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SAFETY PRECAUTIONS

® Read this manual thoroughly and follow all the safety precautions and instructions given in this
manual before operations such as system configuration and program creation.

® Keep this manual handy so that you can refer to it any time you want.

® [f you have any question concerning any part of this manual, contact your nearest Hitachi branch
office or service engineer.

® Hitachi will not be responsible for any accident or failure resulting from your operation in any
manner not described in this manual.

® Hitachi will not be responsible for any accident or failure resulting from modification of software
provided by Hitachi.

® Hitachi will not be responsible for reliability of software not provided by Hitachi.

® Make it a rule to back up every file. Any trouble on the file unit, power failure during file access
or incorrect operation may destroy some of the files you have stored. To prevent data destruction
and loss, make file backup a routine task.

® Furnish protective circuits externally and make a system design in a way that ensures safety in
system operations and provides adequate safeguards to prevent personal injury and death and
serious property damage even if the product should become faulty or malfunction or if an
employed program is defective.

® [f an emergency stop circuit, interlock circuit, or similar circuit is to be formulated, it must be
positioned external to the programmable controller. If you do not observe this precaution,
equipment damage or accident may occur when this programmable controller becomes defective.

® Before changing the program, generating a forced output, or performing the RUN, STOP, or like
procedure during an operation, thoroughly verify the safety because the use of an incorrect
procedure may cause equipment damage or other accident.

® This manual contains information on potential hazards that is intended as a guide for safe use of
this product. The potential hazards listed in the manual are divided into four hazard levels of
danger, warning, caution, and notice, according to the level of their severity. The following are
definitions of the safety labels containing the corresponding signal words DANGER,
WARNING, CAUTION, and NOTICE.

: This safety label identifies precautions that, if not heeded, will result in
A DANGER death or serious injury.
: Identifies precautions that, if not heeded, could result in death or serious
/N WARNING |* P
injury.
: Identifies precautions that, if not heeded, could result in minor or moderate
/I CAUTION |, o7 M Precst e
injury.
NOTICE : This safety label without a safety alert symbol identifies precautions that,
if not heeded, could result in property damage or loss not related to

personal injury.

Failure to observe any of the | AACAUTION | and | NOTICE | statements used in this manual
could also lead to a serious consequence, depending on the situation in which this product is used.
Therefore, be sure to observe all of those statements without fail.
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The following are definitions of the phrases “serious injury,” “minor or moderate injury,” and

“property damage or loss not related to personal injury” used in the above definitions of the safety
labels.

Serious injury: Is an injury that requires hospitalization for medical treatment, has aftereffects,
and/or requires long-term follow-up care. Examples of serious injuries are as follows: vision loss,
burn (caused by dry heat or extreme cold), electric-shock injury, broken bone, poisoning, etc.

Minor or moderate injury: Is an injury that does not require either hospitalization for medical
treatment or long-term follow-up care. Examples of minor or moderate injuries are as follows: burn,
electric-shock injury, etc.

Property damage or loss not related to personal injury: Is a damage to or loss of personal
property. Examples of property damages or losses not related to personal injury are as follows:
damage to this product or other equipment or their breakdown, loss of useful data, etc.

The safety precautions stated in this manual are based on the general rules of safety applicable to
this product. These safety precautions are a necessary complement to the various safety measures
included in this product. Although they have been planned carefully, the safety precautions posted
on this product and in the manual do not cover every possible hazard. Common sense and caution
must be used when operating this product. For safe operation and maintenance of this product,
establish your own safety rules and regulations according to your unique needs. A variety of
industry standards are available to establish such safety rules and regulations.
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1. AHazard Warning Statements

The following are the hazard warning statements contained in this manual.

1.1 NOTICE Statements
(chapter 2, page 2-17)

NOTICE

The LPU module stops due to “Invalid instruction detected.” This occurs if the
long-word register having an odd number or a ladder program containing PSHO
and POPO, which were created by the Ladder Chart System of Ver.-Rev. 01-16
or later, is sent to a Ladder Chart System having Ver.-Rev. 01-15 or earlier, or to
an LPU having module revision L (Ver.-Rev. 02-05) or earlier using batch loading.

(supplements, page Z-5)

NOTICE

The LPU module stops due to “Invalid instruction detected.” This occurs if the
long-word register having an odd number or a ladder program containing PSHO
and POPO, which were created by the Ladder Chart System of Ver.-Rev. 01-16
or later, is sent to a Ladder Chart System having Ver.-Rev. 01-15 or earlier, or to
an LPU having module revision L (Ver.-Rev. 02-05) or earlier using batch loading.
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This manual provides information on the following program product:

<Program product>
S-7895-02, S1I0V LADDER CHART SYSTEM, 01-35



Revision record

- Revision record
Revision No. - . - Month, Year | Remarks
(revision details and reason for revision)

E First Edition August 2005 |S10V
Ladder
Chart
System,
01-09 or
later

F The OPTET module is added for use in Ethernet July 2006 S10V
communication. Ladder
Chart
System,
01-12 or
later

G Extension of the converter function is added. October 2007 [S10V
Ladder
Chart
System,
01-16 or
later

H * All the safety precautions and instructions in this | February 2013 |S10V
manual have been reviewed and necessary Ladder
changes are added to them. Chart

* Windows® 7 (32-bit) operating system is newly System,
supported. 01-34 or

later

In addition to the above changes, all the unclear descriptions and typographical errors found are also

corrected without prior notice.



PREFACE

This manual describes a variety of instructions that are used when creating ladder programs.

The instructions used in ladder programs may be classified into two major groups: ladder
instructions and arithmetic function instructions. Ladder instructions are used to control relay
circuits, whereas arithmetic function instructions are used to perform arithmetic operations, such as

addition, subtraction, multiplication, and division.

The S10V product used with ladder programs is available in two types: standard model and
environmentally resistant model. The environmentally resistant model has thicker platings and
coatings than those for the standard model.

The model number of the environmentally resistant model is marked by adding the suffix “-Z” to
the model number of the standard model.

(Example) Standard model: LQP520
Environmentally resistant model: LQP520-Z

This manual is applicable to both the standard model and environmentally resistant model.
Although the descriptions contained in this manual are based on the standard model, follow the
instructions set forth in this manual for proper use of the product even if you use the
environmentally resistant model.

Task initiation using process registers (generically named “P”) is supported only by LPU and CMU
modules whose module revisions are the same as those listed below. With any other module
revision, the use of process registers does not initiate the tasks at all.

Module name Module model Module revision
LPU (basic module) LQP510 D or later
CMU LQP520 B or later

<Related manual>
SOFTWARE MANUAL OPERATION S10V LADDER CHART For Windows®
(Manual number SVE-3-131)

<Trademarks>
* Microsoft® Windows® operating system, Microsoft® Windows® 2000 operating system,
Microsoft® Windows® XP operating system, Microsoft® Windows® 7 (32-bit) operating
system are registered trademarks of Microsoft Corporation in the United States and/or other
countries.
* Ethernet® is a registered trademark of Xerox Corp.
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1 LADDER INSTRUCTIONS

C1 .1 Ladder Programs )

The ladder program is a program that is created as a combination of ladder instructions
(instructions relating to a- or b-contacts) and arithmetic function instructions (instructions for
such operations as addition or subtraction).

Any ladder program is constructed from one or more units of programming each called a nesting
coil or, simply, N-coil. Up to 256 N coils, numbered 00 through FF, may be created in a single
ladder program. The N coil number 00 is called the master N coil and is executed as the main
routine every time a sequence cycle occurs for the execution of the ladder program. Each of the
N coil numbers 01 through FF is called a sub-N coil and is initiated as a subroutine from the

master N coil or another sub-N coil.

I_N coil No. FF—

N coil No. 01—
J—_Ncoil No. 00—

Ladder program

The ladder program can operate only when it contains a proper combination of ladder instructions
and arithmetic function instructions. Its operation starts from the left reference line in the ladder
chart and ends at the connection with the right reference line therein. The only ladder
instruction that can be connected directly to the right reference line is an output instruction (i.e., a
coil or arithmetic function instruction). The smallest unit of programming that can run as a
ladder program is called a circuit. The maximum allowable size of circuit is 1000 rows (*) times

12 columns (11 contacts plus 1 output).

11 contacts —— - |¢——1 coil —»

(*) As the maximum number
of rows in a single circuit,
1000 rows are supported
o for Ver.-Rev. 01-16 and
Circuit  |ater of the Ladder Chart
System. Up to 16 rows
are supported before
Ver.-Rev. 01-16 of the
Ladder Chart System.

— e m e mmmm——— -y
BN
o
o
o
=
]
=
2]
=

Left reference line Right reference line
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1 LADDER INSTRUCTIONS

If 11 or more contacts need to be AND-connected, the circuit may be wrapped around as shown

below, provided that the circuit meets the restrictions described below.

’47 11 contacts ———
[ L

<Restriction 1>
No parallel logic path in a circuit may be wrapped around and then AND-connected. As

shown below, branch paths may not be formed before the asterisked (*) points.

’47 11 contacts ——— >
[

_|| H ............ |7* <---1---n
X
| / Prohibited
+ —— | o i DU
* 1 || Il O <---
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1 LADDER INSTRUCTIONS

<Restriction 2>

As shown below, branch paths may not be formed after the asterisked (*) point.

’47 11 contacts —— >
[ L

O

Prohibited

14



1 LADDER INSTRUCTIONS

C1 .2 Operation Sequence of Ladder Programs )

Ladder programs run in the (ascending) order of specified circuit numbers.

Ladder program example:

X000 X001 X002 X003 X004 R0O00

| (0001) — I I O
X005X006‘ \i(‘)}(ﬂ
e
X008X009
I
X00A R001
(0002) —} O
~ ~

(

X010 R009
(0010) —| O
T =~ ~
~~

Circuit number

The operation sequence in circuits is exemplified below. The operation sequence in any circuit
proceeds from left to right. If a circuit contains a set of parallel logic paths, the operation
sequence will not proceed to the next logic path until all the parallel paths have been processed.
The figure below shows the operation sequence that occurs in a sample circuit.

The thick arrows in the circuit indicate the operation sequence.

X000 X001 X(l)loz\ X003 X004 R000
(0001) (|| Il |
i Pr———
]
|
Il y
_
i
1 Inmml L
~e




1 LADDER INSTRUCTIONS

C1 .3 Ladder Program Instructions

1.3.1 Ladder program instructions

Table 1-1 is a list of all basic ladder instructions that can be used in ladder programs.

(1) Basic instructions

One single basic instruction forms one single step in the ladder program, except when an

index is specified as the register name.

two steps in the ladder program.

In the latter case, one single basic instruction forms

Table 1-1 Basic Instructions
(1/2)
Instruction Symbol Operation Function
name code
a-contact start LD Denotes the start of an a-contact. (The a-contact

becomes ON when the value of a specified register is 1.)

a-contact series- AND Denotes the series connection of an a-contact with the

connection _l I_ preceding instruction.

b-contact start LDN Denotes the start of a b-contact. (The b-contact
% becomes ON when the value of a specified register is 0.)

b-contact series- ANDN Denotes the series connection of a b-contact with the

connection _/H/_ preceding instruction.

Rising-edge _l ”_ EGP Remains ON only during the sequence cycle in which

contact the rising edge of an input is detected.

Falling-edge _”l_ EGF Remains ON only during the sequence cycle in which

contact the falling edge of an input is detected.

Operation result SPS Stores the result of the previous operation performed.

push I

Operation result I_ SRD Reads the operation result stored by an operation result

read push.

Operation result |_ SPP Reads the operation result stored by an operation result

pop push and then resets (clears) the stored operation result.

Operation result I_ SPSAND | Stores the result of the previous operation performed and

push + a-contact T executes the a-contact.

Operation result SRDAND | Reads the operation result stored by an operation result

read + a-contact I_ B push and executes the a-contact.

Operation result |_ SPPAND | Reads the operation result stored by an operation result

pop + a-contact

push, executes the a-contact with the obtained operation
result, and then resets the stored operation result.
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1 LADDER INSTRUCTIONS

Table 1-1 Basic Instructions

(2/2)
Instruction Operation .
Function
name code
Operation result SPSANDN | Stores the result of the previous operation performed

push + b-contact

and executes the b-contact.

Operation result
read + b-contact

SRDANDN

Reads the operation result stored by an operation result
push and executes the b-contact.

Operation result
pop + b-contact

SPPANDN

Reads the operation result stored by an operation result
push, executes the b-contact with the obtained operation
result, and then resets the stored operation result.

Block union '[:|—| :]' ORB Connects two logical blocks in parallel.

(parallel‘ : —_

connection

NOT ¢ NOT Inverts an input and outputs the result.

Coil _O_l ouT Produces an output in a specified register. The
function of this coil varies with specified registers, as
follows:

T: ON-delay timer; U: One-shot timer; C: Up-down
counter; N: Nesting coil; P: Process initiation coil.

Set coil _@_l OUTS When the set coil is energized, it maintains the ON
condition of the keep relay until the reset coil is

Reset coil : | OUTR energized. Only a keep relay, whose generic register

name is K, may be specified for the set or reset coil.
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1 LADDER INSTRUCTIONS
|

(2) Comparison instructions
One single comparison instruction forms three steps in the ladder program, except when an
index is specified as the register name. In the latter case, one single comparison instruction

forms four or five steps in the ladder program.

Table 1-2 Comparison Instructions

Instruction Operation .
Symbol P Function
name code
Equal (EQU) _E_ LEQU Each of these comparison instructions compares the
contents (data) of two words and, if the condition is
Not equal ‘H‘ LNEQ met, becomes ON. If the condition is not met, it is
(NEQ) - OFF.
Greater than LGT » Constants may be specified as the comparison data.
(GT) » The most significant bit of a specified constant or
variable (register content) is treated as the sign bit
Greater than or = LGE during comparison.
equal (GE)
Less than (LT) LLT
<
Less than or = LLE
equal (LE) -

(3) Arithmetic function instructions
One single arithmetic function instruction forms one to ten steps in the ladder programs.
For details on the arithmetic function instructions, see Chapter 2, “ARITHMETIC

FUNCTIONS.”
Table 1-3  Arithmetic Function Instructions
Instruction Operation .
Symbol P Function
name code
Arithmetic — Each of a variety of available arithmetic instructions
function is executed using registers and/or constants specified
as word, long word, or floating.
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1 LADDER INSTRUCTIONS
|

1.3.2 a-contacts

Any a-contact becomes ON when the value of a specified register is 1 (ON).

(1) a-contact start (LD)
The a-contact start instruction becomes ON when the value of a specified register is 1 (ON).
For example, in the circuit shown below, if the value of X000 is 1 (ON), RO00 will be set to
1 (ON).

R0O00

(2) a-contact series-connection (AND)
The a-contact series-connection instruction performs an AND operation on the value of a
specified register and the result of the previous operation performed and, if the AND
operation results in 1 (ON), becomes ON. For example, in the circuit shown below, if the
values of X000 and X001 are both 1 (ON), R0O00 will be set to 1 (ON).

X000! X001

— |

________

R0O00

(3) a-contact parallel-connection (LD + ORB)
The a-contact parallel-connection instruction performs an OR operation on the value of a
specified register and the result of the previous operation performed and, if the OR operation
results in 1 (ON), becomes ON. For example, in the circuit shown below, if the value of
X000 or X001 is 1 (ON), R0O00 will be set to 1 (ON).

XO(I)O F--- R0O00

O_

Pm————

1-9



1 LADDER INSTRUCTIONS

1.3.3 b-contacts

Any b-contact becomes ON when the value of a specified register is 0 (OFF).

(1) b-contact start (LDN)
The b-contact start instruction becomes ON when the value of a specified register is 0 (OFF).
For example, in the circuit shown below, if the value of X000 is 0 (OFF), R0O00 will be set to

1 (ON).

R000

(2) b-contact series-connection (ANDN)
The b-contact series-connection instruction performs an AND operation on the inverted value
of a specified register and the result of the previous operation performed and, if the AND
operation results in 1 (ON), becomes ON. For example, in the circuit shown below, if the
values of X000 and X001 are both 0 (OFF), RO00 will be set to 1 (ON).

X000: X001 i R0O00

e O—

(3) b-contact parallel-connection (LDN + ORB)
The b-contact parallel-connection instruction performs an OR operation on the inverted value
of a specified register and the result of the previous operation performed and, if the OR
operation results in 1 (ON), becomes ON. For example, in the circuit shown below, if the
value of X000 is 1 (ON) or that of X001 is 0 (OFF), then R0O00 will be set to 1 (ON).

X000 ----, R0O00

— =

F=====1
X
o
o
—_




1 LADDER INSTRUCTIONS
|

1.3.4 Rising-edge and falling-edge contacts

The rising-edge contact ({ T ) and falling-edge contact (4 | F) remain ON only during the
sequence cycle in which the rising edge or falling edge (respectively) of the previous operation’s
result is detected.

For details, see the description under “V -- edge contacts” in Section 1.5, “Registers.”

Note: Any circuit in which an edge contact precedes another edge contact (as exemplified below)

will result in an error during compilation and hence may not be created.

<Example>

X000 V000 V001 Y000
| I [
[ R [

1.3.5 Operation result push, read, and pop

Compilation error

X000 SPS RO00

— |

T

SRD R001

T

SPP R002

O_

(1) Operation result push (SPS)
The SPS instruction stores the result of the previous operation performed.

(2) Operation result read (SRD)
The SRD instruction reads the operation result stored by an SPS, SPSAND, or SPSANDN
instruction.

(3) Operation result pop (SPP)
The SPP instruction:
» Reads the operation result stored by an SPS, SPSAND, or SPSANDN instruction; and then
* Clears the stored operation result.
In the above example circuit, when the value of X000 is 1 (ON), all of R000, R001, and
R002 will be set to 1 (ON).



1 LADDER INSTRUCTIONS

1.3.6 Operation result push + a-contact, read + a-contact, and pop + a-contact

(1)

2)

€)

X000 X010 i/SPSAND R0O00
| X

X020 :l/SRDAND R0O01

T

X030 ‘:/SPPAND R002
|
1

________________

7Y

Operation result push + a-contact (SPSAND)

The SPSAND instruction stores the result of the previous operation performed and executes

the subsequent a-contact with that result.

Operation result read + a-contact (SRDAND)

The SRDAND instruction reads the operation result stored by an SPS, SPSAND, or

SPSANDN instruction and executes the subsequent a-contact with the operation result read

out.

Operation result pop + a-contact (SPPAND)

The SPPAND instruction:

» Reads the operation result stored by an SPS, SPSAND, or SPSANDN instruction and
executes the subsequent a-contact with the operation result read out; and then

* Clears the stored operation result.

In the above example circuit, when the values of X000 and X010 are both 1 (ON), R000 will

be setto 1 (ON). When the values of X000 and X020 are both 1 (ON), R001 will be set to

1 (ON). When the values of X000 and X030 are both 1 (ON), R002 will be set to 1 (ON).



1 LADDER INSTRUCTIONS

1.3.7 Operation result push + b-contact, read + b-contact, and pop + b-contact

(1)

2)

3)

X000 ! X010: » SPSANDN R000
| ! L.
I N AT O_

X020: » SRDANDN RQO1
ra

X0301,” SPPANDN R002

___________ - 4 O_

Operation result push + b-contact (SPSANDN)

The SPSANDN instruction stores the result of the previous operation performed and

executes the subsequent b-contact with that result.

Operation result read + b-contact (SRDANDN)

The SRDANDN instruction reads the operation result stored by an SPS, SPSAND, or

SPSANDN instruction and executes the subsequent b-contact with the operation result read

out.

Operation result pop + b-contact (SPPANDN)

The SPPANDN instruction:

» Reads the operation result stored by an SPS, SPSAND, or SPSANDN instruction and
executes the subsequent b-contact with the operation result read out; and then

* Clears the stored operation result.

In the above example circuit, when the value of X000 is 1 (ON) and that of X010 is 0 (OFF),

RO00 will be set to 1 (ON). When the value of X000 is 1 (ON) and that of X020 is 0 (OFF),

ROO1 will be set to 1 (ON). When the value of X000 is 1 (ON) and that of X030 is 0 (OFF),

R002 will be set to 1 (ON).

1.3.8 Block union -- parallel connection (ORB)

The ORB instruction performs an OR operation on parallel blocks in a multi-block circuit. For

example, in the circuit shown below, when an OR operation on any given two of blocks 1 through
3 results in 1 (ON), R0O00 will be set to 1 (ON).

