PoslInfinite Positive infinity check FALSE: Not positive in- | ta type.
result -
finity
L TRUE: Negative infinity
Negat finity check
Neglnfinite | oo e NNty ehec FALSE: Not negative
result s
infinity
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo . X ea Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
g | c 7]
W | m| = c €| c - A2 540 =
S|2|8|3|3|2|S|8|c|2|z|2|5|F RIS |2|8|g|Z
""“Ugg-"'ﬁ—i" —|—|,-|22rnmU %
In OK | OK
Out OK
Nan OK
Poslnfinite OK
Neglnfinite OK
Function
The CheckReal instruction checks a real number In to see if it is nonnumeric data, positive infinity, or
negative infinity. It outputs the result to Nan, Posinfinite, and Neglinfinite.
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The following figure shows a programming example. The values of REAL variables a and b are multi-
plied, and the result is tested to see if it is a real number. If the multiplication result is a real number, it

is assigned to variable d.

LD ST
MUL c:=a*b;
_{ EN ENOl— CheckReal(c, abc, def, ghi);
a—in1 L . IF ( (abc=FALSE) AND (def=FALSE) AND (ghi=FALSE) ) THEN
b —{In2 d:=c;
END_IF;
CheckReal
—{ }7EN ENO |—
c—in —
Nan |— abc
Poslnfinite — def
Neglnfinite — 9hi
abc def ghi MOVE
HHH ™ 5
c—{In Out}—d

If the product ¢ of a and b is not nonnumeric data, positive infinity,
or negative infinity, then the value of c is assigned to d.

START

CheckReal
- ) TRUE
is nonnumeric data.
| Nan = abc — FALSE | | Nan = abc — TRUE |
| PoslInfinite = def — FALSE | | PoslInfinite = def - TRUE |

END

Additional Information

Use this instruction on the result of a math instruction that handles real numbers to check if the result

is nonnumeric data, positive infinity, or negative infinity.
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2 Instruction Descriptions

Precautions for Correct Use

* Return value Out is not used when this instruction is used in ST.
« If you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to In Data type of In
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.
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BCD Conversion Instructions

Instruction Name Page
** BCD_TO_*** | BCD-to-Unsigned Integer Conversion Group page 2-256
** TO_BCD_*** | Unsigned Integer-to-BCD Conversion Group page 2-259
BCD_TO ** BCD Data Type-to-Unsigned Integer Conversion Group | page 2-262
BCDsToBin Signed BCD-to-Signed Integer Conversion page 2-265
BinToBCDs_** | Signed Integer-to-BCD Conversion Group page 2-268
AryToBCD Array BCD Conversion page 2-271
AryToBin Array Unsigned Integer Conversion page 2-273
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2 Instruction Descriptions

**_BCD_TO_***

These instructions convert BCD bit strings into unsigned integers.

FB/
Instruction Name FUN Graphic expression ST expression
(@) _BCD_TO_***
BCD-to-Un- —EN ENO— Out:=** BCD_TO_*** (In);
* BCD_TO_* | signed Integer —In — Out o
*x Conversion FUN "**" must be a bit string data type.
Group "' must be a bit string data type. "***" " must be an integer data type.
must be an integer data type.
Variables
Meaning 110 Description Valid range Unit Default
In Data to convert Input Data to convert 1 0
Out Conversion result Output Conversion result 1
*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-257, below, for details.
Boo ) X Real Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
O | c 7
c -
82/8|5/3/8|c|S|E|lg|l=|2|c|B|Rl2|8| 2|3
o | HAl2|8/%8/2|3|2|2|/3|5|3|3|2|%|5|H|8|°|%
In OK | OK | OK | OK
Out OK|OK|OK|OK|OK | OK | OK | OK
Function
These instructions convert data to convert /In (which must be a BCD bit string) into an unsigned inte-
ger.
The name of the instruction is determined by the data types of In and conversion result Out. For exam-
ple, if In is WORD data and Out is UINT data, the name of the instruction is WORD_BCD_TO_UINT.
The following example for the WORD_BCD_TO_UINT instruction is for when In is WORD16#3452.
LD ST
abc:=WORD_BCD_TO_UINT(WORD#16#3452);
WORD_BCD_TO_UINT
—{ I EN ENO —
WORD#16#3452 —{In — abc
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2 Instruction Descriptions

WORD BCD data UNIT data

In [ WORD#16#3452| ———  Out=abc 3452

| valid Range

The following table shows the valid ranges for In and Out according to their data types.

SUO0I}2NIISU| UOISIBAUOD dOg

Data t f | Data t f
atatype o alatype o Valid range for In Valid range for Out
In Out
USINT
UINT
UDINT 3
I

ULINT 3

BYTE 16#00 to 16#99 (BCD) 0to99 (@]
SINT I
INT |C:
DINT )
LINT
USINT 16#0000 to 16#0255 (BCD) 0 to 255
UINT
UDINT 16#0000 to 16#9999 (BCD) 0 to 9999
ULINT

WORD
SINT 16#0000 to 16#0127 (BCD) 0to 127
INT
DINT 16#0000 to 16#9999 (BCD) 0 to 9999
LINT
USINT 16#0000_0000 to 16#0000_0255 (BCD) 0 to 255
UINT 16#0000_0000 to 16#0006_5535 (BCD) 0 to 65535
UDINT
OLINT 16#0000_0000 to 16#9999 9999 (BCD) 0 to 99999999

DWORD
SINT 16#0000_0000 to 16#0000_0127 (BCD) 0to 127
INT 16#0000_0000 to 16#0003_2767 (BCD) 0 to 32767
DINT
ONT 16#0000_0000 to 16#9999 9999 (BCD) 0 to 99999999
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D f| D f
atatype o ata type o Valid range for In Valid range for Out
In Out
16#0000_0000_0000_0000 to
INT - - - 2
us 16#0000_0000_0000_0255 (BCD) 0t0 255
16#0000_0000_0000_0000 to
INT - - - t
v 16#0000_0000_0006_5535 (BCD) 01065535
16#0000_0000_0000_0000 to
UDINT - - - 0 to 4294967295
16#0000_0042_9496_7295 (BCD) ©
16#0000_0000_0000_0000 to
ULINT 16499999999 99999999 (BCD) 0 to 9999999999999999
HVORD 16#0000_0000_0000_0000 t
(o
SINT - - - 0to 127
16#0000_0000_0000_0127 (BCD) ©
16#0000_0000_0000_0000 to
INT - - - 2767
16#0000_0000_0003_2767 (BCD) 0to 3276
16#0000_0000_0000_0000 to
DINT — - - to 2147483647
16#0000_0021_4748_ 3647 (BCD) 0to 836
16#0000_0000_0000_0000 to
LINT - - - 0 to 9999999999999999
16#9999_9999 9999 9999 (BCD) ©

Additional Information

» To convert a BCD bit string to an integer, use the instruction, BCD_TO_** on page 2-262.
» To convert an integer to a BCD bit string, use the instruction, ** TO_BCD_*** on page 2-259.

Precautions for Correct Use

» Always use the correct instruction name for the data types of In and Out.
« If the data size of Out is larger than the data size of In, the upper digits of Out will contain 0.
* An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The value of In is outside the valid range.
b) The value in In is not BCD bit string data (i.e., contains A, B, C, D, E, or F hexadecimal).

2-258
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**_TO_BCD_***

These instructions convert unsigned integers to BCD bit strings.

SUO0I}2NIISU| UOISIBAUOD dOg

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_BCD_***
Unsigned Inte- —1EN ENO|— Out:=** TO_BCD_*** (In);
** TO_BCD_* | ger-to-BCD —n [ Out o
wox Conversion FUN "**" must be an integer data type.
Group "' must be an integer data type. "***" " must be a bit string data type.
must be a bit string data type. X
-
©
Variables @
o)
I
Meaning /10 Description Valid range Unit Default *
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1 - -

*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-260, below, for details.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=] [ (7]
W | w| = c C | c _ 2| 5 4alo b
S|2|8|3|8|2|S|g|c|2/z|2|5|% @|E|2(8|g|Z
r | m|o|3 g5 |55 S| =H || 2| m m|© 3
In OK|OK|OK|OK|OK|OK | OK | OK
Out OK | OK | OK | OK
Function

These instructions convert data to convert /In (which must be an unsigned integer) to a BCD bit string.
The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if Inis UINT data and Out is WORD data, the name of the instruction is UINT_TO_BCD_WORD.

The following example for the UINT_TO_BCD_WORD instruction is for when In is UNIT#3452.

LD ST

abc:=UINT_TO_BCD_WORD(UINT#3452);

UINT_TO_BCD_WORD

—{ }7EN ENO —
UINT#3452 —In — abc
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UNIT data
In [UINT#3452

I Valid Range

— Out=abc

WORD BCD data

16#3452

The following table shows the valid ranges for /n and Out according to their data types.

Data type of | Data type of Valid range for In Valid range for Out
In Out
BYTE 0 to 99 16400 to 16#99 (BCD)
WORD 1640000 to 16#0255 (BCD)
USINT DWORD |\ 16#0000_0000 to 16#0000_0255 (BCD)
16#0000_0000_0000_0000 to
LWORD 164#0000_0000_0000_0255 (BCD)
BYTE 0to 99 16400 to 16#99 (BCD)
WORD 0 to 9999 1640000 to 16#9999 (BCD)
UINT DWORD 16#0000_0000 to 16#0006_5535 (BCD)
LWORD 0 to 65535 16#0000_0000_0000_0000 to
16#0000_0000_0006_5535 (BCD)
BYTE 0to 99 16400 to 16#99 (BCD)
WORD 0 to 9999 1640000 to 16#9999 (BCD)
UDINT DWORD | 0 to 99999999 16#0000_0000 to 16#9999_9999 (BCD)
16#0000_0000_0000_0000 to
LWORD 010 4294967295 1640000_0042_9496_7295 (BCD)
BYTE 0to 99 16400 to 16#99 (BCD)
WORD 0 to 9999 16#0000 to 16#9999 (BCD)
ULINT DWORD | 0 to 99999999 1640000_0000 to 16#9999_9999 (BCD)
16#0000_0000_0000_0000 to
LWORD 0 to 9999999999999999 1649999 9999 9999 9999 (BCD)
BYTE 0to 99 16400 to 16#99 (BCD)
WORD 1640000 to 16#0127 (BCD)
SINT DWORD |\ .o 16#0000_0000 to 16#0000_0127 (BCD)
16#0000_0000_0000_0000 to
LWORD 16#0000_0000_0000_0127 (BCD)
BYTE 0to 99 16400 to 16#99 (BCD)
WORD 0 to 9999 1640000 to 16#9999 (BCD)
INT DWORD 16#0000_0000 to 16#0003_2767 (BCD)
LWORD 0 to 32767 16#0000_0000_0000_0000 to
16#0000_0000_0003_2767 (BCD)
BYTE 0to 99 16400 to 16#99 (BCD)
WORD 0 to 9999 1640000 to 16#9999 (BCD)
DINT DWORD | 0 to 99999999 16#0000_0000 to 16#9999_9999 (BCD)
LWORD 00 2147483647 16#0000_0000_0000_0000 to

16#0000_0021_4748_3647 (BCD)

2-260

NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

Data ;Zpe of Data(;ﬁ)e of Valid range for In Valid range for Out
BYTE 0to 99 16#00 to 16#99 (BCD)
WORD 0 to 9999 16#0000 to 16#9999 (BCD)

LINT DWORD 0 to 99999999 16#0000_0000 to 16#9999 9999 (BCD)
LWORD 0 to 9999999999999999 16#0000_0000_0000_0000 to

16#9999_9999 9999 9999 (BCD)

Additional Information

» To convert a specific BCD bit string to an integer, use the instruction, ** BCD_TO_***on page

2-256.

» To convert a BCD bit string to an integer, use the instruction, BCD_TO_**on page 2-262.

Precautions for Correct Use

» Always use the correct instruction name for the data types of /n and Out.
« If the data size of Out is larger than the data size of In, the upper digits of Out will contain 0.
» An error will occur in the following case. ENO will be FALSE, and Out will not change.

a) The value of In is outside the valid range.
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2 Instruction Descriptions

BCD TO **

The BCD_TO_** instruction converts BCD bit strings into unsigned integers.

FB/
Instruction Name FUN Graphic expression ST expression
BCD Data (@)BCD_TO_**
Type-to-Un- —EN ENO— Out:=BCD_TO_** (In);
BCD_TO_** signed Integer | FUN —n —Out
Conversion "**" must be an integer data type.
Group "*" must be an integer data type.
Variables
Meaning 110 Description Valid range Unit Default
In Data to convert Input Data to convert 1 --- 2
Out Conversion result Output Conversion result 1 -—- -—-
*1. The valid ranges depend on the data types of In and Out. Refer to Valid Range on page 2-263, below, for details.
*2.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo . . ea Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
=] - - 7
8|28/ 5|2|8|c|E|E|gl=|2|c|B|a|2|8|3|alz
°|7|2|8/8(3|3|35/35|5|3|3|3|8|E|F|3|5|7 |2
In OK | OK | OK | OK
Out OK|OK|OK|OK|OK|OK |OK |OK
Function
These instructions convert data to convert /In (which must be a BCD bit string) into an unsigned inte-
ger.
The name of the instruction is determined by the data type of conversion result Out. For example, if
Out is the UINT data type, the instruction is BCD_TO_UINT.
The following example for the BCD_TO_UINT instruction is for when In is WORD#16#3452.
LD ST
abc:=BCD_TO_UINT(WORD#16#3452);
BCD_TO_UINT
—{ I EN ENO [—
WORD#16#3452 —In — abc
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WORD BCD data UNIT data
In [ WORD#16#3452| —*  Out=abc 3452

| valid Range

The following table shows the valid ranges for In and Out according to their data types.

SUO0I}2NIISU| UOISIBAUOD dOg

D f| D f
atatype o ata type o Valid range for In Valid range for Out
In Out

USINT
UINT
UDINT 3
ULINT O

BYTE 16#00 to 16#99 (BCD) 0 to 99 3
SINT I
INT '
DINT
LINT
USINT 16#0000 to 16#0255 (BCD) 0 to 255
UINT
UDINT 16#0000 to 16#9999 (BCD) 0 to 9999
ULINT

WORD
SINT 16#0000 to 16#0127 (BCD) 0to 127
INT
DINT 16#0000 to 16#9999 (BCD) 0 to 9999
LINT
USINT 16#0000_0000 to 16#0000_0255 (BCD) 0 to 255
UINT 16#0000_0000 to 16#0006_5535 (BCD) 0 to 65535
UDINT
OLINT 16#0000_0000 to 16#9999_9999 (BCD) 0 to 99999999

DWORD
SINT 16#0000_0000 to 16#0000_0127 (BCD) 0 to 127
INT 16#0000_0000 to 16#0003_2767 (BCD) 0 to 32767
DINT
OINT 16#0000_0000 to 16#9999_9999 (BCD) 0 to 99999999
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D f| D f
atatype o ata type o Valid range for In Valid range for Out
In Out
16#0000_0000_0000_0000 to
INT - - - 2
us 16#0000_0000_0000_0255 (BCD) 0t0 255
16#0000_0000_0000_0000 to
INT - - - t
v 16#0000_0000_0006_5535 (BCD) 01065535
16#0000_0000_0000_0000 to
UDINT - - - 0 to 4294967295
16#0000_0042_9496_7295 (BCD) ©
16#0000_0000_0000_0000 to
ULINT 16499999999 99999999 (BCD) 0 to 9999999999999999
HVORD 16#0000_0000_0000_0000 t
(o
SINT - - - 0to 127
16#0000_0000_0000_0127 (BCD) ©
16#0000_0000_0000_0000 to
INT - - - 2767
16#0000_0000_0003_2767 (BCD) 0to 3276
16#0000_0000_0000_0000 to
DINT — - - to 2147483647
16#0000_0021_4748_ 3647 (BCD) 0to 836
16#0000_0000_0000_0000 to
LINT - - - 0 to 9999999999999999
16#9999_9999 9999 9999 (BCD) ©

Additional Information

» To convert a specific BCD bit string to an integer, use the instruction, ** BCD_TO_*** on page

2-256.

» To convert an integer to a BCD bit string, use the instruction, ** TO_BCD_*** on page 2-259.

Precautions for Correct Use

» Always use the correct instruction name for the data type of Out.

« If the data size of Out is larger than the data size of In, the upper digits of Out will contain 0.
* An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The value of In is outside the valid range.
b) The value in Inis not BCD bit string data (i.e., contains A, B, C, D, E, or F hexadecimal).
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BCDsToBin

The BCDsToBin instruction converts signed BCD bit strings to signed integers.

SUO0I}2NIISU| UOISIBAUOD dOg

FB/
Instruction Name FUN Graphic expression ST expression
) (@)BCDsToBin
Signed BCD-to- _lEN ENOL—
BCDsToBin Signed Integer | FUN —In —Out Out:=BCDsToBin(In, Format);
Conversion —|Format
. ©
Variables 8
5
Meaning 1/0 Description Valid range Unit Default g
In Data to convert Data to convert "1 2
Input F f BCD bi BCD
Format Data format number o.rmat of BCD bit -BCDO o _BCDO
string _BCD3
Out Conversion result Output Conversion result 1 - -
*1. The valid range depends on the value of Format. Refer to Valid Range on page 2-266, below, for details.
*2.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | - 7
W m| S c c | c _ x| 51 alo =
S|2|8|3|3|2|S|g|E|2/z|2|5|F @|IS|2(8|3|Z
= m| g g g S 9|55 4 4| 4| = I:g m|m| O t:z)
In OK | OK | OK | OK
Format Refer to Function on page 2-265 for the enumerators of the enumerated type _eBCD_FORMAT.
Out Must be a signed integer data type that is the same size as In.
Function

The BCDsToBin instruction converts signed BCD bit string In to a signed integer.

The data type of data format number Format is enumerated type _eBCD_ FORMAT.
Select one of the following: _BCDO0, BCD1, BCD2, or _BCD3. The sign specification in the upper
four bits of /In depends on the BCD format number.

The data format examples shown below use WORD data for /n.

NJ/NX-series Instructions Reference Manual (W502) 2-265



2 Instruction Descriptions

Format = _BCDO

Valid range of In: -999 to 999 (BCD)

15 1211 87 43 0
w[ 11 1 1|

L [ 3 BCD digits (12 bits)

Sign bit
0: Positive
1: Negative

Format = _BCD2

Valid range of In: -999 to 9999 (BCD)

15 1211 87 43 0

t E3 BCD digits (12 bits)

#0 to #9: BCD digit 4 (positive)

#F: Negative
(#A to #E: error)

| valid Range

Format =_BCD1
Valid range of In: -7999 to 7999 (BCD)

15 1211 87 43 0
Ea BCD digits (12 bits)

L BCD digit 4 (three bits: 12 to 14)
Sign bit

0: Positive

1: Negative

In|

Format = _BCD3
Valid range of In: -1999 to 9999 (BCD)

15 1211 87 43 0

t |:3 BCD digits (12 bits)

#0 to #9: BCD digit 4 (positive)
#A: Negative, BCD digit 4 is 1
#F: Negative, BCD digit 4 is 0
(#B to #E: error)

The data types of In and Out should be of the same size. The valid ranges depend on the value of

Format, as shown below.

Value of Format
_BCDO _BCD1 _BCD2 _BCD3
BYTE
! 9to9 -791t0 79 -9 to0 99 -19 to0 99
SINT
Data WORD
type of
! -999 to 999 -7999 to 7999 -999 to 9999 -1999 to 9999
In
. INT
DWORD
Data -79999999 to -19999999 to
- t - t
type of ! 9999999 to 9999999 79999999 9999999 to 99999999 99999999
DINT
Out
LWORD
. -999999999999999 to | -7999999999999999 to | -999999999999999 to | -1999999999999999 to
LINT 999999999999999 7999999999999999 9999999999999999 9999999999999999

I Notation Example

The following example is for when In is WORD#2#1011_0100_0101_0010 and Formatis _BCD1.
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2 Instruction Descriptions

LD ST

abc:=BCDsToBin(WORD#2#1011_0100_0101_0010,

_BCD1);
BCDsToBin
_{ I EN ENO}—
WORD#2#1011_0100_0101_0010 —{In — abc
_BCD1 —Format

SUO0I}2NIISU| UOISIBAUOD dOg

WORD BCD data INT data
In | WORD#2#1011_0100_0101_0010 | ——— Out=abc | -3452

uigol1sgod

Precautions for Correct Use

» The data types of In and Out should be of the same size.
» An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The value of Formatis _BCDO, and the upper digit of Iniis 2 to F.
b) The value of Formatis BCD2, and the upper digit of Inis A to E.
c) The value of Formatis BCD3, and the upper digit of Inis B to E.
d) Except for the above conditions, any digitin /Inis A to F.
e) The value of Format is outside the valid range.

)
)
)
)
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BinToBCDs_**

These instructions convert signed integers to signed BCD bit strings.

FB/

Instruction Name FUN Graphic expression ST expression
(@)BinToBCDs_**
Signed Integer- :FnN ENO:Out Out:=BinToBCDs(In, Format);
BinToBCDs_** | to-BCD Conver- | FUN —Format
sion Group "**" must be a bit string data type.

"*"must be a bit string data type.

Variables
Meaning 110 Description Valid range Unit Default
In Data to convert Data to convert 1 0
Input i -
Format Data format number Fo.rmat of BCD bit -BCDO 1o _BCDO
string _BCD3
Out Conversion result Output Conversion result 1 -—- -—-

*1. The valid range depends on the value of Format. Refer to Valid Range on page 2-269, below, for details.

Real
Boo . 5 Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
=) [t ()
v} c c c -
812|352 Sle|S|g|E|2|l=z|2|C|a|lR|2|8|3|c|3
o |3 3/S/8/2|3/2|2|3|5|3|3|2|E|5|53|8|3|Z
In OK | OK | OK | OK
Format Refer to Function on page 2-268 for the enumerators of the enumerated type _eBCD_FORMAT.
Out Must be same size of data type as In
Function

These instructions convert signed integer In to a signed BCD bit string.
The name of the instruction is determined by the data type of Out. For example, if Out is the WORD
data type, the name of the instruction is BinToBCDs_WORD.

The data type of data format number Format is enumerated type _eBCD_FORMAT.
Select one of the following: _BCD0, BCD1, BCD2, or _BCD3. The sign specification in the upper
four bits of Out depends on the BCD format number.

The data format examples shown below use WORD data for Out.
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Format = _BCDO
Valid range of Out: -999 to 999 (BCD)

15 1211 87 43 0
o 11 T 1 ]

L Ea BCD digits (12 bits)

Sign bit
0: Positive
1: Negative

Format = _BCD2
Valid range of Out: -999 to 9999 (BCD)

15 1211 87 43 0

Out|

t Es BCD digits (12 bits)

#0 to #9: BCD digit 4 (positive)
#F: Negative
(#A to #E: error)

| valid Range

2 Instruction Descriptions

Format =_BCD1
Valid range of Out: -7999 to 7999 (BCD)

1.5 12.11 8.7 4.3 0
oul; { ¢ i |

|:3 BCD digits (12 bits)

L BCD digit 4 (three bits: 12 to 14)

Sign bit
0: Positive
1: Negative

Format = _BCD3
Valid range of Out: -1999 to 9999 (BCD)

15 1211 87 43 0
t |:3 BCD digits (12 bits)

#0 to #9: BCD digit 4 (positive)
#A: Negative, BCD digit 4 is 1
#F: Negative, BCD digit 4 is 0
(#B to #E: error)

Out|

The data types of In and Out should be of the same size. The valid ranges depend on the value of

Format, as shown below.

Value of Format
_BCDO _BCD1 _BCD2 _BCD3
SINT
! 9t09 790 79 9t0 99 19 to 99
BYTE
Data INT
LSS ! -999 to 999 -7999 to 7999 -999 to 9999 -1999 to 9999
’I’ WORD
ot | L -79999999 to -19999999 to
type of DWlO - 0999999 10 9999999 | o 0999999 to 99999999 | oo
Out
LINT | 599999999999999 to | -7999999999999999 to | -999999999999999 to | -1999999999999999 to
LWéRD 999999999999999 7999999999999999 | 9999999999999999 | 9999999999999999

I Notation Example

The following example shows the BinToBCDs_WORD instruction when In is INT#-3452 and Format is

_BCD1.
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2 Instruction Descriptions

LD ST

abc:=BinToBCDs_WORD(INT#-3452, _BCD1);

BinToBCDs_WORD

—{ }7EN ENO—
INT#-3452— — abc

In
_BCD1—(Format

INT data WORD BCD data
In| INT#-3452 | ———— OQut=abc | 2#1011_0100_0101_0010

Precautions for Correct Use

» Always use the correct instruction name for the data type of Out.

« An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The value of In is outside the valid range.
b) The value of Format is outside the valid range.
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2 Instruction Descriptions

AryToBCD

The AryToBCD instruction converts the elements of an unsigned integer array to BCD bit strings.

SUO0I}2NIISU| UOISIBAUOD dOg

FB/
Instruction Name FUN Graphic expression ST expression
(@)AryToBCD
—EN ENO |—
A BCD —In — Out
AryToBCD fray BL FUN —lsize AryToBCD(In, Size, AryOut);
Conversion
AryOut
>
<
g
Variables &
Meaning /10 Description Valid range Unit Default
In[] (array) | Unsigned integer array Unsigned integer array | *1 2
Input -
Size Number of elements Number of elements of | Depends on da 1
In[] for conversion ta type.
AryOut -
ryoutl] (ar BCD array In-out BCD array 1 - -
ray)
Out Return value Output Always TRUE TRUE only --- ---
*1. The valid ranges depend on the data types of the elements of In[] and AryOut[]. Refer to Valid Range on page 2-272
for details.

*2.  If you omit an input parameter, the default value is not applied. A building error will occur.

Real
Boo ) ) ea Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
=] [t (7]
W | w| S c c| c _ 2| 5|40 =
AEIHEEEEHBBHEETNIEHHERE
e} A 3|l Z2|5|2|2|5|5|5|5|2|>» m|lFlol"]|z
- mi o|g|lo| - =5 | 4 - |~ m o
In[] (array) OK | OK | OK | OK
Size OK
AryOut -
ra?ll) utf] (ar Must be a bit string array. The data type must be the same size as the elements of In[].
Out o) [ [ [ PP
Function

The AryToBCD instruction converts Size elements of unsigned integer array In[] starting from In[0] to a
BCD bit string. It outputs the BCD bit string to BCD array AryOut[].

The following example is for when Size is UINT#3.
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LD

AryToBCD
—{ }7 EN ENO—
abc[1]—In —
UINT#3 —Size
AryOut
def[2] —p-------------- —def[2]
In[0]=abc[1] 16#10EC
Size=UINT#3 | In[1]=abc[2] 16#0013
In[2]=abc[3] 16#123B

I Valid Range

ST

AryToBCD(abc[1], UINT#3, def[2]);

— AryOut[0]=def[2]
— AryOut[1]=def[3]
— AryOut[2]=def[4]

4332

0019

4667

The following table shows the valid ranges for In[] and AryOut[] according to the data types of their

elements.
Data type of Data type of the
the elements of | elements of Ary- Valid range of In[] Valid range of AryOut[]
In[] Out[]
USINT BYTE 0to 99 16#00 to 16#99 (BCD)
UINT WORD 0 to 9999 16#0000 to 16#9999 (BCD)
UDINT DWORD 0 to 99999999 16#0000_0000 to 16#9999 9999 (BCD)
ULINT LWORD 0 to 9999999999999999 16#0000_0000_0000_0000 to

16#9999_9999 9999 9999 (BCD)

Precautions for Correct Use

2-272

* Use the same data type and size for In[] and AryOut[]. For example, if the elements of In[] are UINT
data, use WORD as the data type of the elements of AryOut[]. Otherwise, a building error will occur.