I B T _. Block 1

; X000 X001 R000

5 Lo L O—
] xo010 xo11 |- Biock 2
]

] o0 -~ Block 3
H—
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1.3.9 NOT
The NOT instruction inverts a given input and outputs the result.
<When the input is 1 (ON)>

[Input] [Output]
ON / OFF

/

<When the input is 0 (OFF)>

[Input] [Output]
OFF / ON

/

The instruction that can be specified as an input to the NOT instruction is one of the following:
the a-contact, b-contact, edge contact, comparison, and parallel connection. A NOT instruction
with no input symbol may also be used.

<Inverting the result of an a-contact>

A

<Inverting the result of a b-contact>

e —

<Inverting the result of an edge contact>

—t——

<Inverting the result of a comparison>

T

<Inverting the result of a parallel connection>

el
7

| |
Il
| |
11
<NOT instruction with no input symbol>

Always outputs a 0 (OFF).

Left reference line
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1.3.10 Coils

Coils are used to output the result (ON or OFF) of the previous operation performed to a specified
register. If a timer (T-register), one-shot timer (U-register), or a counter (C-register) is specified
as the coil, it will operate as described under “T -- ON-delay timers,” “U -- one-shot timers,” or

“C -- up-down counters,” respectively, in Section 1.5, “Registers.”

<When the condition remains ON right before a coil>

X000 YOO | e e of
y O is coil outputs a value o

! 1 (ON) to Y000.
Assume that the value
of X000 is 1 (ON).

<When the condition remains OFF right before a coil>

X000 Y000 . _
| O_ This coil outputs a value of

! 0 (OFF) to Y000.
Assume that the value
of X000 is 0 (OFF).

1.3.11 Set and reset coils

Set coils turn on a given keep relay when the result of the previous operation performed is 1
(ON). The keep relay remains ON thereafter even if the operation result becomes 0 (OFF).
Reset coils, on the other hand, turn off the keep relay that has been turned on by a set coil.

For more information, see the description under “K -- keep relays” in Section 1.5, “Registers.”
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1.3.12 Comparison instructions

There are the following six types of comparison instructions available:
® Equal (EQU)

® Not equal (NEQ)

® (Greater than (GT)

® (Greater than or equal (GE)

® [ess than (LT)

® [ ess than or equal (LE)

(1) Equal (EQU)
The EQU instruction outputs a value of 1 (ON) if the value of operand 1 equals that of
operand 2. Otherwise, it outputs a value of 0 (OFF).

Operand 1
‘ ‘7 Operand 2

DWO000, DW001

This instruction accepts only a constants word or word register as its operand. (*)

(2) Notequal (NEQ)
The NEQ instruction outputs a value of 1 (ON) if the value of operand 1 does not equal that
of operand 2. Otherwise, it outputs a value of 0 (OFF).

Operand 1
*7 Operand 2

DW000, DW001

This instruction accepts only a constants word or word register as its operand. (*)



€)

(4)
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Greater than (GT)
The GT instruction outputs a value of 1 (ON) if the value of operand 1 is greater than that of
operand 2. Otherwise, it outputs a value of 0 (OFF).

Operand 1
‘ *7 Operand 2

DW000, DW001

This instruction accepts only a constants word or word register as its operand. (*)

Greater than or equal (GE)
The GE instruction outputs a value of 1 (ON) if the value of operand 1 is greater than or

equal to that of operand 2. Otherwise, it outputs a value of 0 (OFF).

Operand 1
‘ *7 Operand 2
DW000, DW001
=+

This instruction accepts only a constants word or word register as its operand. (*)

Less than (LT)
The LT instruction outputs a value of 1 (ON) if the value of operand 1 is less than that of
operand 2. Otherwise, it outputs a value of 0 (OFF).

Operand 1
‘ *7 Operand 2

DW000, DW001

—| <

This instruction accepts only a constants word or word register as its operand. (*)
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(6) Less than or equal (LE)
The LE instruction outputs a value of 1 (ON) if the value of operand 1 is less than or equal to
that of operand 2. Otherwise, it outputs a value of 0 (OFF).

Operand 1
*7 Operand 2

DW000, DW001

This instruction accepts only a constants word or word register as its operand. (*)

(*) Constants (integers) may be specified only as operand 2 and, if specified, must be within
the range -32768 to 32767. No registers other than word types of register may be used
in the comparison instructions. The values of constants and registers are compared,

assuming that they are signed numbers.

Note: No comparison instruction may be connected directly to the right reference line

(output).

<Example of a direct connection to the right reference line (output)>

Prohibited
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1.3.13 Specifying indices in ladder instructions

Of the ladder instructions available, such instructions as a-contact, b-contact, rising-/falling-edge
contact, coil, and comparison accept specified indices.

® Indexing using the “base register (index register)” format
Execution register address = base register number + index register content (expressed in units
of words)
This indexing method uses as the execution address the location that is identified by the
content of the index register relative to the register number of the base register.
The only register type that may be specified as the base register is bit in such instructions as a-
contact, b-contact, edge contact, and coil, and is word in comparison instructions.
The index registers specified in the above mentioned types of instructions are all word-type

registers.
Example: X020 (FW000)
In this example, if the content of FW000 is the value H0020, the resulting execution
address is as follows: X020 + H0020 -> X040.
Note 1: If the content of FWO000 is such a value as HOFFO or H1200, which will result in a
value greater than XFFF (i.e., the maximum value of X) when added to the number
X020, the normal operation of the instruction using the index is not guaranteed.
Note 2: The execution register address is calculated for instructions other than comparison
instructions in the following way:
Execution register address = base register number + index register content
For comparison instructions, it is calculated as follows:
Execution register address = base register number + index register content x HO010
(hexadecimal)
Example: XW000 (FWO001)
In this example, if the content of FW001 is the value H0040, the execution register
address is calculated as follows:
000 (base register number) + H0040 (index register content) x HO010 = XW400

[Restrictions]
If one of the register names listed below is used as the coil, an index may not be specified.
Disregarding this rule will result in an input error.

Function name Register name
ON-delay timer T
One-shot timer U
Up-down counter C
Nesting N
Process register P
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1.3.14 Circuits and steps

It should be noted that, although the circuit shown below apparently consists of 14 steps in terms
of the instructions, it actually consists of 15 steps because a start instruction is automatically
added to the beginning of the circuit during compilation. In addition, the program below is
stored and executed in the order of the encircled numbers given. The program portion enclosed

in each box forms a step.

] e s [ s | i O—
T | s
o L4
|

1-20
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1.4 Register Statuses at a Reset, Power Recovery, and State Transition
between STOP and RUN

Register name

Status at a reset or
power recovery

Status at a
transition between
STOP and RUN

Bit registers

T-/U-contact and coil

Cleared

Remaining unchanged

C-contact and coil

Remaining unchanged

Remaining unchanged

K Remaining unchanged | Remaining unchanged

S Initialized Remaining unchanged
(with initial value)

X,Y, R, M,A,N,P,E, V, Cleared Remaining unchanged

Z,7,Q,LB, LR, LV

Word and long-
word registers

T-/U-set value

Remaining unchanged

Remaining unchanged

T-/U-count value

Cleared

Remaining unchanged

C-set value and count value

Remaining unchanged

Remaining unchanged

FW,DW, BD, LX, LM, LG

Remaining unchanged

Remaining unchanged

LW, LL, LF, IW, OW, HH

Cleared

Remaining unchanged

1-21
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C1 .5 Registers

1.5.1 Registers usable in ladder instructions

Table 1-4 is a list of all registers usable in ladder instructions.

Table 1-4 Usable Registers

(1/2)

Ladder symbols

Status after

Function name Rﬁgrliéer -~ = |-t _O_ —©— reset or power
- = (== (:) el recovery
Lo External input X [ ] - - - @ o Cleared
External output Y [ ) — o - @ o Cleared
Internal register R o - o @ o Cleared
Extension internal register M, A [ ) — o - @ o Cleared
Keep relay K [ ] - - o o o Remaining
unchanged
ON-delay timer | Contact, coil T [ ) — o - @ o Cleared
Set value TS - — — - o o Remaining
unchanged
Count value TC - - - - [ o Cleared
One-shot timer |Contact, coil 8] [ — o - o o Cleared
Set value US - - - - ([ o Remaining
unchanged
Count value ucC - - - - [ o Cleared
Up-down Contact, coil CU - - o - - - Remaining
§ counter unchanged
B CD - - [ - - - Remaining
E’ unchanged
> CR - - o - - - Remaining
8 unchanged
® Co [ - - - L [ Remaining
= unchanged
g Count value CS - - - - ([ o Remaining
}E’ unchanged
- Count value CcC — — - o o Remaining
unchanged
Global link register G [ J - o - [ J o Cleared
Nesting coil NM - — o - - — Cleared
NZ - - o - - - Cleared
NO o — — - [ o Cleared
Process register P [ J - o - [ J o Cleared
Event register E [ ) — o - @ o Cleared
Edge contact \ - o - - [ J o Cleared
Zee register Z o - o - [ o Cleared
System register S [ ] - - - [ J o Initialized
Shared-data register between J o - - - o o Cleared
HI-FLOW and ladder Q [ ] - ® - (] o Cleared

@: Usable register.
—: Non-usable register.
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Table 1-4 Usable Registers

(2/2)
| Register Ladder symbols Status after
Function name rame | |t '@— reset or power
== |- ( ) _®_ recovery
Register between HI-FLOW HH - - - - - - Cleared
processes
Extension internal register LB [ ) - [ — o [ Cleared
Converter-specific internal LR [ ] - ([ - o o Cleared
register
Converter-specific edge LV - [ - - o o Cleared
contact register
Input register (reserved for W - - - - o ([ Cleared
future use)
Output register (reserved for oW — - - o o Cleared
z | future use)
-2 |Internal register BD - - - - - ([ Remaining
2 unchanged
i BW (¥) - - - - - o Depending on
g BD
T |Function data register DW - - — — o o Remaining
8 unchanged
Té Function work register FW - - - - o ([ Remaining
8 unchanged
= [Extension function work LW - - - - o ([ Cleared
register
Long-word work register LL — — — — @ Cleared
Single-precision floating-point LF - - - - - ([ Cleared
work register
Backup word work register LX — - - - o o Remaining
unchanged
Backup long-word work LM - - - - - o Remaining
register unchanged
Backup single-precision LG - - - - - ([ Remaining
floating-point work register unchanged

@: Usable register.
—: Non-usable register.
(*) Accessed by indirect addressing.
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1.5.2 Register numbers

Table 1-5 is a list of all register numbers that can be used in ladder programs.

As shown, the

range of usable register numbers depends on the types of registers accessed by their generic

register names.

Table 1-5 Register Numbers

(12)
) Register types accessed
No. Register Single-precision
name Bit Word Long-word . )
floating-point
1 X X000 to XFFF XWO000 to XWFF0 XL000 to XLFEO -
2 Y Y000 to YFFF YWO000 to YWFFO YLO000 to YLFEO -
3 R R0O00 to RFFF RWO000 to RWFFO RLO00 to RLFEO —
4 M MO000 to MFFF MWO000 to MWFFO0 ML000 to MLFEO -
5 A A000 to AFFF AWO000 to AWFFO ALO000 to ALFEO -
6 K K000 to KFFF KW000 to KWFFO0 KL000 to KLFEO -
7 T T000 to T7FF TWO000 to TW7F0 TLO000 to TL7EO -
8 TS - TS000 to TS1FF - -
9 TC - TC000 to TC1FF - -
10 U U000 to UOFF UWO000 to UWOF0 UL000 to ULOEO -
11 Us - US000 to USOFF - -
12 ucC - UC000 to UCOFF - -
13 CU CU00 to CUFF - - -
14 CD CDO00 to CDFF - - -
15 CR CRO0 to CRFF - - -
16 Co C000 to COFF CWO000 to CWOF0 CL000 to CLOEO -
17 CS - CS000 to CSOFF - -
18 CC - CC000 to CCOFF - -
19 G G000 to GFFF GW000 to GWFFO0 GL000 to GLFEQ -
20 NM NMO1 to NMFF - - —
21 NzZ NZO01 to NZFF - - —
22 NO NO0O1 to NOFF NW000 to NWOF0 NLO000 to NLOEO -
23 P P0O01 to PO8O PWO000 to PW080 PL000 to PL0O60 -
24 E E000 to EFFF EWO000 to EWFFO0 EL000 to ELFEO -
25 \Y V000 to VFFF VWO000 to VWFF0 VL000 to VLFEO -
26 Z 7000 to Z3FF ZW000 to ZW3F0 Z1.000 to ZL3EO -
27 S S000 to SBFF SW000 to SWBF0 SL000 to SLBEO -

—: Not accessible.
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Table 1-5 Register Numbers

2/2)

Register types accessed
No. | Rogster . Single-precision
name Bit Word Long-word floating-point

28 J JOO0O to JFFF JWO000 to JWFFO0 JLOOO to JLFEO -

29 Q Q000 to QFFF QWO000 to QWFF0 QL000 to QLFEO -

30 LB LB0000 to LBFFFF | LBW0000 to LBWFFFO [ LBL0000 to LBLFFEO —

31 LR LR0000 to LROFFF | LRW0000 to LRWOFFO | LRL0O000 to LRLOFEO -

32 LV LV0000 to LVOFFF | LVW0000 to LVWOFFO0 | LVL0000 to LVLOFEO -

33 Iw - IW000 to IWFFF ILO0O to ILFFE -

34 ow - OWO000 to OWFFF OL000 to OLFFE -

35 BD - - BD000 to BDIFE -

36 BW (*) — BWO000 to BWIFE BL000 to BL1FE -

37 DW - DWO000 to DWFFF DL000 to DLFFE -

38 Fw - FWO000 to FWBFF FL000 to FLBFE -

39 Lw - LWWO0000 to LWWFFFF | LWL0000 to LWLFFFE _

40 LL - - LLLO0000 to LLL1FFF —

41 LF - - - LF0000 to LF1FFF
42 LX - LXWO0000 to LXW3FFF | LXL0000 to LXL3FFE -

43 LM - - LMLO0000 to LML1FFF -

44 LG - - - LGO0000 to LG1FFF

—: Not accessible.

(*) Accessed by indirect addressing.
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X, Y EXTERNAL INPUT AND OUTPUT

Each external input/output register is used to input or output

signals via the external input or output module connected to

the PCs.

X: Receive input signals from external sources via the input
module.

Y: Send operation results from the ladder program to external
destinations via the output module.

Range of numbers | 000 to FFF

Input/output range | 000 to 7FF
of remote 1/O

® Usage example
The circuit shown below outputs a signal to the YOD6 of the output module when the X095 of
the input module contains a value of 1 (ON).

i X095 {R000
D: al

[
) "x'dz'ﬂ """" B

Input condition Operation result
Numbers |
080 to O8F |
090 to 09F
0AO to OAF I
0BO to OBF

0CO0 to ocFl

0DO to ODF |
| OEO to OEF
AN OFO to OFF |

nnnnnnnnn

External input source External output destination

oy ®

Limit switch push Lamp solenoid
button relay

1-26
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R, M, A, LB INTERNAL REGISTERS

Register name R.M. A LB These internal registers are used to pass

Range of numbers | 000 to FFF | 0000 to FFFF operation results between ladder instructions.
When the coil of a specified internal register

becomes ON, its contact will also become ON
simultaneously. In contrast, when the former
becomes OFF, the latter will also become OFF

simultaneously.
® Usage example ® Timing chart
x000x0(|)1 R050 R050 —O— .V % % V d

| OH .
X011 X012 X013 R050 <---71 Y10 ROSO—H— 7 % VA V 7,

HHRR—G-

X020 X030 RO50<~~"""""~ Y200

HHEH &

P PR R

All of the R, M, A, and LB registers are functionally the same.
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K KEEP RELAYS

Range of numbers

000 to FFF

A keep relay has its contact closed (ON) when

Settling-pulse width

At least 1 sequence cycle

its set coil is energized (ON). This closed

When a set and a
reset signal are input
simultaneously:

Whichever coil comes
later in the program has
priority.

(ON) condition is maintained until its reset coil

is energized (ON). This is true even when the

power to the keep relay is OFF. If the set and

(1) Reset-first circuit

® Usage example

X000 K01D
-
X001 K01D

® Timing chart

®_

the reset coil are energized at the same time,
whichever coil comes later in the program has

priority.

Sequence cycle

4 F xoo1

©
I xo00 —% Z Z
®
% %
% A |7 2 %

HF o1D

The relay becomes ON when the @ is executed.
This ON condition lasts until the @ is executed.

1
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K KEEP RELAYS

(2) Set-first circuit

® Usage example

X000 K01D
®-

X001 K01D
&~

® Timing chart

Sequence cycle

- F xo01

-k ko1p

A b

1-31

The relay becomes OFF when the ® is executed.

This OFF condition lasts until the (S) is executed.



T ON-DELAY TIMERS

100-ms timer

10-ms timer
(used by setting)

Range of numbers (*1)

000 to 1FF or 000 to 7FF

000 to O0F

Set value

0 t0 9999 (0.0 to 999.9 seconds)

0 t0 9999 (0.0 to 99.99 seconds)

Error

At least 100 ms + 1 sequence cycle

At least 10 ms + 1 sequence cycle

Settling-pulse width (*2)

At least 100 ms

At least 10 ms

(*1) The range of numbers that can be used in 100-ms timer specifications varies depending on
the module revisions of LPU modules used. The table below shows the ranges of usable
numbers and the corresponding LPU module revisions.

LP I .. R f I
U module Module revision ange of usable Remarks
model numbers
LQP510 [A] to [H] 000 to 1FF —
LQP510-Z [A] to [H]
LQP710-Z [A] to [E]
LQP510 [1] or later 000 to 7FF Of these, the numbers 200 through
LQP510-Z [1] or later 7FF are usable only in S10V
Ladder Chart System (model S-
LQP710-Z [F] or later 7895-02) of version 01-09 or later.

(*2) The settling-pulse width stands for the minimum time period in which the contact to
energize the coil of an ON-delay timer must remain closed (ON).

The contact of an ON-delay timer is not closed (ON) until the delay after the energization of its
coil, which is specified by the set value, has elapsed. This set value may be specified in units of
0.1 second in the range 0.0 to 999.9.

The first 16 registers TOOO through TOOF can be used as 10-ms timers by settings.

These settings can be made by choosing [Utility] — [PCs edition] — [Change capacity] in the S10V
programming software product called the S10V Ladder Chart System (model S-7895-02).
information on how to operate the ladder chart system, refer to the “SOFTWARE MANUAL
OPERATION S10V LADDER CHART For Windows® (Manual number SVE-3-131).”

For

1-32



T ON-DELAY TIMERS

® Usage example

X020 T020 20 ¢~ Setvalue In the circuit shown left, the lamp
|

| (Y200) is not lit until the delay specified
M/ T020 Y200 Q by the set value (two seconds) has
| ,\/\7
— ! elapsed after the push of the push button

(X020). Once the lamp is lit by holding
down the push button after the push, it

goes out when the push button is

released.
® Timing chart

g ﬂig_iiili %{(

= _

4k 7/, Z
Specified i Specified
delay ! delay
O 2
I N
e e

Notes:

* If the coil is de-energized before the specified delay expires, the contact will not be closed
(ON). In this case, when the coil is energized again, the timer will start counting up from 0.

* The count is incremented from 0 to 65535. When the count reaches 65535, it is reset for
counting from 0 again.

* Where the ON-delay timer is used as a 100-ms timer, the detection of its coil’s ON/OFF
condition is performed at 100-ms intervals asynchronously with the ladder circuit’s execution
cycle, also called the sequence cycle (with 10-ms timers, it is done at 10-ms intervals). If the
coil’s ON condition lasts for less than 100 milliseconds, it will not be detected, resulting in no
operation of the ON-delay timer. To ensure the operation of the timer, create a ladder circuit

in a way that maintains the ON condition of the coil for at least 100 milliseconds.
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U ONE-SHOT TIMERS

Range of numbers | 000 to OFF When the coil of a one-shot timer is

Set value 0 to 9999 (0.0 to 999.9 seconds) | energized, its contact is closed (ON).

Error At least 100 ms + 1 sequence This ON condition then lasts for the time
cycle period specified by the set value, which

Se?ttling-pulse At least 100 ms can be specified in units of 0.1 second in

width (*)

the range 0.0 to 999.9 (0 to 9999 if it is

(*) The settling-pulse width stands for the minimum )
specified from the PC used as a S10V base

time period in which the contact to energize the
coil of a one-shot timer must remain closed (ON).  system).