 This instruction does not convert signed binary to signed BCD. Use an unsigned integer (USINT,
UINT, UDINT, or ULINT) as the data type of In[].

* The values in AryOut[] do not change if the value of Size is 0.

* Return value Out is not used when this instruction is used in ST.

« An error will occur in the following cases. ENO will be FALSE, and AryOut[] will not change.
a) The value of In[] is outside the valid range.
b) The value of Size exceeds the array area of In[] or AryOut[].
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2 Instruction Descriptions

The AryToBin instruction converts the elements of an array of BCD bit strings into unsigned integers.

FB/
Instruction Name FUN Graphic expression ST expression
(@)AryToBin
Array Unsigned ] FnN ENO C out
AryToBin Integer Conver- | FUN —1Size AryToBin(In, Size, AryOut);
sion AryOut
Variables
Meaning /10 Description Valid range Unit Default
In[] (array) Array of BCD bit Array of BCD bit “ v
strings Input strings
npu ---
. P Number of elements of | Depends on da-
Size Number of elements . 1
In[] for conversion ta type.
AryOut -
ra?/,) utf] (ar Unsigned integer array | In-out Unsigned integer array | *1 - -
Out Return value Output Always TRUE TRUE only - -
*1.  The valid ranges depend on the data types of the elements of In[] and AryOut[]. Refer to Valid Range on page 2-274
for details.

*2.  If you omit an input parameter, the default value is not applied. A building error will occur.

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=] [t (7]
W | m| = c c| c - 2| 5|40 —
S|2|8|3|3|2|S|8|Cc|2/z|2|5|F R|IS|2(8|g|Z
F | mig|Z BS54 |5|5| S| 4| F|2|m|m|O t:z)
In[] (array) OK | OK | OK | OK
Size OK
AryOut -
rar;/) utf] (ar Must be an unsigned integer array. The data type must be the same size as the elements of In[].
Out o | | [ [ [ [ [ [ |
Function

The AryToBin instruction converts Size elements of array of BCD bit strings In[] starting from In[0] to
unsigned integers. It outputs the unsigned integers to unsigned integer array AryOut[].

The following example is for when Size is UINT#3.
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2 Instruction Descriptions

LD ST

AryToBin(abc[1], UINT#3, def[2]);

AryToBin
—{ }7 EN ENO —
abc[1]—In —
UINT#3—Size
AryOut
def[2]—p ------------- — def[2]

In[0]=abc[1] [4332] — AryOut[0]=def[2] |16#10EC
Size=UINT#3 | In[1]=abc[2] |0019| — AryOut[1]=def[3] | 16#0013
In[2]=abc[3] (4667 | — AryOut[2]=def[4] | 16#123B

I Valid Range

The following table shows the valid ranges for In[] and AryOut[] according to the data types of their

elements.
Data type of the
Data t f th
B elements of Ary- Valid range of In[] Valid range of AryOut[]
elements of In[]
Outl[]
BYTE USINT 16#00 to 16#99 (BCD) 0 to 99
WORD UINT 16#0000 to 16#9999 (BCD) 0 to 9999
DWORD UDINT 16#0000_0000 to 16#9999 9999 0 to 99999999
(BCD)
16#0000_0000_0000_0000 to
LWORD ULINT - - - 0 to 9999999999999999
16#9999_9999_9999 9999 (BCD) °

Precautions for Correct Use

» Use the same data type and size for In[] and AryOut[]. For example, if the elements of In[] are
WORD data, use UINT as the data type of the elements of AryOut[]. Otherwise, a building error will
occur.

 This instruction does not convert signed BCD to signed binary. Use an unsigned integer (USINT,
UINT, UDINT, or ULINT) as the data type of AryOut [].

* The values in AryOut[] do not change if the value of Size is 0.

* Return value Out is not used when this instruction is used in ST.

* An error will occur in the following cases. ENO will be FALSE, and AryOut[] will not change.

a) The value of Size exceeds the array area of In[] or AryOut[].
b) A value in In[] is not a BCD bit string (i.e., contains A, B, C, D, E, or F hexadecimal).
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Data Type Conversion Instructions

Instruction Name Page

** TO_*** (Integer-to-Integer Conversion Group) Integer-to-Integer Conversion Group page 2-277
** TO_*** (Integer-to-Bit String Conversion Group) Integer-to-Bit String Conversion Group page 2-280
**_TO_** (Integer-to-Real Number Conversion Group) Integer-to-Real Number Conversion Group page 2-283
** _TO_*** (Bit String-to-Integer Conversion Group) Bit String-to-Integer Conversion Group page 2-286
**_TO_** (Bit String-to-Bit String Conversion Group) Bit String-to-Bit String Conversion Group page 2-289
** TO_*** (Bit String-to-Real Number Conversion Group) | Bit String-to-Real Number Conversion Group page 2-291
** TO_*** (Real Number-to-Integer Conversion Group) Real Number-to-Integer Conversion Group page 2-293
** TO_** (Real Number-to-Bit String Conversion Group) | Real Number-to-Bit String Conversion Group page 2-296
** TO_*** (Real Number-to-Real Number Conversion Real Number-to-Real Number Conversion Group | page 2-299
Group)

** TO_STRING (Integer-to-Text String Conversion Integer-to-Text String Conversion Group page 2-301
Group)

** TO_STRING (Bit String-to-Text String Conversion Bit String-to-Text String Conversion Group page 2-303
Group)

**_TO_STRING (Real Number-to-Text String Conversion | Real Number-to-Text String Conversion Group page 2-305
Group)

RealToFormatString REAL-to-Formatted Text String page 2-307
LrealToFormatString LREAL-to-Formatted Text String page 2-313
STRING_TO_** (Text String-to-Integer Conversion Text String-to-Integer Conversion Group page 2-319
Group)

STRING_TO_** (Text String-to-Bit String Conversion Text String-to-Bit String Conversion Group page 2-321
Group)
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2 Instruction Descriptions

Instruction Name Page

STRING_TO_** (Text String-to-Real Number Conversion | Text String-to-Real Number Conversion Group page 2-323
Group)

TO_** (Integer Conversion Group) Integer Conversion Group page 2-327
TO_** (Bit String Conversion Group) Bit String Conversion Group page 2-329
TO_** (Real Number Conversion Group) Real Number Conversion Group page 2-331
EnumToNum Enumeration-to-Integer page 2-333
NumToEnum Integer-to-Enumeration page 2-335
TRUNC, Round, and RoundUp Truncate/Round Off Real Number/Round Up Re- | page 2-338

al Number
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2 Instruction Descriptions

** TO_*** (Integer-to-Integer Con-
version Group)

These instructions convert integers to integers with different data types.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_***
—EN ENO— R *k .
Integer-to-Inte- —n L out Out:="*_TO_** (In);
1O ger Conversion | FUN " and "**" must be different in- X
Grou *
p " and " must be different integer da- | teger data types. '8
ta types. ! H
3
. &
Variables o
o
Meaning /10 Description Valid range Unit Default §'
In Data to convert Input Data to convert 1 - 0 %
o
Out Conversion result Output Conversion result 1 - - g
*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-278, below, for details. §
()
Real £
Boo ) ) ea Times, durations, 2
Bit strings Integers num- .
lean dates, and text strings
bers
=} [t (/]
W | w| S c c| c _ 2| 5|l a|lo —
0| x|0o Sl 5le(S|e|lc|g|=|2|S|a|lRg|2/8|3||=
O  jlB|a|A|Z2|5|2|2|5||5|5|&|2|m|m|o| 7|z
In OK|OK|OK|OK|OK|OK|OK | OK
Out OK|OK|OK|OK|OK|OK|OK |OK
Function

These instructions convert an integer, In, to an integer with a different data type.
The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if Inis INT data and Out is DINT data, the name of the instruction is INT_TO_DINT.

The following example for the INT_TO_DINT instruction is for when In is INT#1234.

LD ST

abc:=INT_TO_DINT(INT#1234);

INT_TO_DINT

—{ }7EN ENO—
INT#1234—In — abc
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2 Instruction Descriptions

INT data DINT data
In | INT#1234 | —— Out=abc 1234

I Valid Range

The following table shows the valid ranges for /n and Out according to their data types.

Data type of In | Data type of Out | Valid range for In and Out
UINT
UDINT 0 to 255
ULINT
USINT SINT 0to 127
INT
DINT 0 to 255
LINT
USINT 0 to 255
UDINT
ULINT 0 to 65535
UINT SINT 0to 127
INT 0 to 32767
DINT
ONT 0 to 65535
USINT 0 to 255
UINT 0 to 65535
ULINT 0 to 4294967295
UDINT SINT 0to 127
INT 0 to 32767
DINT 0 to 2147483647
LINT 0 to 4294967295
USINT 0 to 255
UINT 0 to 65535
UDINT 0 to 4294967295
ULINT SINT 0to 127
INT 0 to 32767
DINT 0 to 2147483647
LINT 0 to 9223372036854775807
USINT
UINT
UDINT 0to 127
SINT ULINT
INT
DINT -128 to 127
LINT
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2 Instruction Descriptions

O
Data type of In | Data type of Out | Valid range for In and Out &
-
USINT 0 to 255 §
UINT o
UDINT 0 to 32767 2
INT ULINT s
SINT -128 to 127 =
(7]
DINT g
-32768 to 32767 s
LINT g
=
USINT 0 to 255 @
UINT 0 to 65535
UDINT
0 to 2147483647
DINT ULINT
SINT -128 to 127 :
|
INT -32768 to 32767 a
|
LINT 2147483648 to 2147483647 H
USINT 0to 255 i
UINT 0 to 65535 ?
UDINT 0 to 4294967295 g
3
LINT ULINT 0 to 9223372036854775807 g
[0}
SINT -128 to 127 o
INT -32768 to 32767 %
DINT 2147483648 to 2147483647 g
=}
@
2
)

Additional Information

To convert data with any data type to integer data, use the instruction, TO_** (Integer Conversion
Group) on page 2-327.

Precautions for Correct Use

» Always use the correct instruction name for the data types of /In and Out.

 If Inis a signed integer and the data size of Out is larger than the data size of In, sign extension is
performed.

 If Inis an unsigned integer and the data size of Out is larger than the data size of In, the upper digits
of Out will contain O.

« If the data size of Out is smaller than the data size of In, the upper digits will be truncated.
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2 Instruction Descriptions

**_TO_*** (Integer-to-Bit String
Conversion Group)

These instructions convert integers to bit strings.

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_***
—1EN ENOf— —— *kk .
Integer-to-Bit —n L out Out:="*_TO_*** (In);
_To_™ String Conver- | FUN " must be an integer data type.
sion Grou e ot
p meen must be an integer data type. "***" must be a bit string data type.
must be a bit string data type.
Variables
Meaning 110 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1
*1.  The valid ranges depend on the data types of /In and Out. Refer to Valid Range on page 2-281, below, for details.
Real
Boo . ) ea Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
=)} - (7]
W | m| S c c|c — 0|5 =) —
Ojoggfﬁggtgzggmﬁé:oacm
© Fl8|lz|2|Z|5|Z|3|5||S5|5|&|2|m|m|O| |2
OK
In OK|OK|OK|OK|OK |OK | OK o
OK
Out OK o OK | OK
*1.  For an NX1P2 CPU Unit, a CPU Unit with unit version 1.14 or later and Sysmac Studio version 1.18 or higher are re-

quired to use the LINT_TO_WORD instruction.

Function

These instructions convert an integer, In, to a bit string.

The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if Inis INT data and Out is WORD data, the name of the instruction is INT_TO_WORD.

The following example for the INT_TO_WORD instruction is for when In is INT#-1234.
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LD

INT data

In | INT#-1234

ST

2 Instruction Descriptions

abc:=INT_TO_WORD(INT#-1234);

INT_TO_WORD

H b
INT#-1234—In

ENO—
— abc

— > Out=abc

I Valid Range

WORD data
16#FB2E

The following table shows the valid ranges for In and Out according to their data types.

Da::: ;xpe thfa otife Valid range for In Valid range for Out
BYTE
WORD
USINT 0 to 255 16#00 to 16#FF
DWORD
LWORD
BYTE 0 to 255 16#00 to 16#FF
WORD
UINT
DWORD | 0 to 65535 16#0000 to 16#FFFF
LWORD
BYTE 0 to 255 16#00 to 16#FF
WORD 0 to 65535 16#0000 to 16#FFFF
UDINT
DWORD
0 to 4294967295 16#0000_0000 to 16#FFFF_FFFF
LWORD
BYTE 0 to 255 16#00 to 16#FF
WORD 0 to 65535 16#0000 to 16#FFFF
ULINT DWORD | 0 to 4294967295 16#0000_0000 to 16#FFFF_FFFF
16#0000_0000_0000_0000 to
LWORD 0 to 18446744073709551645 \G4FFFF_FFFF_FFFF_FFFF
BYTE
WORD
SINT -128 to 127 16#00 to 16#FF
DWORD
LWORD
BYTE -128 to 127 16#00 to 16#FF
INT WORD
DWORD | -32768 to 32767 16#0000 to 16#FFFF
LWORD
BYTE -128 to 127 16#00 to 16#FF
DINT WORD -32768 to 32767 16#0000 to 16#FFFF
DWORD
CWORD -2147483648 to 2147483647 16#0000_0000 to 16#FFFF_FFFF
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2 Instruction Descriptions

Data type | Data type . .
of In of Out Valid range for In Valid range for Out
BYTE -128 to 127 16#00 to 16#FF
WORD -32768 to 32767 16#0000 to 16#FFFF
LINT DWORD -2147483648 to 2147483647 16#0000_0000 to 16#FFFF_FFFF
LWORD -9223372036854775808 to 16#0000_0000_0000_0000 to

9223372036854775807

16#FFFF_FFFF_FFFF_FFFF

Additional Information

» To convert a bit string to an integer, use the instruction, ** TO_*** (Bit String-to-Integer Conversion
Group) on page 2-286.
» To convert data with any data type to a bit string, use the instruction, TO_** (Bit String Conversion
Group) on page 2-329.

Precautions for Correct Use

« Always use the correct instruction name for the data types of In and Out.

» If Inis a signed integer and the data size of Out is larger than the data size of In, sign extension is
performed.

 If Inis an unsigned integer and the data size of Out is larger than the data size of In, the upper digits

of Out will contain 0.

« If the data size of Out is smaller than the data size of In, the upper digits will be truncated.
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2 Instruction Descriptions

** _TO_*** (Integer-to-Real Number
Conversion Group)

These instructions convert integers to real numbers.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_***
_lEN ENO|— Out:="*_TO_*** (In);
Integer-to-Real —n L out
= TO_*** Number Con- FUN "**"'must be an integer data type.
version Group ‘ "***" must be a real number data |3
"**" must be an integer data type. "***" type. a
must be a real number data type. Iy
Variables
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1 - -

*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-284, below, for details.

(dnoldg uoisiaauo) Jaquin [eay-0}-lebajul)

Real
Boo ) ) ea Times, durations,
lean Bit strings Integers num- dates, and text strings
bers ’ 9
| - (7
c c r
812/ 5|s/2/&8|cs|§|E|2|z|2|c|@alz|2/%|3|c|3Z
S |A8|8(8/2/3|2|2/35/3|3(|3|2|8|R|A|8 7|2
r|m o8& S S| 5 | 2| ™| m )
In OK|OK|OK|OK|OK | OK | OK | OK
Out OK | OK
Function

These instructions convert an integer, In, to a real number.
The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if Inis INT data and Out is REAL data, the name of the instruction is INT_TO_REAL.

The following example for the INT_TO_REAL instruction is for when In is INT#1234.

LD ST

abc:=INT_TO_REAL(INT#1234);

INT_TO_REAL

—{ }7EN ENO|—
INT#1234 —In — abc
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2 Instruction Descriptions

INT data

REAL data

In | INT#1234

— Out=abc | 1.234e+3

I Valid Range

The following table shows the valid ranges for /n and Out according to their data types.

Da(t)af ;’):pe thfa (;:,1 ;:e Valid range for In Valid range for Out
REAL
USINT 0 to 255 0 to 2.55e+2
LREAL
REAL
UINT 0 to 65535 0 to 6.5535e+4
LREAL
REAL 0 to 4.294967e+9
UDINT 0 to 4294967295
LREAL 0 to 4.294967295e+9
REAL 0 to 1.844674e+19
ULINT 0 to 18446744073709551615
LREAL 0 to 1.84467440737095e+19
REAL
SINT 128 to 127 1.28e+2 to 1.27e+2
LREAL
REAL
INT -32768 to 32767 -3.2768e+4 to 3.2767e+4
LREAL
REAL -2.147483e+9 to 2.147483e+9
DINT 2147483648 to 2147483647
LREAL -2.147483648e+9 to 2.147483647e+9
REAL -9.223372e+18 to 9.223372e+18
LINT -9223372036854775808 to 5223372036854 7700 8.1
LREAL 9223372036854775807 N S477er18 to
9.22337203685477e+18

Additional Information

» To convert a real number to an integer, use the instruction, ** TO_*** (Real Number-to-Integer Con-
version Group) on page 2-293.
» To convert data with any data type to a real number, use the instruction, TO_** (Real Number Con-
version Group) on page 2-331.

Precautions for Correct Use

« Always use the correct instruction name for the data types of In and Out.

» Depending on the data types of In and Out, rounding will be performed for the effective digits of the
real number. This may cause error between the values before and after conversion. The following
table lists the data types that result in error.

Data type of In | Data type of Out Values for which error occurs
DINT
LINT REAL -16777216 or lower, or 16777216 or higher
UDINT
REAL 16777216 or higher
ULINT
LINT LREAL -9007199254740992 or lower, or 9007199254740992 or higher
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2 Instruction Descriptions

Data type of In | Data type of Out Values for which error occurs
ULINT LREAL 9007199254740992 or higher
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2 Instruction Descriptions

** TO_*** (Bit String-to-Integer
Conversion Group)

These instructions convert bit strings to integers.

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_To_***
—EN ENOI— Lk *Hk .
Bit String-to-In- —n L out Out:="*_TO_*** (In);
_To_™ teger Conver- | FUN " must be a bit string data type.
sion Grou e :
p mee must be a bit string data type. "***" must be an integer data type.
must be an integer data type.
Variables
Meaning 110 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1

*1.  The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-287, below, for details.

Real
Boo . ) ea Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
| - [7)
W | m| = c c | c — 2| 51 alo 5
o | =x|9 S 5|e|S|eg|lc|g|=|2|¢ Rl2|(5|3|o|z
< Bla| 2| 5|S5|Z|F|5|F|S|S5|E|2|m|d|o| |2
= m| o glo| - = | 4 [l m o)
In OK | OK | OK | OK
Out OK|OK | OK| OK| OK | OK | OK | OK
Function

These instructions convert a bit string, In, to an integer.
The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if Inis WORD data and Out is INT data, the name of the instruction is WORD_TO _INT.

The following example for the WORD_TO_INT instruction is for when In is WORD #16#1234.

LD ST

abc:=WORD_TO_INT(WORD#16#1234);

WORD_TO_INT
—{ i EN ENO|—
WORD#16#1234 —{In | abc
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WORD data

In | WORD#16#1234 [ —— >  Out=abc 4660

| valid Range

INT data

2 Instruction Descriptions

The following table shows the valid ranges for In and Out according to their data types.

Data type | Data type . .
of In of Out Valid range for In Valid range for Out
USINT
UINT
0 to 255
UDINT
ULINT
BYTE 16#00 to 16#FF
SINT
INT
-128 to 127
DINT
LINT
USINT 16#00 to 16#FF 0 to 255
UINT
UDINT 16#0000 to 16#FFFF 0 to 65535
ULINT
WORD
SINT 16#00 to 16#FF -128 to 127
INT
DINT 16#0000 to 16#FFFF -32768 to 32767
LINT
USINT 16#00 to 16#FF 0 to 255
UINT 16#0000 to 16#FFFF 0 to 65535
UDINT
OLINT 16#0000_0000 to 16#FFFF_FFFF 0 to 4294967295
DWORD
SINT 16#00 to 16#FF -128 to 127
INT 16#0000 to 16#FFFF -32768 to 32767
DINT
ONT 16#0000_0000 to 16#FFFF_FFFF -2147483648 to 2147483647
USINT 16#00 to 16#FF 0 to 255
UINT 16#0000 to 16#FFFF 0 to 65535
UDINT 16#0000_0000 to 16#FFFF_FFFF 0 to 4294967295
16#0000_0000_0000_0000 to
ULINT \64FFFF FFFF FFFF FFFE 0 to 18446744073709551645
LWORD = = =
SINT 16#00 to 16#FF -128 to 127
INT 16#0000 to 16#FFFF -32768 to 32767
DINT 16#0000_0000 to 16#FFFF_FFFF -2147483648 to 2147483647
LINT 16#0000_0000_0000_0000 to -9223372036854775808 to
16#FFFF_FFFF_FFFF_FFFF 9223372036854775807
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2 Instruction Descriptions

Additional Information

» To convert an integer to a bit string, use the instruction, ** TO_*** (Integer-to-Bit String Conversion
Group) on page 2-280.

» To convert data with any data type to a bit string, use the instruction, TO_** (Bit String Conversion
Group) on page 2-329.

Precautions for Correct Use

» Always use the correct instruction name for the data types of In and Out.
« If the data size of Out is larger than the data size of In, the upper digits of Out will contain 0.
« If the data size of Out is smaller than the data size of In, the upper digits are truncated.
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2 Instruction Descriptions

**_TO_*** (Bit String-to-Bit String
Conversion Group)

These instructions convert bit strings to bit strings with different data types.

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_***
—EN ENO— R *k .
Bit String-to-Bit I T out Out:=_TO_" (In);
1O String Conver- | FUN " and "**" must be different bit
sion Grou ;
P "= and "= must be different bit string | String data types.
data types.
Variables
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1 - -
*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-290, below, for details.
Real
Boo ) ) ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | - [7)
W | w| S c c| c _ 2| 5|l a|lo =
S|2/5|8|5|¢|S|g|c|2\ 2|57 A&I2(5|8|g|z
r|/mg|83&8|5|* |55 S| =H || 2| m m|© 3
In OK | OK | OK | OK
Out OK | OK | OK | OK
Function

These instructions convert a bit string, In, to a bit string with a different data type.
The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if In is WORD data and Out is DWORD data, the name of the instruction is WORD_TO_DWORD.

The following example for the WORD_TO_DWORD instruction is for when In is WORD#16#F123.

LD

ST

abc:=WORD_TO_DWORD(WORD#16#F123);

WORD_TO_DWORD
EN ENO

I
_{ | worb#16#F123 —

In

— abc
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2 Instruction Descriptions

WORD data

In | WORD#16#F123

I Valid Range

— Out=abc

DWORD data
16#0000F 123

The following table shows the valid ranges for /n and Out according to their data types.

Data type of In | Data type of Out Valid range for In and Out
WORD
BYTE DWORD 16#00 to 16#FF
LWORD
BYTE 16#00 to 16#FF
WORD DWORD
[ WORD 16#0000 to 16#FFFF
BYTE 16#00 to 16#FF
DWORD WORD 16#0000 to 16#FFFF
LWORD 16#0000_0000 to 16#FFFF_FFFF
BYTE 16#00 to 16#FF
LWORD WORD 16#0000 to 16#FFFF
DWORD 16#0000_0000 to 16#FFFF_FFFF

Additional Information

To convert data with any data type to a bit string, use the instruction, TO_** (Bit String Conversion
Group) on page 2-329.

Precautions for Correct Use

» Always use the correct instruction name for the data types of In and Out.
« If the data size of Out is larger than the data size of In, the upper digits of Out will contain 0.
« If the data size of Out is smaller than the data size of In, the upper digits are truncated.

2-290

NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

** TO_*** (Bit String-to-Real Num-
ber Conversion Group)

These instructions convert bit strings to real numbers.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_***
_lEN ENOL— Out:="*_TO_*** (In);
Bit String-to-Re- —in L out
o TQ al Number Con- | FUN "**" must be a bit string data type.
version Group "***" must be a real number data |3
"**" must be a bit string data type. "***" type. a
must be a real number data type. Iy
Variables
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1 - -

*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-292, below, for details.

(dnoug uoisieAuo) JaquinN |eay-0}-buys 1g)

Real
Boo ) ) ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O |- 7
w w| S clclC€lC€lo|l_|lolrlalGBla|o| 4 -
S 3/8/8|58|2|5|8|c|2/2|2|5|E|8|E|5|8 gz
r|/mg|83&8|5|* |55 S|l E| M| m 3
In OK | OK | OK | OK
Out OK | OK
Function

These instructions take a bit string, In, as an unsigned integer of the same size and convert it to a real
number.

The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if In is WORD data and Out is REAL data, the name of the instruction is WORD_TO_REAL.

The following example for the WORD_TO_REAL instruction is for when /n is WORD#16#8000.

LD ST

abc:=WORD_TO_REAL(WORD#16#8000);

WORD_TO_REAL

—{ | EN ENO|—
WORD#16#8000 —In — abc
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2 Instruction Descriptions

WORD data REAL data
In | WORD#16#8000 | — Out=abc |32768e+4

I Valid Range

The following table shows the valid ranges for /n and Out according to their data types.

Data type | Data type . .
of In of Out Valid range for In Valid range for Out
REAL
BYTE 16#00 to 16#FF 0 to 2.55e+2
LREAL
REAL
WORD 16#0000 to 16#FFFF 0 to 6.5535e+4
LREAL
REAL 0 to 4.294967e+9
DWORD 16#0000_0000 to 16#FFFF_FFFF
LREAL 0 to 4.294967295e+9
LWORD REAL 16#0000_0000_0000_0000 to 0 to 1.844674e+19
LREAL 16#FFFF_FFFF_FFFF_FFFF 0 to 1.84467440737095e+19

Additional Information

» To convert a real number to a bit string, use the instruction, ** TO_*** (Real Number-to-Bit String
Conversion Group) on page 2-296.

» To convert data with any data type to a real number, use the instruction, TO_** (Real Number Con-
version Group) on page 2-331.

Precautions for Correct Use

» Always use the correct instruction name for the data types of In and Out.

» Depending on the data types of In and Out, rounding will be performed for the effective digits of the
real number. This may cause error between the values before and after conversion. The following
table lists the data types that result in error.

Data type of In | Data type of Out Values for which error occurs
DWORD REAL 16#0100_0000 or higher
LWORD LREAL 16#0002_0000_0000_0000 or higher
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2 Instruction Descriptions

**_TO_*** (Rea| Number-to-lnteger
Conversion Group)

These instructions convert real numbers to integers.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_***
—1EN ENO— Out:=**_TO_*** (In);
Real Number- —in L out
#* TO *** tO-lnteger Con- FUN "**" must be a real number data
version Group type. "**" must be an integer data | i
"**" must be a real number data type. type. 3
"**" must be an integer data type. Iy
Variables
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1 - -

*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-294, below, for details.

(dnoldg uoisiaauo Jabajuj-oj-JaquinN [eay)

Real
Boo ) ) ea Times, durations,
lean Bit strings Integers num- dates, and text strings
bers ’ 9
| - (7
c c r
812/ 5|s/2/&8|cs|§|E|2|z|2|c|@alz|2/%|3|c|3Z
S |A8|8(8/2/3|2|2/35/3|3(|3|2|8|R|A|8 7|2
r|m o8& S S| 5 | 2| ™| m )
In OK | OK
Out OK|OK|OK|OK|OK | OK | OK | OK
Function

These instructions convert a real number, In, to an integer.
The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if Inis LREAL data and Out is LINT data, the name of the instruction is LREAL_TO_LINT.