® Usage example
In the circuit shown left, the lamp (Y030) is

2
X020 U020 0 lit by pushing the push button. Once the
|

| JPEE lamp is lit, it stays ON for the time period
EA/ UOIZOL,,—"'/ Y030 M@ specified by the set value (2 seconds).

® Timing chart

L gy L Ll

-

Specified time Specified time

period period
RPN RNV B NI
@ X ‘el AL ' @
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U ONE-SHOT TIMERS

Notes:

* Detection of a one-shot coil’s ON/OFF condition is performed at 100-ms intervals
asynchronously with the ladder circuit’s execution cycle, also called the sequence cycle. If the
coil’s ON condition lasts for less than 100 milliseconds, it will not be detected, resulting in no
operation of the one-shot timer. To ensure the operation of the timer, create a ladder circuit in
a way that maintains the ON condition of the coil for at least 100 milliseconds.

* Even if the coil of a one-shot timer is de-energized (OFF) before the time period specified by
the set value expires, its contact (U-register) remains closed (ON) until it expires. That is, the
one-shot timer continues counting up until the specified time period expires, regardless of the
current ON/OFF condition of its coil.
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C UP-DOWN COUNTERS

Range of numbers

CU

O CD
CR 00 to FF

T | co

Set value

Count in the range 0 to
9999

Settling-pulse width
*)

At least 1 sequence cycle

When a set and a
reset signal are input
simultaneously:

Reset having priority

In the event of a
power outage:

Non-volatile

(*) The settling-pulse width stands for the
minimum time period in which the contact to
energize the coil of an up or down counter or a
reset coil must remain closed (ON).

® Usage example
=
AT 2
o X
00°0 f

5%4/

ﬁg—u—o—

Up-down counter

H ———0— 3
H ———0— 3

_|

X020 Cu10

X021 CD10

C010 Y020

X022 CR10

CU10 up

CD10 down

O
CR10 zero-
cleared

)

J

S= [ Set value |

1-36

An up-down counter is a combination of an
up counter (CU) and a down counter (CD).
Its count is incremented every time the up
counter’s coil is energized, and decremented
every time the down counter’s coil is
energized.

The counter contact (CO) is closed (ON)
The

reset coil (CR) is used to clear the count and

when the count exceeds the set value.

open the counter contact (OFF).
CU: Up counter
CD: Down counter
CR: Reset coil

CO0: Counter contact

* In the circuit shown left, the switch
(X020) is used to count the number of
balls that drop into the basket, and the
switch (X021) is used to count the
balls that drop from the basket; that is,
the circuit is used to count the balls
that are currently in the basket.

* When the number of balls in the basket
reaches 3 or greater, the lamp (Y 020)

When the push button (X022)

is pushed, the count is zero-cleared and

1s lit.

the lamp goes out.



C UP-DOWN COUNTERS

® Timing chart

Sequence cycle

L

— |- coto 2

N R T R T S R T A o
T
a0 ' A
B s = S e R iSRRI EEF TS
2 1 ' ' L

Count 1 ] 2 3 4 3 2 1

(O~ CU10 — ! S S S

O cpto— | A N e [

O oro EEER |

Notes:

* The up counter continues counting even when its count exceeds the set value. When the
count overflows (i.e., it exceeds the value OxFFFF), the counter starts counting from 0 again,
the closed counter contact being opened (OFF).

* The down counter stops counting when its count reaches 0.

* If the power to the PLC is turned on during the sequence cycle in which the counter coil is
being energized from OFF to ON level, the counter coil will be energized normally, but the
count may not be incremented. To avoid this, observe the following rules:

(D Shut off the power to the PLC only when the coil is in a stable condition. Never change
the coil’s condition from OFF to ON during the power shut-off operation.

@ Use an uninterruptible power supply (UPS) for protection against power outages.
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G GLOBAL LINK REGISTERS

Range of numbers | 000 to FFF A global link register (G-register) is used in cases where inter-

CPU link modules (option) are installed. These registers are
provided as a means of exchanging interlock information
between the interlocked CPUs.

When the coil of a global link register is energized (ON) (or
de-energized [OFF]) in one such CPU, the contact(s) with the
same register number are closed (ON) (or opened [OFF]) in
the other such CPU(s).

® Usage example (where inter-CPU link modules are used)

[CPU#1] [CPU#2] [CPU#3]

’ ' GO |1 ’ 'G100 |I__ ’ G200 |1
. O_ | : O_ L | O_
:G1|oo;:62(|)o; 1G0001G200! (G000;G100;

[Operation]

* When the coil of GOO0O is energized (ON) (or de-energized [OFF]) in CPU#1, the a-contacts
with the same number G000 are closed (ON) (or opened [OFF]) in both CPU#2 and CPU#3.
* When the coil of G100 is energized (ON) (or de-energized [OFF]) in CPU#2, the a-contacts
with the same number G100 are closed (ON) (or opened [OFF]) in both CPU#1 and CPU#3.
* When the coil of G200 is energized (ON) (or de-energized [OFF]) in CPU#3, the a-contacts
with the same number G200 are closed (ON) (or opened [OFF]) in both CPU#1 and CPU#2.
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® Operation of the CPU link modules

CPU#1 CPU#2 CPU#3
CPU link module CPU link module CPU link module
G000 G000 G000

(Transfer) \.

/ (Transfer)
GOFF GOFF GOFF

\o
G100 G100 G100
¥ AN
° (Transfer) (Transfer) ¢
G1FF G1FF G1FF
4

G200 G200

G200
(Transfer) (Transfer)
G2FF G2FF G2FF

G300 G300 G300

~

: Range of CPU link assignment

* The contents of the G-register area ranging from G000 to GOFF in CPU#1 are transferred to
the same register areas in CPU#2 and CPU#3.

* The contents of the G-register area ranging from G100 to GIFF in CPU#2 are transferred to
the same register areas in CPU#1 and CPU#3.

* The contents of the G-register area ranging from G200 to G2FF in CPU#3 are transferred to
the same register areas in CPU#1 and CPU#2.
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Nesting coils serve as a means of dividing one single
sequence program into as many smaller modules as the
number of plants to be controlled by that program. Of the
available nesting coils, N0OOO is called the master N-coil,
and each of NOO1 through NOFF is called a sub-N coil.
The master N coil is initiated in each sequence cycle when the LPU module is in RUN state.

The sub-N coil, on the other hand, is invoked by the master N coil or another sub-N coil.

Nesting coils can be chosen from among the two groups of coils: the master control (NM) coils,
each of which de-energizes the other subsequent coil(s) in the same program when making a
transition from ON to OFF state, and the zone control (NZ) coils each of which maintains the
previously initiated condition of the other subsequent coil(s) in the same program when making a
transition from ON to OFF state. In addition, nesting coils (N-coils) can be nested in up to four
levels. Any nesting in more than four levels will result in an error at the time of a program run.

Range of numbers 000 to OFF

Maximum number of | 4
nesting levels usable

<An example of master control using more than four levels of nesting>

X000 NMO1

_| I—O_ Level 0

NOO0O

X001 NMO02

b NOOT
—| |—O— Level 1

Level 2

Level 3

X004 NMO05

......... > N004
_| | ( ) Level 4

If this ladder program using more than four
nesting levels is executed, it will stop with
the LPU module’s “ERR” LED indicator lit.

X005 Y001

- » NOO05 —| | O Level 5

Note: The master N coil (N-coil number 000) may not be used as a contact or coil. (If so used,
the master N coil will cause an input error.)
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(1) Master control (NM)
As described in “<Operation modes of master control>" below, the master control runs in
two different modes. These operation modes can be switched by selecting [Utility] — [PCs
edition] — [Change capacity] in the S10V Ladder Chart System (model S-7895-02). For
information on how to operate the ladder chart system, refer to the “SOFTWARE MANUAL
OPERATION S10V LADDER CHART For Windows® (Manual number SVE-3-131).”

<Operation modes of master control>
Normal mode: In this mode, when the master control coil makes a transition from ON to
OFF state, the rising-(/falling-)edge contact(s) and normal coil(s) used as N-
coils after the master control coil in the same program become OFF.
0-output mode: In this mode, the same effect as in normal mode is produced at the time of
the master control coil’s making a transition from ON to OFF state, plus
any set and reset coils become OFF.

® Usage example ® Timing chart
The following program exerts

master control over NOO1 from
NOOO:
X000 - 4
NOOO|  x000 NMO* Y010
I I O Execution of ON OFF
noo == NN N N NN
Execution of vl b ol
NOO1 Xl = EA (%)
NOO1 Y010
) (*) This period of execution de-energizes the coil used in
~ NOO1 when NM01 makes a transition from ON to
OFF. The types of coils de-energized in master

control vary depending on the set operation mode of
master control.

(2) Zone control (NZ)
® Usage example ® Timing chart

The following program exerts

zone control over N0O1 from

NO000: X000 75 | | 7
B
NOOO 000 NZ01 Y010
[ 2 ON
NNy

Execution of] ] .
NOOO [—1 S‘. N S! !SI 1 (") 1
Execution of K v

NO0O01 AN

NOO1 Y010

(*) Unlike the case of master control, this period of
execution under zone control maintains the
previously initiated condition of the coil used with
NOO1 when NZ01 makes a transition from ON to OFF
state.

O
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Range of numbers | 001 to 080 A process register is used to initiate a program written

Level start in such a computer language as C or assembly

Initiation method Nl language (hereinafter called a task) from the ladder

program.

When energized, the coil specified with a process
register (P-coil) triggers the execution of the identified
task, which is identified by its specified number (task

number). The task execution is done on the CMU

module.
<Assignment to process registers>
Classification | Number Name Description
User-created | P0OO1 Initializing | A task that is executed whenever the LPU module is
task manually reset or power-on reset.  Assign a system

initialization program to this number.

P002 to | Usertask | Assign user-written programs to these numbers.
P080

(1) Initiating only once when a given contact is closed (ON)

® Usage example

X020 V020 P020 assigned to P020 is initiated only once.

‘ [l

‘ When X020 makes a transition from OFF to ON state, the task

P020

T— Task number in hexadecimal. In this example, the
task numbered 32 is initiated.

® Timing chart

Sequence cycle

| x020 Z
-t Vo020 Z

Execution of the — |

task assigned to

P020
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(2) Initiating repeatedly while a given contact is closed (ON)
® Usage example

X020 P020 As long as X020 remains closed (ON), the task assigned to
[l P020 is initiated repeatedly.

® Timing chart

Sequence cycle

- F X020 2

Execution of the Y [ ——— | [I=—_]

task assigned to
P020

Notes:

* [f an attempt is made to energize the P-coil for which a task is not registered, nothing will
be executed.

* The tasks that can be initiated with a specified P-coil are those whose task numbers are in
the range 1 to 128 (001 to 080 in terms of process register numbers). The tasks numbered
129 through 255 cannot be initiated with a specified P-coil.

* The registered task is executed on the CMU module. If a CMU module is not installed in
the system, the P-coil will only be energized and de-energized; the registered task will not
be initiated.

* If a specified P-coil is energized (ON) more than once during the execution time of the task
registered with the same number as that P-coil’s, these multiple task initiation requests will
be met in the following way:

When the task is waiting for execution on the CPU (i.e., it is already initiated but not

executed yet): The task will be initiated only a second time after the first initiated execution
has been completed.

When the task is in a state other than waiting for execution on the CPU: The task will be
initiated only a second and a third time, if any, after the first initiated
execution has been completed.

 After it has issued a task initiation request to the CMU module, the LPU module starts to
monitor responses from the CMU module. If no response is received therefrom within a
fixed time period, the LPU module discontinues the execution of the ladder program. The
fixed time period here is either the set value (in the range 50 to 10000 [ms]; defaulted to
2000) of the watchdog timer’s monitoring time or the value 10000 (ms), whichever is
smaller.

* This task initiation feature using a process register (generically named “P”) is available
only in the LPU and CMU modules’ revisions listed in the table below. With any other
combination of the two modules’ revisions, even if process registers are used as described
above, they will not initiate the tasks having the same numbers as the process registers’.

Module name Module model Module revision
LPU (basic module) LQP510 D or later
CMU LQP520 B or later
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Range of numbers 000 to FFF An event register is used to output event
Range of numbers usable 000 to 1FF information, such as information on user errors.
for lighting the USER LED The event information output can be monitored by

Range of numbers usable 400 to FFF | ysing the S10V base system’s event register
for 4-channel analog and

pulse counter /O operations monitoring function. In addition to the event

information output, the USER LED indicator of the
LPU module is also lit when one of the switches
E000 through EO1F is turned on.

Once it is lit, the USER LED will stay ON until all of E000 through EO1F have been turned off.

However, the range of register numbers that are presented on screen by the above-mentioned

event register monitoring function of the basic tool (S10V base system), and the range of register
numbers that can be used to light the LPU module’s USER LED, are both from E000 to E1FF.
As for the numbers 400 through FFF, they can be used for input and output with the analog and
pulse counter modules connected for remote I/O operations. To use them, proper settings must
be made in advance by selecting [Utility] — [PCs edition] — [Analog counter] in the S10V Ladder
Chart System (model S-7895-02). For information on how to operate the ladder chart system,
refer to the “SOFTWARE MANUAL OPERATION S10V LADDER CHART For
Windows® (Manual number SVE-3-131).”

Note: Not all types of available analog modules use event registers. For information on which

type of analog module uses event registers, refer to instruction manuals on analog modules.

® Usage example

X010 E020 oN When the gvent co!l LPU
[l C shown left is energized, O RUN
[ the LPU module’s O PROT
X020 USER LED is lit. O SIMU
|| O ALARM
[ 8- USER
O ERR

™

1-44



E EVENT REGISTERS

The event information output can be viewed by using the S10V base system’s event information

display function:

Event register monitoring using the S10V base system

1 [510¥] 510BASE ]
—LPU Connection status
—LPIJ MODE Display Status of PCs(1) ONLINE(D) |
RUMNIRY STOP(E)
| _l Pert 2 | |
erformance(2) OFFLINE(E)
—PROTECT MODE S10List( 30
o)} | QFF(L) |
hdocule List(4) | H :
—LADDER MODE |
Error Log(s) Help
NORM(H) | SV | =
Event Register(g) I
CLEAR ALARM LED(A) | Remate Reset(7)
CLEAR UISER ERR LEDVLI | Dsta Clear(a) |

—Chill

Memary Dump) |

CLEAR ALARM LED(E) |
CLEAR USER ERR LED(Y) |
Set IP Address(E) |

PROTECT MODE
ON(K) | OFF(E) |

MCS(M)
Change Connection(P)
Set Time(T)
Display Status of Metwork(yv)

—Connection status display
Connection status

¥ OMLINE
" OFFLINE

connection place

PCshlo.

—

Communication type

PEREE l—
¥ Ethernet l 9219219241

Event Register Monitor

Register 01234567834BCDEF Register 012345967894BCOEF
EQpg  ©OO00000000000000 E1Q0  SO00D00000000000
E01Q Q000000000000 E{10  DO00D00000000000
EQz0  @O00000000000000 Eq20 SOOO0D00000000000
EQ3p  ©OO00000000000000 E130  QO00D00000000000
E040  QOOO0C0000000000 E140  QOOO0D00000000000
E050  SR00000000000000 E150 Q900000000000000
EQRQ  OO00000000000000 E1R0  DOOOD0000000000
EQ70 Q0000000000000 E170  QOO0D00000000000
EQgp  ©OO00000000000000 E1a0  QO00D00000000000
EQgp  ©OO00000000000000 E1GQ  QOOO0D00000000000
EQan  QRO0000000000000 E1AD  QOOOD00000000000
E0pn  @R00000000000000 E1BQ  DOO0D00000000000
EQcp QUOOO00000000000 Bl QOO0D00000000000
EODD S900000000000000 E1D0 9900000000000000
EQEQ Q0000000000000 E1EQ SOOO0D00000000000
EOFQ  QuQQ00000o000000 E1FQ QOOO0D00000000000

Start Monitoring |
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Range of numbers | 000 to FFF An edge contact is classified either as a rising-edge contact

(-1 T F) or a falling-edge contact and remains closed

(-1 | F) only during the sequence cycle in which its rising
edge or falling edge, respectively, is detected.

None of the numbers shown left may be used for both a
rising-edge contact and a falling-edge contact in the same

program.

(1) Rising-edge contact
A rising-edge contact remains closed (ON) only during the sequence cycle in which its rising
edge (a transition from OFF to ON state) is detected.

<Usage example> <Timing chart>
X000
X000 V00O  ROOO — { 2 { A
R0O00
(O 7
s| |« ||«
A A
T T

T: Each is one single sequence cycle.

(2) Falling-edge contact
A falling-edge contact remains closed (ON) only during the sequence cycle in which its
falling edge (a transition from ON to OFF state) is detected.

<Usage example> <Timing chart>
X000
X000 voloo R000 — Z :}1 7 j}
R0O00 7 o
—>| 'e > |e
A
T T

T: Each is one single sequence cycle.
Note: Do not use more than one rising-/falling-edge contact with the same number in more than

one place in the same ladder program. Disregarding this rule will cause the ladder
program to malfunction.

1-46



This Page Intentionally Left Blank



Z 7EE REGISTERS
]

Range of numbers 000 to 3FF The zee register Z204 is used to generate H-7338-
Register usable for 204 based interrupts to the host computer connected to
generating interrupts to host the LPU module’s UP LINK. The zee registers
Register usgble for ] 200 to 203 7200 through Z203 are used to generate interrupts
generating interrupts from .

RS-422 modules to host from an RS-422 module (option) to the host

computer. For details on Z200 through Z203, refer
to the “USER’S MANUAL OPTION RS-
232C/422 (LQES60/565) (Manual number
SVE-1-121).” No zee register numbers other than
7200 through Z204 may be used.

Settling pulse width: At least 1 sequence cycle

<Usage example for generating interrupts to host>
X(|)|20 2204 ms duration to the host computer at the time when a transition
‘ ) from OFF to ON state made by the coil Z204 is detected. This
processing occurs synchronously with sequence cycles. If
another OFF-to-ON transition made by Z204 is detected during

‘ This circuit is used to generate an interrupt pulse of 120 to 180

the interrupt pulse being generated, an interrupt pulse of 120 to

180 ms duration will be generated again.
<Timing chart>

Sequence cycle

A

(O 2204 _ |

N

Interrupt pulse

120 to 180 ms
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<Cases where a generated interrupt pulse is elongated>
In the above circuit, if Z204 makes two or more ON-to-OFF transitions during an interval of
120 to 180 ms, multiple interrupts will be generated, resulting in an interrupt pulse longer than
normal.

i A < )
Interrupt pulse i %

(O 2204

120 to 180 ms

| 120 to 180 ms

To avoid this, proper interlocking is required between the above circuit and the host computer

receiving interrupts.
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]

Range of numbers | 000 to BFF System registers are read-only registers reflecting the system’s

operation performed or other things relating to the system.

Table 1-6 is a list of all available system registers.

Table 1-6 System Registers

No. | Register numbers Register naming

1 S000 thru SOOF | Arithmetic-function flag registers

2 S010 thru SO1F | Ladder program control registers

3 S020 thru SO2F HI-FLOW application-instruction execution-result flag
registers

S030 thru SOFF | (Reserved for future use by the system)

4
5 S100 thru SI5F | Ladder program control counter

6 S160 thru SIFF | (Reserved for future use by the system)
7

8

9

S200 thru S20F | Time control registers

S210 thru S27F | (Reserved for future use by the system)
S280 thru S2EF | Time setting registers

10 S2F0 thru S2FF | (Reserved for future use by the system)
11 S300 thru S47F | Remote I/O status registers

12 S480 thru S4FF | (Reserved for future use by the system)
13 S500 thru S68F | Optional-module status registers

14 | S690 thru S6AF | Ethernet communication result flag registers
15 | S6BO0 thru S8FF | (Reserved for future use by the system)

16 S900 thru S93F | Sequence-cycle scan-time registers

17 S940 thru S97F | Ladder execution-time registers

18 | S980 thru S9BF | Optional-module status registers (D.NET)
19 | S9CO thru SOFF | Ethernet communication result flag registers
20 SA00 to SA8F Optional-module status registers (J.NET/IR.LINK)
21 | SA90 thru SAFF | (Reserved for future use by the system)

22 | SBO0O thru SB1F | LPU-unit I/O information registers

23 | SB20 thru SBEF | (Reserved for future use by the system)

24 | SBFO thru SBFF | LPU status registers
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|

(1) Arithmetic-function flag registers
Arithmetic-function flag registers indicate the set/reset statuses of predefined flags that occur
upon the execution of system arithmetic-function instructions. These registers cannot be
referenced from the ladder circuit monitor and MCS functions (if an attempt is made to do
so, the registers are always displayed as “OFF”).