The following example for the LREAL_TO_LINT instruction is for when In is LREAL#1.0e+10.

LD ST

abc:=LREAL_TO_LINT(LREAL#1.0e+10);

LREAL_TO_LINT

—{ I EN ENO —
LREAL#1.0e+10 —In — abc
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2 Instruction Descriptions

LREAL data
In | LREAL#1.0e+10

—— > Out=abc

LINT data
10000000000

I Fractional Part of the Value of In

The fractional part of the value of /n is rounded off to the closest integer. The following table shows

how values are rounded.

Value of fractional part Description Examples
; ; 1.49 — 1
Less than 0.5 The fractional part is truncated.
-1.49 — -1
1.50 — 2
05 If the ones digit is an even number, the fractional part is truncated. If itis | 2.50 — 2
' an odd number, the value is rounded up. -1.50 — -2
-2.50 — -2
. . 151 -2
Greater than 0.5 The fractional part is rounded up.
-1.51 — -2

| vaiid Range

The following table shows the valid ranges for In and Out according to their data types.

Da:af ;'):pe thfaoty, |:e Valid range for In Valid range for Out
USINT 0 to 2.55e+2 0 to 255
UINT 0 to 6.5535e+4 0 to 65535
UDINT 0 to 4.294967e+9 0 to 4294967295
ULINT 0 to 1.844674e+19 0 to 18446744073709551615
REAL SINT -1.28e+2 to 1.27e+2 -128 to 127
INT -3.2768e+4 to 3.2767e+4 -32768 to 32767
DINT -2.147483e+9 to 2.147483e+9 -2147483648 to 2147483647
-9223372036854775808 to
LINT -9.223372e+18 to 9.223372e+18 9223372036854775807
USINT 0 to 2.55e+2 0 to 255
UINT 0 to 6.5535e+4 0 to 65535
UDINT 0 to 4.294967295e+9 0 to 4294967295
ULINT 0 to 1.84467440737095e+19 0 to 18446744073709551615
LREAL SINT -1.28e+2 to 1.27e+2 -128 to 127
INT -3.2768e+4 to 3.2767e+4 -32768 to 32767
DINT -2.147483648e+9 to 2.147483647e+9 -2147483648 to 2147483647
LINT -9.22337203685477e+18 to -9223372036854775808 to
9.22337203685477e+18 9223372036854775807

Additional Information

» To convert an integer to a real number, use the instruction, ** TO_*** (Integer-to-Real Number Con-
version Group) on page 2-283.
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2 Instruction Descriptions

» To convert data with any data type to integer data, use the instruction, TO_** (Integer Conversion
Group) on page 2-327.
* You can use the following instructions to convert a real number to an integer: TRUNC (Truncate),
Round (Round Off Real Number), and RoundUp (Round Up Real Number).
All of these instructions have a REAL input and DINT output, or a LREAL input and LINT output.
The differences between these instructions are shown in the following table.

Output value

Input value
REAL_TO_INT | TRUNC | Round | RoundUp

REAL#1.6 | INT#2 DINT#1 | DINT#2 | DINT#2
REAL#1.5 | INT#2 DINT#1 | DINT#2 | DINT#2
REAL#1.5 | INT#1 DINT#1 | DINT#1 | DINT#2
REAL#2.5 | INT#2 DINT#2 | DINT#2 | DINT#3
REAL#-1.6 | INT#-2 DINT#-1 | DINT#-2 | DINT#-2
REAL#-1.5 | INT#-2 DINT#-1 | DINT#-2 | DINT#-2
REAL#-1.4 | INT#-1 DINT#-1 | DINT#-1 | DINT#-2
REAL#-2.5 | INT#-2 DINT#-2 | DINT#-2 | DINT#-3

Precautions for Correct Use

» Always use the correct instruction name for the data types of In and Out.

+ If the conversion result exceeds the valid range of Out, Out will contain an undefined value. Always
make sure that the value of In is within the valid range so that the conversion result will not exceed
the valid range of Out.
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2 Instruction Descriptions

** TO_*** (Real Number-to-Bit
String Conversion Group)

These instructions convert real numbers to bit strings.

FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_*** *%k *kk .
Real Number- —EN ENOF— Out:=**_TO_*** (In);
it Stri — — Out
= O to-Bit Str'lng FUN n v " must be a real number data
o Conversion type. "**" must be a bit string data
Group "**" must be a real number data type. type.
"**" must be a bit string data type.
Variables
Meaning 110 Description Valid range Unit Default
D d da-
In Data to convert Input Data to convert ependsonda ) 0
ta type.
D d da-
Out Conversion result Output Conversion result ependsonda- | -—-
ta type.
Real
Boo ) 5 Times, durations,
Bit strings Integers num- :
lean dates, and text strings
bers
|- 7
c (= -
AHHHHEEEHBEBEEEHEBEEEE
AE I T HHEHEEEHER B IHEIERE
r ol g|lo| - = | 4 L ®
In OK | OK
Out OK |OK | OK | OK
Function

These instructions convert a real number, In, to a bit string.

The name of the instruction is determined by the data types of /n and conversion output Out. For ex-
ample, if In is LREAL data and Out is DWORD data, the name of the instruction is
LREAL_TO_DWORD.

The following example for the LREAL_TO_DWORD instruction is for when In is LREAL#6.5536e+4.
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2 Instruction Descriptions

LD ST
abc:=LREAL_TO_DWORD(LREAL#6.5536e+4);
LREAL_TO_DWORD
—{ i EN ENO |—
LREAL#6.5536e+4 —|In — abc
LREAL data DWORD data

In | LREAL#6.5536e+4

— Out=abc [16#0001_0000

The following table gives some conversion examples.

Value of In | Integer | Value of Out
1.6 2 16#0002
3.5 4 16#0004

I Conversion Procedure

Conversion is performed using the following procedure.

1 The value of In is rounded off to the closest integer as described below.

2 The resulting integer is taken as an unsigned integer and output as a bit string.

I Rounding Off

The following table shows how values are rounded.

Value of fractional part Description Examples
Less than 0.5 The fractional part is truncated. 1.49 -1
0.5 If the ones digit is an even number, the fractional part is truncated. Ifitis | 1.50 — 2
an odd number, the value is rounded up. 2.50 — 2
Greater than 0.5 The fractional part is rounded up. 1.51 -2

Additional Information

To convert a bit string to a real number, use the instruction, ** TO_*** (Bit String-to-Real Number Con-
version Group) on page 2-291.

Precautions for Correct Use

» Always use the correct instruction name for the data types of /In and Out.
« If the conversion result exceeds the valid range of Out, Out will contain an undefined value. Always
make sure that the value of In is within the valid range so that the conversion result will not exceed
the valid range of Out.
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2 Instruction Descriptions

* When you input a negative value, the conversion result depends on the CPU Unit model. If you input
a negative value, sufficiently debug before use.
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2 Instruction Descriptions

** TO_*** (Real Number-to-Real
Number Conversion Group)

These instructions convert real numbers to real numbers with different data types.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_***
Real Number- _|EN ENO— out Out:=** TO_*** (In);
" eon to-Real Number - — ©u
_TO_ Conversion FUN "*" and "**" must be different real .
Group "= and "= must be different real num- | Number data types. '8
ber data types. Iy
Variables
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 0
Out Conversion result Output Conversion result 1 - -

*1. The valid ranges depend on the data types of /n and Out. Refer to Valid Range on page 2-300, below, for details.

(dnoug uoisiaAu0) JaquinN [eay-0}-JaquinN [eay)

Real
Boo ) ) ea Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
| - (7
W | w| = c c | c — x| 540 5
S|2/5|8|5|¢|S|g|c|2\ 2|57 A&I2(5|8|g|z
r|/mg|83&8|5|* |55 S| =H || 2| m m|© 3
In OK | OK
Out OK | OK
Function

These instructions convert a real number, In, to a real number with a different data type.
The name of the instruction is determined by the data types of /n and conversion result Out. For exam-
ple, if In is REAL data and Out is LREAL data, the name of the instruction is REAL_TO LREAL.

The following example for the REAL_TO_LREAL instruction is for when /In is REAL#3.141592e+0.

LD ST

abc:=REAL_TO_LREAL(REAL#3.141592e+0);

REAL_TO_LREAL

—{ I EN ENO—
REAL#3.141592e+0—In — abc
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2 Instruction Descriptions

REAL data LREAL data
In |REAL#3.141592¢+0 | ——— Out=abc | 3.141592e+0

I Valid Range

The following table shows the valid ranges for In and Out according to their data types.

Data type of In | Data type of Out Valid range for In and Out

REAL LREAL -3.402823e+38 to 3.402823e+38
LREAL REAL Or +00/-c0

Additional Information

To convert data with any data type to a real number, use the instruction, TO_** (Real Number Conver-
sion Group) on page 2-331.

Precautions for Correct Use

» Always use the correct instruction name for the data types of In and Out.

« If the value of In is positive or negative infinity, the value of Out is positive or negative infinity.

* If the value of In is nonnumeric data, the value of Out is nonnumeric data.

« If the conversion result exceeds the valid range of Out, the value of Out will be infinity with the same
sign as the value of In.

* Forthe LREAL_TO_REAL instruction, if the value of In is closer to 0 than £1.175494e-38, the value
of Out will be 0.
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2 Instruction Descriptions

** TO_STRING (Integer-to-Text
String Conversion Group)

These instructions convert integers to text strings.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_STRING
Integer-to-Text —EN ENO|— Out:=** TO STRING(In):
** TO_STRIN ut:=""_TO_. (In);
- - String Conver- | FUN —In — Out
G sion Group "**" must be an integer data type. :
"*" must be an integer data type. Iai
'
—
- Y
Variables 5
Meaning /10 Description Valid range Unit Default
D d da-
In Data to convert Input Data to convert ependsonda- 0
ta type.
Out Conversion result Output Conversion result 1 - ---

*1.  The valid range depends on the data type of In. Refer to Valid Range on page 2-302 for details.

(dnoug uoisiaAuo) Bulyg 1xa| -0)-19b8yu])

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
O - (/2]
w c c | c r
812/ 8|2|5/8|c|&|S|lg|l=(2|c|B|2|2|8/3| gz
© A3 2|x|23|3|2|2|53|7|5|5|g|2|m|m|lOo|7|Z
In OK|[OK|OK|OK|OK|OK | OK | OK
Out OK

Function

These instructions convert an integer, /n, to a text string.
The number given in In is output to conversion result Out as a text string. A NULL character (16#00) is
placed at the end of Out.

The text in Out is left-aligned.

If the number of significant digits in In is less than the digits provided by the data type of In, its leading
zeros will not be output to Out. In other words, leading zeros are suppressed.

If In contains a negative value, a minus sign (-) is added to the front of the text string.
The name of the instruction is determined by the data type of In. For example, if In is the INT data
type, the instruction is INT_TO_STRING.

The following example for the INT_TO_STRING instruction is for when In is INT#1234.
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2 Instruction Descriptions

LD ST

abc:=INT_TO_STRING(INT#1234);

INT_TO_STRING

—{ }7 EN ENO —
INT#1234—In — abc

INT data STRING data
In | INT#1234| — Out=abc | ‘1234’

| valid Range

The valid range of Out depends on the data type of In as shown below:

Data type of In Valid range of Out (maximum number of bytes)

USINT 4 bytes (3 single-byte alphanumeric characters plus the final NULL character)
UINT 6 bytes (5 single-byte alphanumeric characters plus the final NULL character)
UDINT 11 bytes (10 single-byte alphanumeric characters plus the final NULL character)
ULINT 21 bytes (20 single-byte alphanumeric characters plus the final NULL character)
SINT 5 bytes (4 single-byte alphanumeric characters plus the final NULL character)
INT 7 bytes (6 single-byte alphanumeric characters plus the final NULL character)
DINT 12 bytes (11 single-byte alphanumeric characters plus the final NULL character)
LINT 21 bytes (20 single-byte alphanumeric characters plus the final NULL character)

Additional Information

To convert a text string number to an integer, use the instruction, STRING_TO_** (Text String-to-Inte-
ger Conversion Group) on page 2-319.

Precautions for Correct Use

Always use the correct instruction name for the data type of In.
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2 Instruction Descriptions

** TO_STRING (Bit String-to-Text
String Conversion Group)

These instructions convert bit strings to text strings.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_STRING
Bit String-to- —1EN ENO— Out:=**_TO_STRING(In);
** TO_STRIN ut:=""_TO_. (In);
- - Text String Con- | FUN —n —Out
G version Group "**" must be a bit string data type. :
"*" must be a bit string data type. Iai
'
—
- Y
Variables 5
Meaning /10 Description Valid range Unit Default
D d da-
In Data to convert Input Data to convert ependsonda- 0
ta type.
Out Conversion result Output Conversion result 1 - ---

*1.  The valid range depends on the data type of In. Refer to Valid Range on page 2-304 for details.

(dnoug uoisiaauo) Bulyg 1xa] -03-Bulns 1g)

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=} [t (/]
w c c| c r
8 1%2|8|5/5/8|c|€|E|g|l=|2|c|B|2l28|3d|lc|z
O | Hl2|8|2|2|5|2|2|3|5|5|3|2|2|m|HA|o|"|%
In OK | OK | OK | OK
Out OK
Function

These instructions convert a bit string, In, to a text string.

The hexadecimal number given in /n is output to conversion result Out as a text string. The "#16" pre-
fix of the hexadecimal number is not output to Out. A NULL character (16#00) is placed at the end of
Out.

The text in Out is left-aligned.

If the value in In requires fewer digits than provided by the data type of In, the upper digits of Out will
contain "0". In other words, the unused digits are padded with zeros. The number of bytes in Out (in-
cluding the NULL character) will always be one greater than twice the number of bytes in In.

The name of the instruction is determined by the data type of In. For example, if In is the WORD data
type, the instruction is WORD_TO_STRING.

The following example for the WORD_TO_STRING instruction is for when In is WORD#16#1F.
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2 Instruction Descriptions

LD ST

abc:=WORD_TO_STRING(WORD#16#1F);

WORD_TO_STRING

—{ }— EN ENO —
WORD#16#1F —In — abc

WORD data STRING data
In | WORD#16#1F| ——— Out=abc ‘001F

I valid Range

The valid range of Out depends on the data type of In as shown below:

Data type of In Valid range of Out (maximum number of bytes)

BYTE 3 bytes (2 single-byte alphanumeric characters plus the final NULL character)
WORD 5 bytes (4 single-byte alphanumeric characters plus the final NULL character)
DWORD 9 bytes (8 single-byte alphanumeric characters plus the final NULL character)
LWORD 17 bytes (16 single-byte alphanumeric characters plus the final NULL character)

Additional Information

To convert In to a signed text string, first convert it to a signed integer using the instruction, ** TO_***
(Bit String-to-Integer Conversion Group) on page 2-286, and then use the instruction, ** TO_STRING
(Integer-to-Text String Conversion Group) on page 2-301.

Precautions for Correct Use

Always use the correct instruction name for the data type of In.
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2 Instruction Descriptions

** TO_STRING (Real Number-to-
Text String Conversion Group)

These instructions convert real numbers to text strings.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)**_TO_STRING
Real Number- —en ENOL— Out:=**_TO_STRING(In);
** TO_STRIN | to-Text String —n L out
G Conversion FUN "*" must be a real number data
Group type. | H
"*" must be a real number data type. 3
'
—
- Y
Variables 5
Meaning /10 Description Valid range Unit Default
D d da-
In Data to convert Input Data to convert ependsonda- 0.0
ta type.
Out Conversion result Output Conversion result 1 - ---

*1.  The valid range depends on the data type of In. Refer to Valid Range on page 2-306 for details.

(dnoug uoisiaAuo) BuLg 18] -0)-JaquunN |eay)

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
=} [t (/]
W | m| = c c| c - x5 o
o |2|/3|8|8le|ls|lc|lc|gl=2|c|m|l@2|8|8|e|=
o = R R E' zZ | Z2| 5|4 3 S| 2|2 |®m|lAlo| 7|2
r m| g glo| - = | 4 - |~ m )
In OK | OK
Out OK

Function

These instructions convert a real number, In, to a text string.
In is expressed as an alphanumeric text string and output to conversion result Out.

The format of Out is as follows:

|-|i|.|ffffff|e+nn|

/ | Fractional part Exponent
Sign column Decimal point

Integer part

Item Description

If In contains a negative value, a minus sign (-) is added.

Sign column
9 If In contains a positive value, a plus sign (+) is not added.

Integer part The integer part is always only one digit.

Decimal point | The decimal point is always given even if In is not a decimal number.
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2 Instruction Descriptions

Item Description

Fractional part | If In is REAL data, 6 digits are given, and If it is LREAL data, 14 digits are given.

The exponent is always given.
"nn" is 2 or 3 digits.

The sign of "nn" is positive (+) if the absolute value of Inis 1.0 or higher and negative (-) if it is
less than 1.0.

Exponent

A NULL character (16#00) is placed at the end of Out.

The name of the instruction is determined by the data type of In. For example, if In is the REAL data
type, the instruction is REAL_TO_STRING.

The following example shows the REAL_TO_STRING instruction when In is REAL#-1234.567.

LD ST

abc:=REAL_TO_STRING(REAL#-1234.567);

REAL_TO_STRING

—{ I EN ENO —
REAL#-1234.567—{In — abc

REAL Data STRING Data

In REAL#-1234.567 | —— Out=abc | -1.234567e+03’

I Valid Range

If the value of In is 0, infinity, or nonnumeric data, the value of Out is as shown below.

Value of In Value of Out
0 ‘0’
+o0 ‘inf’
-0 -inf'
Nonnumeric data | ‘nan’ or ‘-nan’

Additional Information

» To convert a text string to a real number, use the instruction, STRING_TO_** (Text String-to-Real
Number Conversion Group) on page 2-323.

» To specify the format when you convert a real number to a text string, use the instruction, RealTo-
FormatString on page 2-307 or LrealToFormatString on page 2-313.

Precautions for Correct Use

Always use the correct instruction name for the data type of In.
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RealToFormatString

The RealToFormatString instruction converts a REAL variable to a text string with the specified format.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)RealToFormatString
—EN ENO|—
REAL-to-For- —In — Out
RealToFor- o-ror —Exponent Out:=RealToFormatString(In, Ex-
. matted Text FUN o . .
matString ) Sign ponent, Sign, MinLen, DecPlace);
String —MinLen
—{DecPlace
Py
8
g
g
Variables 5
%
Meaning /[e} Description Valid range Unit Default a
In Data to convert Data to convert 0.0
TRUE: Exponent
Exponent | Exponent FALSE: No exponent
TRUE: Sign column Depends on da- FALSE
Sign Sign column Inout FALSE: No sign col- ta type.
P umn
) Minimum number of Minimum number of
MinLen . L
digits digits in Out 6
Number of decimal dig-
DecPlace Precision .u.m er ot decimal ¢ig 0to 15
its in Out
327 bytes max.
(326 single-byte
Iph i
Out Conversion result Output Conversion result alphanumeric - -
characters plus
the final NULL
character)
Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | (7))
w c c| c r
8(2/8|5/5/8|c|E|E|¢2|=z|2|c|Bal2|8|8|g|3
o|A|2|8|8|3|5|3|3|5|5|5|3|2|2|R|A|S|7|2
In OK
Exponent OK
Sign OK
MinLen OK
DecPlace OK
Out OK
Function

The RealToFormatString instruction converts REAL variable In to a text string.
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In is expressed as an alphanumeric text string and output to conversion result Out. A NULL character
(16#00) is placed at the end of Out.

If In contains a negative value, a minus sign (-) is added to the front of the text string. If In contains a
positive value, a plus sign (+) is not added to the front of the text string.

The format of Out is determined by exponent Exponent, sign column Sign, minimum number of digits
MinLen, and precision DecPlace.

' Minimum number of digits :

-|iiii|.|ffffffff e +nn

Integer part| Fractional part Exponent

Sign column Decimal point

Input variable Description

Exponent specifies whether an exponent is given.
Exponent TRUE: Exponent
FALSE: No exponent

Sign specifies whether there is a sign column.
TRUE: Sign column
FALSE: No sign column

The sign column is used only for a minus sign (-). If the number is positive when the sign col-
Sign umn is specified, the sign column will contain a blank character.

If the number is negative when no sign column is specified, a minus sign (-) will be added to
the front of the integer part.

However, if the number of digits in the conversion result exceeds the value of MinLen and the
conversion result is positive, the highest digit is placed in the sign column.

MinLen is the minimum number of total digits for the sign column, integer part, decimal point,
fractional part, and exponent.

If the conversion result has fewer digits than the value of MinLen, the text string will be right-
aligned (except for the sign column) and remaining digits will contain blank characters.

If the number of digits in the conversion result exceeds the value of MinLen, the text string is
left-aligned and the text string for the digits that exceed the value of MinLen is assigned to
Out.

DecPlace is the number of digits in the fractional part.

MinLen

DecPlace If the number of digits exceeds the value of DecPlace, the extra digits in the fractional portion
are rounded off as described below.
If the value of DecPlace is 0, the fractional part and decimal point are not given.

If the value of /n is infinity, or nonnumeric data, the value of Out is as shown below.

Value of In Value of Out
+o0 ‘inf’
-c0 "-inf'

Nonnumeric data | ‘nan’ or ‘-nan’

I Rounding Off

The following table shows how values are rounded.
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Value of fractional part Description Examples
Less than 0.5 The fractional part is truncated. 1.49 — 1
05 If the ones digit is an even number, the fractional part is truncated. Ifitis | 1.50 — 2
an odd number, the value is rounded up. 250 -2
Greater than 0.5 The fractional part is rounded up. 1.51 -2

I Input Variables and Output Variables

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

The following examples show how input values are converted to the value of Out.

® Example 1
Variables Settings Py
In REAL#-1234.567 ‘;:’.
Exponent | FALSE g
Sign FALSE %
MinLen | USINT#16 S
DecPlace | USINT#10 h

Here, no sign column is specified for a negative number, so a minus sign (-) is added to the front of the

integer part.
LD ST
abc:=RealToFormatString(REAL#-1234.567, FALSE,
FALSE, USINT#16,
RealToFormatString USINT#10);
—{ I EN ENO—
REAL#-1234.567 —{In —abc
FALSE —Exponent
FALSE —{Sign
USINT#16 —MinLen
USINT#10 —DecPlace
i 16 ;

-1234|¢5670000000

H#N
® Example 2

Variables Settings
In REAL#-1234.567
Exponent | TRUE
Sign FALSE
MinLen USINT#21
DecPlace | USINT#10
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Here, the value of MinLen exceeds the number of digits in the text string, so the text string is righta-
ligned and blank characters are added before it.

i 21 i

-1|.|2345670000 e+03

, 10 ,
® Example 3
Variables Settings
In REAL#-1234.567
Exponent | TRUE
Sign TRUE
MinLen USINT#22
DecPlace | USINT#10

The sign column is always on the left. Blank characters are added to the front of the integer part.

i 22 i

| 1|. |2345670000 e+03

: 10 :

—
v |
' '

® Example 4

Variables Settings

In REAL#-1234.567
Exponent | TRUE

Sign TRUE

MinLen USINT#12
DecPlace | USINT#3

The fourth decimal place is rounded off because DecPlace is USINT#3.

i 12 i

-| 1|.|235|e+03

L3
le—»

® Example 5

Variables Settings

In REAL#-1234.567
Exponent | TRUE

Sign TRUE

MinLen USINT#12
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Variables Settings
DecPlace | USINT#0

The first decimal place is rounded off because DecPlace is USINT#0. The decimal point is also not
given.
i 12 i

| 1|e+03

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

® Example 6

Variables Settings o
In REAL#-1234.567 %
Exponent | FALSE ‘Qﬂ
Sign TRUE g
MinLen | USINT#8 %

«

DecPlace | USINT#0

Here, no exponent is given and the integer part is only four digits. The first decimal place is rounded
off.

® Example 7

Variables Settings

In REAL#-1234.567
Exponent | FALSE

Sign TRUE

MinLen USINT#2
DecPlace | USINT#0

Here, the number of digits in the integer part of In (four digits) is larger than the value of MinLen

(USINT#2). The four digits of the integer part are given.
Ll 5 1

-|1235

® Example 8

Variables Settings

In REAL#123456.7
Exponent | FALSE
Sign TRUE

MinLen USINT#4
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Variables Settings
DecPlace | USINT#0

Here, the number of digits in the integer part of In (six digits) is larger than the value of MinLen
(USINT#4). The six digits of the integer part are given. The value of In is positive, so the highest digit
is placed in the sign column.

6

! 1
———————
' 1

123457

Additional Information

» Exponent, Sign, MinLen, and DecPlace can be omitted. The defaults are applied for any omitted in-
put variables.

» To convert a LREAL variable to a text string, use the instruction, LrealToFormatString on page
2-313.

» To convert a text string to a real number, use the instruction, STRING_TO_** (Text String-to-Real
Number Conversion Group) on page 2-323.

Precautions for Correct Use

An error will occur in the following cases. ENO will be FALSE, and Out will not change.
» The value of DecPlace is outside the valid range.
» The value of DecPlace is greater than the value of MinLen.
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LrealToFormatString

The LrealToFormatString instruction converts a LREAL variable to a text string with the specified for-

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

mat.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)LrealToFormatString
—EN ENO—
LREAL-to-For- —In — Out
LrealToFor- o-ror —{Exponent Out:=LrealToFormatString (In, Ex-
i matted Text FUN e . .
matString . Sign ponent, Sign, MinLen, DecPlace);
String —{MinLen —
—DecPlace 3
L
g
m
<]
3
- L
Variables 2
3
Meaning /10 Description Valid range Unit Default
In Data to convert Data to convert 0.0
TRUE: Exponent
E t E t
Xponen Xponen FALSE: No exponent
TRUE: Sign column Depends on da- FALSE
Sign Sign column Inout FALSE: No sign col- ta type.
P umn
. Minimum number of Minimum number of
MinLen . L
digits digits in Out 6
Number of decimal dig-
DecPlace Precision _u_m er ot decimal dig 0to15
its in Out
327 bytes max.
(326 single-byte
Iph i
Out Conversion result Output Conversion result alphanumeric - -
characters plus
the final NULL
character)
Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=] [t (7]

c c| c r
812/3|3/3|8|c|E&|E|g|=|2/z|32|2/8|3|c|Z
oA 2|81%812/3|2(2/3|5|3|3|z2|8|5|3|0|"|%

In OK

Exponent OK

Sign OK

MinLen OK

DecPlace OK

Out OK
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Function

The LrealToFormatString instruction converts LREAL variable In to a text string. In is expressed as an
alphanumeric text string and output to conversion result Out. A NULL character (16#00) is placed at
the end of Out.

If In contains a negative value, a minus sign (-) is added to the front of the text string. If In contains a
positive value, a plus sign (+) is not added to the front of the text string.

The format of Out is determined by exponent Exponent, sign column Sign, minimum number of digits
MinLen, and precision DecPlace.

' Minimum number of digits '

-|iiii|.|ffffffff e+nn

Integer part| Fractional part Exponent

Sign column Decimal point

Input variable Description

Exponent specifies whether an exponent is given.
Exponent TRUE: Exponent

FALSE: No exponent

Sign specifies whether there is a sign column.
TRUE: Sign column

FALSE: No sign column

The sign column is used only for a minus sign (-). If the number is positive when the sign col-
Sign umn is specified, the sign column will contain a blank character.

If the number is negative when no sign column is specified, a minus sign (-) will be added to
the front of the integer part.

However, if the number of digits in the conversion result exceeds the value of MinLen and the
conversion result is positive, the highest digit is placed in the sign column.

MinLen is the minimum number of total digits for the sign column, integer part, decimal point,
fractional part, and exponent.

If the conversion result has fewer digits than the value of MinLen, the text string will be right-
aligned (except for the sign column) and remaining digits will contain blank characters.

If the number of digits in the conversion result exceeds the value of MinLen, the text string is
left-aligned and the text string for the digits that exceed the value of MinLen is assigned to
Out.

DecPlace is the number of digits in the fractional part.

MinLen

DecPlace If the number of digits exceeds the value of DecPlace, the extra digits in the fractional portion
are rounded off as described below.
If the value of DecPlace is 0, the fractional part and decimal point are not given.

If the value of In is infinity, or nonnumeric data, the value of Out is as shown below.

Value of In Value of Out
+o0 ‘inf’
-00 "-inf'

Nonnumeric data | ‘nan’ or -nan’
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I Rounding Off

The following table shows how values are rounded.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

Value of fractional part Description Examples
Less than 0.5 The fractional part is truncated. 149 -1
05 If the ones digit is an even number, the fractional part is truncated. Ifitis | 1.50 — 2
an odd number, the value is rounded up. 2.50 — 2
Greater than 0.5 The fractional part is rounded up. 1.51 -2

I Input Variables and Output Variables

The following examples show how input values are converted to the value of Out. 5
ol
5
® Example 1 g
)
Variables Settings %
=
In LREAL#-1234.56789 <
Exponent | FALSE
Sign FALSE
MinLen USINT#16
DecPlace | USINT#10

Here, no sign column is specified for a negative number, so a minus sign (-) is added to the front of the

integer part.
LD ST
abc:=LrealToFormatString(LREAL#-1234.56789, FALSE,
FALSE, USINT#16,
LrealToFormatString USINT#10);
—{ I EN ENO—
LREAL#-1234.56789 —In —abc
FALSE —{Exponent
FALSE —{Sign
USINT#16 —MinLen
USINT#10 —DecPlace
: 16 :

-1234|. |5678900000

: 10 :

® Example 2

Variables Settings

In LREAL#-1234.56789
Exponent | TRUE

Sign FALSE
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Variables Settings
MinLen USINT#21
DecPlace | USINT#10

Here, the value of MinLen exceeds the number of digits in the text string, so the text string is righta-
ligned and blank characters are added before it.

i 21 i

-1|.|2345678900 e+03

: 10 :

® Example 3
Variables Settings
In LREAL#-1234.56789
Exponent | TRUE
Sign TRUE
MinLen USINT#22
DecPlace | USINT#10

The sign column is always on the left. Blank characters are added to the front of the integer part.

i 22 i

| 1|. |2345678900 e+03

‘ 10 ‘

® Example 4

Variables Settings

In LREAL#-1234.56789
Exponent | TRUE

Sign TRUE

MinLen USINT#12
DecPlace | USINT#3

The fourth decimal place is rounded off because DecPlace is USINT#3.

i 12 i

| 1|. |235|e+03

T3
l—»
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® Example 5

Variables Settings

In LREAL#-1234.56789
Exponent | TRUE

Sign TRUE

MinLen USINT#12

DecPlace | USINT#0

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

The first decimal place is rounded off because DecPlace is USINT#0. The decimal point is also not

given.
i 12 i
| IEXE -
g
g
g
3
&)'_
® Example 6 2
a
Variables Settings
In LREAL#-1234.56789
Exponent | FALSE
Sign TRUE

MinLen USINT#8
DecPlace | USINT#0

Here, no exponent is given and the integer part is only four digits. The first decimal place is rounded
off.

® Example 7

Variables Settings

In LREAL#-1234.56789
Exponent | FALSE

Sign TRUE

MinLen USINT#2

DecPlace | USINT#0

Here, the number of digits in the integer part of /n (four digits) is larger than the value of MinLen
(USINT#2). The four digits of the integer part are given.
Ll 5 1

-|1235
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@ Example 8

Variables Settings

In LREAL#123456.789
Exponent | FALSE

Sign TRUE

MinLen USINT#4

DecPlace | USINT#0

Here, the number of digits in the integer part of In (six digits) is larger than the value of MinLen
(USINT#4). The six digits of the integer part are given. The value of In is positive, so the highest digit
is placed in the sign column.

L6

——————
1 1

123457

Additional Information

» Exponent, Sign, MinLen, and DecPlace can be omitted. The defaults are applied for any omitted in-
put variables.

» To convert a REAL variable to a text string, use the instruction, RealToFormatString on page 2-307.

» To convert a text string to a real number, use the instruction, STRING _TO_** (Text String-to-Real
Number Conversion Group) on page 2-323.

Precautions for Correct Use

An error will occur in the following cases. ENO will be FALSE, and Out will not change.
» The value of DecPlace is outside the valid range.
* The value of DecPlace is greater than the value of MinLen.
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STRING_TO ** (Text String-to-Inte-
ger Conversion Group)

These instructions convert text strings to integers.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)STRING_TO_**
Text String-to- —EN ENO|— Out:=STRING_TO_** (In);
STRING_TO ut: _TO_** (In);
. — 7~ | Integer Conver- | FUN —'n — Out
sion Group "*" must be an integer data type. o
"*" must be an integer data type. ;_Ed
IG)
5
Variables 'y
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - "
Out Conversion result Output Conversion result Depends on da- | --- ---
ta type.

*1.  The valid range depends on the data type of Out. Refer to Valid Range on page 2-320 for details.

(dnoug uoisiaAuo) Jabsyul-0)-bulng 1xa] )

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
O - (/2]
w c c | c r
212/5|2/5|8|c|E€|E|2|=l2/c|B|z|2/8|23|lglz
O | A3 %|=2|Z2|3|2|2|3|7|3|3|2|=2|mlAdlo|l7|z2
In OK
Out OK|[OK|OK|OK|OK|OK|OK |OK

Function

These instructions convert a text string, /n, to an integer.

Basically, the text string in /n must consist only of numbers ‘0’ to ‘9. The following exceptions are pos-

sible.

« If the first character in In is a single minus sign (-) or a single plus sign (+), it is processed as the
sign.

* Any blank characters at the beginning of In are ignored.

* Any blank characters between an initial minus sign (-) or plus sign (+) and a number are ignored.

* Any single underbars (_) at any location are ignored.

* An error occurs if there are two or more consecutive underbars (_) at any location.

» An error occurs if there are any underbars (_) at the beginning or end.

» An error occurs if there are any underbars (_) between the minus signs (-) or plus sign (+) and the
number at the beginning.

The name of the instruction is determined by the data type of conversion result Out. For example, if
Out is the DINT data type, the instruction is STRING_TO_DINT.
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The following example for the STRING_TO_DINT instruction is for when In is '123456789'".

LD ST

abc:=STRING_TO_DINT(’123456789’);

STRING_TO_DINT

—{ }— EN ENO —
123456789 — — abc

In

STRING data DINT data

In [123456789'| — Out=abc [123456789

I Valid Range

The valid range of In depends on the data type of Out as shown below:

Data type of Out Valid range of In (maximum number of bytes)"!

USINT 4 bytes (3 single-byte alphanumeric characters plus the final NULL character)
UINT 6 bytes (5 single-byte alphanumeric characters plus the final NULL character)
UDINT 11 bytes (10 single-byte alphanumeric characters plus the final NULL character)
ULINT 21 bytes (20 single-byte alphanumeric characters plus the final NULL character)
SINT 5 bytes (4 single-byte alphanumeric characters plus the final NULL character)
INT 7 bytes (6 single-byte alphanumeric characters plus the final NULL character)
DINT 12 bytes (11 single-byte alphanumeric characters plus the final NULL character)
LINT 21 bytes (20 single-byte alphanumeric characters plus the final NULL character)

*1.  Any blank characters () at the beginning of the text string, any zeros at the beginning of the text string, and
any underbars (_) in the text string are not included in the number of bytes.

Additional Information

» To convert a text string to a hexadecimal number, use the instruction, STRING_TO_** (Text String-
to-Bit String Conversion Group) on page 2-321.

» To convert an integer to a text string, use the instruction, ** TO_STRING (Integer-to-Text String
Conversion Group) on page 2-301.

Precautions for Correct Use

« Always use the correct instruction name for the data type of Out.

* If the value of Inis -0’, the value of Out is 0.

» An error occurs in the following cases. ENO will be FALSE, and Out will not change.
a) The text string in In does not express a number.
b) The conversion result exceeds the valid range of the data type of Out.
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STRING_TO_** (Text String-to-Bit
String Conversion Group)

These instructions convert text strings to bit strings.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)STRING_TO_**
Text String-to- —EN ENO|— Out:=STRING_TO_** (In);
STRING_TO ut: _TO_"™ (In);
- — 7= | Bit String Con- | FUN —n — Out
version Group "*" must be a bit string data type. o
"*" must be a bit string data type. ;Ed
@
5
Variables 'y
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - "
. . Depends on da-
Out Conversion result Output Conversion result ta type - -

*1.  The valid range depends on the data type of Out. Refer to Valid Range on page 2-322 for details.

(dnoug uoisiaauo) Bulys 1g-0)-6ug 1xa] )

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=} [t (/]
w c c| c r
8 1%2|8|5/5/8|c|€|E|g|l=|2|c|B|2l28|3d|lc|z
O | Hl2|8|2|2|5|2|2|3|5|5|3|2|2|m|HA|o|"|%
In OK
Out OK | OK | OK | OK

Function

These instructions interpret the content of a text string, /n, as a hexadecimal number and convert it to
a bit string.

Basically, the text string in In must consist only of "0" to "9", "a" to "f", and "A" to "F". The following

exception is possible.

* Any continuous blank characters or zeros at the beginning of /n are ignored.

* Any single underbars (_) at any location are ignored.

* An error occurs if there are two or more consecutive underbars (_) at any location.

» An error occurs if there are any underbars (_) at the beginning or end.

» An error occurs if there are any underbars (_) between the minus signs (-) or plus sign (+) and the
number at the beginning.

The name of the instruction is determined by the data type of conversion result Out. For example, if
Out is the BYTE data type, the instruction is STRING_TO_BYTE.
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The following example for the STRING_TO_BYTE instruction is for when In is ' AB'. Any blank charac-
ters at the beginning are ignored.

LD ST

abc:=STRING_TO_BYTE( AB’);

STRING_TO_BYTE

—{ }*EN ENO —
* AB’—

In — abc

STRING data BYTE data

In * AB’ — QOut=abc 16#AB

I Valid Range

The valid range of In depends on the data type of Out as shown below:

Data type of Out Valid range of In (maximum number of bytes)"!

BYTE 3 bytes (2 single-byte alphanumeric characters plus the final NULL character)
WORD 5 bytes (4 single-byte alphanumeric characters plus the final NULL character)
DWORD 9 bytes (8 single-byte alphanumeric characters plus the final NULL character)
LWORD 17 bytes (16 single-byte alphanumeric characters plus the final NULL character)

*1.  Any blank characters (') at the beginning of the text string, any zeros at the beginning of the text string, and
any underbars (_) in the text string are not included in the number of bytes.

Additional Information

» To treat a signed number as a text string, use the instruction, STRING_TO_** (Text String-to-Integer
Conversion Group) on page 2-319.

» To convert a bit string to a text string, use the instruction, **_ TO_STRING (Bit String-to-Text String
Conversion Group) on page 2-303.

Precautions for Correct Use

» Always use the correct instruction name for the data type of Out.

* An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The text string in In does not express a number.
b) The conversion result exceeds the valid range of the data type of Out.
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STRING _TO_ ** (Text String-to-Real
Number Conversion Group)

These instructions convert text strings to real numbers.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
. (@)STRING_TO_**
Text String-to- —en ENOL— Out:=STRING_TO_** (In);
STRING_TO_ | Real Number —in L out
*x Conversion FUN "*" must be a real number data
Group type. *
"*" must be a real number data type. g
®
-
0 (@)
Variables 'y
-
[
Meaning /10 Description Valid range Unit Default i
311 bytes max. ES
(310 single-byte (g-
Iph i P
In Data to convert Input Data to convert alphantimeric - " 3
characters plus >
the final NULL S
character) 3
. . Depends on da- 1%
Out Conversion result Output Conversion result - - 2
ta type. @
73
S
@
Real 3
Boo . . ea Times, durations, 2
Bit strings Integers num- . )
lean bers dates, and text strings
O - [7)
c c| c r
8128/ z/2/g|s|E|E|lgl=|2|c|B|a|l2|8|8|cl3
o |Jd2a|Q1%81Z2/3|2(2/3|5|35| 3|28 |2|2a|8|7]|¢%
r mi o|g|lo| - =4 | - |~ m )
In OK
Out OK | OK
Function

These instructions convert a text string, In, to a real number.
The name of the instruction is determined by the data type of conversion result Out. For example, if
Out is the LREAL data type, the instruction is STRING_TO_LREAL.

The format of the text sting in /n is given below.

T T Trrrrrrede o]
Sign| Ir)n;?tger | Fractional part Exponent
(blank)  (blank) Decimal point
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Name Format
Any consecutive blank characters at the beginning of the text string are ignored. Any following
Sign single plus sign (+) or minus sign (-) is treated as the sign.
The plus sign (+) can be omitted.
Any consecutive blank characters after the sign are ignored.
The characters after the sign and up to the decimal point are taken as the integer part. Any
consecutive blank characters after the sign are not included in the integer part. The sign may
sometimes be omitted.
If the decimal point and fractional part are omitted, the characters up to the exponent are taken
as the integer part.
Integer part If the decimal point, fractional part, and exponent are omitted, the characters up to the end of
the text string are taken as the integer part.
The integer part consists of ‘0’ to ‘9'.
The integer part cannot be omitted.
The maximum number of digits in the integer part is the maximum text string length of 1985
minus the total number of bytes in the following: the sign, decimal point, fractional part, expo-
nent, and blank characters before and after the sign.
Decimal A single period (.) following the integer part is taken as the decimal point.
point Omit the decimal point if there is no fractional part.
The characters after the decimal point and up to the exponent are taken as the fractional part.
If the exponent is omitted, the characters up to the end of the text string are taken as the frac-
Fractional tional parjt. , o~
part The fractional part consists of ‘0’ to ‘9’.
The fractional part can be omitted.
The fractional part can consist of a maximum of 15 digits.
If there is no decimal point, then there is no fractional part.
The exponent consists of a single ‘e’ or ‘E’ after the fractional part, a following single plus sign
(+) or minus sign (-), and the remaining characters to the end of the text string.
If there is no fractional part, then the above text string after the decimal point is taken as the
exponent.
Exponent If there is no decimal point or fractional part, then the above text string after the integer part is

taken as the exponent.

The numeric part of the exponent consists of ‘0’ to ‘9’

The exponent can be omitted.

The numeric part of the exponent can consist of a maximum of three digits.

If the value of In is ‘+inf’, the value of Out is positive infinity. If the value of In is ‘-inf’, the value of Out is
negative infinity. In either case, characters are not case sensitive.

I Notation Example

® Example 1:

The following example uses the sign, decimal point, and fractional part, but does not use an exponent.
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LD ST

abc:=STRING_TO_LREAL(-123.4567");

STRING_TO_LREAL

—{ }7 EN ENO |—
-123.4567—In — abc

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

STRING data LREAL data

In -] 123]|.[4567| ——— Out=abc |.1.234567e+2

® Example 2:
The following example uses the sign, decimal point, fractional part, and exponent.

STRING data LREAL data

«» OL ONIYLS

In{+]123|.l4567|e+02| — Out=abc | 1.234567e+4

® Example 3:
The following example does not use the sign, but uses the decimal point, fractional part, and expo-
nent.

STRING data LREAL data
In| 1123|.l4567e-02| —— Out=abc 1.234567

(dnolg uoisiaAu0) JaquinN [eay-0}-bulg 1xa] )

® Example 4:
The following example does not use the sign, fractional part, decimal point, and exponent.

STRING data LREAL data

In — > Out=abc 1.0

Additional Information

To convert a real number to a text string, use the instruction, **_ TO_STRING (Real Number-to-Text
String Conversion Group) on page 2-305.

Precautions for Correct Use

» Always use the correct instruction name for the data type of Out.

* If there is a single underbar (_) at any location in In, it is ignored.

* An error occurs if there is an underbar (_) at the beginning or the end of In.

* An error occurs if there are two or more consecutive underbars (_) at any location in In.

* An error occurs if there is an underbar (_) between the minus (-) or plus (+) sign and the number of
In.

« If the value of In exceeds the accuracy of the data type of Out, the value is rounded.
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« If the value of In is closer to 0 than the minimum value of the data type of Out, the value of Out will
be 0.

« If the value of In exceeds the valid range of Out, Out will be positive infinity for a positive number or
negative infinity for a negative number.

» An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The text string in In does not express a number.
b) The text string in In has a decimal point but not a fractional part.

2-326 NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

TO_** (Integer Conversion Group)

These instructions convert integers, bit strings, real numbers, and text strings to integers.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)T0_*
—EN ENO}— =T (R
10 Ir.1teger Conver- FUN I  out Out:=TO_"*(In);
B sion Group "*" must be an integer data type.
"*" must be an integer data type.
—
- |O
Variables Z
El
Meaning /10 Description Valid range Unit Default %
In Data to convert Input Data to convert 1 - 2 g
Out Conversion result Output Conversion result 1 - - é
*1.  The valid ranges depend on the data types of /In and Out. Refer to Valid Range on page 2-328 for details. %
*2.  If you omit the input parameter, the default value is not applied. A building error will occur. g
©
Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | = (7]
W | w| = c C | c _ 2| 5 4alo b
o |2|5|3|3|2|S|g|c|g|lz|2|5|a|&|2|5|3|9|Z
O A2 2|=2|2|3|2|2|35|3|3|5|2|=|m|Ad|o|7 |2
In OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK OK
Out OK|OK|OK|OK|OK|OK|OK | OK
Function

These instructions convert the integer, bit string, real number, or text string in /n to an integer.
The name of the instruction is determined by the data type of conversion result Out. For example, if
Out is the LINT data type, the instruction is TO_LINT.

The following example for the TO_LINT instruction is for when In is LREAL#1.0e+10.

LD ST

abc:=TO_LINT(LREAL#1.0e+10);

TO_LINT
—{ i EN ENO}—
LREAL#1.0e+10—{In — abc
LREAL data LINT data
In | LREAL#1.0e+10 |— Out=abc | 10000000000
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« Conversion is performed to within the effective digits of the data type of In. If In is a real number, the
fractional part is rounded off to the closest integer.

I Rounding Off

The following table shows how values are rounded.

Value of fractional part Description Examples
Less than 0.5 The fractional part is truncated. 1.49 — 1
05 If the ones digit is an even number, the fractional part is truncated. Ifitis | 1.50 — 2
an odd number, the value is rounded up. 250 -2
Greater than 0.5 The fractional part is rounded up. 151 -2

| valid Range

The valid ranges for In and Out depend on their data types. For the valid value range for each data
type, refer to Valid Range on page 2-278 for **_TO_*** (Integer-to-Integer Conversion Group), Valid
Range on page 2-287 for **_TO_*** (Bit String-to-Integer Conversion Group), and Valid Range on
page 2-294 for **_TO_*** (Real Number-to-Integer Conversion Group).

For detailed specifications when /n is STRING data, refer to Valid Range on page 2-320 for
STRING_TO_** (Text String-to-Integer Conversion Group).

Precautions for Correct Use

2-328

» Always use the correct instruction name for the data type of Out.

« If the data type of In is for a bit string and the sizes of the data types of In and Out are different, the
following processing is performed.

a) If the data size of Out is larger than the data size of In, the upper digits of Out will contain 0.

b) If the data size of Out is smaller than the data size of In, the upper digits are truncated.

* Observe the following precautions if In is STRING data.

a) If the first character in In is a minus sign (-) or a plus sign (+), it is processed as the sign.

b) Except for a minus sign (-) or a plus sign (+) at the beginning, /n must consist of consecutive '0'
to '9' characters. Underbars (_) and blank characters before or after the (-) or (+) are allowed in
the text string.

« If the conversion result exceeds the valid range of Out, Out will contain an undefined value. Always
make sure that the value of In is within the valid range so that the conversion result will not exceed
the valid range of Out.

* An error occurs in the following cases. ENO will be FALSE, and Out will not change.

a) Inis STRING data, but the text string does not express a number.

NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

TO_** (Bit String Conversion
Group)

These instructions convert integers, bit strings, real numbers, and text strings to bit strings.

FB/
Instruction Name FUN Graphic expression ST expression
(@)T0_
it Stri —EN  ENO— Out:=TO_**(In);
TO = Bit Strlng Con- FUN —n L Out _(In)
version Group "*" must be a bit string data type.
"*" must be a bit string data type.
Variables
Meaning /10 Description Valid range Unit Default
In Data to convert Input Data to convert 1 - 2
Out Conversion result Output Conversion result 1 - -

*1.  The valid ranges depend on the data types of /In and Out. Refer to Valid Range on page 2-330 for details.
*2.  If you omit the input parameter, the default value is not applied. A building error will occur.

R
Boo ) ) Ll Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O |- 7
w c c | c r
8 |2 5/ 3/35|/8|c|€|E|¢2|l=zl2|c|@z2|8/3|c|3
o |A|2|8|8|2|3/2(3|5|5|3|3|2|2|F|A|S|7|z
In OK|OK|OK|OK|OK|OK|OK|OK|OK|OK |OK |OK |OK |OK OK
Out OK [ OK | OK | OK
Function

These instructions convert the integer, bit string, real number, or text string in /n to a bit string.
The name of the instruction is determined by the data type of conversion result Out. For example, if
Out is the WORD data type, the instruction is TO_WORD.

The following example for the TO_WORD instruction is for when /nis INT#-1234.

LD ST

abc:=TO_WORD(INT#-1234);

TO_WORD

—{ }7EN ENO—
INT#-1234 — — abc

In
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INT data WORD data
In [INT#-1234| — Out=abc | 16#FB2E

I Valid Range

The valid ranges for In and Out depend on their data types. For the valid value range for each data
type, refer to Valid Range on page 2-281 for **_TO_*** (Integer-to-Bit String Conversion Group), and
Valid Range on page 2-290 for **_TO_*** (Bit String-to-Bit String Conversion Group).

For detailed specifications when In is STRING data, refer to Valid Range on page 2-322 for
STRING_TO_** (Text String-to-Bit String Conversion Group).

Precautions for Correct Use

» Always use the correct instruction name for the data type of Out.

« If the conversion result exceeds the valid range of Out, Out will contain an undefined value. Always
make sure that the value of In is within the valid range so that the conversion result will not exceed
the valid range of Out.

* An error will occur in the following case. ENO will be FALSE, and Out will not change.

a) Inis STRING data, but the text string does not express a number.
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TO_** (Real Number Conversion
Group)

These instructions convert integers, bit strings, real numbers, and text strings to real numbers.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)T0_ "
Real Number —|EN  ENO|— Out:=TO_**(In);
*% H _l _O t
TO_ Conversion FUN i, . "*" must be a real number data
Group type. 6.
"*" must be a real number data type. y
=
8
Variables Z
:
Meaning /10 Description Valid range Unit Default o
o
In Data to convert Input Data to convert 12 - 3 g
Out Conversion result Output Conversion result 1 - - %‘
*1.  The valid ranges depend on the data types of /In and Out. Refer to Valid Range on page 2-332 for details. g’
*2.  For STRING data, the valid range is 311 bytes max. (310 single-byte alphanumeric characters plus the final NULL S

character).
*3.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . . ed Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=} [t (]
I = E || = - x| 5040 b
o |2|/3|8|8le|ls|le|lc|gl=2|c|a|l@2|8|8|e|=
(@) = 2 I Z2| 5| Z2|Z2| 5|4 5|5 Z | > mlidlo| 7| 2
r|m o8& S S| = -2 m S
In OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK OK
Out OK | OK
Function

These instructions convert the integer, bit string, real number, or text string in /n to a real number.
The name of the instruction is determined by the data type of conversion result Out. For example, if
Out is the REAL data type, the instruction is TO_REAL.

If the value of In is positive or negative infinity, the value of Out is positive or negative infinity.

The following example for the TO_REAL instruction is for when /n is INT#1234.
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LD ST

abc:=TO_REAL(INT#1234);

TO_REAL
—{ }7 EN ENO—
INT#1234 —{In — abc
INT data REAL data

In | INT#1234| —> Out=abc | 1.234e+3

| valid Range

The valid ranges for In and Out depend on their data types. For the valid value range for each data
type, refer to Valid Range on page 2-284 for **_TO_*** (Integer-to-Real Number Conversion Group),
Valid Range on page 2-292 for **_TO_*** (Bit String-to-Real Number Conversion Group), and Valid
Range on page 2-300 for **_TO_*** (Real Number-to-Real Number Conversion Group).

For detailed specifications when In is STRING data, refer to Function on page 2-323 for
STRING_TO_** (Text String-to-Real Number Conversion Group).
Precautions for Correct Use

» Always use the correct instruction name for the data type of Out.
* An error will occur in the following case. ENO will be FALSE, and Out will not change.
a) Inis STRING data, but the text string does not express a number.
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EnumToNum

The EnumToNum instruction converts enumeration data to DINT data.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)EnumToNum
Enumeration-to- —EN ENO—
EnumToNum Integer FUN —In — Out Out:=EnumToNum(In);

|~ Version Information

A CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher are re-
quired to use this instruction.

wnNoLwNnug

Variables
Meaning 110 Description Valid range Unit Default
In Data to convert Input Data to convert --- - 0
Depends on da-
Out Conversion result Output Conversion result P - -
ta type.
Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O |- [7)
W | w| S c C | c — x| 540 5
S|2|8|3|3|2|S|8|E|2/z|2|5|F RIS |2(8|g|Z
r|miS|&|&8|5|F|5|5] S| =H || 2| mM m|© z
In Enumeration
Out ek [ ]
Function

The EnumToNum instruction converts the value of data to convert In, which is an enumeration, to a

DINT value and outputs the value to conversion result Out.

Use this instruction, for example, to monitor the value of an enumerated variable on an HMI or other

display device that does not handle enumerated variables.

The following example shows how to convert enumerator red of the enumeration Color to a value and

output that value to DINT variable Output.
If the value of enumerator red is 0, Output will be DINT#O.
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LD ST

Output:=EnumToNum(Color#red);

EnumToNum

}7 EN ENO—
C In — Output

olor#tred—

Sample Programming

In this sample, the operating mode of the user program is defined with enumerated data type Enum-
Mode.

To monitor the operating mode on the HMI, the value of variable myEnumMode (an enumeration with
a data type of EnumMode) is converted and the converted value is output to DINT variable
Monitor_myMode. For example, if the value of myEnumMode is mode2, the value of Monitor_myMode
will be 2.

I Data Type Definition

Name Enumeration value Comment
EnumMode | --- Enumerated data type
mode0 0 Member
mode1 1 Member
mode2 2 Member
| o
Name Data type | Default Comment
myEnumMode EnumMode | mode0 | Value of mode in enumerated data type
Monitor_myMode | DINT 0 Monitored mode value
P_On EnumToNum
EN ENO—
myEnumMode —In — Monitor_myMode
| st
Name Data type | Default Comment
myEnumMode EnumMode | modeO | Value of mode in enumerated data type
Monitor_myMode | DINT 0 Monitored mode value

Monitor_myMode :=EnumToNum (myEnumMode) ;
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NumToEnum

The NumToEnum instruction converts DINT data to enumeration data.

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)NumToEnum
Int to-E —EN — Out
NumToEnum | o9or o=t ey —in NumToEnum(In, InOut);
meration _AInQut ____ . -

L~ Version Information

wnuJojwnN

A CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher are re-
quired to use this instruction.