(MSB) (LSB)
215 20
SW000| 1/0 | 1/0 | 1/0 | 1/0 | 1/0 | 1/0 |(Reserved for future extension)|

S005: Overflow flag (V)
—— S004: Zero flag (Z2)
S003: Negative flag (N)
S002: Positive flag (P)
S001: Error flag (E)
S000: Extend flag (X)

(2) Ladder program control registers

(MSB) (LSB)
215 20
SWO10| 1 | 0 | 1/0 | 1/0 |(Reserved for future extension)l

S013: One sequence cycle pulse at a RUN-to-STOP transition
——— 8012: One sequence cycle pulse at a STOP-to-RUN transition
S011: Always-OFF flag

S010: Always-ON flag

Timing chart: RUN SIMU
Switch operation V&~ (or ) v, STOP

STOP

LPU status STOP RUN (or SIMU)

S010 bz 77 2|

S011
S012
S013

T: Each is a sequence cycle.

Note: None of the above bit registers S010, SO11, S012, and S013 become ON in the event of a
power outage.
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(3) HI-FLOW application-instruction execution-result flag registers
HI-FLOW application-instruction execution-result flag registers indicate the statuses of
predefined flags that occur upon the execution of HI-FLOW application instructions.

(MSB) (LSB)
215 20
SW020| 1/0 | 1/0 | 1/0 | 1/0 | 1/0 | 1/0 |(Reserved for future extension)|

S025: Overflow flag (V)
L S024: Zero flag (Z2)
S023: Negative flag (N)
S022: Positive flag (P)
S021: Error flag (E)
S020: Extend flag (X)

(4) Ladder program control registers
Ladder program control registers are counters that can be used in sequence control.

(MSB) (LSB)
15 20
SW100 10-ms interval counter
SW110 100-ms interval counter Zero-cleared when the LPU module is
SW120 . 1-second interval counter ] manually reset or power-on reset.
SW140 Sequence cycle counter ---Zero-cleared when the LPU module makes a STOP-to-RUN
transition.
SW150 Remote /O cycle counter ---Zero-cleared when the remote 1/0 process makes a STOP-to-

RUN transition.

® All the above counters start counting from 0 again when they overflow.
® Any of the above counters will have an error of approximately £10% because their
precision depends on interrupts handled by the operating system (OS).

(5) Time control registers
Time control registers are provided as a means of controlling the setting of current time in
the LPU module. They are used when setting the current time in the LPU module.

(MSB) (LSB)
215 20
SW200| 1/0 | 1/0 | 1/0 | (Reserved for future extension) |

S$5202: Set data and start (1: Set data and start; 0: Normal use)
— S201: Stop timer (1: Stop request already issued; 0: No stop
request needs to be issued)
S200: Timer updating in process (1: Timer updating in process;
0: Timer updating stopped)
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(6) Time setting registers
Time setting registers are used to store values indicating the year, month, day of month,
hours, minutes, seconds, and day of week. When you make time settings in the LPU
module, store time information in these registers. Data stored in these registers must be in

binary format.

(MSB) (LSB)
215 28 27 20
SW280 Unused Seconds
SW290 Unused Minutes
SW2A0 Unused Hours
SW2B0 Unused Day of month
SW2C0 Unused Month
SW2D0 Year
SW2EOQ Unused Day of week

Seconds: Must be in the range 0 to 59.
Minutes: Must be in the range 0 to 59.
Hours: Must be in the range 0 to 23.
Day of month: Must be in the range 1 to 31.
Month: Must be in the range 1 to 12.
Year: Must be in the range 1970 to 2069.
Day of week: Must be in the range 1 to 7.
(1: Sun; 2: Mon; 3: Tue; 4: Wed; 5: Thu; 6: Fri; 7: Sat)
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(7) Remote I/O status registers

Remote I/O status registers present remote I/O station information, such as station registered

or not, timeout error detected or not, and fuse blown or not.

<Register assignment>

S300 * All stations that are currently connected to the communication
Retgitsftered line and that have thus far responded normally at least once
stations
have their associated registers set to 1. (*)
S380 ' * All registered stations in which a timeout error has been
ng?g: SUt detected have their associated registers set to 1. (*)
S400 « All registered stations in which a fuse-blown condition (DO
Fusstg;it;'g;”” module fuse blown) has been detected have their associated
SA7F registers set to 1. (*)
(*) One-to-one correspondence between stations and bits:
No. | X-or Y-number Regls’.tered TlmeQ—out Fuse-t?lown
station station station
0 000 to OOF S300 S380 S400
1 010 to O1F S301 S381 S401
2 020 to 02F S302 S382 S402
3 030 to O3F S303 S383 S403
4 040 to 04F S304 S384 S404
124 7C0 to 7CF S37C S3FC S47C
125 7DO0 to 7DF S37D S3FD S47D
126 7EO0 to 7EF S37E S3FE S47E
127 7F0 to 7FF S37F S3FF S47F
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(8) Optional-module status registers
Optional-module status registers are used to store error information for inter-CPU links,
RS-232C/RS-422, etc. As shown below, these registers are organized into five groups
according to the module types used. Data is set in each group of registers by a system
program provided for its associated module type. For details on the bit configuration

unique to each type of optional module, refer to the user’s manual on the optional module.

<Register assignment for optional modules>

S500
(Reserved for future
use by the system)
S580
Inter-CPU link module
information
S5C0

RS-232C/RS-422
module information

S640 | High-speed remote 1/0
module information

S680 | (Reserved for future
S6FF use by the system)

The above registers are zero-cleared when the S10V unit is power-on reset or the LPU

module is manually or remotely reset.
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(9) Sequence-cycle scan-time registers
Sequence-cycle scan-time registers are used to store the result of measurements of sequence

cycles.
(MSB) (LSB)
215 20
SW900 | Latest measurement value (ms)
SW910 | Maximum measurement value (ms) Zero-cleared when the status of the LPU
SW92O Minimum measurement value (ms) mOdU|e |S SWltChed from STOP tO RUN.
SW930 | Average value of latest 16 measurements (ms) (*)

(*) The above average value is not stored in place until the 16th measurement is completed.

(10) Ladder execution-time registers
Ladder execution-time registers are used to store the result of measurements of ladder
execution times. Where HI-FLOW is used, the ladder and the HI-FLOW execution time are

added together and the result is stored in place.

(MSB) (LSB)
215 20
SW940 | Latest measurement value (ms)
SW950 | Maximum measurement value (ms) Zero-cleared when the status of the LPU

module is switched from STOP to RUN.

SW960 | Minimum measurement value (ms)

SW970 | Average value of latest 16 measurements (ms) (*)

(*) The above average value is not stored in place until the 16th measurement is completed.

(11) Optional-module status registers (D.NET)
These optional-module status registers are used to store error information on errors detected
in each D.NET module (one of channels 0 through 3). For details, refer to the “USER’S
MANUAL OPTION D.NET (LQE570/575) (Manual number SVE-1-106).”

(MSB) (LSB)
15 20
SW980 Channel-0 module error information
SW990 Channel-1 module error information
SWO9AO0 Channel-2 module error information
SW9OB0 Channel-3 module error information
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(12) Optional-module status registers (J.NET/IR.LINK)
These optional-module status registers are used to store error information on errors detected
in each J.NET or IR.LINK module (main or submodule). For details, refer to the “USER’S
MANUAL OPTION J.NET (LQE540) (Manual number SVE-1-104)” and “USER’S
MANUAL OPTION J.NET-INT (LQES545) (Manual number SVE-1-107),” or the
“USER’S MANUAL OPTION IR.LINK (LQE546) (Manual number SVE-1-117).”

(MSB) (LSB)
215 20
SWAOQ0 Main module error information
SWA10

A~ (Reserved for future use by A
N N~
SWA70 the system)

SWAS80 Submodule error information

(13) LPU-unit I/O information registers
LPU-unit I/O information registers are used to store I/O unit information for the LPU
module. Each bit in the information is in one-to-one correspondence with one of the slots

involved.

Bit configuration for LPU unit I/O information

(MSB) (LSB)
215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
SWBO0O0 | Error information (=0: Normal; =1: Fuse blown) Mounting information (=0: Not mounted; =1: Mounted)
SWB10 | 1/0 type (=0: DI/DO; =1: AI/AO/PCT (*)) 0 (fixed; reserved for future use)

BtNo. 0 1 2 3 4 5 6 7 8 9 A B C D E F
(*) PCT: Pulse counter.

Siot No. Bit register
Error information | Mounting information I/O type
0 SB00 SB08 SB10
1 SBO1 SB09 SB11
2 SB02 SBOA SB12
3 SB03 SBOB SB13
4 SB04 SBOC SB14
5 SB05 SBOD SB15
6 SB06 SBOE SB16
7 SB07 SBOF SB17
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(14) LPU status registers
LPU status registers indicates the current state of the LPU.

<LPU status bit configuration>

(MSB) (LSB)
215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
swBrFo [1/0[1/0] * [1/0][1/0 1/0| * [1/0[1/0]1/0[1/0] * [1/0[1/0] O |
BtNo. 0 1 2 3 4 5 6 7 8 9 A B C D E F

* Each of these bits is reserved for future extension.

*

Bit | Bit register Meanings of bits
No. No. ON (=1) OFF (=0)

0 | SBFO Currently in STOP state. Currently in RUN state.

1 SBF1 Simulation currently in process. | Currently running normally.

2 SBF2 (Reserved for future extension)

3 SBF3 Protection switch currently in Protection switch currently in
ON state. OFF state.

4 SBF4 Remote I/O operation currently | Remote I/O operation currently
in progress. stopped.

5 SBF5 (Reserved for future extension)

SBF6 Ladder-rewriting process Ladder-rewriting process

currently in progress. completed.

7 | SBF7 (Reserved for future extension)

8 SBF8 CELL error (*1) warning. CELL normal.

9 SBF9 Timed-out station existent. No timed-out station existent.

A | SBFA Fuse-blown station existent. No fuse-blown station existent.

B | SBFB Optional-module error (*2) No optional-module error (*2)
detected. detected.

C | SBFC (Reserved for future extension)

D | SBFD Zero-cleared in a general (power-on) reset (GR) or manual/remote
reset.

E | SBFE LPU currently down. LPU currently up and running

normally.
F | SBFF — LPU’s OS currently running.

(*1) The CELL error is a “battery low” condition of the memory backup battery provided in
the LPU.

(*2) The optional-module error is a parity error detected during accessing the internal
memory of the optional module from the LPU.
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(15) Ethernet communication result flag registers
Ethernet communication result flag registers are used to store special flags for indicating the
result of execution of Ethernet communication instructions.
Execution results are flagged in the system registers S9CO through S9EF and S690 through
S6AF according to the management numbers, which are predefined in one-to-one
correspondence with all available sockets. When the execution of an Ethernet
communication instruction is terminated normally or abnormally, the result is flagged by

setting the system register associated with the management number to 0 or 1, respectively.

Register type Management
Word Bit number Remarks
S9CO0 1
S9C1 2
SW9C0 : : Provided for CMU '
: : Ethernet communications.
S9CE 15
S9CF 16
S9DO0 17
S9:D1 1:8 Provided for ET.NET
SW9D0 : : (main module) Ethernet
SODE 3] communications.
SO9DF 32
S9E0 33
89:131 3:4 Provided for ET.NET
SWIEO : : (submodule) Ethernet
SOEE 47 communications.
S9EF 48
S690 49
S691 50
SW690 : : Provided for OPTET .
: : Ethernet communications.
S69E 63
S69F 64
S6A0 65
S6A1 66
SW6A0 : : Provided for OPTET .
: : Ethernet communications.
S6AE 79
S6AF 80
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LR, LV LADDER CONVERTER-SPECIFIC WORK REGISTERS

Range of numbers | 0000 to OFFF

® Usage example

X000 V000 X002 Y000
H FrtH 0+
X001 | VOO1 [ X003 Y001

- FHIE 0

These work registers are used by the ladder program
converter during converting S10/2a Series’ or S10mini
Series’ downward-sloping-rung ladder programs into normal-
rung ladder format. Users are advised not to use these
registers.

LR: Used for contacts or coils.

LV: Used for edge contacts.

E'— XW000=LRW0000

LRO000 VOO0 X002 Y000

| |2 | |
— 1 | O
Convert LRO00O LV0000 X003 Y001
Lo |
— T | O—

LR0000 V001
alanll
X001

_|
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1 LADDER INSTRUCTIONS

C1 .6 Ladder Watchdog Timer

)

The ladder watchdog timer is used to monitor whether the execution of a ladder and any HI-
FLOW process is ended within a user-set time period, called a monitoring time.
is not ended within the monitoring time, it results in a ladder program watchdog timeout error
(hereinafter simply called a ladder WDT error) and the following steps are automatically

performed:

If the execution

* The LPU’s ERR LED indicator is lit, detailed information on the error is recorded, and then the

LPU is stopped.

* All of the ladder, HI-FLOW, C-mode task, remote I/O communications, etc. currently in
operation come to a stop, except for the RS-232C process used for communication with the

S10V base system.

* The PCs’ OK signal is turned off.

1.6.1 An outline of the ladder watchdog timer’s operation

<Normal operation>

As shown below, as long as a ladder process and, if HI-FLOW is used, a HI-FLOW process as
well are ended within the set monitoring time, no ladder WDT error will occur, because the
ladder WDT is reset when a sequence cycle interrupt is generated.

Sequence cycle
interrupt

|A

Sequence cycle

Sequence cycle
interrupt

Next sequence cycle

Ladder process

HI-FLOW process

Y Y

<Operation when a timeout is detected>
If a ladder process and, if HI-FLOW is used, a HI-FLOW process as well are not ended within
the set monitoring time, due to, for instance, the occurrence of an endless loop, the ladder WDT
signals a timeout and this timeout is detected as a ladder WDT error, resulting in the immediate
termination of the ladder and HI-FLOW processes.

Sequence cycle
interrupt

|A

Sequence cycle

Ladder WDT’s monitoring time

Sequence cycle
interrupt

L|A

Next sequence cycle

HI-FLOW process

Ladder process

L

Ladder WDT error

4

A

HI-FLOW process

A
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1 LADDER INSTRUCTIONS

1.6.2 Range of settable monitoring time values

The WDT’s monitoring time can be set to any value within the range shown below. At
shipment, it is set to the default value 2000 (ms).
Range of settable values: 50 to 10000 (ms)

Notes:

* When changing the set monitoring time, find the total processing time required for the
execution of a ladder and any HI-FLOW process, add a value of 50 (ms) or larger to the
obtained total, and then set the result as a new monitoring time.

* The ladder WDT is reset at the end of each sequence cycle. Therefore, if the monitoring time
is set to a value smaller than the set value of sequence cycle, a ladder WDT error could occur
during the normal operation of the ladder. To avoid this, any monitoring time set to a value
smaller than the sequence cycle value is automatically replaced with a value of “sequence cycle
+ 10 ms”.

1.6.3 Error information presented upon ladder WDT errors

When a ladder WDT error occurs, the ERR LED indicator of the LPU module comes on. This
ladder WDT error can be distinguished from other types of error by using the SI0V base system’s
error log display function. A ladder WDT error, when detected, is always notified by displaying
the error code “0x1206” and message “Ladder watchdog-timer timeout error” on the S10V base
system. For information on how to operate the S10V base system, refer to the “USER’S
MANUAL BASIC MODULES (Manual number SVE-1-100).”
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2 ARITHMETIC FUNCTIONS

C2.1 Functional Overview )

If you want to carry out arithmetic operations in a ladder program, use arithmetic functions.

They will simplify your programming work.

® Operation of arithmetic functions

[Example circuit]

Function name

| | F H0000—FW000

[ F 4 FwO000+1—FWO000

\ J
Y

Parameters

[Operation]

/‘ ADD

Arithmetic

X100 ADD A function

| o R

%:/l suB

N Arithmetic

function

Executed while ON

ADD process

Executed while ON

R
AR
]

SUB process

F]

1 Sequence cycle

The above functions are executed during each sequence cycle as long as the input condition is

met.
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2 ARITHMETIC FUNCTIONS

(1) Parameters
Each arithmetic function, assigned a unique name signifying its operation, takes one or more

parameters. Registers and constants can be specified as parameters to arithmetic functions.

(2) Operation
Arithmetic functions are initiated during each sequence cycle as long as the coil remains
energized (ON). If you want to initiate an arithmetic function only once when the coil
makes a transition from OFF to ON state or from ON to OFF state, use the function in

conjunction with a rising-edge or a falling-edge contact, respectively.

Example 1: Using an arithmetic function together with a rising-edge contact:

‘ X100 V100 MOV
‘ | — | F 0—>DW000

2

X100
Executed only once at the rising edge.

MOV process

>

— 1 sequence cycle

Example 2: Using an arithmetic function together with a falling-edge contact:

‘ X101 V101 ADD
‘ | vl F FWO000+FW002—>FW004

)

X101

Executed only once at the falling edge.

ADD process

T

1 sequence cycle
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2 ARITHMETIC FUNCTIONS

(2.2 Functional Specifications )

(1) General makeup of arithmetic functions

‘ ADD --{---=---mmommmmommmooooooooooo- ©)

(D Function name: Name of arithmetic function.

(2 Parameters: Each is a register or constant to be operated on.

(2) Data formats
The types of data that can be used with arithmetic functions are word, long-word, and

floating:

® Word
Each piece of word data is a signed 16-bit single-precision integer.

In the word format, each bit is given a bit number, as shown below.

(MSB) (LSB)
Bitnumber—- 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

The range of allowable word data is as follows:
In decimal: -32768 to +32767
In hexadecimal: H8000 to H7FFF, where the letter “H” denotes that the number which

follows is in hexadecimal notation.

Note 1: Bit registers, such as X000 and R123, are handled as word data, where only the
LSB (least significant bit) is valid as data. For details, see Subsection 2.3.2,
“Handling of bit registers.”

Note 2: The values (counts) of ON-delay timers (T), one-shot timers (U), and up-down

counters (C) (TC*** UC*** CC***.***=pumber) are all handled as word data.

The same is true with their set values (TS***, US*** CS***.***=pnumber).
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2 ARITHMETIC FUNCTIONS

® [ong-word
Each piece of long-word data is a signed 32-bit double-precision integer.

In the long-word format, each bit is given a bit number, as shown below.

(MSB) (LSB)
Bitnumber—~ 0 1 2 3 4 5 6 7 8 9 10 11 22 23 24 25 26 27 28 29 30 31

231 230 229 228 227 226 225 224 223 222 221 220 29 28 27 26 25 24 23 22 21 20

The range of allowable long-word data is as follows:
In decimal: -2147483648 to +2147483647
In hexadecimal: H80000000 to H7FFFFFFF

® Floating
Each piece of floating data is a 32-bit single-precision floating-point number.
Floating data has the following bit configuration:

231 230 229 228 227 226 225 224 223 222 221 220 29 28 27 26 25 24 23 22 21 20

l Exponent Mantissa

Sign of mantissa
(0: Positive; 1: Negative)

The range of allowable floating data is as follows:

0, £27126 1o 42128
If one of the following errors occurs in a floating-point arithmetic operation, it is notified
as described below.
Invalid operation: Of the operation result flag bits provided, the E-bitis setto 1. The
content of the register to store operation results remains unchanged.
Division by zero: Of the operation result flag bits provided, the E-bitis setto 1. The
content of the register to store operation results remains unchanged.
Overflow: The maximum finite number that can be represented internally as an absolute
value (+3.402823E38) is returned.

Underflow: The number 0 with correct sign is returned.
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2 ARITHMETIC FUNCTIONS
|

(3) Flag settings
Arithmetic functions set an appropriate operation result flag(s) to report on the result of the
operation performed. The following description deals with the types of flags provided,

where they are set, and the conditions for setting them.

(MSB) (LSB)
215 20
SwWo000{1/0[1/0[1/0[1/0[1/0]1/0 |(Reserved for future extension)|

S005: Overflow flag (V)
—— S004: Zero flag (2)
S003: Negative flag (N)
S002: Positive flag (P)
S001: Error flag (E)
S000: Extend flag (X)

Note 1: The registers S000 through SOOF are read-only registers that reflect flag statuses after
the execution of system arithmetic function instructions. These registers can be
referenced in ladder programs, but neither in the ladder tool’s MCS nor the ladder

circuit monitor.