Variables
Meaning 110 Description Valid range Unit Default
D d da-
In Data to convert Input Data to convert ependsonda- 0
ta type.
InOut Conversion result In-out Conversion result - - -

TRUE: Instruction was

executed normally. Depends on da
Out Return value Output FALSE: Instruction was P - -

ta type.
not executed or an er- yp
ror occurred.
Real
Boo ) ) Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
O |- (%)
c c -
8 g g S| 2| gl c o E (22} = O | Cc ﬁ ﬁ = ;U, 5' o ;_u|
o] 21991223/ 2|2/3|5|3(3|2/B|3/23|8|4|¢2
r|mio|8|&| S S| 5 2| ™| m -
In OK
InOut Enumeration
Out o| | [ [ PP PP PP
Function

The NumToEnum instruction converts the value of data to convert In, which is DINT data, to an enu-
meration value and outputs that value to conversion result InOut.

Use this instruction, for example, to change the value of an enumerated variable from an HMI or other
display device that does not handle enumerated variables.

The following example shows how to convert the value of DINT variable In1 and output the results to
variable ColorA, which has an enumerated data type of Color.
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If green is the enumerator that corresponds to an enumeration value of 1 for Color and the value of In1
is 1, the value of ColorA will be green.

LD ST

NumToEnum(In1,ColorA);

NumToEnum

}7IEN —

n1t —In
ColorA —} |_n_QlJ_t ____________ I

Additional Information

If you use this instruction in a ladder diagram, you can use Out to see if the value of In is within the
range of values for InOut.

Precautions for Correct Use

An error occurs if the value of In is not within the range of values for InOut. Out will be FALSE, and the
value of InOut will not change.

Sample Programming

In this sample, the operating mode of the user program is defined with enumerated data type Enum-
Mode.

To change the operating mode from an HMI, the value of Input_myMode, which is a DINT variable, is
written.

In the user program, the value of Input_myMode is converted and the converted value is output to var-
iable myEnumMode (an enumeration with a data type of EnumMode). For example, if the value of
Input_myMode is 1, the value of myEnumMode will be mode1.

I Data Type Definition

Name Enumeration value Comment
EnumMode | --- Enumerated data type
mode0 0 Member
mode1 1 Member
mode2 2 Member
| o
Name Data type | Default Comment

2-336

myEnumMode | EnumMode | mode0 | Value of mode in enumerated data type

Input_myMode | DINT 0 Value of mode to which to change

NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

P_On NumToEnum
I EN —
Input_myMode — In
myEnumMode —1QUt. ... —
Name Data type | Default Comment

myEnumMode | EnumMode | modeQ | Value of mode in enumerated data type

Input_myMode | DINT 0 Value of mode to which to change

NumToEnum (Input myMode, myEnumMode) ;
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TRUNC, Round, and RoundUp

These instructions convert real numbers to integers.

TRUNC  : Truncates a real number to an integer.
Round : Rounds up or down a real number to the nearest integer.
RoundUp : Rounds up a real number to the nearest integer.

FB
Instruction Name Furlq Graphic expression ST expression
(@)TRUNC
TRUNC Truncate FUN N SO Out:=TRUNC(In);
(@)Round
Round Off Real —IEN ENO — B )
Round Number FUN _n _ out Out:=Round(In);
(@)RoundUp
Round Up Real —EN ENO |— B )
RoundUp Number FUN _n L out Out:=RoundUp(In);
Variables
Meaning 110 Description Valid range Unit Default
D d da-
In Data to convert Input Data to convert ependsonda ) 1
ta type.
D d da-
Out Conversion result Output Conversion result t;zzz sonda

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . 5 Times, durations,
Bit strings Integers num- :
lean bers dates, and text strings
=} [ (/]
w c c| c T
325 2 3|le|S|elc|g|=(2|C|a|R|2|8|3|cl=
O |H|3| 9/ 2|2|53|2|2|5|=5|53| 3|2 5|F|o|"|%=
r m| o glo| - - | = - |~ m )
In OK | OK
Out OK | OK
Function

These instructions change the real number in In to an integer by eliminating the fractional part.

| TrRunc

The TRUNC instruction truncates the number at the first decimal digit.

The following example for the TRUNC instruction is for when In is REAL#-3.55.
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The value of variable abc will be DINT#-3.

LD ST

abc:=TRUNC(REAL#-3.55);

TRUNC

—{ }—EN ENO—
— abc

REAL#-3.55—In

sSu0I3oNIISU| UoISIaAu0) adA] ejeq

The TRUNC instruction truncates the number at the first decimal digit.
The value of In is REAL#-3.55, so the value of abc will be DINT#-3.

Truncated at decimal point.

I Round

The Round instruction rounds the number at the first decimal digit.

dnpunoy pue ‘punoy ‘ONNYL

® Rounding Off

The following table shows how values are rounded.

Value of fractional part Description Examples
. . 1.49 — 1
Less than 0.5 The fractional part is truncated.
-1.49 — -1
1.50 — 2
05 If the ones digit is an even number, the fractional part is truncated. If itis | 2.50 — 2
’ an odd number, the value is rounded up. -1.50 —» -2
-2.50 — -2
. . 1.51 - 2
Greater than 0.5 The fractional part is rounded up.
-1.51 — -2
I RoundUp

The RoundUp instruction rounds up the number at the first decimal digit.

I Differences in Operation

The following table shows differences in operation between these three instructions.

Output value

TRUNC | Round | RoundUp
REAL#1.6 | DINT#1 | DINT#2 | DINT#2
REAL#1.5 | DINT#1 | DINT#2 | DINT#2
REAL#1.5 | DINT#1 | DINT#1 | DINT#2
REAL#2.5 | DINT#2 | DINT#2 | DINT#3
REAL#-1.6 | DINT#-1 | DINT#-2 | DINT#-2
REAL#-1.5 | DINT#-1 | DINT#-2 | DINT#-2

Input value
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Output value
TRUNC | Round | RoundUp
REAL#-1.4 | DINT#-1 | DINT#-1 | DINT#-2
REAL#-2.5 | DINT#-2 | DINT#-2 | DINT#-3

Input value

Additional Information

If the data type of In is REAL, the data type of Out is DINT.
If the data type of In is LREAL, the data type of Out is LINT.

Precautions for Correct Use

« If the conversion result exceeds the valid range of Out, Out will contain an undefined value.
Always make sure that the value of In is within the valid range so that the conversion result will not
exceed the valid range of Out.

 If you pass an integer parameter to In, the data type is converted as follows:

Data type of parameter that is passed to In Data type of In
USINT, UINT, SINT, or INT REAL

UDINT or DINT LREAL

ULINT or LINT A building error will occur.
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Bit String Processing Instructions

Instruction Name Page
AND (&), OR, and XOR Logical AND/Logical OR/Logical Exclusive OR page 2-342
XORN Logical Exclusive NOR page 2-345
NOT Bit Reversal page 2-347
AryAnd, AryOr, AryXor, and AryX- | Array Logical AND/Array Logical OR/Array Logical Exclusive OR/Array
. . page 2-349
orN Logical Exclusive NOR
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AND (&), OR, and XOR

These instructions perform the following operations on each corresponding bit of multiple Boolean var-
iables or bit strings.

AND (&) : Logical AND

OR : Logical OR
XOR . Logical Exclusive OR
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)AND
—EN ENO—
—In1 — Out
—Jin Out:=In1 AND --AND InN;
AND (&) Logical AND FUN (@)& Out=In1 & --& InN:
—EN ENO—
—In1 — Out
—JinN
(@)OR
—EN ENO[—
. —In1 — Out - .
OR Logical OR FUN B Out:=In1 OR --OR InN;
—{InN
(@)XOR
Logical Excl —EN  ENO|—
XOR ogical EXCIU- |y —{in — Out Out:=In1 XOR --XOR InN:
sive OR N
—{InN
Variables
Meaning /10 Description Valid range Unit Default
Data to process Depends on da-
In1 to InN Data t Input --- *1
n1toIn ata to process npu N=2t05 ta type. 0
D -
Out Processing result Output Processing result taet?/re)r;ds on da - -

*1.  If you omit the input parameter that connects to InN, the default value is not applied, and a building error will occur.
For example, where N is 3, if the input parameters that connect to In7 and In2 are omitted, the default values are ap-
plied. But if the input parameter that connects to In3 is omitted, a building error will occur.

Boo Real Times, durations

Bit strings Integers num- ’ _’
lean bers dates, and text strings
O | - [7)
W | m| = c c | c — . I I R B 1
O | <|0O g g e % 2| C % Z g E AlS| > olo| =

(o2 = =z Z| =z = > 4| g | -
- m| g g 3 S|4 5| 5|4 - | 4| - 2| m|m %
In1to InN OK |OK |OK | OK | OK
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2 Instruction Descriptions

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | c (7))
W w2 S|s3|S|c|S|CS|le|l=|g|lc|a®@| D|2|9]|4 =
S |315/5|8|2|2|2|5|2/%|2|2|8|F|E/5(|8|92
r|m| 5| 83|8|5|°|5]5|" S| =H || 2| m m|© S
Out Must be the same data type as In1 to InN

Function

These instructions perform bitwise operations on data to process, In1 to InN, which are multiple Boo-
lean variables or bit strings.
The same data type should be used for In1 to InN and Out.

If there are three or more data to process, operations are performed as below.

1 Perform operations on /In1 and In2.
2 Perform operations on the result of step 1 and In3.

3 Perform operations on the result of step 2 and In4 .

Continue operations as above.

| AnD (8)

If both bits are TRUE, the processing result is TRUE. Otherwise, the processing result is FALSE.

In1 bit | In2 bit | Out bit
FALSE | FALSE | FALSE
FALSE | TRUE | FALSE
TRUE | FALSE | FALSE
TRUE | TRUE | TRUE

The following shows an example where In1, In2 and In3 are BYTE#16#3A, BYTE#16#28 and
BYTE#16#73, respectively, for the AND instruction.

LD ST

abc:=BYTE#16#3A AND BYTE#16#28 AND BYTE#16#73;

AND

—{ I EN ENO—
BYTE#16#3A —In1 ——abc

BYTE#16#28 —In2
BYTE#16#73 —In3
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2 Instruction Descriptions

In1=BYTE#16#3A [0[o[1]1[1]o[1]0]
In2=BYTE#16#28 [0[o[1]o[1]o[o]0]
In3=BYTE#16#73 [0[1[1[1]oJo[1[1]

[T oot anos sewoons

[ofo[1]o[o[o]o]o]

Out=abc

The functions of the AND instruction and the & instruction are exactly the same. You can use whichev-

er is easier to use.

| or

If both bits are FALSE, the processing result is FALSE. Otherwise, the processing result is TRUE.

In1 bit

In2 bit

Out bit

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

FALSE

TRUE

TRUE

TRUE

TRUE

| xor

If both bits are the same, the processing result is FALSE. If one bit is TRUE and the other is FALSE,
the processing result is TRUE.

In1 bit

In2 bit

Out bit

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

FALSE

TRUE

TRUE

TRUE

FALSE

Additional Information

In ST, there is no limit to the number of input variables if you use the following notation.

Out:=Inl
Out:=Inl
Out:=Inl
Out:=Inl

AND In2 AND In3 AND In4 AND In5 AND Iné6
& In2 & In3 & In4 & In5 & Iné6

OR In2 OR In3 OR In4 OR In5 OR Iné6

XOR In2 XOR In3 XOR In4 XOR In5 XOR Inb6

Precautions for Correct Use

The same data type should be used for In1 to InN and Out.
Otherwise, a building error will occur.
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XORN

The XORN instruction performs a logical exclusive NOR operation on each corresponding bit of multi-

ple Boolean variables or bit strings.

2 Instruction Descriptions

suononasu| Buissasold Buiis 3ig

FB/
Instruction Name FUN Graphic expression ST expression
(@)XORN
Logical Excl B O Out:=In1 XOR NOT - XOR NOT
XORN F)glca xclu- FUN —1Iim L Out ut:=In
sive NOR - InN;
—InN

x
(@)
X
z

Variables

Meaning /10 Description Valid range Unit Default
Data to process Depends on da- .
In1 to InN Data t Input --- 1
n1toIn ata to process npu N=2105 ta type. 0
D d da-
Out Processing result Output Processing result ependsonda- -
ta type.
*1.  If you omit the input parameter that connects to /nN, the default value is not applied, and a building error will occur.

For example, where N is 3, if the input parameters that connect to In7 and In2 are omitted, the default values are ap-
plied. But if the input parameter that connects to /n3 is omitted, a building error will occur.

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
v r- - (7))
8| 25|/ 2|8|c|S|E|¢e|l=|2|c|B|2|2|/8|3|c|z
o |3|2/128/1%9/2|3|2/2|23|3|23|2|=2|0|2|3|8|~]|%
rmS|8/8|=3|7 5|57 - -2 | M| m F
In1 to InN OK | OK | OK | OK | OK
Out Must be the same data type as In1 to InN
Function

These instructions perform bitwise operations on data to process, In71 to InN, which are multiple Boo-

lean variables or bit strings.
The same data type should be used for In1 to InN and Out.

If there are three or more data to process, operations are performed as below.

1 Perform operations on /n1 and In2.
2 Perform operations on the result of step 1 and /n3.

3 Perform operations on the result of step 2 and In4 .

Continue operations as above.
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] xorn

This instruction outputs operation results as below:
If both bits are the same, then the processing result is TRUE. Otherwise, the processing result is

FALSE.

In1 bit

In2 bit

Out bit

FALSE

FALSE

TRUE

FALSE

TRUE

FALSE

TRUE

FALSE

FALSE

TRUE

TRUE

TRUE

The following shows an example where In1, In2 and In3 are BYTE#16#3A, BYTE#16#28 and
BYTE#16#73, respectively.

LD

ST

abc:=BYTE#16#3A XOR NOT BYTE#16#28
XOR NOT BYTE#16#73;

XORN

—{ }— EN ENO
BYTE#16#3A—In1

BYTE#16#28 —In2
BYTE#16#73 —{InN

—abc

In1=BYTE#16#3A [0]o[1[1[1]o[1]0]
In2=BYTE#16#28 [0]o[1]o[1]o[o]0]
In3=BYTE#16#73 [o[1[1[1]0]0[1[1]

l l l l l l l l Logical exclusive NORs between bits

o[1]1]o[ofo]o[1]

Qut=abc

Precautions for Correct Use
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The same data type should be used for In1 to InN and Out.
Otherwise, a building error will occur.
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2 Instruction Descriptions

NOT

The NOT instruction inverts each bit of a Boolean variable or bit string.

FB/
Instruction Name FUN Graphic expression ST expression
(@)NOT
NOT Bit Reversal FUN ] FnN ENO— out Out:=NOT(In):
Variables
Meaning /10 Description Valid range Unit Default
D d da-
In Data to process Input Data to process ependsonda- 1
ta type.
D d da-
Out Processing result Output Processing result taetszr; sonda~ ) __ -

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
Q| - 7
@ w| = s | S| c|S|C|lw|=|o|lr|3X ; 4| O 4 =
S|3/8/3(5|2/5|2|5/2/2|2|5|8| 8| E|5|2|a|z
- m| g 3 g S| 45| 5|4 - | 4| - E|mim (%
In OK |OK| OK | OK | OK
Out Must be the same data type as In1

Function

The NOT instruction inverts the bits in data to process, In, which is a Boolean or bit-string.
In and processing result Out must have the same number of bits, i.e., they must be of the same data
type.

The following shows an example where In is BYTE#16#73.

LD ST

abc:=NOT(BYTE#16#73);

NOT

—{ }— EN ENOF—
BYTE#16#73 —

In — abc

NJ/NX-series Instructions Reference Manual (W502) 2-347

suononasu| Buissasold Buiis 3ig

10N



2 Instruction Descriptions

In=BYTE#16#73 [o[1[1]1]oJo[1[1]

I E—

Out=abc [1lololo[1]1]o]o]

Precautions for Correct Use

The data types of In and Out must be the same.

Otherwise, a building error will occur.

2-348

NJ/NX-series Instructions Reference Manual (W502)



2 Instruction Descriptions

AryAnd, AryOr, AryXor, and AryX-
orN

These instructions perform the following operations on individual bits of each corresponding Boolean
or bit-string element in two arrays.

suononasu| Buissasold Buiis 3ig

AryAnd : Logical AND

AryOr : Logical OR

AryXor : Logical Exclusive OR
AryXorN : Logical Exclusive NOR

FB
Instruction Name FUl{l Graphic expression ST expression

(@)AryAnd
—EN ENO[—

Array Logical _Im out
ray Logl In2

FUN
AND v —Size

AryOut

AryAnd AryAnd(In1, In2, Size, AryOut);

NJoxAIy pue ‘loxAiy 10A1y ‘puyhly

(@)AryOr
EN ENO—
In1 — Out
In2 ; .
Size AryOr(In1, In2, Size, AryOut);
AryOut

Array Logical
OR

AryOr FUN

In1 — Out

A Logical
rray Logica In2 AryXor(In1, In2, Size, AryOut);

Exclusive OR

AryXor FUN

(@)AryXorN

EN ENO—

In1 — Out

In2 ; .
Out

Size AryXorN(In1, In2, Size, AryOut);

AryOut

Array Logical

N
Exclusive NOR FU

AryXorN

Variables

Meaning 110 Description Valid range Unit Default

In1[] and

In2[] (ar- Array to process Array to process *1
Depends on da-
rays) Input —

ta type.
. Number of elements to
Size Number of elements 1
process
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2 Instruction Descriptions

Meaning /10 Description Valid range Unit Default
AryOut[] (ar- | Processing results ar- In-out Processing results ar- | Depends on da-
ray) ray ray ta type.
Out Return value Output Always TRUE TRUE only --- ---
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Boo ) 5 Real Times, durations,
Bit strings Integers num- i
lean dates, and text strings
bers
| 7
= c -
8gg§§mEUEQEEE¥?‘:‘ESUE
O | Hl2(2/2|2|3|2|Z|3|5|5|5|&|2|m|lA|0| 7|z
In1[] (array) | OK | OK | OK | OK | OK
In2[] (array) Must be same data type as In1[]
T T [ T Tl [ [ T [ [T T [T T ]
AryOut -
ryOut(] (ar Must be same data type as In1[]
ray)
Out ow| [ [ I I [ [ [ [ [ |
Function
These instructions perform bitwise operations on the specified number of elements, Size, from the be-
ginning of respective arrays to process, In1[] and In2[]. The operation results are stored in the corre-
sponding elements of AryOut[].
In1[], In2[] and AryOut[] must be of the same data type.
I AryAnd
If both bits are TRUE, then the processing result is TRUE. Otherwise, the processing result is FALSE.
Bit of element in In1[] | Bit of element in In2[] | Bit of AryOut[]
FALSE FALSE FALSE
FALSE TRUE FALSE
TRUE FALSE FALSE
TRUE TRUE TRUE
The following example shows the AryAnd instruction when Size is UINT#3.
LD ST
AryAnd(abc[1], def[2], UINT#3, ghi[3]);
AryAnd
—{ }7EN ENO|—
abc[1]—]In1 —
def[2]—{In2
UINT#3—{Size
AryOut .
ghi[3] —f-------------1 — ghi[3]
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In1[0]=abc[1] [TRUE AND In2[0]=def[2] [TRUE | —* AryOut[0]=ghi[3] [TRUE
Size=UINT#3 | In1[1]=abc[2] [FALSE| AND In2[1]=def[3] [TRUE | —* AryOut[1]=ghi4] [FALSE
In1[2]=abc[3] [FALSE| AND In2[2]=defl4] [FALSE| —* AryOut[2]=ghi[5] [FALSE

2 Instruction Descriptions

I AryOr
If both bits are FALSE, then the processing result is FALSE. Otherwise, the processing result is TRUE.
Bit of element in In1[] | Bit of element in In2[] | Bit of AryOut[]
FALSE FALSE FALSE
FALSE TRUE TRUE
TRUE FALSE TRUE
TRUE TRUE TRUE
I AryXor

If both bits are the same, then the processing result is FALSE. If one bit is TRUE and the other is
FALSE, then the processing result is TRUE.

Bit of element in In1[] | Bit of element in In2[] | Bit of AryOut[]
FALSE FALSE FALSE
FALSE TRUE TRUE
TRUE FALSE TRUE
TRUE TRUE FALSE
I AryXorN

If both bits are the same, then the processing result is TRUE. If one bit is TRUE and the other is

FALSE, then the processing result is FALSE.

Bit of element in In1[] | Bit of element in In2[] | Bit of AryOut[]
FALSE FALSE TRUE

FALSE TRUE FALSE

TRUE FALSE FALSE

TRUE TRUE TRUE

Precautions for Correct Use

* The data types of In1[], In2[], and AryOut[] must be the same.
If they are different, a building error will occur.

» The number of elements in AryOut[] should be equal to or more than the value of Size.

» The value of AryOut[] will not change if the value of Size is 0.

» Return value Out is not used when this instruction is used in ST.

* An error will occur in the following case. ENO will be FALSE, and AryOut[] will not change.
a) The value of Size exceeds the number of elements in In1[], In2[], or AryOut][].
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Selection Instructions

Instruction Name Page
SEL Binary Selection page 2-354
MUX Multiplexer page 2-356
LIMIT Limiter page 2-359
Band Deadband Control page 2-361
Zone Dead Zone Control page 2-363
MAX and MIN Maximum/Minimum page 2-365
AryMax and AryMin | Array Maximum/Array Minimum | page 2-367
ArySearch Array Search page 2-370
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2 Instruction Descriptions

SEL

The SEL instruction selects one of two options.

FB/
Instruction Name FUN Graphic expression ST expression
(@)SEL
Bi Sel —EN ENO—
SEL Inany Selee | FuN —¢ —Out Out:=SEL(G, In0, In1);
tion —In0
—In1
Variables
Meaning /10 Description Valid range Unit Default
FALSE: Selects In0
G Gat - FALSE
ate Input | TRUE: Selects In1 Dependsonda- |
- i ta type. -
In0 and In1 | Selections Selections 1
D -
Out Selection result Output Selection result epends on da -—- -—-
ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo ) X ea Times, durations,
Bit strings Integers num- ,
lean dates, and text strings
bers
| = [7)
W | m| = c c| c _ 2| 51 alo —
8|28/ 5/5|2|5|8|E|l¢g=2|5/2|8(2/8 28|z
o A ,Uz_|zz_|-|_|_|>>m—lg—|z
AL IEIEIRIETE PlE|®|m 3
G OK
OK |OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
In0 and In1
Enumerations can also be specified."!
5 OK | oK | ok | ok | ok | ok | ok|ok|ok|ok|ok|ok|ok|ok|ok|ok|ok|ok|ok]|ok
ut
Enumerations can also be specified."!
*1. A CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher are required to specify enumera-
tions.
Function
The SEL instruction selects one of two options, In0 and In1 (Selections).
Gate G specifies which of In0O and In1 to select.
If G is FALSE, In0 is assigned to Out. If it is TRUE, In1 is assigned.
2-354
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2 Instruction Descriptions

< FALSE
G >

TRUE

Out: = In1 Out: =1n0

SUO0I32NIISU| UOIJIB|S

The following shows an example where In0, In1, and G are INT#10, INT#20, and TRUE, respectively.

The value of variable abc will be INT#20.

13s

LD ST

abc:=SEL(TRUE, INT#10, INT#20);

SEL
—{ }7 EN ENO—
TRUE —G | abc
INT#10—In0
INT#20—In1

The SEL instruction selects In0 or In1.
G is TRUE, so In1 (INT#20) is selected and assigned to abc.

O o) [

G is TRUE, so In1 is assigned to Out.

Additional Information

L~ Version Information

With a CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher, the
instruction, MUX on page 2-356, can also be used.
The MUX instruction selects one of two to five options.

Precautions for Correct Use

* The data types of In0, In1, and Out may be different, but observe the following precautions.
a) The valid value range of Out should accommodate the valid value ranges of /n0 and In1.
b) The data types of In0, In1, and Out should be in the same data type category. (i.e., they should
not be in different categories, such as bit string and an integer, or an integer and a text string).
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MUX

The MUX instruction selects one of two to five options.

FB/
Instruction Name FUN Graphic expression ST expression

(@)MUX
—EN ENO—
—K — Out

MUX Multiplexer FUN ::Q? Out:=MUX(K, In0, In1, ..., InN);

—InN

Variables

Meaning 110 Description Valid range Unit Default
: Selects In0
: Selects In1
: Selects In2 OtoN "1
: Selects In3
: Selects In4
Selections Depends on da-
Nis 1to 4.2 ta type.

K Selector

Input

A WON -~ O

In0 to In1 Selections 03

Out Selection result OQutput Selection result Depends on da- -—- -—-

ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

*2. With a CPU Unit with unit version 1.01 or earlier and Sysmac Studio version 1.02 or lower, N is 2 to 4.

*3.  If you omit the input parameter that connects to /nN, the default value is not applied, and a building error will occur.
For example, where N is 2, if the input parameters that connect to /In0 and In1 are omitted, the default values are ap-

plied. But if the input parameter that connects to In2 is omitted, a building error will occur.

Boo . ) ikl Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | 7
W | w| S c c| c _ A 540 —
O | <| O CE, g @ % 9| E % = g E Z = | > ol o x
O HAlA|%|2|Z2|5|2|2|5|F|5|5|2|2|m|lm|o| |2
r Ol g|lo| - = L = m o
OK OK
K * 1
OK [OK|OK|OK|OK|OK |OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK |OK
In0 to InN
Enumerations can also be specified.”
o OK | oK | oK | oKk | oK | ok | ok | ok | ok | ok | ok | ok | ok | ok | oK | ok | ok | ok | ok | ok
ut

Enumerations can also be specified. 2

*1.  With a CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher, use a ULINT variable.
With a CPU Unit with unit version 1.01 or earlier and Sysmac Studio version 1.02 or lower, use a USINT variable.

*2. A CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher are required to specify enumera-
tions.
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Function

The MUX instruction selects one of two to five options, In0 to InN (Selections).

Selector K specifies which of In0 to InN to select.
According to the value of K, a value is assigned to Out. If Kiis 0, In0 is assigned. If itis 1, InT is as-
signed, etc.

TRUE

Out: = InN Out: = In1 Out: =1In0

The following shows an example where In0, In1, In2, and K are INT#10, INT#20, INT#30, and
ULINT#2, respectively. The value of variable abc will be INT#30.

LD ST

abc:=MUX(ULINT#2, INT#10, INT#20, INT#30);

MUX
—{ }7EN ENO—
ULINT#2 —K —abc
INT#10 —{In0
INT#20 —{In1
INT#30 —In2

The MUX instruction selects from among /n0 to InN.
Kis ULINT#2, so In2 (INT#30) is selected and assigned to abc.

o
In1 [INT#20 | -----mmemmemeeeae > Outabe

K is ULINT#2, so In2 is assigned to Out.