System register Sequencer flag register
SWO000 ® (Operation result flags)
Nothing is set in the /
actual SWO000. 215 914 513 512 511 510 59 20

X|E[P|IN|Z|V

Note 2: The results of floating-point operations are also reflected in these flags.
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<Conditions for flag settings>

2 ARITHMETIC FUNCTIONS
|

Flags Flag setting condition
No.| Type -
X|E|P|N \ For word: For long-word: For floating:
1 |abpD . PY V: Set to 0 if the operation result is in the range V: Set to 0 if the operation result is in the range
-32768 to 32767; otherwise, set to 1. -2147483648 to 2147483647 otherwise, set to 1.
5 ADD _le|-|- o E: Set to 1 if the operation ends up with an error(*);
(floating) otherwise, set to 0.
3 |suB . PY V: Set to 0 if the operation result is in the range V: Set to 0 if the operation result is in the range
-32768 to 32767; otherwise, set to 1. -2147483648 to 2147483647 otherwise, set to 1.
4 SUB _le|-|- o E: Set to 1 if the operation ends up with an error(¥*);
(floating) otherwise, set to 0.
S |INC B A ®|V: Set to 0 if the operation result is in the range V: Set to 0 if the operation result is in the range
6 |DEC e @| -327681t0 32767, otherwise, set to 1. 2147483648 to 2147483647 otherwise, set to 1.
7 |muL . PY V: Set to 0 if the operation result is in the range V: Set to 0 if the operation result is in the range
-32768 to 32767; otherwise, set to 1. -2147483648 to 2147483647; otherwise, set to 1.
3 MUL _le|-|- o E: Set to 1 if the operation ends up with an error(*);
(floating) otherwise, set to 0.
E: Set to 1 if the divisor is zero (0); otherwise, set to E: Set to 1 if the divisor is zero (0); otherwise, set to 0.
9 |DIV —|@|—]— [ ] V: Set to 1 if the quotient is 32768; otherwise, sct to V: SSee‘ttt:Ol if the quotient is 2147483648; otherwise,
0. .
DIV E: Set to 1 if the divisor is zero (0); otherwise, set to 0.
10 (floating) |~ [ Il b - Also, set to 1 if the operation ends up with an
2 error(*); otherwise, set to 0.
E: Set to 1 if the divisor is zero (0); otherwise, set to E: Set to 1 if the divisor is zero (0); otherwise, set to 0.
11 [MOD —|@®|—|— [ ] V: Set to 1 if the quotient is 32768; otherwise, sct to V: SSee‘ttt:Ol if the quotient is 2147483648; otherwise,
0. .
E: Set to 1 if the divisor is zero (0); otherwise, set to
_ o 0.
12]SCL g g V: Set to 0 if the operation result is in the range
-32768 to 32767; otherwise, set to 1.
P: Set to 1 if data value > 0; otherwise, set to 0.
13 [TST —|—|®|® —[N: Set to 1 if data value < 0; otherwise, set to 0.
Z: Set to 1 if data value = 0; otherwise, set to 0.
; : E: Set to 1 if data value < 0; otherwise, set to 0.
_ | E: Set to 1 if data value < 0; otherwise, set to 0. g . y . .
14 |BTD [ ] [ ] V- Set to 1 if data value > 9999 otherwise, set to 0. V: get to 1 if data value > 99999999; otherwise, set to
15 |[DTB —|@f—|— — | E: Set to 1 if a given digit (4-bit) has a value in the range HA to HF; otherwise, set to 0.
16 |APB —|®] |- —|E: Set to 1 if a data value other than H30 thru H39
17 |AUB —|®|—|— —| and H41 thru H46 is detected; otherwise, set to 0.
I O V: Set to 0 if the operation result is in the range
18 |DTS L 232768 to 32767: otherwise, set to 1.
19 |ABS il Bl ®|V: Set to 1 if data value = -32768; otherwise, set to | V: Set to 1 if data value = -2147483648; otherwise, set
20 [NEG —|—{—|-]|-|®] O to 0.
21 |[ECD —|@[—|— — | E: Set to 1 if data value = 0; otherwise, set to 0.
22 [ASL o il il @ | V: Set to 1 if the sign bit’s value changes at least once during the shift operation.
23 |[LIM — —|— — | E: Set to 1 if upper-limit value < lower-limit value; otherwise, set to 0.
LIM E: Set to 1 if upper-limit value < lower-limit value;
24 (floating) —|— — otherwise, set to 0. Also, set to 1 if the operation
2 ends up with an error(*); otherwise, set to 0.
E: Set to 1 if upper-limit value < lower-limit value; |E: Set to 1 if upper-limit value < lower-limit value;
_ | otherwise, set to 0. otherwise, set to 0.
25 |BND L L V: Set to 0 if the operation result is in the range V: Set to 0 if the operation result is in the range
-32768 to 32767; otherwise, set to 1. -2147483648 to 2147483647; otherwise, set to 1.
BND E: Set to 1 if upper-limit value < lower-limit value;
26 (floating) o |- — otherwise, set to 0. Also, set to 1 if the operation
2 ends up with an error(*); otherwise, set to 0.
E: Set to 1 if upper-limit value < lower-limit value; |E: Set to 1 if upper-limit value < lower-limit value;
_ | otherwise, set to 0. otherwise, set to 0.
27|70N L L V: Set to 0 if the operation result is in the range V: Set to 0 if the operation result is in the range
-32768 to 32767; otherwise, set to 1. -2147483648 to 2147483647; otherwise, set to 1.
70N E: Set to 1 if upper-limit value < lower-limit value;
28 (floating) o |- — otherwise, set to 0. Also, set to 1 if the operation
2 ends up with an error(*); otherwise, set to 0.
_ | _ E: Set to 1 if the operation ends up with an error(*);
29 [TAN L otherwise, set to 0.
30 |ASIN —|®[—|— — E: Set to 1 if a given data value is out of the range -1.0
31 |ACOS —|@|—-]— — to 1.0; otherwise, set to 0.
_ | _ E: Set to 1 if the operation ends up with an error(¥*);
32 [EXP L otherwise, set to 0.
E: Set to 1 if specified value < 0; otherwise, set to 0.
33 [LOG —|®|—|- - Also, set to 1 if the operation ends up with an
error(*); otherwise, set to 0.
34 Otherthan| _|_|_f_ — |All the flags remaining unchanged.
the above & g ged.

—: This flag’s value is the same as before the execution of the function.
®: See the description of flag setting conditions in this table.

(*) This error occurs when the result of the floating-point operation is:
Not zero (0) and outside the range +27% to +2'*
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2 ARITHMETIC FUNCTIONS

(2.3 Registers Used in Arithmetic Functions )

As mentioned in Section 2.2, “Functional Specifications,” registers can be specified as parameters
to arithmetic functions. This section provides information on the registers used in arithmetic
functions.

2.3.1 Registers usable in arithmetic functions

Table 2-1 is a list of all registers that can be used in arithmetic functions. Each of these registers
has its unique name and specific use. For efficient programming and maintenance, users are
advised to use each register for its intended application. Of course, they may be used for
applications other than the intended.

Table 2-1 Registers Usable in Arithmetic Functions

(1/3)
. . . Status after reset or
Function name Register name (size) Number Use
power recovery
External input X (bit) 000 to FFF Data input from input Cleared
XW (word) 000 to FFO modules connected for
remote I/O operations
XL (long-word) 000 to FEO
External output Y (bit) 000 to FFF Data output to output Cleared
YW (word) 000 to FFO modules connected for
remote I/O operations
YL (long-word) 000 to FEO
Internal register R, M, A (bit) 000 to FFF Passing operation results Cleared
RW, MW, AW (word) 000 to FFo | between ladder
instructions
RL, ML, AL (long-word) 000 to FEO
Keep relay K (bit) 000 to FFF Temporary retention of Remaining unchanged
KW (word) 000 to FFO operation results
KL (long-word) 000 to FEO
ON-delay timer (contact, coil) | T (bit) 000 to 1FF ON-delay timer Cleared
TW (word) 000 to 1FO
TL (long-word) 000 to 1EO
ON-delay timer / set value TS (word) 000 to 1FF Remaining unchanged
ON-delay timer / count value | TC (word) 000 to 1FF Cleared
One-shot timer (contact, coil) | U (bit) 000 to OFF One-shot timer Cleared
UW (word) 000 to OF0
UL (long-word) 000 to OEO
One-shot timer / set value US (word) 000 to 1FF Remaining unchanged
One-shot timer / count value | UC (word) 000 to 1FF Cleared
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Table 2-1 Registers Usable in Arithmetic Functions
(2/3)
Function name Register name (size) Number Use Status after reset or
power recovery
Up-down counter C (bit) 000 to OFF Counting if the condition | Remaining unchanged
(contact, coil) CW (word) 000 to OFO is met
CL (long-word) 000 to OEO
Up-down counter / set value CS (word) 000 to 1FF
Up-down counter / count value | CC (word) 000 to 1FF
Global link register G (bit) 000 to FFF Linkage between PLCs Cleared
GW (word) 000 to FFO
GL (long-word) 000 to FEO
Nesting coil N (bit) 000 to OFF Ladder subprogram call Cleared
NW (word) 000 to OF0
NL (long-word) 000 to OEO
Process register P (bit) 001 to 080 Task initiation Cleared
PW (word) 000 to 080
PL (long-word) 000 to 060
Event register E (bit) 000 to FFF Event information output, Cleared
EW (word) 000 to FFO analog/pulse counter
EL (long-word) 000 to FEO
Edge contact V (bit) 000 to FFF Edge detection Cleared
VW (word) 000 to FFO
VL (long-word) 000 to FEO
Zee register Z (bit) 000 to 3FF Interrupt generation to Cleared
ZW (word) 000 to 3FQ | host
ZL (long-word) 000 to 3E0
System register S (bit) 000 to BFF System status display Initialized with initial
SW (word) 000 to BFO value
SL (long-word) 000 to BEO
Shared-data register between | J, Q (bit) 000 to FFF Data sharing between Cleared
HI-FLOW and ladder JW, QW(word) 000 to FFO HI-FLOW and ladder
JL, QL (long-word) 000 to FEO
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Table 2-1

Registers Usable in Arithmetic Functions

(3/3)

Function name

Register name (size)

Number

Use

Status after reset or

power recovery

Extension internal register LB (bit) 0000 to FFFF | Passing operation results Cleared
LBW (word) 0000 to FFFQ | between ladder
instructions
LBL (long-word) 0000 to FFEO
Converter-specific register LR, LV (bit) 0000 to OFFF | Exclusive use by the Cleared
LRW, LVW (word) 0000 to OFF( | converter (users are not
allowed to use it)
LRL, LVL (long-word) 0000 to OFEO
Input/output register (reserved Future use Cleared
) IW, OW (word) 000 to FFF
for future extension)
Internal register BD (long-word) 000 to 1FE Indirect access Remaining unchanged
BW (word) 000 to 1FE Depending on location
BL (long-word) 000 to 1FE
Function data register DW (word) 000 to FFF Constant data area Remaining unchanged
DL (long) 000 to FFE
Function work register FW (word) 000 to BFF Work area Remaining unchanged
FL (long) 000 to BFE
Extension function work LWW (word) 0000 to FFFF | Work area Cleared
register LWL (long) 0000 to FFFE
Long-word work register LLL 0000 to 1FFF | Work area (long-word) Cleared
Single-precision floating- Floating-point arithmetics Cleared
) ) LF 0000 to 1FFF
point work register
Backup word work register LXW (word) (*) 0000 to 3FFF | Retention of data upon Remaining unchanged
LXL (long) 0000 to 3FFE | resetting
Backup long-word work Retention of data upon Remaining unchanged
) LML (¥*) 0000 to 1FFF )
register resetting
Backup single-precision Retention of data upon Remaining unchanged
LG (%) 0000 to 1FFF

floating-point work register

resetting

(*) The backup registers LX, LM, and LG require longer access time than do other registers, so they should be used only for the

retention of initial values or data saving on error.
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2.3.2 Handling of bit registers

In arithmetic functions, such bit registers as X000 and RFFO (i.e., those registers which are listed
as “bit” in Table 2-1, “Registers Usable in Arithmetic Functions”) are handled as word data. In
these registers, only the LSB is valid as data and all other bits are zero (0) in reading and invalid
in writing.

The following is the data format of bit registers used in arithmetic functions:

(MSB) (LSB)
Bit register 0 1 2 3 45 6 7 8 9 10 11 12 13 14 15
* * * * * * * * * * * * * * * 0/1

215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
*: Each is zero (0) in reading and invalid in writing.

Example 1: MOV HFFFF -> R000, then MOV R000 -> FW000
The first transfer instruction “MOV” moves the value HFFFF (hexadecimal
constant) to the bit register RO00, then the second “MOV” moves the content
of RO0O to the word register FW000. The result is the value HO001 stored in
FWO000.

Example 2: MOV FW010 -> LB0000, then MOV LB0000 -> DW000
If the content of FWO010 is H1234, the first “MOV” moves that content to the
bit register LB0000, then the second “MOV” moves the content of LB000O to
DWO000. The result is the value HO000 stored in DW000.
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2.3.3 Relationships between bit registers and word registers

Bit registers and word registers have relationships as shown below. The example below
manifests that the bit registers X000 through X00F are in 16-to-1 correspondence with the word
register XW000. The same correspondence also exists between X010 through X01F and
XWO010, between X020 through X02F and XW020, and so forth. The example below is the case
of the X registers. The same is true with all other bit registers.

The bit and word registers actually share the same memory area, so the contents of a particular set
of bit registers are completely synchronized with the content of the corresponding word register.
This means that, right after data is written to a word register, reading some of the corresponding

bit registers will bring you part of the data you have just written to that word register.

Word register XW000
Bitnumber 0 1 2 3 4 5 6 7 8 9 101112131415
loJofo[1]ofof1]oofof1[1]of1]o]0]

(MSB) (LSB) J
XOOO | *# | * | * x| *|* x| x| *|[*x|x]|*x]|*|*x]|*x]0

XOOT [ % [ # | % | o] w || oo |n]n]|n]n]|*]|*]=
X002 | # | # | x| x| oo o] sfs|x]|x]x]x]=
XOO3 [ # [ # | % | w | w|w| oo |x]n]|n]|x]|*]|*]=
X004 | # | # | w| x| oo o]sfs|x]x]x]x]=
XOO5 [ % [« | % | x| w || s |o|x]x]n]|x]|*]|*]=
X006 | # | # [ [ *| x| o o] o] sfs|x]|x]*]x]=
Bit registers XOO7 | % [ % | s || n]a|o|n] o] s|x]s]|x]|x]=
XOO8 [ # [ # | % | x| s || w|x|x]n]|n]|x]|*]|*]=
X009 | # | # | [ w| x| o n] o] sfs|x]|x]x]x]=
XOOA [ * [ # | % | x| s || #|o|x]x]|x]|x]|*]|*]=
XOOB | # | # | s [ x| x| o o] o]sfs|x]|x]x]x]=
XOOC | # [ # | % | x| s || #|o|x]x]|s]|x]|*]|*]=
XOOD | # | # [ # [ *| x| o] o] o]sfs|x]|x]*]x]=
XOOE [ % [« | % | o n || #|o|x]x]|x]|x]|*]|*]=
XOOF | # | # [ w[w|n]n]| o] o]sfs|s]s]x]x]=
*: Each is zero (0) in reading and invalid in writing.

olo|=|o|=|=|o|lo|o|-|o|o|-]|o]|o

Long-word registers also have similar relationships with bit registers. For example, the bit
registers X000 through XO1F are in 32-to-1 correspondence with the long-word register XL00O.
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2 ARITHMETIC FUNCTIONS

(2.4 Inputs to Arithmetic Functions )

Inputs to arithmetic functions are made through the input diagram of the arithmetic function.
(For details on the arithmetic-function input diagram, refer to the “SOFTWARE MANUAL
OPERATION S10V LADDER CHART For Windows® (Manual number SVE-3-131).”)
Every input made has spaces inserted between the symbol and the first parameter, if any, and
between the first and subsequent parameters, if any.

The number of parameters input depends of the type of arithmetic function. For details, see

Section 2.6, “Details on the Instructions.”

function-name || parameter || parameter || parameter ...... [Enter]
Example:
ADD | ;RWO000, ;FW000_ ; FW000 [Enter]

(1) Registers as inputs

Area in which settings can be made Exa'lmple Remarks
of input
I/O area (bit) X000 Inputs are handled as word data in arithmetic
functions. (Only LSB data is valid.)
/O area (word) YWO000 The letter “W” denotes a word.
/O area (long-word) RL000 The letter “L” denotes a long word.
Function work register area FW025 Work area
Function data register area DWO050 Constant-data area

Extension function work register area LWWO0000 | The letter “W” denotes a word.

Long-word work register area LLL0000 The letter “L” denotes a long word.
Single-precision floating-point work LF0001 Used for single-precision floating-point
register area operations.

Backup work register area LXWO0000 The three types of registers, word, long-word,
(word, long-word, and floating) and floating, can be specified.

T, U, C set-value area TS003 The letter “S” denotes a set value.

T, U, C count-value area UuCco07 The letter “C” denotes a count value.
High-speed I/O (word) area IW000 (Reserved for future extension)

® Each I/O area above is one of the registers named X, Y, R, M, A, K, T, U, C, G, N, P,
E,V,Z,S,J,Q,LB,or LV.

® Numbers are input as 3- or 4-digit numbers.
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2 ARITHMETIC FUNCTIONS
|

(2) Constants as inputs (immediate)

(a) Input of decimal numbers

@ Direct input of numeric value » 1253
. . Positive number - ==
(positivedecimal number)
@ Input of a sign (“+” or “-”) > +32105
and then a numeric value \Negative number 125
(3 Maximum number of digits that can be input: T
* For word: 5 » (£/-)32767
* For long-word: 10 » (#/:)2147483647
(b) Input of hexadecimal numbers
@ Input of “H” and then a numeric value
(2 Maximum number of digits that can be input:
» For word: 4 —— > HO5F3
* For long word: 8 —>» H1234ABCD

(c) Input of floating (single-precision floating-point) data
@ Input without exponent
Up to 13 digits (including the decimal point), and up to 11 digits after the decimal

point:

—

[«
|=

2 345673889205

! Up to 11 digits
Up to 13 digits

@ Input with exponent
Up to eight digits as the mantissa, up to six digits after the decimal point in the

mantissa, and up to three digits in the exponent:

—>» 1 .230000E(#/-) 0 0 2

Up to 6 digits Up to 3 digits

Up to 8 digits
Up to 13 digits

Note: When you input a floating constant, be sure to enter the decimal point. If the
decimal point is omitted, the input value will not be recognized as floating data

and will cause an input error.
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2 ARITHMETIC FUNCTIONS

|
(3) Specification of indices in arithmetic function instructions

(a) Indexing using the “base register (index register)” format

Execution register address = base register number + index register content (expressed in

units of words)

This indexing method uses as the execution address the location that is identified by the

content of the index register relative to the register number of the base register.

The index registers that can be specified are all word-type registers.

Examples: DW020 (FW000), R400 (FW010)

In the case of “DW020 (FW000)”, if the content of FW000 is H0020, then:
DWO020 + H0020 — DW040.
In the case of “R400 (FW010)”, if the content of FWO010 is HO080, then:
R400 + HO080 — R480.

Note 1: If the content of FW000 is such a value as HOFFO or H1200, which will result
in a value greater than DWFFF (i.e., the maximum value of DW) when added
to the number DW020, the normal operation of the instruction using the index
is not guaranteed.

Note 2: Depending on the type of a register specified as the base register, the equation
“base register number + index register content = execution register number”
does not hold.  For details, see the description of item (a) under “(4)
Precautions in specifying an index in the arithmetic function instruction.”

When specifying the first number in a series, such as 000 or 0000, as the base register, the
number may be omitted.
Examples: DW (FW000), XW (DW000)
In the case of “DW (FWO000)” above, if the content of FW000 is H0020, then
the indexed register points to DW020.

(b) Indexing using the “reference type (indirect register)” format
Execution register address = indirect-register content
This indexing method is specified in the format:
Reference type (long-word register)
where the reference type is one of W (word), L (long-word), and F (floating).
The indirect register specified in this format is always a long-word register.
Examples: W (FL000), L (DL000)

In the case of “W (FL000)” above, the content of FLLOOO is used as an
address. For example, if the content of FL0OO is 000A0000, the content of
the location 000A0000 is used as word data.

Note: If a given index specification causes a long-word access to a word boundary, it will
result in an address error in the arithmetic function. For details, see the description
of item (b) under “(4) Precautions in specifying an index in the arithmetic function
instruction.”
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2 ARITHMETIC FUNCTIONS

(4) Precautions in specifying an index in the arithmetic function instruction

(a) Register numbers used in “base register (index register)” format
If any register as enumerated in the row Nos. 2, 3, 6, and 7 of the table below is used as
the base register for indexing, the equation “base register number + index register content
= execution register address” does not hold. Therefore, when you specify an index in an
arithmetic function instruction, recall the information supplied in the table below and

check that the register you have selected as the base register is actually usable.

No. Register type Register name Execution register address

1 I/O register (bit) XY, RM,A K, T,U,C,G,N, | Base register number + index register content
P,E, V,Z,S,],Q,LB,LR, LV (hexadecimal)

2 I/O register (word) XW, YW, RW, MW, AW, KW, Base register number + index register content
™, UW, CW, GW, NW, PW, (hexadecimal) x HO010 (hexadecimal)

EW, VW, ZW, SW, JW, QW,
LBW, LRW, LVW

3 I/O register XL, YL, RL, ML, AL, KL, TL,
(long-word) UL, CL, GL, NL, PL, EL, VL,
7ZL,SL,JL, QL, LBL, LRL, LVL

4 | Work register (word) | DW, FW, LWW, LXW Base register number + index register content

5 | Work register DL, FL, LWL, LXL (hexadecimal)
(long-word)

6 | Register used as BD, LLL, LML Base register number + index register content
long-word only (hexadecimal) + H0002 (hexadecimal)
7 | Register used as LF, LG

floating only

Examples: - GO0OO (DWO001)

- This example results in the execution register address G010 if the content of
DWO001 is HO010.

-RW020 (FW000)
This example results in the execution register address RW320 if the content of
FWO000 is H0030.

- LLL0O000 (FW000)
This example results in the execution register address LLL0020 if the content
of FW000 is H0040.
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2 ARITHMETIC FUNCTIONS

(b) Long-word/floating access using an index specification
In S10V of LPU module revision L (Ver.-Rev. 02-05) and earlier, long-word/floating
accesses from arithmetic functions are limited to only the long-word boundaries. If an
attempt is made to perform long-word/floating access to a word boundary by using an
index specification, the LPU module detects it as an “arithmetic function address error”
and goes down (i.e., the ERR LED is lit, the ladder is stopped, and the remote I/O
operation is stopped), presenting a notification of the ladder program error.
Usually, the ladder chart system makes a check during circuit input for any attempt to
perform long-word/floating access to a word boundary. If such an attempt is detected,
the ladder chart system presents the message “A number of long register extends into
word boundary.” and invalidates the input (in Ver.-Rev. 01-16 and later of the Ladder
Chart System, the message “The long-word register with an odd number is specified.”
appears). However, if such an attempt uses an index specification, the system cannot
make a check, because the content of the index register remains indeterminate until the
indexing is actually performed. Therefore, when specifying an index, care must be taken
not to make long-word access to a word boundary with an inappropriate execution register
address. Arithmetic function address errors can be prevented by giving due attention to
programming. The table below shows preventive measures that can be used in

programming.
Indexing method Preventive measure
Base register If a long-word register is specified as the base register, set an even
(index register) number in the index register.
Reference type If one of the letters “L” or “F” is specified as the reference type, be
(indirect register) sure to use a number other than those listed in the table below, which
will cause an error.

The table below is a list of all numbers that cause an arithmetic function address error at
the time of long-word access (the following specifications are supported for LPU module
revision M (Ver.-Rev. 02-06) and later).

Register type Register name Number causing an error
I/O register (long-word) XL, YL, RL, ML, AL, KL, TL, Numbers that have an odd digit in the
UL, CL, GL, NL, PL, EL, VL, second least significant digit position,
ZL,SL,JL, QL, LBL, LRL, LVL | as in XLOBJ0 or LBLOO[50 (boxed
position)
Work register (long-word) DL, FL, LWL, LXL Numbers that have an odd digit in the
least significant digit position, as in
DL10[7| or LWLFFF]| (boxed position)

NOTICE

The LPU module stops due to “Invalid instruction detected.” This occurs if the
long-word register having an odd number or a ladder program containing PSHO
and POPO, which were created by the Ladder Chart System of Ver.-Rev. 01-16
or later, is sent to a Ladder Chart System having Ver.-Rev. 01-15 or earlier, or to
an LPU having module revision L (Ver.-Rev. 02-05) or earlier using batch loading.
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2 ARITHMETIC FUNCTIONS
|

Examples 1: Specified in “base register (index register)” format:
- XL000 (FW000)
If the content of FW000 above is HO003, the resulting execution register
address is XL030, which causes an error. If, however, the content of
FWO000 is an even-numbered value, the resulting execution register address
causes no error.
- LWL1000 (FW000)
If the content of FW000 above is HO00S5, the resulting execution register
address is LWL1005, which causes an error. If, however, the content of
FWO000 is an even-numbered value, the resulting execution register address
causes no error.
- LLL2000 (FW000)
If the content of FW000 above is HOOFF, the resulting execution register
address points to a word boundary, which causes an error. If, however, the
content of FW000 is an even-numbered value, the resulting execution
register address causes no error.
- LFO000 (FW000)
If the content of FW000 above is HOO7F, the resulting execution register
address points to a word boundary, which causes an error. If, however, the
content of FW000 is an even-numbered value, the resulting execution
register address causes no error.
Examples 2: Specified in “reference type (indirect register)” format:
- L (RL000)
If the content of RL0O0O0 above is YWO010, an error results. If, however, its
content is YW000 or YW020, no error results.
When setting a YW address value in RLO00 by using the AST function,
specify an even digit in the second least significant digit position within the
YW address value, that is, use the format YW*A*, where A is an even digit.
For example:
AST YWO010 -> RL00O: In this case, access using L (RL0O00) results in an
error.
AST YWO020 -> RL00O: In this case, access using L (RL000) proceeds
normally.
- L (DL004)
If the content of DL004 above is LWWO0001, an error results. If, however,
its content is LWWO0002 or LWWFFFE, no error results.
When setting an LWW address value in DL004 by using the AST function,
specify an even digit in the least significant digit position within the LWW
address value, that is, use the format LWW***A_ where A is an even digit.
For example:
AST LWWO0001 -> DL004: In this case, access using L (DL004) results in
an error.
AST LWWO0002 -> DL004: In this case, access using L (DL004) proceeds
normally.
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2 ARITHMETIC FUNCTIONS

[Supplement] How to check if an arithmetic function address error has occurred by using

Error log information

Errar log information

the S10V base system:

If the ERR LED indicator of the LPU module is lit, you can identify the error

as an arithmetic function address error or some other type of error by using

the S10V base system. The procedure is as follows:

(D Start the S10V base system.

@ Click on the button.

@ The [Error log information] window appears. Check if the error code
“0x120c¢” and message “Arithmetic Function Address error” are
presented in an “LPU (module)” line.

An example of the [Error log information] window that reports on the

occurrence of an “Arithmetic Function Address error” is given below.

Cloge I

Module

LFU

| Mount | Errarcode | contents | Date | Time | moitesh
Mod.. Okl 20c Arithretic Function Address error 20050112 09:36:27 —l—e i

Sorting |

Error Log Delete |
Error Log All Deletel
Errar Log Save |
Error Log Detail |

2-19



2 ARITHMETIC FUNCTIONS

(2.5 Arithmetic Functions

(1/5)
Major Minor Symbol Unit of data Process outline oo Page
classification | classification Y processed E[(P([N Vv 9
Word Y I o
Addition ADD | Long (S)+ (D) — (R) —-- ®| 226
Floating o |- —
Word JE I o
Subtraction SUB Long (S)- (D) — (R) - -1- @ | 2-30
Floating @ - |- -
Word
+1 INC < S)+1 () o] -] - | @] 2-34
Long
Word
Arithmetic | - ! DEC Lon S)-1-(S) - -1~ @ 2-36
. . g
nstructions
Word S I ()
Multiplication MUL Long (S) x (D) — (R) - -1- @ | 2-38
Floating o -|- _
Word o -|- ()
Division DIV Long (S)/ (D) — (R) (quotient) |- |- @ 2-42
Floating o -|- _
Word
Remainder MOD o (S)/ (D) — (R) (remainder) o |-|-|®| 246
ong
Scale change SCL Word (S) x (D1)/(D2) — (R) o - |- @ | 248
Word
Logical product | AND < (S) A (D) — (R) S (O O D )
Long
Word
Logical sum OR < (S)v (D) — (R) S (O O )
Logical Long
instructions . Word
Exclusive OR EOR (S) & O)— @R - -1- - | 2-54
Long
Word —
Negation NOT o S)—R) -1-1- — | 2-56
Long
Word
_ When (S)=(D), 1 — (R).
EQU | Long When (S) % (D), 0 — (R). ]| %58
Floating
Word
When (S) # (D), 1 — (R).
7 NEQ | Long When (S) = (D). 0 — (R). 0
Comparison Floating
instructions Word
When (S) > (D), 1 — (R).
> GT Long When (S) < (D). 0 — (R). %
Floating
Word
When (S) < (D), 1 — (R). )
< LT Long When (S) > (D), 0 — (R). - -1~ — | 2-64
Floating

@: The value of this flag varies depending on the result of the operation performed.
—: The same value as before the performance of the operation is retained.

S: Source

D: Destination

R: Result
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2 ARITHMETIC FUNCTIONS

(2/5)
Major Minor Symbol Unit of data Process outline ege Page
classification | classification y processed P|N 9
Tord When ($)> (D), 1 > (R)
en(S)>(D), 1 —
= GE | Long When (S) < (D), 0 — (R) - |- 2-66
Floating
C i Word When (S) < (D), 1 — (R)
omparison en(S)< (D), 1 — )
instructions | = LE Long. When (S) > (D), 0 — (R) Tl 2-68
Floating
Word T d he P, N, and/or Z
Test TST Tong ﬂest (S) an 'set the P, N, and/or eole 2-70
_ ags according the result.
Floating
Word
Transfer MOV Long (S)— (D) - - 2-72
Floating
Word
Batch transfer | MOM o (S, n) — (D) . 2-74
Long
Batch transfer Word
of same data INI Long ()~ (D.n) T 2-76
Word
Exch EX D - | - 2-78
xchange C Tong (S) < (D) 7
Transfer E"“.te onFIFO | oy | word (S) — FIFO table - 2-80
instructions asts
E;Sai‘si onFIFO | pop | word FIFO table — (D) . 2-82
mlitse onFIFO | ponio | word (S) — FIFO table - 2-84
bR:;(sl onFIFO | p6po | word FIFO table — (D) - 2-86
Address setting | AST Long Address of S — (D) - | - 2-88
Word Search D for (S) in the range m (the
Search SCH Long number of steps to be searched), and - - 2-90
Floating matching number — (R)
Word BIN — FLOAT
BIN — FLOAT | BTF - - 2-94
- Long S)—>®R)
Word FLOAT — BIN
FLOAT — BIN | FTB - | - 2-96
- Long S ——>®)
Word BIN — BCD
BIN — BCD BTD — | - 2-98
-~ Long & —>®
Conversion Word BCD — BIN
instructions | BCD — BIN DTB Long S) —— (R) Sl 2-100
Word BIN — 7SEG
BIN — 7SEG SEG - | - 2-102
- Long S ——mmm>®)
ASP Word BIN — ASCII (pack mode) N 2-104
S ——> R
BIN = ASCII BIN — ASCII k mod
ASU | Word ~ (unpack mode) - - 2-106

S ———>®

@: The value of this flag varies depending on the result of the operation performed.
—: The same value as before the performance of the operation is retained.

S: Source

D: Destination

R: Result

n: Number of words
m: Number of steps to be searched
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2 ARITHMETIC FUNCTIONS

(3/5)
Major Minor Symbol Unit of data Process outline Hags Page
classification | classification y processed E|P|N \Y 9
APB Word © ASCII — BIN (an}f)k mode) ol |- _ 12108
ASCII — BIN
AUB Word ASCII — BIN (unpack mode) Py ~ 12110
S ———®
SINGLE
! STD Word (S)W— (R)L |-~ - |2-112
DOUBLE
DOUBLE
) DTS Long (S)L > R)W —-1- @ [2-114
SINGLE
Conversion Word
INSLUCHions | Apoolute value | ABS | Long (S)| = (R) B . @ [2-116
Floating
Word
+- NEG | Long «S) = (R) —-1- @ [2-118
Floating
Word i i
Decode DCD Numeric value nin () - 1 -1 - [2120
Long — n-th bit in (R)
Word Search for first 1-bit in (S), starting
Encode ECD from MSB - bit position n of the ®|-|- - [2-122
Long 1-bit found — (R)
; ; Word i i i
Lpglcal shift LSR Shift (S) to the right by (D) bits ] _ 19124
right Long —0,(R)
i i Word i i
Logical shift LSL Shift (S) to the left by (D) bits . _ 12126
Shift left Long —(R),0
INSEUCHOns | A ithmetic shift ASR Word Shift (S) to the right by (D) bits 9128
right Long — MSB, (R) N }
i ic shi Word i i
Arithmetic shift ASL Shift (S) to the left by (D) bits . ® | 2-130
left Long —-[R),V
Word i i
Rotate right ROR Rota;{e (S) to the right by (D) bits o PR
Rotation Long — (R)
instructions Word i
Rotate left ROL Rotate (S) to the left by (D) bits ] _ 12134
Long — (R)
Word (D1)<(S) - (D1) > (R)
LIMITER LIM Long (D2) < (S) < DI ~ (S) — (R) [ - —|2-136
Floatng | (9 <(02) - (D2) = ®)

Function | e o Word (D)< (S) ~ (S) - (D1) — (R) o --|-|®
processing | o\ BND Long (D2)<(S)<(D1) 0 —(R) ® |- |- @® [2-140
instructions Floating (5) <(D2) - (S) - (D2) — (R) FYE _

W _ |-
DEAD ord (8)>0(8)+(D1) - ®) hd hd
ZONE ZON | Long (S)=00— (R) o |- @ |2-144
Floating | (9 <0+ (9)+ (D)= ®) o 1

@: The value of this flag varies depending on the result of the operation performed.
—: The same value as before the performance of the operation is retained.

S: Source

D: Destination

R: Result
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2 ARITHMETIC FUNCTIONS

(4/5)
Major Minor Symbol Unit of data Process outline Hage Page
classification | classification y processed E|[P|N 9
Word
(8)=0 -+ SQR(S) — (R) I
Square root SQR Long ($)<0 *++ 0— (R) 2-148
Floating
Sine SIN Floating SIN (S) — (R) - -1~ 2-152
Cosine COS Floating COS (S) — (R) -|-1- 2-154
Tangent TAN Floating TAN (S) — (R) ®|-|- 2-156
Arc sine ASIN | Floating SIN'(S) — (R) @ |- 2-158
Arc cosine ACOS | Floating Cos™(s) — (R) o |- 2-160
Function ; x]
. Arc tangent ATAN | Floating TAN" (S) — (R) -1 -1~ 2-162
processing
instructions | Exponential EXP Floating EXP (S) — (R) ®| - |- 2-164
Natural .
Jogarithm LOG Floating LOG (S) — (R) - - 2-166
Word
Maximum ®S)=2R) --(S)— [®R) N
value MAX Long (S)<(R)* (D) — (R) 2-168
Floating
Word
L S =®) )~ (R)
Minimum value | MIN Lon, - =-1- 2-170
. (8)> (R)** (D) = (R)
Floating
XCLR - Clear X-area. - =-1- 2-172
YCLR - Clear Y-area. - —=1- 2-172
GCLR - Clear G-area. - =1~ 2-172
RCLR - Clear R-area. - =1- 2-172
KCLR - Clear K-area. - —=1- 2-172
Special
. . Clear TCLR - Clear T-area and count value - =1- 2-172
Instructions
UCLR - Clear U-area and count value. - =1- 2-172
CCLR - Clear C-area and count value. - =1- 2-172
VCLR - Clear V-area. - =-1- 2-172
ECLR - Clear E-area. -1 -1~ 2-172
FCLR - Clear the operation result flags. - -1~ 2-172

@: The value of this flag varies depending on the result of the operation performed.
—: The same value as before the performance of the operation is retained.

S: Source

D: Destination

R: Result

2-23




2 ARITHMETIC FUNCTIONS

(5/5)
Major Minor Symbol Unit of data Process outline Hags Page
classification | classification y processed PN 9
Conditional T B Ifa given condition is met, jump to a N 2-174
specified label.
. Jump Unconditional IMP B Unconditionally jump to a specified B 2-176
instructions label.
Conditional JSE _ If a given condition is met, jump to the _ 2178
jump to SEND SEND (Sequence END) instruction.
TOP - Open a TCP connection (client). - 2-198
TPOP - Open a TCP connection (server). - 2-200
TeP | 1cLo - Close a TCP connection. - 2202
communication
TRCV - TCP reception. - - 2-204
Ethernet
comgg,?lca- TSND - TCP transmission. - 2-208
instructions
uop - Open UDP. - 2-210
L - 1 DP. -1 - 2-212
UDP UCLO Close U
cati
cOMmuRICation URCV - UDP reception. - - 2-214
USND - UDP transmission. - 2-218

—: The same value as before the performance of the operation is retained.
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2 ARITHMETIC FUNCTIONS

<2.6 Details on the Instructions

)

Information in this section is concerning all available standard arithmetic function instructions
and is organized as follows.

(1)

2)

3)

Input format

Under this heading is shown the input format of each instruction.

Function

Under this heading is provided a description of each instruction’s function.

Data types

Under this heading are listed the types of data that can be specified as parameters to each

instruction.
Example:

This portion shows whether
such registers as DW000
and such constants as
HO0001 may be used with
the instruction or not.

This portion shows whether
such registers as LLL0O000
and such constants as
H04231556 may be used
with the instruction or not.

This portion shows whether
such registers as LF0000
and such constants as
1.12E-002 may be used with
the instruction or not.

4 Word ; ; Long-word ; ; Floating \

—: May not be specified.

(" Index )
Register | Constant||| Register | Constant] || Register | Constant specification
s N N N N N N
D N v N v v N N
R\ Y -\ -\ R,
V: May be specified. /

If a register may be
specified, this portion shows
whether an index may be
specified or not.

According to the above sample table, users can specify, as S (Source) and D (Destination),
addresses of such data as word, long-word, and floating, including index specifications, and
can specify constants of those types. In addition, they can also specify as R (result) such
data registers as word, long-word, and floating, including index specifications.

Note: Bit I/O areas, such as R0O00 and Y 1FF, are handled as word data in arithmetic
functions. In these cases, only the LSB is valid and all the other bits are zero (0) in
reading and invalid in writing. For details, see Subsection 2.3.2, “Handling of bit
registers.”

(4) Example program

Under this heading is shown a simple ladder program using each instruction and its
operation.

(5) Error handling

Under this heading is described what processing will be done if an error occurs. The

operation result flag(s) reflecting the error are also shown under this heading.
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ADD ADDITION

(1) Input format

ADD §S + D > R

where:
S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “+” and “->” may be omitted.

(2) Function
® Addition of word data
The ADD instruction adds a 16-bit data value specified in Source (S) and another 16-bit

data value specified in Destination (D) together and stores the result in Result (R):

(S) - (D) = (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -32768 to 32767.

® Addition of long-word data
The ADD instruction adds a 32-bit data value specified in Source (S) and another 32-bit

data value specified in Destination (D) together and stores the result in Result (R):

(S) + (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -2147483648 to 2147483647.
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® Addition of floating data
The ADD instruction adds a floating data value specified in Source (S) and another

floating data value specified in Destination (D) together and stores the result in Result (R):

Floating value Floating value Floating value

(S) + (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the following range:
0, £2126 1o +2128

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
V V \/ V \ \/ \/
D V \/ \/ \/ \ \ \
R V - \/ - \/ - \/

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word, long-word, or floating). If any

one of them is of a different type, an input error will result.