NJ/NX-series Instructions Reference Manual (W502)
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2 Instruction Descriptions

Precautions for Correct Use

» The data types of In0 to InN, and Out may be different, but observe the following precautions.
a) The valid value range of Out should accommodate the valid value ranges of /n0 to InN.
b) The data types of In0 to InN, and Out should be in the same data type category (i.e., they should
not be in different categories such as a bit string and an integer, or an integer and a text string).
* An error will occur in the following case. ENO will be FALSE, and Out will not change.
a) The value of K is outside the valid range (i.e., less than 0 or greater than N).
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LIMIT

7]
)
o
The LIMIT instruction limits the value of an input variable between the specified minimum and maxi- %_
mum values. 3
2
. FB/ . . . g
Instruction Name FUN Graphic expression ST expression =
>
(7]
(@)LIMIT
—EN ENO—
LIMIT Limiter FUN :mN — Out Out:=LIMIT(MN, In, MX);
—{MX
C
=
_|
Variables
Meaning /10 Description Valid range Unit Default
VN Minimum value (I\a/lrlmmum value of limit-
D d da-
In Data to limit Input Data to limit ependsonda- | "
Mo I p” ta type.
MX Maximum value . aximum value otfim-
iter
D d da-
Out Processing result Output Processing result taetszg sonda- -

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Boo ) ) i Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
O |- (%)
W m| = s|s|S|lc|S|C|o|=|0||2A B4l 9|4 =
AERIEHEEHEEEEBEHER HHHEIRE
r|/m&|8&8|5|* 5|5 e I el B LU 3
MN OK|OK|OK|OK|OK|OK|OK |OK |OK |OK
In OK|OK|OK|OK|OK|OK|OK |OK|OK|OK
MX OK|OK|OK|OK|OK|OK|OK |OK |OK |OK
Out OK|OK|OK|OK|OK|OK|OK |OK|OK|OK
Function

The LIMIT instruction limits the value of data to limit /n between the maximum value MX and the mini-
mum value MN.
The value of processing result Out is as shown below.

Value of In | Value of Out

In <MN MN
MN<InsMX | In
MX < In MX

The following shows an example where MN and MX are INT#-10 and INT#20, respectively.
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LD ST

def:=LIMIT(INT#-10, abc, INT#20);

LIMIT
—{ }7 EN ENO—
INT#-10—MN — def
abc —{In
INT#20 —MX
Out=def
MX=INT#20  f---------- —
In=abc
—F MN=INT# -10

Precautions for Correct Use

» The data types of In, MN, MX, and Out may be different, but observe the following precautions.
a) The valid value range of Out should accommodate the valid value ranges of In, MN, and MX.
b) Do not combine signed integers (SINT, INT, DINT, and LINT) and unsigned integers (USINT,

UINT, UDINT, and ULINT) together for In, MN, and MX.

* An error will occur in the following case. ENO will be FALSE, and Out will not change.

a) The value of MX is smaller than the value of MN.
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Band

7
)
o
The Band instruction performs deadband control. g-.
=]
: FB/ . . : B
Instruction Name FUN Graphic expression ST expression g
2]
(@)Band S
Deadband C —EN  ENO— ’
Band trc?la andon | ey N — Out Out:=Band(MN, In, MX);
—{MX
vy)
g
Variables B
Meaning 1/0 Description Valid range Unit Default
Minimum value of
MN Mini |
inimum value deadband A | |
In Data to control Input Data to control taet‘;zz sonda) 1
MX Maximum value Maximum value of |
deadband
D d da-
Out Processing result Output Processing result taet‘;/zr; sonda) -

*1. If you omit the input parameter, the default value is not applied. A building error will occur.

Boo . . Real Times, durations,

Bit strings Integers num- .

lean dates, and text strings
bers

|- (7))

w w| = clclc€lC€lo|l_|lolrcrlalGFla|9]| 4 —

S13/8/8|5|2|5|2|c|2/=2/28|5|8|8|2/ 28|92

= m| g g Q S| 5| 5|4 9| 4| = I:g m|m|© r‘z)
MN OK|OK|OK|OK | OK | OK
In OK|OK|OK |OK | OK | OK
MX OK |OK|OK|OK | OK | OK
Out OK|OK|OK |OK | OK | OK

Function

The Band instruction limits the value of data to control /n with the maximum value MX and the mini-
mum value MN.
The value of processing result Out is as shown below.

Value of In | Value of Out

In <MN In- MN
MN<In<MX |0
MX <In In - MX

The following shows an example where MN and MX are INT#-10 and INT#20, respectively.
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LD ST

def:=Band(INT#-10, abc, INT#20);

Band
—{ }7 EN ENO—
INT#-10 —{MN — def
abc —In
INT#20 —MX
Out=def

MN=INT#-10 /

MX=INT#20

In=abc

Precautions for Correct Use

» The data types of In, MN, MX, and Out may be different, but observe the following precautions.
a) The valid value range of Out should accommodate the valid value ranges of In, MN, and MX.
* If the value of In is nonnumeric data, the value of Out is nonnumeric data.
* If the values of In, MN, and MX are positive infinity or negative infinity, the value of Out is as shown

below.
Value of In | Value of MN | Value of MX | Value of Out
+ 0
+
-0 Error
+
+ 0
=00 - + o
+ oo -00
+
-0 Error
R T 0
- — 0

» An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The value of MX is smaller than the value of MN.
b) Either MX or MN contains nonnumeric data.
c) The result exceeds the valid range of Out.
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2 Instruction Descriptions

Zone

7
)
o
The Zone instruction adds a bias value to the input value. %_
=]
: FB/ . . : B
Instruction Name FUN Graphic expression ST expression g
2]
(@)zone g
Dend 7 —EN  ENO|— ’
Zone ead cone FUN —|BiasN — Out Out:=Zone(BiasN, In, BiasP);
Control —In
—BiasP
N
Variables
Meaning 1/0 Description Valid range Unit Default
BiasN Negative bias Negative bias b g g
In Data to control Input Data to control taeti):):; sonda-| *1
BiasP Positive bias Positive bias '
Depends on da-
Out Processing result Output Processing result ta t‘;/pe - -

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . : ea Times, durations,
Bit strings Integers num- .

lean bers dates, and text strings

O |- 7
w c c| c r

R 5/ 2|2|&|c|8|E|2|l=|2|c|B|2|2|8/3|alz

r mi o|g|lo| - = |~ m o)
BiasN OK|OK|OK |OK | OK | OK
In OK |OK|OK |OK | OK | OK
BiasP OK|OK|OK|OK | OK | OK
Out OK |OK|OK |OK | OK | OK

Function

The Zone instruction controls the value of data to control /n according to the positive bias BiasP and
the negative bias BiasN.
The value of processing result Out is as shown below.

Value of In | Value of Out

In<0 In + BiasN
In=0 0
0<In In + BiasP

The following shows an example where BiasP and BiasN are INT#20 and INT#-20, respectively.
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LD ST

def:=Zone(INT#-20, abc, INT#20);

Zone

—{ }7 EN ENO—
INT#-20 —{BiasN — def

abc —In
INT#20 —BiasP

Out=def

BiasP=INT#20

In=abc

L BiasN=INT#-20

Precautions for Correct Use

» The data types of In, BiasP, BiasN, and Out may be different, but observe the following precautions.
a) The valid value range of Out should accommodate the valid value ranges of In, BiasP, and
BiasN.
* If the value of In is nonnumeric data, the value of Out is nonnumeric data.
« If the values of In, BiasP, and BiasN are positive infinity or negative infinity, the value of Out is as
shown below.

Value of In | Value of BiasP | Value of BiasN | Value of Out
+ o + o0
+
-00 +
+
+ Error
) 0
+ 0
+
-00 -0
) + Error

* An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) BiasP is less than BiasN.
b) Either BiasP or BiasN contains nonnumeric data.
c) The result exceeds the valid range of Out.
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MAX and MIN

MAX : Finds the largest of two to five values.
MIN : Finds the smallest of two to five values.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@MAX
—EN ENO—
MAX Maximum FUN — " ——Out Out:=MAX(In1, In2, ..., InN);
—{InN
(@)MIN
—EN ENO—
MIN Minimum FUN — | —Out Out:=MIN(In1, In2, ..., InN);
—{InN
Variables
Meaning 110 Description Valid range Unit Default
Data to process, Depends on da-
In1 to InN D I - 1
n1toIn ata to process nput where N is 2 to 5 ta type. 0
Depends on da-
Out Search result Output Search result - -
ta type.

*1. If you omit the input parameter that connects to InN, the default value is not applied, and a building error will occur.
For example, where N is 3, if the input parameters that connect to /In71 and In2 are omitted, the default values are ap-
plied. But if the input parameter that connects to /n3 is omitted, a building error will occur.

R
Boo . . eal Times, durations,
Bit strings Integers num- .
lean bers dates, and text strings
O - [7)
22| 5|2/ 2|&|c|S|E|e|ls|2|c|B 2|83 |c|z
S |A8|8(8|2/3|2|2/3|3|3|3|2|8|R|A|87|2
r|mi o8& S S| 5 | 2| ™| m )
In1 to InN OK|OK|OK|OK|OK|OK|OK |OK |OK |OK
Out OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
Function

| max

The MAX instruction finds the largest value of two to five data to process, In1 to InN.

The following shows an example where In1, In2, In3, In4, and In5 are INT#10, INT#5, INT#23,
INT#14, and INT#-5, respectively.
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2 Instruction Descriptions

LD ST

abc:=MAX(INT#10, INT#5, INT#23, INT#14, INT#-5);

MAX

—{ }7EN ENO|—
INT#10 —]In1 — abc
INT#5 —In2
INT#23 —{In3
INT#14 —{In4
INT# -5 —{In5

In1 INT#10

In2 INT#5

In3 INT#23 > Out=abc | INT#23

In4 | INT#14
In5 | INT#5
| min

The MIN instruction finds the smallest value of two to five data to process, In1 to InN.

Additional Information

To find the largest or smallest of six or more values, use AryMax and AryMin on page 2-367.

Precautions for Correct Use

» The data types of In1 to InN, and Out may be different, but observe the following precautions.
a) The valid value range of Out should accommodate the valid value ranges of In7 to InN.
b) Do not combine signed integers (SINT, INT, DINT, and LINT) and unsigned integers (USINT,
UINT, UDINT, and ULINT) together for In1 to InN.
 If In1 to InN contain real numbers, desired results may not be returned due to error.
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AryMax and AryMin

AryMax : Finds elements with the largest value in a one-dimensional array.
AryMin : Finds elements with the smallest value in a one-dimensional array.
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)AryMax
—EN ENO —
—in —Out Out:=AryMax(In, Size, InOutPos,
AryMax Array Maximum | FUN —1Size Num — . Mext
InOutPos Num);
(@)AryMin
—EN ENO [—
—In —Out Out:=AryMin(In, Size, InOutPos,
AryMin Array Minimum | FUN —Size Num |— N . ryMin(
InOutPos um);
Variables
Meaning 110 Description Valid range Unit Default
In[] (array) Array to search Array to search "
Depends on da-
. Number of elements to | Input Number of elements in -
Size ta type. 1
search In[] to search
Al I t D -
InOutPos Found element number | In-out rray element number epends on da - -
where value was found | ta type.
Out Search result Outout Search result Depends on da-
utpu --- ---
Num Number found P Number found ta type.

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real

Boo . . ea Times, durations,

Bit strings Integers num- .

lean bers dates, and text strings

| = n

w w| S clcl€|lC€lo|l_|lolrclalBla|9]| 4 —

S |3/8/8|58|2|5|8|c|2/2|2|5|E|8|E|5|8|gz

r|m| o3 = e = = S| =H || 2| m m|© 3

OK | OK | OK | OK | OK

In[] (array) OK|OK|OK|OK|OK|OK|OK |OK|OK |OK Lo | | o |
Size OK
InOutPos OK

OK | OK | OK | OK | OK

Out OK|OK|OK|OK|OK|OK|OK |OK |OK |OK o | | o |
Num OK

*1.  You can specify TIME, DATE, TOD, DT, and STRING data with CPU Units with unit version 1.01 or later and Sysmac
Studio version 1.02 or higher.
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2 Instruction Descriptions

Function

These instructions search Size elements in array to search In[], which starts from In[0].

The search result value is assigned to Out, the element number where the value is found is assigned
to InOutPos, and the number of times that the value is found is assigned to Num.

If Num is greater than 1, the lowest number of the elements where the search result value is found is
assigned to InOutPos.

Other data types than integer and real number are handled as below.

Data type Description

TIME The numerically larger value is considered to be larger.

DATE, TOD, or DT | Later date or time of day is considered to be larger.

The specifications are the same as for the instructions, LTascii, LEascii, GTascii, and

STRING
GEascii on page 2-115. Refer to the specified page for details.

I AryMax

The AryMax instruction finds the largest value.

The following example shows the AryMax instruction when Size is UINT#6.
The input parameter that is passed to In[] is abc[2], so the search starts from abc[2].

LD ST

ghi:=AryMax(abc[2], UINT#6, def, jkl);

AryMax
—{ }7 EN ENO |—
abc[2]—In — ghi
UINT#6 —Size Num L— ki
InOutPos
def —----------------- — def

The lowest element number that contains the largest value is 3.
Not searched.

9999 Largest value = 9999
In[0]=abcl2]  [2345
In[1]=abc[3]  [9999 Out=ghi
In[2]=abc[4]  [4321
Size=UINT#6 | |n[3]=abc[5] [4567 ———  InOutPos=def
In[4]=abcl6]  [1234
In[5]=abc[7]  [9999 Num=jkl
9999

Not searched.

| Aymin

The AryMin instruction finds the smallest value.
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2 Instruction Descriptions

Additional Information

When you compare TIME, DT, or TOD data, adjust the value precision so that values of those data
types can be compared based on the same precision.

You can use the following instructions to adjust the accuracy: TruncTime on page 2-702, TruncDt on
page 2-706, and TruncTod on page 2-710.

Precautions for Correct Use

+ If the data types of In[] and Out are different, make sure that the valid value range of Out accommo-
dates the valid value range of In[].

* If In[] contains a real number, a desired result may not be returned due to error.

» Always use a one-dimensional array for In[].

+ If the value of Size is 0, the values of Out and Num are 0. The value of InOutPos does not change.

* If In[] contains STRING data and the value of Size is 0, Out contains only null characters.

* An error will occur in the following cases. ENO will be FALSE, and Out will not change.
a) The value of Size is outside the valid range.

b) The value of Size exceeds the array area of In[].

c) In[] is not a one-dimensional array.

d) In[]is STRING data and it does not end in a NULL character.
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ArySearch

The ArySearch instruction searches for the specified value in a one-dimensional array.

FB/
Instruction Name FUN Graphic expression ST expression
(@)ArySearch
—EN ENO [—
o o Out:=ArySearch(In, Size, Key, |
—lsi - ut:=ArySearch(In, Size, Key, In-
ArySearch Array Search | FUN Size Num
rySearc rray Searc —Ikey OutPos, Num):
InOutPos
Variables
Meaning 110 Description Valid range Unit Default
In[] (array) | Array to search Array to search 1
—+ Depends on da-
Size Number of elements to Number of elements in ta type. 1
search Input In[] to search -
D d da-
Key Search key Value to search for epends on da 1
ta type.
Al | t b
Found element num- ray element number Depends on da-
InOutPos In-out where the value was
ber ta type.
found
Out Search result Outout Search result Depends on da-
utpu
Num Number found P Number found ta type.
*1.  If you omit the input parameter, the default value is not applied. A building error will occur.
Real
Boo ) X ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g |- 7
W | m| = c c| c _ 2| 5 alo =
S|2|8|3|8|2|S|S|c|2|z|2|5|F A|E/2|8|g|Z
r | m| 5|83 8|5||5|5] S| S| F|B| M| m O 3
OK | OK | OK | OK
OK |OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK| , . . . | OK
In[] (array) 1 1 1 1
Arrays of enumerations can also be specified.
Size e PP
Key Must be the same data type as the elements of In[].
InOutPos OK
Out OK
Num OK
*1.  You can specify TIME, DATE, TOD, and DT data with CPU Units with unit version 1.01 or later and Sysmac Studio

version 1.02 or higher.
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Function

The ArySearch instruction searches Size elements of one-dimensional array to search In[] for ele-
ments with the same value as search key Key. The search starts from In[0].

The values of search result Out, found element number InOutPos, and number found Num are as fol-

lows.
Element with the same val-
Wi v Out InOutPos Num
ue as Key
. Lowest element number that contains Number of elements with the
Exists. TRUE
the same value as Key same value as Key
Does not exist. FALSE | Does not change. 0

Other data types than integer and real number are handled as below.

Data type Description

TIME The numerically larger value is considered to be larger.

DATE, TOD, or DT | Later date or time of day is considered to be larger.

The following shows an example where Size is UINT#6.
The input parameter that is passed to In[] is abc[2], so the search starts from abc[2].

LD ST

jkl:=ArySearch(abc[2], UINT#6, def, ghi, mno);

ArySearch
—{ }7 EN ENO | —
abc[2]—In — jki
UINT#6 —Size Num — mno
def —Key
InOutPos
ghi —f----oooeeeeeeooo o — ghi

The lowest element number that

contains same value as Key is 3. Not searched.
5555 Key=INT#5555
In[0]=abclR] 2345
In[1]=abc[3] 5555 Out=jkl | TRUE
) In[2]=abc[4] 5555
Size=UINT#6 | |n[3]=abc]5] 4567 e InOutPos=ghi  |UINT#3
In[4]=abc[6] 1234
In[5]=abc][7] 9876 Num=mno [UINT#2
5555 \

Not searched.

Additional Information

When you compare TIME, DT, or TOD data, adjust the value precision so that values of those data
types can be compared based on the same precision.

You can use the following instructions to adjust the accuracy: TruncTime on page 2-702, TruncDt on
page 2-706, and TruncTod on page 2-710.
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2 Instruction Descriptions

Precautions for Correct Use

» Always use a one-dimensional array for In[].

» Make sure that Key has the same data type as the elements of In[].

* If the value of Size is 0, the values of Out and Num are 0. The value of InOutPos does not change.

» Always use a variable for the input parameter to pass to Key. A building error will occur if a constant
is passed.

* If Key is an enumeration, you cannot directly pass an enumerator to it. A building error will occur if
an enumerator is passed directly.

* An error will occur in the following cases. ENO will be FALSE, and Out, Num, and InOutPos will not
change.
a) The value of Size exceeds the array area of In[].
b) In[]is STRING data and it does not end in a NULL character.
c) In[] is not a one-dimensional array.
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Data Movement Instructions

Instruction Name Page
MOVE Move page 2-374
MoveBit Move Bit page 2-377
MoveDigit Move Digit page 2-379
TransBits Move Bits page 2-381
MemCopy Memory Copy page 2-383
SetBlock Block Set page 2-385
Exchange Data Exchange page 2-387
AryExchange Array Data Exchange page 2-389
AryMove Array Move page 2-391
Clear Initialize page 2-393
Copy**ToNum (Bit String to Signed Integer) Bit Pattern Copy (Bit String to Signed Integer) Group page 2-395
Copy**To*** (Bit String to Real Number) Bit Pattern Copy (Bit String to Real Number) Group page 2-397
CopyNumTo** (Signed Integer to Bit String) Bit Pattern Copy (Signed Integer to Bit String) Group page 2-399
CopyNumTo** (Signed Integer to Real Number) | Bit Pattern Copy (Signed Integer to Real Number) Group | page 2-401
Copy**To*** (Real Number to Bit String) Bit Pattern Copy (Real Number to Bit String) Group page 2-403
Copy**ToNum (Real Number to Signed Integer) | Bit Pattern Copy (Real Number to Signed Integer) Group | page 2-405
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MOVE

The MOVE instruction moves the value of a constant or variable to another variable.

FB/
Instruction Name FUN Graphic expression ST expression
(@)MOVE
MOVE Move FUN —EN  ENO— out:=In;
—In Out —
Variables
Meaning /10 Description Valid range Unit Default

D -

In Move source Input Move source epends on da --- "
ta type.
D -

Out Move destination Output Move destination taeti)/zr(;ds on da — *1

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo ) X ea Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
| - [7)
W | m| = c c| c _ 2| 5 alo =
o |=x[9 S 5|e|S|e|lc|g|=(2|C|@a|ag|2|8B|3|c|=
e Bl 2|23 |5|Z2|3|S||S|S5|E|l2|m|mM|O| |2
r mlo|g|lo| - =4 | 4 [l < m o
| OK |OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
n

An enumeration, array, array element, structure, or structure member can also be specified.
oK | ok | ok | ok | ok | ok |ok|ok|ok|ok|ok|ok|ok|ok|ok|ok|ok]|ok|ok|ok
Out Must be the same data type as In if In is an enumeration, array element, structure, or structure member.
Must be an array with the same data type, size and subscripts as In if In is an array.

Function

The MOVE instruction moves the value in move source /In to move destination Out.
The input parameter that is passed to /n can be a variable or constant. You can specify an enumera-
tion, array, array element, structure, or structure member for In.

The following figure shows a programming example. The content of variable abc is moved to variable
def.

LD ST

def:=abc;

MOVE

—{ }7EN ENO—
abc — Out — def

In
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The MOVE instruction moves the value of In to Out.

Moved.

In=abc |:|—> Out=def I:l

Additional Information

* When moving an array, you can move either one element or all of the elements in the array.
To move only one element, add the subscript to the array variable name.
To move the entire array, do not add the subscript to the array variable name.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

Moving One Array Element

LD ST

3IAOW

def[5]:=abc[3];

MOVE

—{ }7 EN ENO—
abc[3]—In Out [— def[5]

Moving All Array Elements

LD ST

def:=abc;

MOVE

—{ }7EN ENO—
abc —In Out — def

» When moving a structure, you can move either one member or all of the members in the structure.
To move only one member, specify the member.
To move the entire structure, give only the structure name.
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Moving One Member of a Structure

LD

ST

def.n:=abc.m;

H e
abc.m—

In

MOVE

ENO—
Out —def.n

Moving the Entire Structure

LD

B mEN

In

ST
def:=abc;
MOVE
ENO—
Out — def

¢ You can use the
tion.

MemCopy instruction to move an entire array faster than with the MOVE instruc-

Precautions for Correct Use

» The data types of In and Out can be different as long as they are in the same data type group as
shown below. The valid range of Out must include the valid range of In.
a) BYTE, WORD, DWORD, and LWORD

b) USINT, UINT,

UDINT, ULINT, SINT, INT, DINT, LINT, REAL, and LREAL

 If Inis an enumeration, array element, structure, or structure member, Out must have the same data

type as In.

» If Inis an array, an array of the same data type, size, and subscripts as /n must be used for Out.

2-376
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MoveBit

The MoveBit instruction moves one bit in a bit string.

2 Instruction Descriptions

FB/
Instruction Name FUN Graphic expression ST expression
(@)MoveBit

—EN ENO—

—n o MoveBit(In, InPos, InOut, InOut
MoveBit Move Bit FUN ~|InPos oveBit(In, InPos, InOut, InOut-

InOut Pos);
—InOutPos
Variables
Meaning 1/10 Description Valid range Unit Default
In Move source Move source Depends on da- i
ta type.
InPos Move source bit Source bit position in 0 to.th(.e number
Input In of bits in In -1 -
— . . 0 to the number 0

InOutPos Move destination bit Pestlnatlon bit position of bits in InOut -

in InOut 1
InOut Move destination In-out Move destination Depends on da- - -

ta type.

Out Return value Output Always TRUE TRUE only - -

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo ) ) ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O (%)
W | w| = c c | c _ x| 540 b
AEIHEEEEHBBEHEETHIEHERE
In OK | OK | OK | OK
InPos OK
InOutPos OK
InOut OK [ OK | OK | OK
Out OK
Function

The MoveBit instruction moves one bit from the source bit position /InPos in move source In to the des-

tination bit position InOutPos in move destination InOut.

The following shows an example where InPos is USINT#3 and InOutPos is USINT#5.
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2 Instruction Descriptions

LD ST

MoveBit(abc, USINT#3, def, USINT#5);

MoveBit

—{ }7EN ENO—
abc—|n —

USINT#3 — InPos

InOut
def — o] — def

USINT#5 —]InOutPos

InPos=USINT#3
Most-significant bit Bit 0

in=abo (oo [o[o]Jfo[o]

inout=def [0[0]----[1]o[oJoJo]o

INOutPos=USINT#5

Precautions for Correct Use

» Return value Out is not used when this instruction is used in ST.

* An error will occur in the following cases. ENO will be FALSE, and InOut will not change.
a) The value of InPos is outside the valid range.
b) The value of InOutPos is outside the valid range.
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MoveDigit

2 Instruction Descriptions

The MoveDigit instruction moves digits (4 bits per digit) in a bit string.

FB/
Instruction Name FUN Graphic expression ST expression
(@)MoveDigit
—EN ENO—
—In — Out
—InPos MoveDigit(In, InPos, InOut, InOut-
MoveDigit Move Digit FUN InOut oveDigit(In, InPos, InOut, InOu
I | Pos, Size);
—1InOutPos
—{Size
Variables
Meaning 110 Description Valid range Unit Default
D d da-
In Move source Move source SPSCS on €2 "1
ta type.
. Source digit position in | 0 to the number
InP M t
nros ove source digi In of bits in In/4 - 1
Input . |0tothe number |- 0
R . Destination digit posi- .
InOutPos Move destination digit tion in InOut of bits in
InOutl4 - 1
Number of digits t Ototh b
Size Number of digits umber of digris fo o. (.a number 1
move of bits in In/4
S L Depends on da-
InOut Move destination In-out Move destination - -
ta type.
Out Return value Output Always TRUE TRUE only - -

*1. If you omit the input parameter, the default value is not applied. A building error will occur.

Real
B Ti durations,
o0 Bit strings Integers num- imes, dura |on.s
lean dates, and text strings
bers
=] [t 7
2 2|5 2/5(5|c|S|Elelz|glc|alol2/8alalz
o_'WOOEzEEZEZZ>§g-|8_|E
F|m/c|g|&|F|F |55 S| F | E|M|m A
In OK | OK | OK | OK
InPos OK
InOutPos OK
Size OK
InOut OK | OK | OK | OK
Out OK
Function

The MoveDigit instruction moves Size digits from the source digit position /nPos in move source In to
the destination digit position InOutPos in move destination InOut. One digit represents four bits.
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2 Instruction Descriptions

The following shows an example where InPos is USINT#1, InOutPos is USINT#2, and Size is
USINT#2.

LD ST

MoveDigit(abc, USINT#1, def, USINT#2, USINT#2);

MoveDigit

—{ }7EN ENO—
abc—|n -

USINT#1—InPos
InOut
def —f oo L def
USINT#2 —{InOutPos
USINT#2 —Size

InPos=USINT#1
Size=USINT#2

1 digit = 4 bits .

Digit3 Digit2 Digit 1 Digit0
w=abe | | bl Ll ]

S

Digit3 Digit2 Digit1 Digit0
InOut=def| | | ----- | | | | |

N

INOutPos=USINT#2

Precautions for Correct Use

« If the position of the digit at the destination exceeds the most-significant digit of /nOut, the remaining
digits are stored in the least-significant digits of /nOut.

« If the position of the digit at the source exceeds the most-significant digit of /n, the remaining digits
are moved to the least-significant digits of In.

« If the value of Size is 0, the value of Out will be TRUE and /nOut will not change.

* Return value Out is not used when this instruction is used in ST.

» An error will occur in the following cases. ENO will be FALSE, and /InOut will not change.
a) The value of InPos is outside the valid range.
b) The value of InOutPos is outside the valid range.
c) The value of Size is outside the valid range.
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2 Instruction Descriptions

The TransBits instruction moves one or more bits in a bit string.

FB/
Instruction Name FUN Graphic expression ST expression
(@)TransBits
—EN ENO—
—In — Out
—|InPos TransBits(In, InPos, InOut, InOut-
TransBits Move Bits FUN InOut rans ,I s(In, InPos, InOut, InOu
] . Pos, Size);
—1InOutPos
—{Size
Variables
Meaning 110 Description Valid range Unit Default
D d da-
In Move source Move source SPSCS on €2 "1
ta type.
INPos Move source bit Source bit position in 0 to.thtle number
In of bitsin In- 1
Input Destination bit position 0 to the number | - 0
InOutPos Move destination bit . P of bits in InOut -
in InOut 1
h
Size Number of bits Number of bits to move 0 to.t 9 number 1
of bits in In
D -
InOut Move destination In-out Move destination epends on da - -
ta type.
Out Return value Output Always TRUE TRUE only - -

*1. If you omit the input parameter, the default value is not applied. A building error will occur.