(4) Example program

‘ R000 ADD
‘ | | F FW000 + FW001 = FW002

In this example, if the contact ROOO (input condition) is closed (ON), the ADD instruction
adds the contents of FW000 and FWO001 together and stores the result in FW002.
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(5) Error handling
® Operation result flags

X E P N z \Y

where:
V: When the type of given data is word:
* Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
* Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to
1.
When it is floating:
* Not affected by the result of the operation performed; it remains unchanged.
E: When the type of given data is word or long-word:
* Not affected by the result of the operation performed; it remains unchanged.
When it is floating:
* Set to 1 if Result (R) is a non-zero value and out of the range shown below;
otherwise, set to 0.
49126 4 4128

All the other flags then V and E remain unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive In case of a negative
overflow: overflow:
Word H7FFF H8000
Long-word H7FFFFFFF H80000000
Floating +3.402823E38 -3.402823E38

If a floating value causes an overflow, the V-flag is not set. (The V-flag is set only if a

word or long-word value causes an overflow.)

® [f the E-flag is set, the content of Result (R) remains unchanged.

® [f a floating value causes an underflow, a value of zero (0) with correct sign will be stored

in Result (R), the operation result flags remaining unchanged.

2-28



This Page Intentionally Left Blank



SUB SUBTRACTION

(1) Input format

SUB § - D -> R

where:
S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “-” and “->” may be omitted.

(2) Function
® Subtraction of word data
The SUB instruction subtracts a 16-bit data value specified in Destination (D) from

another 16-bit data value specified in Source (S) and stores the result in Result (R):

(S) - (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -32768 to 32767.

® Subtraction of long-word data
The SUB instruction subtracts a 32-bit data value specified in Destination (D) from

another 32-bit data value specified in Source (S) and stores the result in Result (R):

(S) - (D) = (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -2147483648 to 2147483647.
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® Subtraction of floating data
The SUB instruction subtracts a floating data value specified in Destination (D) from

another floating data value specified in Source (S) and stores the result in Result (R):

Floating value Floating value Floating value

(S) - (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the following range:
0, £27126 1o 42128

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
V V \/ V \ \/ \/
D V \/ \/ \/ \ \ \
R V - \/ - \/ - \/

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word, long-word, or floating). If any

one of them is of a different type, an input error will result.

(4) Example program

‘ R000 SUB
‘ | | F FW000 - FW001 = FW002

In this example, if the contact ROOO (input condition) is closed (ON), the SUB instruction
subtracts the content of FW001 from that of FW000 and stores the result in FW002.
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(5) Error handling
® Operation result flags

X E P N z \Y

where:
V: When the type of given data is word:
* Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
* Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to
1.
When it is floating:
* Not affected by the result of the operation performed; it remains unchanged.
E: When the type of given data is word or long-word:
* Not affected by the result of the operation performed; it remains unchanged.
When it is floating:
* Set to 1 if Result (R) is a non-zero value and out of the range shown below;
otherwise, set to 0.
49126 4 4128

All the other flags then V and E remain unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive In case of a negative
overflow: overflow:
Word H7FFF H8000
Long-word H7FFFFFFF H80000000
Floating +3.402823E38 -3.402823E38

If a floating value causes an overflow, the V-flag is not set. (The V-flag is set only if a

word or long-word value causes an overflow.)

® [f the E-flag is set, the content of Result (R) remains unchanged.

® If a floating value causes an underflow, a value of zero (0) with correct sign will be stored

in Result (R), the operation result flags remaining unchanged.
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INC

+1 INCREMENTATION)

(1) Input format

INC S

where:

S: A data storage register to store a data value to be incremented.

Note: Spaces must be inserted between the function name and parameter.

(2) Function

® Incrementation of word data

The INC instruction increments a 16-bit data value specified in Source (S) by one (1):

+1

=

where the values that may be specified and stored in Source (S) are in the range -32768 to
32767.

® Incrementation of long-word data

The INC instruction increments a 32-bit data value specified in Source (S) by one (1):

+1

=

where the values that may be specified and stored in Source (S) are in the range
-2147483648 to 2147483647.

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
s N - v - - - v

\: May be specified.

—: May not be specified.
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(4) Example program

‘ R0O00 V00O INC
‘ Rl F FW000

In this example, if the contact RO00 (input condition) makes a transition from OFF to ON
state, the INC instruction increments the content of FW000 by one (1) only once.

(5) Error handling
® Operation result flags

X E P N Y4 \Y

where:
V: When the type of given data is word:
* Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
* Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to
1.
All the other flags then V remain unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
Word Long-word
H7FFF H7FFFFFFF
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(1) Input format

DEC S

where:

S: A data storage register to store a data value to be decremented.
Note: Spaces must be inserted between the function name and parameter.
(2) Function

® Deccrementation of word data
The DEC instruction decrements a 16-bit data value specified in Source (S) by one (1):

where the values that may be specified and stored in Source (S) are in the range -32768 to
32767.

® Decrementation of long-word data
The DEC instruction decrements a 32-bit data value specified in Source (S) by one (1):

where the values that may be specified and stored in Source (S) are in the range
-2147483648 to 2147483647.

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification
S \/ - V - - - \

\: May be specified.

—: May not be specified.
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(4) Example program

‘ R0O00 V00O DEC
‘ Rl F FW000

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the DEC instruction decrements the content of FW000 by one (1) only once.

(5) Error handling
® Operation result flags

X E P N Y4 \Y

where:
V: When the type of given data is word:
* Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
* Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to
1.
All the other flags then V remain unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
Word Long-word
H8000 H80000000
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(1) Input format

MUL S * D -> R

where:
S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “*” and “->” may be omitted.

(2) Function
® Multiplication of word data
The MUL instruction multiplies a 16-bit data value specified in Source (S) and another

16-bit data value specified in Destination (D) and stores the result in Result (R):

(S) * (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -32768 to 32767.

® Multiplication of long-word data
The MUL instruction multiplies a 32-bit data value specified in Source (S) and another

32-bit data value specified in Destination (D) and stores the result in Result (R):

(S) * (D) = (R)

where the values that may be specified in Source (S) and Destination (D) and stored in Result
(R) are in the range -2147483648 to 2147483647.

2-38



MUL MULTIPLICATION

® Multiplication of floating data
The MUL instruction multiplies a floating data value specified in Source (S) and another

floating data value specified in Destination (D) and stores the result in Result (R):

Floating value Floating value Floating value

(S) x (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the following range:
0, £2126 1o +2128

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
V V \/ V \ \/ \/
D V \/ \/ \/ \ \ \
R V - \/ - \/ - \/

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word, long-word, or floating). If any

one of them is of a different type, an input error will result.

(4) Example program

‘ RO00 MUL
‘ | | F FW000 * FW001 = FW002

In this example, if the contact RO0O (input condition) is closed (ON), the MUL instruction
multiplies the content of FW000 and that of FW001 and stores the result in FW002.
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(5) Error handling
® Operation result flags

X E P N z \Y

where:
V: When the type of given data is word:
* Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
* Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to
1.
When it is floating:
* Not affected by the result of the operation performed; it remains unchanged.
E: When the type of given data is word or long-word:
* Not affected by the result of the operation performed; it remains unchanged.
When it is floating:
* Set to 1 if Result (R) is a non-zero value and out of the range shown below;
otherwise, set to 0.
49126 4 4128

All the other flags then V and E remain unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive In case of a negative
overflow: overflow:
Word H7FFF H8000
Long-word H7FFFFFFF H80000000
Floating +3.402823E38 -3.402823E38

If a floating value causes an overflow, the V-flag is not set. (The V-flag is set only if a

word or long-word value causes an overflow.)

® [f the E-flag is set, the content of Result (R) remains unchanged.

® If a floating value causes an underflow, a value of zero (0) with correct sign will be stored

in Result (R), the operation result flags remaining unchanged.
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DIV DbpivisioN

(1) Input format

DIv. S / D -> R

where:
S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “/”” and “->” may be omitted.

(2) Function
® Division of word data
The DIV instruction divides a 16-bit data value specified in Source (S) by another 16-bit

data value specified in Destination (D) and stores the result (quotient) in Result (R):

(S) / (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -32768 to 32767.

® Division of long-word data
The DIV instruction divides a 32-bit data value specified in Source (S) by another 32-bit

data value specified in Destination (D) and stores the result (quotient) in Result (R):

(S) / (D) = R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -2147483648 to 2147483647.
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® Multiplication of floating data
The DIV instruction divides a floating data value specified in Source (S) by another

floating data value specified in Destination (D) and stores the result in Result (R):

Floating value Floating value Floating value

(S) / (D) — (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the following range:
0, £2126 1o +2128

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
V V \/ V \ \/ \/
D V \/ \/ \/ \ \ \
R V - \/ - \/ - \/

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word, long-word, or floating). If any

one of them is of a different type, an input error will result.

(4) Example program

‘ RO00 DIV
‘ H F FWO000 / FW001 = FW002

In this example, if the contact ROOO (input condition) is closed (ON), the DIV instruction
divides the content of FW000 by that of FW001 and stores the result (quotient) in FW002.

2-43



DIV DIVISION

(5) Error handling
® Operation result flags

where:
V: When the type of given data is word:
» Set to 1 if Result (R) equals 32768; otherwise, set to 0.
When it is long-word:
* Set to 1 if Result (R) equals 2147483648; otherwise, set to 0.
When it is floating:
* Not affected by the result of the operation performed; it remains unchanged.
E: When the type of given data is word or long-word:
» Set to 1 if D equals 0; otherwise, set to 0.
When it is floating:
 Set to 1 if Result (R) is a non-zero value and out of the range shown below;
otherwise, set to 0.
40126 ¢ 4 ~128

All the other flags then V and E remain unchanged.

® [f an attempt is made to divide a value by zero (0), the error (E) flag is set, with the

overflow (V) flag reset. The content of Result (R) remains unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive In case of a negative
overflow: overflow:
Word H7FFF H8000
Long-word H7FFFFFFF H80000000
Floating +3.402823E38 -3.402823E38

If a floating value causes an overflow, the V-flag is not set. (The V-flag is set only if a

word or long-word value causes an overflow.)
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® [f the E-flag is set, the content of Result (R) remains unchanged.

® [f a floating value causes an underflow, a value of zero (0) with correct sign will be stored

in Result (R), the operation result flags remaining unchanged.
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MOD REMAINDER

(1) Input format

MOD S % D -> R

where:
S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “%” and “->” may be omitted.

(2) Function
® Remainder division of word data
The MOD instruction divides a 16-bit data value specified in Source (S) by another 16-bit

data value specified in Destination (D) and stores the resulting remainder in Result (R):

(S) % (D) — R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -32768 to 32767.

® Remainder division of long-word data
The MOD instruction divides a 32-bit data value specified in Source (S) by another 32-bit

data value specified in Destination (D) and stores the resulting remainder in Result (R):

(S) % (D) = (R)

where the values that may be specified in Source (S) and Destination (D) and stored in
Result (R) are in the range -2147483648 to 2147483647.
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(3) Data types

(4)

()

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \ \ \ \ - - \
D \ \ \ \ - - \
R v - v - — - v

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word or long-word).
them is of a different type, an input error will result.

If any one of

Example program

MOD
F FWO000 % FWO001 = FW002

i
‘ ||

In this example, if the contact RO0O (input condition) is closed (ON), the MOD instruction
divides the content of FW000 by that of FW001 and stores the resulting remainder in
FW002.

Error handling
® Operation result flags

X E P N Y4 Vv

where:
V: When the type of given data is word:
* Set to 1 if the resulting quotient equals 32768; otherwise, set to 0.
When it is long-word:
* Set to 1 if the resulting quotient equals 2147483648; otherwise, set to 0.
E: Set to 1 if Destination (D) equals 0; otherwise, set to 0.
All the other flags then V and E remain unchanged.

® If an attempt is made to divide a value by zero (0), the error (E) flag is set, with the
overflow (V) flag reset. The content of Result (R) remains unchanged.

® [f an overflow occurs in the operation, a value of zero (0) will be stored in Result (R).
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(1) Input format

SCL S

Dl

D2

-> R

where:

S: (Source) is a source storage register or a constant.

D1, D2: (Destination 1, Destination 2) each is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

(2) Function

The symbols “:” and “->” may be omitted.

The SCL instruction multiplies a 16-bit data value specified in Source (S) and the value of
Destination 1 (D1) divided by Destination 2 (D2) and stores the result in Result (R):

=

where the values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) and stored in Result (R) are in the range -32768 to 32767.

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \/ \/ - - - - \/
DI V V - - - - V
D2 v ol - - - - N
R \ - - _ _ _ N

\: May be specified.

—: May not be specified.
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(4) Example program

‘ R000 V00O

SCL SCALE CHANGE

SCL

‘H il

F FWO000 : FW001 : 100 = FW100

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the SCL instruction changes the scale for the content of FW000 only once and stores

the result in FW100.
FW000 HO0100
FW001 H0200 M 1
v
( x }——>  HOO02 |
Divisor 0000
100 Dividend I
] v
FW100 HO51E 4—( . j

(5) Error handling
® Operation result flags

where:

V: Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
E: Set to 1 if Destination 2 (D2) equals 0; otherwise, set to 0.
All the other flags then V and E remain unchanged.

® [f an attempt is made to divide a value by zero (0), the error (E) flag is set, with the
overflow (V) flag reset. The content of Result (R) remains unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive overflow: H7FFF
In case of a negative overflow: H8000
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LOGICAL PRODUCT

(1) Input format

AND § : D > R

where:

S: (Source) is a source storage register or a constant.

D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

(2) Function

® [ ogical product of word data

The AND instruction computes the logical product of a 16-bit data value specified in
Source (S) and another 16-bit data value specified in Destination (D) and stores the result
in Result (R):

(S) AND (D) = (R)

Logical product of long-word data

The AND instruction computes the logical product of a 32-bit data value specified in
Source (S) and another 32-bit data value specified in Destination (D) and stores the result
in Result (R):

(S) AND (D) — (R)
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(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
\/ V \/ \/ - - v
D V \/ \/ \/ - - \/
R V - \/ - - - \/

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word or long-word).

them is of a different type, an input error will result.

If any one of

(4) Example program
‘ R0QO V00O AND
F FWO000 : FW001 = FW002

‘H 1|

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON

state, the AND instruction computes the logical product of the contents of FW000 and
FWO001 only once and stores the result in FW002.

FWO000 FWO001 FW002
H1234 AND HOFOF —= H0204
(5) Error handling
® Operation result flags
X E P N Y4 \%

All the above flags remain unchanged.
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(1) Input format

(2)

OR §S : D > R

where:
S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

Function
® [ ogical sum of word data
The OR instruction computes the logical sum of a 16-bit data value specified in Source (S)

and another 16-bit data value specified in Destination (D) and stores the result in Result

(R):

(S) OR (D) = (R)

® [ogical sum of long-word data
The OR instruction computes the logical sum of a 32-bit data value specified in Source (S)

and another 32-bit data value specified in Destination (D) and stores the result in Result

(R):

(S) OR (D) — (R)
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-]

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

V V y V - - y
D y y y y - - y
R V - v - - - v

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word or long-word). If any one of

them is of a different type, an input error will result.

(4) Example program

‘ R0QO OR
‘ I I F FWO000 : FW001 = FW002

In this example, if the contact RO0O (input condition) is closed (ON), the OR instruction
computes the logical sum of the contents of FW000 and FWO001 and stores the result in

FW002.
FW000 FW001 FW002
H1234 OR HOFOF =) H1F3F

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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EOR EXxcLUSIVE OR

(1)

(2)

Input format

EOR S : D > R

where:
S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

Function

® Exclusive logical sum of word data
The EOR instruction computes the exclusive logical sum of a 16-bit data value specified
in Source (S) and another 16-bit data value specified in Destination (D) and stores the
result in Result (R):

(S) EOR (D) = (R)

® Exclusive logical sum of long-word data
The EOR instruction computes the exclusive logical sum of a 32-bit data value specified
in Source (S) and another 32-bit data value specified in Destination (D) and stores the
result in Result (R):

(S) EOR (D) — (R)
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EOR EXCLUSIVE OR

€)

(4)

()

Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

V V y V - - y
D y y y y - - y
R V - v - - - v

\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word or long-word). If any one of

them is of a different type, an input error will result.

Example program

‘ R0QO EOR
‘ I I F FWO000 : FW001 = FW002

In this example, if the contact RO00 (input condition) is closed (ON), the EOR instruction
computes the exclusive logical sum of the contents of FW000 and FW001 and stores the
result in FW002.

FW000 FW001 FW002
H1234 EOR H1234 = H0000
Error handling

® Operation result flags

All the above flags remain unchanged.
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NOT NEGATION

(1) Input format

NOT S -> R

where:
S: (Source) is a source storage register.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

(2) Function
® Negation of word data
The NOT instruction inverts the bits of a 16-bit data value specified in Source (S) and

stores the result in Result (R):

(S) NOT = (R)

® Negation of long-word data
The NOT instruction inverts the bits of a 32-bit data value specified in Source (S) and

stores the result in Result (R):
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NOT NEGATION

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification
V - \/ - - - \/
R \/ - \/ - - - \/

\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result.

(4) Example program

‘ RO00 NOT
‘ | | F FW000 = FW001

In this example, if the contact RO0O0 (input condition) is closed (ON), the NOT instruction
inverts the content bits of FW000 and stores the inverted bits in FWO001.

FW000 FW001
H1234 NOT = HEDCB

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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EQU -=Eaqual)

(1)

2)

Input format

EQU S

D

-> R

where:

S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

® Comparison of word data
The EQU instruction compares two 16-bit data values specified in Source (S) and

Destination (D), respectively.

Result (R); otherwise, it stores the value 0 in it.

® Comparison of long-word data
The EQU instruction compares two 32-bit data values specified in Source (S) and

Destination (D), respectively.

then, the
value 1

then, the
value 0

Result (R); otherwise, it stores the value 0 in it.

® Comparison of floating data
The EQU instruction compares two floating data values specified in Source (S) and

Destination (D), respectively.

then, the
value 1

then, the
value 0

Result (R); otherwise, it stores the value 0 in it.

Floating value

Floating value

(S)

= (D)

Floating value

Floating value

)

# (D)

then, the
value 1

then, the
value 0

=
=

=
=

=
=

The symbols “:” and “->” may be omitted.

If they are equal, the instruction then stores the value 1 in

If they are equal, the instruction then stores the value 1 in

If they are equal, the instruction then stores the value 1 in

215

(R)

Note: Care must be taken when using this instruction for comparison of floating data
Any two such values, which are actually equal, may be compared as not
equal, due to error contained in those values.

values.
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EQU = (EQUAL)
|

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

v v v v v v v
D v v v v v v v
R v - - - - - N

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two

are of different types, an input error will result. The type of R must always be word.

(4) Example program

‘ RO00 EQU
‘ H F FWO000 : FW001 = R001

In this example, if the contact RO0O (input condition) is closed (ON), the EQU instruction
compares the contents of FW000 and FW001 and stores the result in ROOT.

FWO000 FWO001

Ho003  |—| = <  Hooo4

R0OO01 0

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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NEQ #NOTEQUAL)

(1) Input format

2)

-> R

NEQ S : D

where:

S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

® Comparison of word data
The NEQ instruction compares two 16-bit data values specified in Source (S) and

Destination (D), respectively.

1 in Result (R); if they are equal, it stores the value 0 in it.

The symbols “:” and “->” may be omitted.

If they are not equal, the instruction then stores the value

o’ L. 20 o’ L. 20 then. th B 20
en, the
(S) # ©) value 1 |::> ®R)
21 ... 20 2% L 20 then. th B ... 20
- en, ine
) - () value 0 IZD R)

® Comparison of long-word data
The NEQ instruction compares two 32-bit data values specified in Source (S) and

Destination (D), respectively.

1 in Result (R); if they are equal, it stores the value 0 in it.

If they are not equal, the instruction then stores the value

221 L. 20 2% L u . 20 then. th By 20
en, the
(S) # ©) value 1 |::> ®R)
21 L. 20 28 L a s 20 then. th By 20
- en, ine
) - (D) value 0 |:> R)

® Comparison of floating data
The NEQ instruction compares two floating data values specified in Source (S) and

Destination (D), respectively.

1 in Result (R); if they are equal, it stores the value 0 in it.

If they are not equal, the instruction then stores the value

Floating value Floating value then. th Boos s 20
en, the
(S) * © value 1 |::> R)
Floating value Floating value then. th Boos s 20
- en, the D
) - © value 0 R)
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NEQ # (NOT EQUAL)
|

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

v v v v v v v
D v v v v v v v
R v - - - - - N

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two

are of different types, an input error will result. The type of R must always be word.

(4) Example program

‘ RO00 NEQ
‘ H F FWO000 : FW001 = R001

In this example, if the contact RO0O (input condition) is closed (ON), the NEQ instruction
compares the contents of FW000 and FW001 and stores the result in ROOT.