Real
B Ti durations,
o0 Bit strings Integers num- imes, dura |on.s
lean dates, and text strings
bers
=] [t 7
2 2|5 2/5(5|c|S|Elelz|glc|alol2/8alalz
o_'WOOEzEEZEZZ>§3-|8_|E
F|m/c|g|&|F|F |55 S| F | E|M|m )
In OK | OK | OK | OK
InPos OK
InOutPos OK
Size OK
InOut OK | OK | OK | OK
Out OK
Function

The TransBits instruction moves Size bits from the source bit position InPos in move source In to the
destination bit position /nOutPos in move destination /InOut.
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2 Instruction Descriptions

The following shows an example where InPos is USINT#3, InOutPos is USINT#4, and Size is

USINT#2.

LD

H

USINT#3—

def |

USINT#4—
USINT#2 —

TransBits

EN ENO
In

InPos

InOut

InOutPos
Size

— def

Most-significant bit

In=abc -
InOut=def -

INPos=USINT#3

Bit 0
+++|olololololo
[

[l

Size=USINT#2

INOutPos=USINT#4

Additional Information

ST

TransBits(abc, USINT#3, def, USINT#4, USINT#2);

The bits in the move source and move destination can overlap.

Precautions for Correct Use

» Set the instruction so that the positions of the bits at the source and destination do not exceed the
most-significant bit in /n or InOut. Otherwise an error will occur and the instruction will not operate.
* Nothing is moved if the value of Size is 0.

* The bits in InOut that are not involved in the move operation do not change.
» Return value Out is not used when this instruction is used in ST.
* An error will occur in the following cases. ENO will be FALSE, and InOut will not change.
a) The value of InPos is outside the valid range.
b) The value of InOutPos is outside the valid range.
c) The value of Size is outside the valid range.
d) The value of InPos or Size exceeds the number of bits in In.
e) The value of InOutPos or Size exceeds the number of bits in /nOut.
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2 Instruction Descriptions

The MemCopy instruction moves one or more array elements. The move source and move destination

must have the same data type.

FB/
Instruction Name FUN Graphic expression ST expression
(@)MemCopy
—EN ENO—
—In — Out
MemCopy Memory Copy FUN AryOut MemCopy(In, AryOut, Size);
—Size
Variables
Meaning 110 Description Valid range Unit Default
In[] (array) Move source array Move source array "
Input Number of I Depends on da-
Size Number of elements umboer otarray €= ta type. 1
ments to move
AryOut - D d da-
ryOutl] (ar Move destination array | In-out Move destination array ependsonda-| -
ray) ta type.
Out Return value Output Always TRUE TRUE only - -

*1. If you omit the input parameter, the default value is not applied. A building error will occur.

Real . .
Boo Bit strings Integers num- Times, durations,
lean 9 9 bers dates, and text strings
2 o 3(2(5/5|lc|S|lclelslelc|alalz2gla 3
2B IHEHEEBEEEERE I EHERE
I OK |[OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK]|OK|OK
nll (array) Arrays of enumerations or structures can also be specified.
Size e PP
,r’-\ar;/)Out[] (ar- Must be an array with the same data type as In[].
Out ow| [ [ [ ]
Function

The MemCopy instruction moves Size elements of move source array In[] starting from In[0] to move
destination array AryOut[] starting from AryOut[0].

The following shows an example where Size is UINT#3.

2-383
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2 Instruction Descriptions

LD

MemCopy
—{ }7 EN ENO—
abc[1]—In —
AryOut
def[2] —f --------------- — def[2]
UINT#3 —Size

In[0]=abc[1]
Size=UINT#3 | In[1]=abc[2]
In[2]=abc[3]

1234

2345

3456

Additional Information

ST

MemCopy(abc[1], def[2], UINT#3);

AryOut[0]=def[2]
— » AryOut[1]=def[3]
AryOut[2]=def[4]

1234

2345

3456

* You can specify different positions in the same array for In[] and AryOut[]. The source and destina-

tion data can overlap.

The following example is for when Inis A[2], AryOut is A[4], and Size is UINT#3.

Al]

In=A[2]

Size=UINT#3 A3]
AryOut=A[4]

Al5]

Al6]

1234

2345

3456

4567

5678

\
§

6789

Al1]

In=A[2]

A[3]
AryOut=A[4]
Al5]

Al6]

1234

2345

3456

2345

3456

4567

» Use the instruction, AryMove on page 2-391, if the source and destination have different data types.
« If the source and destination have the same data type, this instruction is faster than the AryMove

instruction.

» Use the instruction, MOVE on page 2-374, to move variables that are not arrays.

Precautions for Correct Use

» Use the same data type for In[] and AryOut[]. If they are different, a building error will occur.
* If In[] and AryOut[] are STRING arrays, their sizes must be the same.

« If the value of Size is 0, the value of Out will change to TRUE and AryOut[] will not change.
* Return value Out is not used when this instruction is used in ST.

» An error will occur in the following cases. ENO will be FALSE, and AryOut[] will not change.

a) Size exceeds the array area of In[].

b) Size exceeds the array area of AryOut[].
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2 Instruction Descriptions

The SetBlock instruction moves the value of a variable or constant to one or more array elements.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)SetBlock
—EN ENO—
—In — Out
SetBlock Block Set FUN AryOut SetBlock(In, AryOut, Size);
—Size
»
0]
W
: 8
Variables g
Meaning 110 Description Valid range Unit Default
In Move source Move source 1
Input Number of : Depends on da-
Size Number of elements umber of array ele- ta type. 1
ments to move
AryOut - D d da-
ryoutl ar Move destination array | In-out Move destination array ependsonda- -
ray) ta type.
Out Return value Output Always TRUE TRUE only --- ---

*1. If you omit the input parameter, the default value is not applied. A building error will occur.

Real . .
Boo Bit strings Integers num- Times, durations,
lean 9 9 bers dates, and text strings
w w| S g E CleclC€S|C|low|l_|lo|lr|= ; - | O| 4 Z|,
o s S|9|c|2 2| E =
81 38|33(2|3|5/2|35|%|35|5(F|E |5 |58 3|z
| OK |OK|OK|OK |OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
: An enumeration, structure, or structure member can also be specified.
Size L dex ]
,:;/)Out[] (ar- Must be an array with elements that have the same data type as /n.
Out o | [ [ [ ]
Function

The SetBlock instruction moves the value of move source In to Size elements in move destination ar-
ray AryOut[] starting from AryOut[0].

The following shows an example where Size is UINT#3.
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2 Instruction Descriptions

LD
SetBlock
—{ }7 EN ENO—
abc—|n -
AryOut
def[1] —f - - --cmeeeeo L def[1]
UINT#3—Size

In=abc [ 1234 AryOut[0]=def[1]
AryOut[1]=def[2]
AryOut[2]=def[3]

Precautions for Correct Use

1234

1234

1234

ST

SetBlock(abc, def[1], UINT#3);

Size=UINT#3

» Use the same data type for In and AryOut[]. If they are different, a building error will occur.

* If In and AryOut[] are STRING data, their sizes must be the same.

« If the value of Size is 0, the value of Out will be TRUE and AryOut[] will not change.

* Return value Out is not used when this instruction is used in ST.

» An error will occur in the following case. ENO will be FALSE, and AryOut[] will not change.
a) The value of Size exceeds the array area of AryOut[].
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2 Instruction Descriptions

The Exchange instruction exchanges the values of two variables.

FB/
Instruction Name FUN Graphic expression ST expression
(@)Exchange
—EN ENO—
InOut1
Exchange Data Exchange | FUN _InOut2 _________ | Exchange(InOut1, InOut2);
— Out
Variables
Meaning 1/10 Description Valid range Unit Default
InOut1 and Depends on da-
InOut2 Data to exchange In-out Data to exchange ta type. - -
Out Return value Output Always TRUE TRUE only - -
Real
Boo . . Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | = 7
w | w| = c c| c - 2| 5|l alo —
o-<o§§<_n§9:‘£z§§m?ﬁ§>aoa
S Al&8|2|B|ZF|5|2|2|S5|"|S|5|&|2|m|lm|o9| |z
r ol g|lo| - - | 4 |- m )
InOut1 OK |[OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
nOu
An enumeration, structure, or structure member can also be specified.
InOut2 Must be the same data type as InOut1.
Out ow| [ [ [ [ 1 1 1 | |
Function
The Exchange instruction exchanges the values of data to exchange InOut1 and InOut2.
You can specify enumerations, structures, or structure members for InOut? and InOut2.
The following figure shows a programming example. The values of variables abc and def are ex-
changed.
LD ST
Exchange(abc, def);
Exchange
—{ i EN ENO—
InOut1
abc—t-----mm e — abc
InOut2
def —-----mrommmnn- — def
— Out
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2 Instruction Descriptions

The Exchange instruction exchanges the values of InOut1 and InOut2.

noutt=abe [ | FXMM%ed oupmane [ |

Precautions for Correct Use

* The data types of InOut1 and InOut2 must be the same. If they are different, a building error will
occur.

« If the regions specified by InOut1 and InOut2 overlap each other, the execution result of the instruc-
tion will be undefined.

* Return value Out is not used when this instruction is used in ST.

* An error occurs in the following case. ENO will be FALSE, and /nOut1 and InOut2 will not change.
a) Both InOut1 and InOut2 are STRING data, and the string length of one of them cannot accom-

modate the other.
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2 Instruction Descriptions

AryExchange

The AryExchange instruction exchanges the elements of two arrays.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)AryExchange
—EN ENO—
A Data E nou AryExch (InOut1, InOut2
rray Data Ex- B - ryExchange(InOut1, InOut2,
AryExchange change FUN INOut2 Size):
—1Size —Out
>
<
m
x
5
Variables 3
Meaning 110 Description Valid range Unit Default
Number of el tsto | D d da-
Size Number of elements Input umber ot elements fo ependsonda- 1
exchange ta type.
InOut1[] and
D d da-
InOut2]] Arrays to exchange In-out Arrays to exchange taetper; sonda- -
(arrays) ype.
Out Return value Output Always TRUE TRUE only --- ---
Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O [} (7]
W m| S c c | c _ x| 51 alo =
o-<o§§¢_n§9:‘£z§§m,’g§>aoa
O | Jl3|%|=|Z2|35|2|z2|5|5|F|3|2|2|ml Aoz
r Ol glo| - - | = - |- m )
Size OK
InOut1[] (ar- | OK | OK| OK | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK'| OK | OK | OK | OK | OK | OK | OK
ray) Arrays of enumerations or structures can also be specified.
InOut2 -
rr;y)u [ ar Must be an array with the same data type as InOut1][].
Out ow| | [ PP
Function

The AryExchange instruction exchanges Size elements from InOut1[0] of array to exchange InOut1[]
with Size elements from InOut2[0] of array to exchange InOut2[].

The following shows an example where Size is UINT#2.

NJ/NX-series Instructions Reference Manual (W502) 2-389



2 Instruction Descriptions

LD ST
AryExchange(abc[1], def[2], UINT#2);
AryExchange
—{ }7 EN ENO—
InOut1
abc[1]—------="-mmmnenn- — abc[1]
InOut2
def[2] —p---------=mmmen-- — def[2]
UINT#2 —{Size —
InOut1[0]=abc[1] Exchanged |nQut2[0]=def[2]

-

Size=UINT#2 [

InOut1[1]=abc[2] InOut2[1]=def[3]

Additional Information

» Use the instruction, MOVE on page 2-374, to assign constants to variables.
» Use the instruction, MemCopy on page 2-383, to copy the values of variables to other variables.

Precautions for Correct Use

» Use the same data type for the elements of InOut1[] and InOut2][]. If they are different, a building
error will occur.

* If the value of Size is 0, Out will be TRUE, and InOut1[] and InOut2[] will not change.

* Return value Out is not used when this instruction is used in ST.

* An error will occur in the following cases. ENO will be FALSE, and InOut1[] and InOut2[] will not
change.
a) The value of Size exceeds the array range of InOut1[] or InOut2][].
b) InOut1[] and InOut2[] are STRING arrays, and the string length of an element in one array ex-

ceeds that of the corresponding element in the other array.

¢) InOut1[] and InOut2[] are STRING arrays, and an element does not end with a NULL character.
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AryMove

2 Instruction Descriptions

The AryMove instruction moves one or more array elements. The data types of the move source and

move destination can be different.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)AryMove
—EN ENO—
—In — Out
AryMove Array Move FUN AryOut AryMove(In, AryOut, Size);

—1Size >
<
=
(o]
3

Variables

Meaning 1/10 Description Valid range Unit Default
In[] (array) Move source array Array to move 1
Input : Depends on da-
Size Number of elements Number of elements to | 5 type. 1
move

AryOut[] (ar- Depends on da-

ryOutl] ( Move result array In-out Move result array P - -
ray) ta type.
Out Return value Output Always TRUE TRUE only - -

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

Real
Boo . . ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
o [t (7]
W | m| = c c | c — x| 5 o =
o |2/3|35|5|e|lS|g|cE|g|=|2|c|a@|R|2|8|8|c|3Z
o (4| 3 2 2|5z Z2|5|9|5|5|2|>» mlo| =z
r m (w] g o - - - [ - m m a)
OK |[OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
In] (array) , =
Arrays of enumerations or structures can also be specified.
Size OK
AryOut[] (ar- | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK' | OK | OK' | OK | OK | OK | OK | OK
ray) Arrays of enumerations or structures can also be specified.
Out ow| [ [ [ [ [ I I [ [ [ [ |
Function

The AryMove instruction moves Size elements of move source array In[] starting from In[0] to move
result array AryOut[] starting from AryOut[0].
The data types of In[] and AryOut[] can be different.

The following shows an example where Size is UINT#2.
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2 Instruction Descriptions

LD ST
AryMove(abc[1], def[2], UINT#2);
AryMove
—{ }7EN ENO—
abc[1]—In —
AryOut
def[2] —f---------===-- — def[2]
UINT#2 —{Size
o In[0]=abc[1] Moved  AryOut[0]=def[2]
Size=UINT#2 | |n[1]=abc[2] T AryOut[1]=def[3]

Additional Information

« If the data types of In[] and AryOut[] are the same, the MemCopy instruction is faster.
* You can specify the same array for In[] and AryOut[]. Also, the move source and destination data
can overlap. The following example is for when In[0] is A[2], AryOut[0] is A[4], and Size is UINT#3.

Al0] [1234 Al0] [1234
Al1] [2345 Al1] [2345

In=A[2] [3456 In=A[2] [3456

Size=UINT#3 l A[3] [4567 \ A[3] [4567
AryOut=A[4] [5678 AryOut=A[4] [3456

Al5] 6789 \ Al5] [4567

Al6] [7890 Al6] [5678

Precautions for Correct Use

» The data types of In[] and AryOut[] can be different as long as they are both in one of the following
groups. The valid range of AryOut[] must include the valid range of In[].
a) BYTE, WORD, DWORD, and LWORD
b) USINT, UINT, UDINT, ULINT, SINT, INT, DINT, LINT, REAL, and LREAL
 If In[] is an array of structures, use the same data types for In[] and AryOut]].
« If the value of Size is 0, the value of Out will be TRUE and AryOut[] will not change.
* Return value Out is not used when this instruction is used in ST.
» An error will occur in the following cases. ENO will be FALSE, and AryOut[] will not change.
a) The value of Size exceeds the size of In[] or AryOut[].
b) In[] and AryOut[] are STRING arrays, and the string length of any In[] element to move exceeds
the size of the corresponding element in AryOut]].
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Clear

The Clear instruction initializes a variable.

2 Instruction Descriptions

FB/
Instruction Name FUN Graphic expression ST expression
(@)Clear
—EN ENO—
Clear Initialize FUN _I”OUt ______ | Clear(InOut);
— Out
Variables
Meaning 110 Description Valid range Unit Default
D -
InOut Data to initialize In-out Data to initialize epends on da - -
ta type.
Out Return value Output Always TRUE TRUE only - -
Real
Boo . . ed Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
W | © gjlec|lec|lc|lec|lc|lw|s|lo|lc|lAal cldlo|d|o0|n
EIHHHEHHHHEEHBEHBEERE
A = m =
.| m x| S S -2 fm Z
o g 8 - = z
Inout OK [OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK |OK |OK
nOu
An enumeration, array, array element, structure, or structure member can also be specified.
Out ow| [ [ [ [ P [ P P P [ [ 1 [ |
Function

The Clear instruction initializes the value of InOut (Data to initialize).

If an initial value attribute is specified for the variable, the initial value is applied. If an initial value at-
tribute is not specified, the default initial value for the data type of InOut is applied.

If InOut is an external variable, the default initial value of the data type of InOut is used regardless of

the initial value attribute of the corresponding global variable.

The default values for the data types are given below.

Data type Default initial value
BOOL FALSE
BYTE, WORD, DWORD, or LWORD 16#0
USINT, UINT, UDINT, ULINT, SINT, INT, DINT, LINT, REAL, or LREAL | 0
TIME T#0ms
DATE D#1970-1-1
TOD TOD#0:0:0
DT DT#1970-1-1-0:0:0
STRING "
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2 Instruction Descriptions

If InOut is an array, array element, structure, or structure member, the following processing is per-

formed.
InOut Processing
Array All elements in the array are initialized.
Array element Only the specified element is initialized.
Structure All members in the structure are initialized.
Structure member | Only the specified member is initialized.

The following figure shows a programming example. The value of variable abc is initialized. For exam-
ple, if the value of variable abc is INT#100, it is initialized to INT#O0.

LD ST

Clear(abc);

—{ '—EN ENO—
InOut

abc —----------- — abc

The Clear instruction initializes the value of InOut.
The data type of abc is INT, so the value of abc will be INT#0.

Initialized.

InOut=abc |INT#100 | ——— InOut=abc [INT#0

Additional Information

» If InOut is an array that is used as a stack, execute this instruction, and also assign 0 to the variable
that manages the number of items stored in the stack.

« If you initialize a cam data variable with this instruction, it will not contain the data that was saved
with the MC_SaveCamTable instruction. It will contain all zeros.

Precautions for Correct Use

* Return value Out is not used when this instruction is used in ST.

» To initialize an enumerated variable, use the Initial Value attribute. If the Initial Value attribute is not
set, the value of the enumerated variable will be 0.

» Do not perform processing that meets all of the following conditions. The operation is not reliable.
a) Pass one element of a BOOL array as an in-out variable to a function or function block.
b) Execute the Clear instruction in the function or function block.
c) Use the in-out variable that received the element of the above BOOL array as the parameter to

pass to the Clear instruction.
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2 Instruction Descriptions

Copy**ToNum (Bit String to Sign-
ed Integer)

The Copy**ToNum instruction copies the content of a bit string directly to a signed integer.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

FB/
Instruction Name FUN Graphic expression ST expression
Bit Pattern (@)Copy**ToNum
: : —EN ENO— Out:=Copy**ToNum(In);
C Bit St
Copy**ToNum op.y (Bit String FUN —n —Out
to Signed Inte- " must be a bit string data type. o
ger) Group "*" must be a bit string data type. §
g
- £
Variables 3
@
Meaning 110 Description Valid range Unit Default @
Depends on da- a
I C Input C --- 0 g
n opy source npu opy source ta type. a
&
D d da- 3
Out Copy destination Output Copy destination ependsonda- - 3
ta type. =
&
2]
Real =
Boo . . ed Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | c (7]
W | wm| = c c | c _ 0| 5 =)
o |2|/3|8|8le|ls|lc|lc|gl=2|c|m|l@2|8|8|e|=
O (A2 %|2|Z Z|z|Z|53|49|5|5% 2> mlIAle| 7|2
In OK | OK | OK | OK
Out Must be a signed integer data type that is the same size as the data type of In.
Function

The Copy**ToNum instruction group copies the content of copy source In directly to copy destination
Out.

Four instructions are provided for the following data type combinations of /n and Out.

In Out Instruction
BYTE SINT | CopyByteToNum
WORD | INT | CopyWordToNum
DWORD | DINT | CopyDwordToNum
LWORD | LINT | CopyLwordToNum

The following shows an example where /In is WORD#16#4D2 for the CopyWordToNum instruction.
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2 Instruction Descriptions

2-396

LD

_{

! WORD#16#4D2—

CopyWordToNum

EN
In

ENOF—

WORD#16#4D2

(2#00000100_11010010)

— Out=abc

— abc

ST

abc:=CopyWordToNum(WORD#16#4D2);

INT#1234
(2#00000100_11010010)
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2 Instruction Descriptions

Copy**To*** (Bit String to Real
Number)

The Copy**To*** instruction copies the content of a bit string directly to a real number.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)CopyDwordToReal
Bit Patt . =No—
rre e.rn . —n — Out Out:=CopyDwordToReal(In);
Copy (Bit String
Copy™To™* | "= i Num. | FUN (@ )ConyLwerdTolrea or g
- opyLwordloLrea - i 3
ber) Group —len ENOL— Out:=CopyLwordToLreal(In); 2
—{In — Out 3
@
@
Variables 8
o
Py
Meaning 110 Description Valid range Unit Default S
Depends on da- g
I I - 3
n Copy source nput Copy source ta type. 0 s
Depends on da- -
Out Copy destination Output Copy destination ependsonda- -
ta type.
R
Boo . . eal Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | = (7]
W | m| = c c| c — . R =
O<o§§2§9:§z§§mﬁ§>30x
r|mMo|lg|log| - = | - L S m )
In OK | OK
Out Must be REAL if the data type of In is DWORD, and LREAL if it is LWORD.
Function

The Copy**To*** instruction group copies the content of copy source In directly to copy destination
Out.

Two instructions are provided for the following data type combinations of /n and Out.

In Out Instruction
DWORD | REAL | CopyDwordToReal
LWORD | LREAL | CopyLwordToLreal

The following shows an example where In is DWORD#16#40200000 for the CopyDwordToReal in-
struction.
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2 Instruction Descriptions

LD

CopyDwordToReal
EN ENO—

Out = abc

2-398

I
_{ | DWORD#16#40200000—]{in —abc

DWORD#16#40200000
(#2#01000000_00100000_00000000_00000000)

REAL#2.5
(2#01000000_00100000_00000000_00000000)

ST

abc:=CopyDwordToReal(DWORD#16#40200000);
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2 Instruction Descriptions

CopyNumTo** (Signed Integer to
Bit String)

The CopyNumTo** instruction copies the content of a signed integer directly to a bit string.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

FB/
Instruction Name FUN Graphic expression ST expression
Bit Pattern (@)CopyNumTo**
: —1EN ENO— Out:=CopyNumTo**(In);
C S d
CopyNumTo** opy ( |gn§ FUN —In —Out
Intelzger to Bit " must be a bit string data type. o
String) Group "*" must be a bit string data type. 3
>
c
3
Variables %
@
Q
Meaning 110 Description Valid range Unit Default 2
(o8
Depends on da- 5
I C Input C --- 0 @
n opy source npu opy source ta type. %
D d da- <)
Out Copy destination Output Copy destination ependsonda- - ?u
ta type. =
@
é.
Real =
Boo . . ed Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | c (7]
W | w| =S = E || = - x| 540 |
o |2|/3|8|8le|ls|lc|lc|gl=2|c|m|l@2|8|8|e|=
0,-‘.'1”;0;024224-'44,2>mac"§
In OK | OK | OK | OK
Out Must be a bit string data type that is the same size as the data type of In.
Function

The CopyNumTo** instruction group copies the content of copy source In directly to copy destination
Out.

Four instructions are provided for the following data type combinations of /n and Out.

In Out Instruction
SINT | BYTE CopyNumToByte
INT | WORD | CopyNumToWord
DINT | DWORD | CopyNumToDword
LINT | LWORD | CopyNumToLword

The following shows an example where In is INT#1234 for the CopyNumToWord instruction.
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2 Instruction Descriptions

2-400

LD

ST

H b
INT#1234 —In

CopyNumToWord

ENO—
— abc

INT#1234
(2#00000100_11010010)

— > Out=abc

abc:=CopyNumToWord(INT#1234);

WORD#16#4D2
(2#00000100_11010010)
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2 Instruction Descriptions

CopyNumTo** (Signed Integer to
Real Number)

The CopyNumTo** instruction copies the content of a signed integer directly to a real number.

SuUO0I}oNJjsu] JUBWIAO|A ejeq

FB/
Instruction Name FUN Graphic expression ST expression
(@)CopyNumToReal
. —EN ENO—
Bit Patt
CL)pya(Se}rgnned —in — Out Out:=CopyNumToReal(In);
CopyNumTo™ | |\ gerto Real | N (@)CopyNumToLreal ‘c’;t CopyNumToLreal(n) o
—IEN ENOL— ut:=CopyNumToLreal(In); 3
Number) Group —n  out >
3
S
@
» «Q
Variables g
=
Meaning 1/10 Description Valid range Unit Default (.(%;
Depends on da- 5
In Copy source Input Copy source ependsonda- | 0 O;U
ta type. 3
Out Copy destination Output Copy destination Depends on da- %
py p py ta type. ]
o
R
Boo . . eal Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
O | (7]
W | w| S = c | c _ x|l 540 b
O | <| O g g () % 9| Cc %’ = g E m| A = | > 3 O3
o | 4| =& 2| Z|5|Z2|Zz|5|7 5|5 |2 |mlfAdlo|?|=z
r|m o8& S S| 5 = || &= m 5
In OK | OK
Out Must be REAL if the data type of Inis DINT, and LREAL if it is LINT.
Function

The CopyNumTo** instruction group copies the content of copy source In directly to copy destination
Out.

Two instructions are provided for the following data type combinations of /n and Out.

In Out Instruction
DINT | REAL | CopyNumToReal
LINT | LREAL | CopyNumToLreal

The following shows an example where In is DINT#1075838976 for the CopyNumToReal instruction.
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2 Instruction Descriptions

LD ST

abc:=CopyNumToReal(DINT#1075838976);

CopyNumToReal

—{ I EN ENO—
DINT#1075838976—In — abc

DINT#1075838976 Out = abc REAL#2.5
In (2#01000000_00100000_00000000_00000000) ut= (2#01000000_00100000_00000000_00000000)
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2 Instruction Descriptions

Copy**To*** (Real Number to Bit
String)

The Copy**To*** instruction copies the content of a real number directly to a bit string.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)CopyRealToDword
Bit Patt . =No—
tratem —n — Out Out:=CopyRealToDword(In);
. Copy (Real
Copy™To Number to Bit FUN (@)CopyLrealToLword or g
opyLreal loLwor - i 3
String) Group —leN ENOl— Out:=CopyLrealToLword(In); 2
—{In — Out 3
F
8
. Z
Variables 5
o
(]
Meaning 110 Description Valid range Unit Default g
Depends on da- A
In Copy source Input Copy source ependsonda- | 0.0 2
ta type. 3
Depends on da- -
Out Copy destination Output Copy destination ependsonda- -
ta type.
Boo . . Real Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | = (7]
W | m| = c c| c — . R =
o | <| 0o g S e/ S|g|lc|g|z|2|S|m| A S|5|3|2|3=
S A2 2|x|Z2|5|Z|2|5|9|3|5|2|=|m|lA|lo|" |2
L Ol g|lo| - | - = a)
In OK | OK
Out Must be DWORD if the data type of Inis REAL, and LWORD if it is LREAL.
Function

The Copy**To*** instruction group copies the content of copy source In directly to copy destination
Out.

Two instructions are provided for the following data type combinations of /n and Out.

In Out Instruction
REAL | DWORD | CopyRealToDword
LREAL | LWORD | CopyLrealToLword

The following shows an example where In is REAL#2.5 for the CopyRealToDword instruction.
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LD ST

abc:=CopyRealToDword(REAL#2.5);

CopyRealToDword

—{ }— EN ENO—
REAL#2.5—In — abc

REAL#2.5 _ DWORD#16#40200000
In — Out=abc
(2#01000000_00100000_00000000_00000000) (2#01000000_00100000_00000000_00000000)
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2 Instruction Descriptions

Copy**ToNum (Real Number to
Signed Integer)

The Copy**ToNum instruction copies the content of a real number directly to a signed integer.
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FB/
Instruction Name FUN Graphic expression ST expression
(@)CopyRealToNum
Bit Pattern —EN ENO|—
Copy (Real —{In — Out Out:=CopyRealToNum(In);
Copy**ToNum | Number to FUN (@)CopyLrealToNum or o
Signed Integer) —1EN ENOl— Out:=CopyLrealToNum(In); §
Group —In — Out C_j
z
c
3
Fi
Variables >
c
3
Meaning /10 Description Valid range Unit Default g
Depends on da- 8
In Copy source Input Copy source ta ti)/pe. - 0.0 Lg
(0]
Depends on da- =
Out Copy destination Output Copy destination P - - =
ta type. k5
2]
Boo . . Real Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=} [t (7]
W | w| S c c | c — x| 540 =
O<O§§‘£§EE%’Z§§N¥§>SUE
S FlB8|lz|2|Z|5|2|53|5|°|S5|5|&g|2|m|m|O]| =
L O o o = - -] - [a)
In OK | OK
Out Must be DINT if the data type of In is REAL, and LINT if it is LREAL.
Function

The Copy**ToNum instruction group copies the content of copy source In directly to copy destination
Out.

Two instructions are provided for the following data type combinations of /n and Out.

In Out Instruction
REAL | DINT | CopyRealToNum
LREAL | LINT | CopyLrealToNum

The following shows an example where In is REAL#2.5 for the CopyRealToNum instruction.
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2 Instruction Descriptions

LD ST

abc:=CopyRealToNum(REAL#2.5);

CopyRealToNum

—{ }— EN ENO—
REAL#2.5 —In — abc

REAL#2.5 _ DINT#1075838976
In — QOut=abc
(2#01000000_00100000_00000000_00000000) (2#01000000_00100000_00000000_00000000)
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Shift Instructions

Instruction Name Page
AryShiftReg Shift Register page 2-408
AryShiftRegLR Reversible Shift Register page 2-410
ArySHL and ArySHR | Array N-element Left Shift/Array N-element Right Shift | page 2-413
SHL and SHR N-bit Left Shift/N-bit Right Shift page 2-416
NSHLC and NSHRC | Shift N-bits Left with Carry/Shift N-bits Right with Carry | page 2-419
ROL and ROR Rotate N-bits Left/Rotate N-bits Right page 2-422
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2 Instruction Descriptions

AryShiftReg

The AryShiftReg instruction shifts an array of bit strings by one bit to the left and inserts an input value
to the least-significant bit.

FB/
Instruction Name FUN Graphic expression ST expression
AryShiftReg_instance
AryShiftReg
—pShift ENO —
—| Reset AryShiftReg_inst Shift, Reset
AryShiftReg Shift Register | FB —In YS! eg—'n_sance( T meset
InOut In, InOut, Size);
— Size
Variables
Meaning 110 Description Valid range Unit Default
. . Shifted when signal
Shift Shift
I I changes to TRUE.
TRUE: Register is re-
Reset Reset set. FALSE
Input Value to insert to least- | Depends onda- |
In Input value significant bit of In- ta type.
Out][].
. Number of elements to
. Number of elements in . .
Size arrav of bit strinas use as a shift register 1
y 9 in InOutf].
InOut - D d da-
nOutf] (ar Array of bit strings In-out Array of bit strings ependsonda- | ---
ray) ta type.
Real
Boo ) 5 Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
g |- 7
W | m| S c c | c _ .o 0 I I B 5
A HEEEEEBEBEEEHEHEHEEE
e Bl 2| 2|Z|5|Z2|3|S | |S|S5|E|l2|m|m|O| |2
r|mlo|gleg| - S| 4 -~ m o
Shift OK
Reset OK
In OK
Size OK
| _
noutll @1 ok | ok | ok | ok | oK
ray)
Function

The AryShiftReg instruction shifts Size elements from InOut[0] of the array of bit strings InOut[] by one
bit to the left (i.e., toward the most-significant bit) when Shift changes to TRUE.
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2 Instruction Descriptions

Input value In is inserted to the least-significant bit. The most-significant bit, which is shifted out of the
array of bit strings, is output to the Carry (CY) Flag (P_CY).

Size elements
P CY In

aggssafannifassiiuns B asa fanaifansiassiiffe

\ / \ /

InOut[1] InOut[0]

suonoanLsu| Yus

When Reset is TRUE, CY and all of bits in Size elements starting from InOut[0] are set to FALSE.

The following shows an example where InOut[] is a BYTE array and Size is UINT#2.

LD ST >
<
2
AryShiftReg_instance(A, abc, def, ghi[1], UINT#2); %
AryShiftReg_instance &
A AryShiftReg
—{ }7 Shift ENO —
abc— Reset
def — In
InOut
ghi[1] —------emmmmeeee o L— ghi[1]
UINT#2 — Size
Size=UINT#2
InOut[1]=ghi[2] InOut[0]=ghi[1] In=def
[1[o[1]o[1]ofofo]  [1]t]o[][oJo[1[1]

P_CY InOut[1]=ghi2]  InOut[0]=ghi[1]
[o[1]o[1[o[o[o[1]  [1]o[1[o[o[1[1[1]

Related System-defined Variables

D
Name Meaning ata Description
type
P_CY Carry (CY) Flag BOOL Value stored in Carry Flag

Precautions for Correct Use

* While Reset is TRUE, the register is not shifted even if Shift changes to TRUE.

» ENO will change to TRUE when Shift changes to TRUE and the shift operation is normally per-
formed, or when Reset is TRUE and the reset operation is normally performed.

» The InOut[] does not change if the value of Size is 0.

* An error will occur in the following case. ENO will be FALSE, and InOut[] will not change.
a) The value of Size exceeds the array area of InOut][].
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2 Instruction Descriptions

AryShiftRegLR

The AryShiftRegLR instruction shifts an array of bit strings by one bit to the left or right and inserts an
input value to the least-significant or most-significant bit.

FB/
Instruction Name FUN Graphic expression ST expression
AryShiftRegLR_instance
AryShiftRegLR
—PpShiftL ENO—
—PShiftR
AryShif- Reversible Shift kB — Reset AryShiftRegLR_instance(ShiftL,
tRegLR Register —In ShiftR, Reset, In, InOut, Size);
InOut
—{ Size
Variables
Meaning /10 Description Valid range Unit Default
. . Shifted left when signal
hiftL Left shift
Shi et sh changes to TRUE.
. . . Shifted right when sig-
ShiftR Right shift
I 1gnt sl nal changes to TRUE.
: ; 'S re- FALSE
Reset Reset TRUE: Register is re
Input set. Depends on da-
Value to insert to least- | ta type.
In Input value significant or most-sig-
nificant bit of InOut][]
. Number of elements to
. Number of elements in . .
Size arrav of bit strinas use as a shift register 1
y 9 in InOutf].
InOut - D d da-
nout] (ar Array of bit strings In-out Array of bit strings ependsonda- | ---
ray) ta type.
Real
Boo ) 5 ea Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
=} [ (7]
W | m| S c c | c _ |5l 4a|lo =
828/ 5/5|2|5(8|E|¢2=2|5/2|8(2/8 28|33
(] A x| 2| 5 =z Z | 5| - r - S m Slo| 7| =2
r|mio|8|&|S = = m F
ShiftL OK
ShiftR OK
Reset OK
In OK
Size OK
InOut -
noutll @ | ok ok | ok | ok | oK
ray)
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2 Instruction Descriptions

Function

The AryShiftRegLR instruction shifts Size elements from InOut[0] of the array of bit strings InOut[] by
one bit to the left when ShifiL changes to TRUE.

Input value In is inserted to the least-significant bit. @
The most-significant bit, which is shifted out of the array of bit strings, is output to the Carry (CY) Flag e
2

(P_CY). 2
a

Size elements g'

P_CY In ’

0[O | I | 0O

[ ][] [ [ LLLL ) L[]
\/VV&'&'VV\/VV&'&'VV\ ,'i\-/k/k/k'k'k/k/\/k/k/k'k'k/k/\/
\ / \ /

InOut[1] InOut[0]

When ShiftR changes to TRUE, the bits are shifted by one bit to the right, and In is inserted to the
most-significant bit.

The least-significant bit, which is shifted out of the array of bit strings, is output to the Carry (CY) Flag
(P_CY).

Hibeyuysiy

Size elements

P CY
insalgeggsnntinen fansfnsniilfe
’ ) AY / \

/

[11 L[]
NS

[ .
el

n
gt

INOut[1] InOut[0]

When Resetis TRUE, P_CY and all of the bits in Size elements starting from InOut[0] are set to

FALSE.
The following shows an example where InOut is a BYTE array, Size is UINT#2 and ShiftL changes to
TRUE.

LD ST

AryShiftRegLR _instance(A, B, abc, def, ghi[1], UINT#2);
AryShiftRegLR_instance
A AryShiftRegLR

—{ }7 ShiftL ENO|—
B ShiftR

abc —{ Reset
def — In

111 ) IO SRR — — ghil1]
UINT#2 — Size
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2 Instruction Descriptions

Size=UINT#2
InOut[1]=ghi[2] InOut[0]=ghi[1] In=def
[1[o[1o[1[ofo[o]  [1[1]o[1[o[o[1[1]
P_CY InOut[1]=ghi[2] InOut[0]=ghi[1]
[o[1]o[1[o[ofo[1]  [1]o[t]o[o[1[1]1]

Related System-defined Variables

Dat
Name Meaning a4 Description
type
P_CY Carry (CY) Flag BOOL Value stored in Carry Flag

Precautions for Correct Use

* While Reset is TRUE, the register is not shifted even if ShiftL or ShifiR changes to TRUE.

* The register is not shifted if both ShifiL and ShiftR change to TRUE at the same time.

* ENO will change to TRUE when ShiffL or ShiftR changes to TRUE and the shift operation is normal-
ly performed, or when Reset is TRUE and the reset operation is normally performed.

* The InOut[] does not change if the value of Size is 0.

 An error will occur in the following case. ENO will be FALSE, and InOut[] will not change.
a) The value of Size exceeds the array area of InOut][].
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2 Instruction Descriptions

ArySHL and ArySHR

These instructions shift array elements by one or more elements. @
ArySHL Shifts the array to the left (toward the higher elements). §
ArySHR Shifts the array to the right (toward the lower elements). §
g‘.
?
. FB/ . . .
Instruction Name FUN Graphic expression ST expression
(@)ArySHL
—EN ENO—
A N-ele- InOut
ArySHL o ens | FUN S RRRRRRELEEEEE — ArySHL(InOut, Size, Num); z
ment Left Shift —Isize L out 2
—1{Num —
V)
a
>
(@)ArySHR ~(<',‘J
—EN ENO— %
A N-ele- InOut
ArySHR ray "-ele -l EuN S - ArySHR(InOut, Size, Num);
ment Right Shift —size L out
—1{Num
Variables
Meaning /10 Description Valid range Unit Default
Size Number of elements in Number of elements in
shift register Inout shift register Depends on da- 1
npu -
Number of elements to P Number of elements to | ta type.
Num . .
shift shift
InOut - D d da-
nOut(] (ar Shift register array In-out Shift register array ependsonda- | -
ray) ta type.
Out Return value Output Always TRUE TRUE only - -
R
Boo . . eal Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | = 7
W | m| = c c| c - x| 5 o
o |2/3|35|5|e|ls|g|c|g|=|2|c|a|Bg|2|8|8|c|3Z
S A2 % |2a|Z2|3|2|2|/3|F|53|5|2|»|m|lAdlo|7|Z
L Ol g|lo| - | - = [a)
Size OK
Num OK
InOut(] (ar- OK [OK|OK |OK|OK|OK|OK|OK |OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK|OK
ray) Arrays of structures can also be specified.
Out ow| [ [ [ [ [ I [ [ [ ]
Function
These instructions shift the upper Size elements in shift register array InOut[] by Num elements.
The values that are shifted out of the array are discarded.
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2 Instruction Descriptions

The default initial value for the data type of InOut[] is stored in the empty elements.
If InOut[] is an array of structures, all members in the structures are initialized.

The default values for the data types are given below.

Data type Default
BOOL FALSE
BYTE, WORD, DWORD, or LWORD 16#0
USINT, UINT, UDINT, ULINT, SINT, INT, DINT, LINT, REAL, or LREAL | 0
TIME T#0ms
DATE D#1970-1-1
TOD TOD#0:0:0
DT DT#1970-1-1-0:0:0
STRING "
| ArysHL

The ArySHL instruction shifts the array to the left (toward the higher elements of the array).
The following example shows the ArySHL instruction when Size is UINT#6 and Num is UINT#2.

LD ST

ArySHL(abc[1], UINT#6, UINT#2);

ArySHL
—{ }7 EN ENO—
InOut
abc[1]—F-----------n- — abc[1]
UINT#6 —|Size —
UINT#2—]Num

Size=UINT#6

InOut[5] InOut[4] InOut[3] InOut[2] InOut[1]  InOut[0]
=abc[6] =abc[5] =abc[4] =abc[3] =abc[2] =abc[1]

%8 S -
Discarded.
InOut[5] InOut[4] InOut[3] InOut[2] InOut[1] InOut[0]
=abc[6] =abc[5] =abc[4] =abc[3] =abc[2] =abc[1]
[ 7 T 3 [T 2 [ 1+ T o T o ]
Zeros inserted.
| ArysHR

The ArySHR instruction shifts the array to the right (toward the lower elements of the array).
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2 Instruction Descriptions

Additional Information

If InOut[] is BOOL data, the result will be the same as shifting a bit string of Size bits by Num bits.

Precautions for Correct Use

» The shift operation is not performed if the value of Num is 0.
* If the value of Num is larger than Size, all values from InOut[0] to InOut[Size-1] are initialized.
» Return value Out is not used when these instructions are used in ST.
 An error will occur in the following case. ENO will be FALSE, and InOut[] will not change.
a) The value of Size exceeds the array area of InOut][].

suonoanLsu| Yus
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2 Instruction Descriptions

SHL and SHR

These instructions shift a bit string by one or more bits.

SHL Shifts the bit string to the left (ftoward the higher bits).
SHR Shifts the bit string to the right (toward the lower bits).
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
(@)SHL
—EN ENO—
SHL N-bit Left Shift | FUN —lIn — Out Out:=SHL(In, Num);
—1Num
(@)SHR
—EN ENO—
SHR N-bit Right Shift | FUN —In — Out Out:=SHR(In, Num);
—Num
Variables
Meaning /10 Description Valid range Unit Default
D d da-
In Data to shift Data to shift ependsonda-| _ 1
ta type.
Input O0toth b
Num 2 Number to shift Number of bits to shift | ~ o c "o | Bits 1
of bits in In
D -
Out Processing result Output Processing result taetF))/?)st on da -—- -

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

*2. On Sysmac Studio version 1.03 or higher, you can use N instead of Num to more clearly show the correspondence
between the variables and the parameter names in ST expressions.
For example, you can use the following notation: Out:=SHL(In:=BYTE#16#89, N:=ULINT#2);.
Real
Boo ) . Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
g |- 7
w c c| c -
o%giggggcﬂigﬂﬁiﬁﬂgac%
°A|2|2|8|3|5|3|/3|3|7|3|3|2|2|R|F| 5|7z
- O o o | - = r a)
In OK | OK | OK | OK
OK OK
Num . .
1 1
Out Must be the same data type as In

*1.  With a CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher, use a ULINT variable. With a
CPU Unit with unit version 1.01 or earlier and Sysmac Studio version 1.02 or lower, use a USINT variable.

2-416
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2 Instruction Descriptions

Function

These instructions shift bit string data, /n (Data to shift), by the number of bits specified in Num (Num-

ber to shift).
The bits that are shifted out of the register are discarded and zeros are inserted into the other end of

the register.

suonoanLsu| Yus

| sHL

The SHL instruction shifts bits from right to left (from least-significant to most-significant bits).

The following shows an example where In is BYTE#16#89 and Num is ULINT#2.

LD ST

abc:=SHL(BYTE#16#89, ULINT#2);

HHS pue THS

SHL

—{ }— EN ENO—
BYTE#16#89—In — abc

ULINT#2 —Num

Bit 7 Bit 0

In [1]o[o[o[1]o]o[t] —  Out=abc [o0]o[1]o[o[1]o]o]
Shifted 2 bits left. Zeros inserted to lower 2 bits.

The SHR instruction shifts bits from left to right (from most-significant to least-significant bits).
The following shows an example where /n is BYTE#16#89 and Num is ULINT#2.

LD ST

abc:=SHR(BYTE#16#89, ULINT#2);

SHR

—{ }— EN ENO—
BYTE#16#89 —In — abc

ULINT#2 —Num

Bit 7 Bit 0

In [1]o[o]o[1]o[0[t]—— oOut=abc [0]o[1]ofo[o]1]o]

Shifted 2 bits right. Zeros inserted to upper 2 bits.

Additional Information

The ROL and ROR instructions insert the bits that are shifted out of the register into the other end of
the register.
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2 Instruction Descriptions

Precautions for Correct Use

* The data types of In and Out must be the same.

* If Num s 0, an error will not occur and the value of In will be assigned directly to Out.

« If the value of Num exceeds the number of bits specified in In, an error will not occur and the value
of Out will be 16#0.

2-418 NJ/NX-series Instructions Reference Manual (W502)



NSHLC and NSHRC

2 Instruction Descriptions

These instructions shift an array of bit strings by one or more bits, with the Carry (CY) Flag available. @
NSHLC Shifts the array to the left (toward the higher elements). §
NSHRC Shifts the array to the right (toward the lower elements). §
g‘.
>
FBI ’
Instruction Name FUN Graphic expression ST expression
(@)NSHLC
—EN ENO—
Shift N-bits Left InOut
NSHLC MRS LI EUN o - NSHLC(InOut, Size, Num); z
with Carry —lsize L out T
—1{Num @)
)
=
Z
(@)NSHRC 7
—EN ENO— C’%
Shift N-bits InOut
NSHRC . . FUN —t e — NSHRC(InOut, Size, Num);
Right with Carry —size L out
—1{Num
Variables
Meaning /10 Description Valid range Unit Default
. Number of bits in shift Number of bits in shift
Size . . Depends on da- .
register Input register a tvpe Bits 1
Num Number of bits to shift Number of bits to shift ype:
InOut - D d da-
nOutf] (ar Shift register array In-out Bit string array to shift ependsonda-| -
ray) ta type.
Out Return value Output Always TRUE TRUE only - -
Boo . . Real Times, durations,
Bit strings Integers num- .
lean dates, and text strings
bers
g | - [7)
w W c c| c _ x| 5
Ojgsgﬂsgc‘ﬁzgcmﬁjgscg
o|A|2|8|8|3|5|3|3|3|5|5|3|2|2|R|A|S|7|2
Size OK
Num OK
| -
noutll (@~ | ok | ok | ok | ok | ok
ray)
Out OK
Function

These instructions shift Size array elements in InOut[] (Shift register array) by the number of bits speci-
fied in Num. The shift register starts at InOut[0].
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The last bit that is shifted out of the register is output to the Carry (CY) Flag. Zeros are inserted for the
bits at the other end.

| nsHLC

The NSHLC instruction shifts bits from the lower elements in the array to the higher elements and from
the least-significant bits to the most-significant bits.

The following example shows the NSHLC instruction when InOut[] is a BYTE array, Size is USINT#80
and Num is USINT#3.

LD ST

NSHLC(abc[1], USINT#80, USINT#3);

—{ }7EN ENO|—
InOut

abc[1]—F------------- — abc[1]
USINT#80 —Size —
USINT#3 —{Num

Size = USINT#80 bits

InOut[9] InOut[8] InOut[1] InOut[0]
=abc[10] =abc[9] =abc[2] =abc[1]
1]0[1f 0[0l1]-+
Num = USINT#3 (Shift 3 bits.)
Discarded. nOut[9] INOut[8] InOut[1] INOWt[0]
cy/ =abc[10] =abc[9] =abc[2] =abc[1]

(0 Y I N B_l_l_l---|g|g|/1| LLU"'L%)J

Last bit shifted out of register is stored in CY Flag. Bit 7 Bit 0
FALSE inserted for Num = USINT#3 (3 bits).

| NsHRc

The NSHRC instruction shifts bits from the higher elements in the array to the lower elements and
from the most-significant bits to the least-significant bits.

Related System-defined Variables

D
Name Meaning ata Description
type
P_CY Carry (CY) Flag BOOL Value stored in Carry Flag

Precautions for Correct Use

» The shift operation is not performed if the value of Num is 0.
« If the value of Num is larger than Size, Size bits from bit 0 of InOut[0] are changed to FALSE. The
value of the Carry Flag (CY) changes to FALSE.
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2 Instruction Descriptions

* Return value Out is not used when these instructions are used in ST.
* An error will occur in the following case. ENO will be FALSE, and InOut[] will not change.
a) The value of Size exceeds the array area of InOut][].

suonoanLsu| Yus

OYHSN pue OTHSN
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2 Instruction Descriptions

ROL and ROR

These instructions rotate a bit string by one or more bits.

ROL Rotates the bit string to the left (toward the higher bits).
ROR Rotates the bit string to the right (toward the lower bits).
. FB/ . . :
Instruction Name FUN Graphic expression ST expression
(@)ROL
Rotate N-bit —EN  ENO—
ROL oS TBIS  EuN —Iin L out Out:=ROL(In, Num);
Left —{Num
(@)ROR
R N-bi —EN ENO—
ROR otate N-bits 1 ¢ —In L out Out:=ROR(In, Num);
Right —INum
Variables
Meaning /10 Description Valid range Unit Default
D d da-
In Data to rotate Data to rotate ependsonda-| _ 1
Inout ta type.
npu -
Number of bits to ro- Ototh b
Num’2 Number of bits umber ot bits foro © e NUMBET | gy 1
tate of bits in In
D d da-
Out Processing result Output Processing result taetzf):, sonda-| -

*1.  If you omit the input parameter, the default value is not applied. A building error will occur.

*2. On Sysmac Studio version 1.03 or higher, you can use N instead of Num to more clearly show the correspondence
between the variables and the parameter names in ST expressions.
For example, you can use the following notation: Out:=ROL(In:=BYTE#16#89, N:=ULINT#2);.
Real
Boo ) . Times, durations,
Bit strings Integers num- )
lean dates, and text strings
bers
g |- 7
w c c| c -
o%giggggcﬂigﬂﬁiﬁﬂgac%
°A|2|2|8|3|5|3|/3|3|7|3|3|2|2|R|F| 5|7z
- O o o | - = r a)
In OK | OK | OK | OK
OK OK
Num . .
1 1
Out Must be the same data type as In

*1.  With a CPU Unit with unit version 1.02 or later and Sysmac Studio version 1.03 or higher, use a ULINT variable. With a
CPU Unit with unit version 1.01 or earlier and Sysmac Studio version 1.02 or lower, use a USINT variable.

2-422

NJ/NX-series Instructions Reference Manual (W502)
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Function

These instructions rotate bit string data, /In (Data to rotate), by the number of bits specified in Num
(Number of bits). Bits that are shifted out of the register are inserted into the other end of the register.

| rOL

The ROL instruction rotates bits from right to left (from least-significant to most-significant bits).

suonoanLsu| Yus

The following shows an example where In is BYTE#16#89 and Num is ULINT#2.

LD ST

abc:=ROL(BYTE#16#89, ULINT#2);

ROL

—{ I EN ENO—
BYTE#16#89 —In —abc

ULINT#2 —Num

d0d pue 70d

Bit 7 Bit 0
In [1]o[oJo[1]0[o]1] ——  out=abc [olo]1]o[o][1]1]0]
— \/ —

Shifted 2 bits left.

Most-significant 2 bits of In are inserted into least-significant 2 bits.

| ROR

The ROR instruction rotates bits from left to right (from most-significant to least-significant bits).

The following shows an example where In is BYTE#16#89 and Num is ULINT#2.

LD ST

abc:=ROR(BYTE#16#89, ULINT#2);

ROR

—{ I EN ENO—
BYTE#16#89 —In —abc
ULINT#2 —Num

Bit 7 Bit 0

In [1[o[o[o[1[o[o]1] ——  Out=abc  [o[1[1]0[o[o[1]0]
\/ —

Shifted 2 bits right. Least-significant 2 bits of In are inserted into most-significant 2 bits.
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Additional Information

The SHL and SHR instructions discard the bits that are shifted out of the register and insert zeros into
the other end of the register.

Precautions for Correct Use

» The data types of In and Out must be the same.

* If Num s 0, an error will not occur and the value of /In will be assigned directly to Out.

« If the value of Num exceeds the number of bits specified in /In, an error will not occur and the bits will
be rotated by the number of bits specified in Num. For example, if In is WORD data, the value of Out
will be the same regardless of whether the value of Num is USINT#1 or USINT#17.
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Conversion Instructions

Instruction Name Page

Swap Swap Bytes page 2-427
Neg Reverse Sign page 2-429
Decoder Bit Decoder page 2-431
Encoder Bit Encoder page 2-434
BitCnt Bit Counter page 2-436
ColmToLine_** Column to Line Conversion Group page 2-437
LineToColm Line to Column Conversion page 2-439
Gray Gray Code Conversion page 2-441
UTF8ToSJIS Character Code Conversion (UTF-8 to SJIS) page 2-446
SJISToUTF8 Character Code Conversion (SJIS to UTF-8) page 2-448
PWLApprox and PWLApproxNoLi- Broken Line Approximation with Broken Line Data Check/ Broken

neChk Line Approximation without Broken Line Data Check page 2-450
PWLLineChk Broken Line Data Check page 2-456
MovingAverage Moving Average page 2-459
DispartReal Separate Mantissa and Exponent page 2-466
UniteReal Combine Real Number Mantissa and Exponent page 2-469
NumToDecString and NumToHex- Fixed-length Decimal Text String Conversion/Fixed-length Hexadeci- | page 2-471
String mal Text String Conversion

HexStringToNum_** Hexadecimal Text String-to-Number Conversion Group page 2-474
FixNumToString Fixed-decimal Number-to-Text String Conversion page 2-476
StringToFixNum Text String-to-Fixed-decimal Conversion page 2-478
DtToString Date and Time-to-Text String Conversion page 2-481
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2 Instruction Descriptions

Instruction Name Page
DateToString Date-to-Text String Conversion page 2-483
TodToString Time of Day-to-Text String Conversion page 2-485
GrayToBin_** and BinToGray_** S;?; Cc::c;c::?/-;c::;l:ary Code Conversion Group/ Binary Code-to-Gray page 2-487
StringToAry Text String-to-Array Conversion page 2-490
AryToString Array-to-Text String Conversion page 2-492
DispartDigit Four-bit Separation page 2-494
UniteDigit_** Four-bit Join Group page 2-496
Dispart8Bit Byte Data Separation page 2-498
Unite8Bit_** Byte Data Join Group page 2-500
ToAryByte Conversion to Byte Array page 2-502
AryByteTo Conversion from Byte Array page 2-508
SizeOfAry Get Number of Array Elements page 2-514
PackWord 2-byte Join page 2-516
PackDword 4-byte Join page 2-518
I;(;\IIQV_EB%S r\? [;J ND and UP- Get First Number of Array/ Get Last Number of Array page 2-5