FW000 FW001
Hooo4  |—| # <—{  Hooos
R001 1

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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GT > (GREATER THAN)

(1)

2)

Input format

GT S D

->

R

where:

S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

® Comparison of word data
The GT instruction compares two 16-bit data values specified in Source (S) and

Destination (D), respectively.

The symbols “:” and “->” may be omitted.

If Source (S) is greater than Destination (D), the

instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

o’ L. 20 o’ L. 20
then, the
(S) g ©) value 1
215 v v 20 21 ... 20
then, the
< t
(S) - (D) value 0

® Comparison of long-word data
The GT instruction compares two 32-bit data values specified in Source (S) and

Destination (D), respectively.

=
=

If Source (S) is greater than Destination (D), the

instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

221 L. 20 2% L. 20
then, the
S) g () value 1
21 L. 20 2% L. 20
then, the
< t
(S) - (D) value 0

® Comparison of floating data
The GT instruction compares two floating data values specified in Source (S) and

Destination (D), respectively.

=
=

If Source (S) is greater than Destination (D), the

instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

Floating value

Floating value

then, the
(S) > ©) value 1
Floating value Floating value " "
en, the
(S) < ©) value 0
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GT > (GREATER THAN)
-

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

v v v v v v v
D v v v v v v v
R v - - - - - N

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two

are of different types, an input error will result. The type of R must always be word.

(4) Example program

‘ RO00 GT
‘ H F FWO000 : FW001 = R001

In this example, if the contact ROOO (input condition) is closed (ON), the GT instruction
compares the contents of FW000 and FW001 and stores the result in ROOT.

FW000 FW001
Hooo4  |—| > <  Hooos
R0O 0

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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LT <(LESS THAN)
|

(1) Input format

2)

LT S D

->

R

where:

S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

® Comparison of word data
The LT instruction compares two 16-bit data values specified in Source (S) and

Destination (D), respectively.

The symbols “:” and “->” may be omitted.

then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

If Source (S) is less than Destination (D), the instruction

o’ L. 20 o’ L. 20 then. the B 20
(S) < ©) value 1 |::> ®R)

21 ... 20 2% L 20 then. the B ... 20
) = () value 0 IZD R)

® Comparison of long-word data
The LT instruction compares two 32-bit data values specified in Source (S) and

Destination (D), respectively.

then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

If Source (S) is less than Destination (D), the instruction

221 L. 20 2% L u . 20 then. the By 20
(S) < ©) value 1 |::> ®R)

21 L. 20 28 L a s 20 then. the By 20
) = (D) value 0 |:> R)

® Comparison of floating data
The LT instruction compares two floating data values specified in Source (S) and

Destination (D), respectively.

then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

If Source (S) is less than Destination (D), the instruction

Floating value Floating value then. th Boos s 20
en, the
(S) © © value 1 |::> R)
Floating value Floating value then. th Boos s 20
en, the ':D
) ) © value 0 R)
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LT < (LESS THAN)
|

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

v v v v v v v
D v v v v v v v
R v - - - - - N

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two

are of different types, an input error will result. The type of R must always be word.

(4) Example program

‘ RO00 LT
‘ H F FWO000 : FW001 = R001

In this example, if the contact RO0O (input condition) is closed (ON), the LT instruction
compares the contents of FW000 and FW001 and stores the result in ROOT.

FW000 FW001
Hooo5  |—| < <  Hooos
R0O1 0

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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GE = (GREATER OR EQUAL)

(1)

2)

Input format

GE S D

->

R

where:

S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

® Comparison of word data
The GE instruction compares two 16-bit data values specified in Source (S) and

Destination (D), respectively.

The symbols “:” and “->” may be omitted.

If Source (S) is greater than or equal to Destination (D),

the instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

o’ L. 20 o’ L. 20 " "
en, the

(S) = ©) value 1

21 ... 20 21’ L. 20 " "
en, the

(S) = ©) value 0

® Comparison of long-word data
The GE instruction compares two 32-bit data values specified in Source (S) and

Destination (D), respectively.

=
=

If Source (S) is greater than or equal to Destination (D),

the instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

231 ...... 20 231 ...... 20 th th
en, the

S) 2 () value 1

231 ...... 20 231 ...... 20 th th
en, the

(S) < (D) value 0

® Comparison of floating data
The GE instruction compares two floating data values specified in Source (S) and

Destination (D), respectively.

=
=

If Source (S) is greater than or equal to Destination (D),

the instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

Floating value

Floating value

then, the
(S) 2 ©) value 1
Floating value Floating value " "
en, the
(S) < ©) value 0
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GE = (GREATER OR EQUAL)
-]

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

v v v v v v v
D v v v v v v v
R v - - - - - N

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two

are of different types, an input error will result. The type of R must always be word.

(4) Example program

‘ RO00 GE
‘ H F FWO000 : FW001 = R001

In this example, if the contact ROOO (input condition) is closed (ON), the GE instruction
compares the contents of FW000 and FW001 and stores the result in ROOT.

FW000 FW001
Hooo4  |—| 2 <  Hooos
R0O 0

(5) Error handling
® Operation result flags

All the above flags remain unchanged.

2-67



LE = @LESs OREQUAL)
|

(1) Input format

2)

LE S D

->

R

where:

S: (Source) is a source storage register or a constant.
D: (Destination) is a destination storage register or a constant.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

® Comparison of word data
The LE instruction compares two 16-bit data values specified in Source (S) and

Destination (D), respectively.

The symbols “:” and “->” may be omitted.

If Source (S) is less than or equal to Destination (D), the

instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

o’ L. 20 o’ L. 20 then. th B 20
en, the
(S) = ©) value 1 |::> ®R)
21 ... 20 2% L 20 then. th B ... 20
en, ine
) g () value 0 IZD R)

® Comparison of long-word data
The LE instruction compares two 32-bit data values specified in Source (S) and

Destination (D), respectively.

If Source (S) is less than or equal to Destination (D), the

instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

221 L. 20 2% L u . 20 then. th By 20
en, the
(S) = ©) value 1 |::> ®R)
21 L. 20 28 L a s 20 then. th By 20
en, ine
) g (D) value 0 |:> R)

® Comparison of floating data
The LE instruction compares two floating data values specified in Source (S) and

Destination (D), respectively.

If Source (S) is less than or equal to Destination (D), the

instruction then stores the value 1 in Result (R); otherwise, it stores the value 0 in it.

Floating value Floating value then. th Boos s 20
en, the
(S) = © value 1 |::> R)
Floating value Floating value then. th Boos s 20
en, the
) g (0) value 0 |:> R)
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LE = (LESS OR EQUAL)
|

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

v v v v v v v
D v v v v v v v
R v - - - - - N

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two

are of different types, an input error will result. The type of R must always be word.

(4) Example program

‘ RO00 LE
‘ H F FWO000 : FW001 = R001

In this example, if the contact RO0O (input condition) is closed (ON), the LE instruction
compares the contents of FW000 and FW001 and stores the result in ROOT.

FW000 FW001
Hooo4  |—| < <  Hooos
R0O 1

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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TST TEST

(1) Input format

TST S

where:
S: (Source) is a source storage register.

Note: At least one space must be inserted between the function name and parameter.

(2) Function
The TST instruction tests the content of Source (S) for polarity and sets the positive (p),
negative (N), or zero (Z) flag, depending on the polarity found. All the other flags remain
unchanged.

<Operation result flags>

aEIE

® Test of word data

o2’ L. 20

(S) >0 :PON(N, ZOFF)
o5 . .. 20

(S) =0 :ZON (P, N OFF)
21 ... L. 20

(S) <0 :NON (P, ZOFF)

23T L. 20

(S) >0 :PON(N, Z OFF)
291 L e e e 20

(S) =0 :ZON (P, N OFF)
28T L. 20

(S) <0 :NON (P, Z OFF)

® Test of floating data

Floating value
(S) >0 :PON(N, ZOFF)

Floating value
(S)
Floating value

(S) <0 :NON (P, Z OFF)

1
o

:Z ON (P, N OFF)
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TST TEST
|

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification
S V - \/ - \/ - \/

\: May be specified.
—: May not be specified.

(4) Example program

‘ R000 TST
‘ H F FW000

In this example, if the contact RO0O (input condition) is closed (ON), the TST instruction

tests the content of FW000 for polarity and sets the appropriate flag.

FW000
H0004 —»[ TST ]

S000 [Remaining unchanged | X-flag
S001 |Remaining unchanged | E-flag

S002 ON P-flag
S003 OFF N-flag
S004 OFF Z-flag

S005 [Remaining unchanged | V/-flag

(5) Error handling
® [f a non-numeric value or infinity is specified in Source (S) for a floating-value test

operation, the operation result flags set are as follows:

Source (S) Operation result flag

Non-numeric value | N ON (P, Z OFF)

+ infinity P ON (N, Z OFF)

- infinity N ON (P, Z OFF)
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MOV TRANSFER

(1) Input format

(2)

MOV S >

D

where:

S: (Source) is a source storage register or a constant.

D: (Destination) is a destination storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

The MOV (move) instruction transfers a data value specified in Source (S) to Destination

(D).

® Transfer of word data

2° Transfer 2"

The symbol “->” may be omitted.

—>

- - 2° Transfer

—>

® Transfer of floating data

Floating data value Transfer

(S)

—>

Floating data value

(D)
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MOV TRANSFER

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
\/ V \/ \/ \ \/ \
D N - v - N _ N

\: May be specified.

—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two

are of different types, an input error will result.

(4) Example program

MOV

K
|

FW000=FWO001

In this example, if the contact RO0O (input condition) is closed (ON), the MOV instruction
transfers the content of FW000 to FWO0O01.

FWQ001

—

H0004

FWO000
Hooo4  |—| MOV
(5) Error handling
® Operation result flags
X E P N z V

All the above flags remain unchanged.
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MOM BATCH TRANSFER

(1)

2)

Input format

MOM S : n -> D

where:
S: (Source) is a source storage register.
n: A count (constant) of the number of words or long words to be transferred.

D: (Destination) is a destination storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

Function
The MOM (move multi) instruction transfers the contents of the first n steps in Source (S) to
the corresponding steps in Destination (D), where n is an integer in the range 1 to 256. (If

any integer outside that range is given, the instruction performs nothing.)

® Batch transfer of word data

21 L L., 20 21 L. 20
S D
S+1 D+1
S+2 Transfer D+2

—>

S+(n-2) D+(n-2)
S+(n-1) D+(n-1)

® Batch transfer of long-word data

2% L. 20 2% L. L. 20
S D
S+1 D+1
S+2 Transfer D+2

=

S+(n-2) D+(n-2)
S+(n-1) D+(n-1)
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MOM BATCH TRANSFER

(3) Data types

(4)

)

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \/ - \/ - - - \
n - V - - - - -
D V - \/ - - - \/

\: May be specified.

—: May not be specified.

The types of S and D must be the same (i.e., either word or long-word).

different types, an input error will result.

Example program

MOM

K
||

The type of n must always be word.

If the two are of

DWO0O00 : 5 = FW000

In this example, if the contact RO00 (input condition) is closed (ON), the MOM instruction
transfers the contents of the first five steps in DWO00O to the corresponding steps in FW000.

s

DWO000 HO0001
DWO001 H0002
DW002 H0003 —>[ MOM
DWO003 HO0004
DWO004 HO0005 |
Error handling
® Operation result flags
X E P N 4 V

All the above flags remain unchanged.

2-75

FWO000
FWO001
FW002
FWO003
FWO004

H0001

H0002

H0003

H0004

H0005




INI BATCH TRANSFER OF SAME DATA
]

(1) Input format

INT S : n > D

where:
S: (Source) is a source storage register or a constant.
n: A count (constant) of the number of words or long words to be transferred.

D: (Destination) is a destination storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

(2) Function
The INI (initial) instruction transfers the content of Source (S) repeatedly to the first n steps
in Destination (D), where n is an integer in the range 1 to 256. (If any integer outside that

range is given, the instruction performs nothing.)

® Batch transfer of same word data

D+(n-1)

® Batch transfer of same long-word data

D+(n-1)
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INI BATCH TRANSFER OF SAME DATA
|

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

s V V y V - - y
n - y - - - - -
D y - y - - - v

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result. The type of n must always be word.

(4) Example program

‘ RO00 INI
‘ | | F DW000 : 5 = FW000

In this example, if the contact RO00 (input condition) is closed (ON), the INI instruction
transfers the content of DW00O0 repeatedly to the first five steps in FW000.

FWO000 [ H1234
FW001 H1234
DWOooo [ H1234  |— INI F— Fwoo2 [ 1234
FWO003 | H1234
FWO004 | H1234

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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EXC EXCHANGE

(1) Input format

(2)

3)

EXC S : D

where:
S: (Source) is a source storage register.

D: (Destination) is a destination storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “:” may be omitted.

Function

The EXC instruction exchanges the contents of Source (S) and Destination (D).

® Exchange of word data

N,
a
N

° Exchange 2° =+ - - - - 2°
(S) <> (D)

N
«

N
=)

L 2° Exchange

| (8) | <> ()

Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

s N - N - - - N

D J B J B - - J

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result.
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EXC EXCHANGE

(4) Example program

‘ RO00 EXC
‘ H F FWO000 : FW001

In this example, if the contact RO0O (input condition) is closed (ON), the EXC instruction
exchanges the contents of FW000 and FW001.

FW000 H1234 FW000 H5678
( EXC —
FW001 H5678 FW00! H1234

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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PSH WwRITE ON FIFO BASIS

(1) Input format

PSH S -> TB

where:
S: (Source) is a source storage register.
TB: Is the starting register of an FIFO table.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->" may be omitted.

(2) Function
The PSH (FIFO push) instruction writes the content of Source (S) to a specified FIFO table.

Data movement FIFO data table structure
Data value #1 Table top| N (data size)
Data value #2 +2 (Reserved)
Data value #3 +4|  ZERO flag
<-7-Pointer +6 address

Data value #4

+8|  FULL flag
_______ I\ +10 address
+12 Pointer

+14| Data value #1 i
l
nx2+12| Data value #n v

Data storage area specified
by data size

Push data |

Notes:

« If the pointer has a value of n before pushing, this instruction sets the FULL flag and does
not perform pushing (the ZERO flag is reset). The instruction also sets the FULL flag if
the pointer incremented after pushing reaches n.  In any other case, the FULL flag is reset.

* This instruction resets the ZERO flag at the end of its operation, except when it performs
nothing in the cases described below.

* [f data size n is smaller than or equal to 0 or greater than 256, this instruction performs
nothing.

* If the pointer has a value smaller than 0 or greater than n, this instruction performs nothing.

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \ - - - - - N
TB \ - - - - - N

\: May be specified.
—: May not be specified.
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PSH WRITE ON FIFO BASIS

|
(4) Example program
R0O00 V000

Nl

<
o
<

100 = DWO000

4Rl

N

R100 = DLO02

>
wn
—

R101 = DLO04

[

R0OO1
I I FWO000 = DWO000

u

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the MOV (transfer) and the AST (address setting) instructions set a data size (100) and
the addresses of a ZERO flag (R100) and a FULL flag (R101), respectively, only once.
Then, if the contact RO01 (input condition) is closed (ON), the PSH instruction writes the
content of FW000 to a specified FIFO table beginning with DW000. (Data size n is defined
by MOV with an immediate data value.)

FW000 |  H1234 |

PSH  J——

DW000
DW001 | _
DW002 |
DW003 |
DW004 |
DW005

DWO006 Pointer
DWO007 | Data value #1
l€ - - -

DWO008 | Data value #2
DWO009 | Data value #3
DWOOA H1234 !

S

(5) Error handling
® Operation result flags

X E P N z \Y

All the above flags remain unchanged.
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POP READ ON FIFO BASIS

(1) Input format

(2)

POP TB -> D

where:
TB: Is the starting address of an FIFO table (register).
D: (Destination) is a destination storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function
The POP (FIFO pop) instruction reads a data value from a specified FIFO table and stores
the value in Destination (D).

Data movement FIFO data table structure
| Pop data | Table top| N (data size)
{} +2|  (Reserved)
,Data value #1 +4| ZEROflag _|
< +6 address
Data value #2
N\ +8|  FULL flag
< Data value #3 ‘T +10 address
Data value #4 | <-‘-Pointer 12 Pointer
+14| Data value #1 1
) Data storage area
specified by data size
nx2+12[ Data value #n A

Notes:

« If the pointer has a value of 0 before popping, this instruction sets the ZERO flag and does
not perform popping (the FULL flag is reset). The instruction also sets the ZERO flag if
the pointer decremented after popping reaches 0. In any other case, the ZERO flag is
reset.

* This instruction resets the FULL flag at the end of its operation, except when it performs
nothing in the cases described below.

« If data size n is smaller than or equal to 0 or greater than 256, this instruction performs
nothing.

* If the pointer has a value smaller than 0 or greater than n, this instruction performs nothing.
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POP READ ON FIFO BASIS
|

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
D v - v — - - N
TB N - v - - - N

\: May be specified.
—: May not be specified.

(4) Example program

‘ R000 POP
‘ | | F DWO000 = FW000

In this example, if the contact RO00 (input condition) is closed (ON), the POP instruction
reads a data value from a specified FIFO table beginning with DW000 and stores the value in
FWO000.

DWO000
DW001
DWO002
DWO003
DW004
DWO005
DWO006 Pointer
bwoo7 H1234
DWO008
DWO009
DWOOA

N\ \

l€ - - -

\\\__,/;//’ﬂ_\\ FW000 |  H1234 |

(5) Error handling
® Operation result flags

X E P N z \

All the above flags remain unchanged.
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PSHO WRITE ON FIFO BASIS

(1)

(2)

3)

Input format

PSHO S -> TB

where:
S: (Source) is a source storage register.
TB: Is the starting register of an FIFO table.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->” may be omitted.

Function
This instruction pushes the contents of the source (S) to the S10/2a and S10mini-compatible
FIFO table.

[S10/2a and S10mini compatibility]
Data movement FIFO data table structure

Data value #1

Table top +0|  n (data size)

Data value #2 +2[_ ZERO flag
Data value #3 +4 address
Data value #4 | <"1~ Pointer +6|  FULL flag

i +8 address

______ Z S""" +10 Pointer

+12
Data value #1 Data storage area
l specified by data size
Data value #n
nx2+10
Push data |
Notes:

* If the pointer has a value of n before pushing, this instruction sets the FULL flag and does
not perform pushing (the ZERO flag is reset). The instruction also sets the FULL flag if
the pointer incremented after pushing reaches n. In any other case, the FULL flag is reset.

* This instruction resets the ZERO flag at the end of its operation, except when it performs
nothing in the cases described below.

« If data size n is smaller than or equal to 0 or greater than 256, this instruction performs
nothing.

* [f the pointer has a value smaller than 0 or greater than n, this instruction performs nothing.

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \ - - - - - N
TB \ - _ _ _ - N

\: May be specified.
—: May not be specified.
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PSHO WRITE ON FIFO BASIS

|
(4) Example program
R0O00 V000

Nl

<
o
<

100 = DWO000

4Rl

N

R100 = DLOO1

>
wn
—

R101 = DLO03

4

FWO000 = DWO000

R|O(|)1
|

u

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the MOV (transfer) and the AST (address setting) instructions set a data size (100) and
the addresses of a ZERO flag (R100) and a FULL flag (R101), respectively, only once.
Then, if the contact RO01 (input condition) is closed (ON), the PSH instruction writes the
content of FW000 to a specified FIFO table beginning with DW000. (Data size n is defined
by MOV with an immediate data value.)

FW000 | H1234

PSHO

DW000 |
DW001
DW002
DW003
DW004

DWO005 Pointer
DWO006 | Data value #1
DWO007 | Data value #2

l€ - - -

DWO008 | Data value #3
DWO009 H1234 [« - -
DWOOA

f

(5) Error handling
® Operation result flags

X E P N z \Y

All the above flags remain unchanged.
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POPQO READ ON FIFO BASIS

(1) Input format

(2)

POPO TB -> D

where:
TB: Is the starting address of an FIFO table (register).
D: (Destination) is a destination storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->” may be omitted.

Function

This instruction performs popping for the S10/2a and S10mini-compatible FIFO table and
stores pop data in the destination (D).

[S10/2a and S10mini compatibility]
Data movement FIFO data table structure

| Pop data | Table top +0|  n (data size)

*2| _ ZERO flag

,Data vme #1 +4 address
Data value #2 +6]_ FULL flag
)Data value #3 |< +8 address
N\ Data value #4 <-L- Pointer +10 Pointer
+12
Data value #1 Data storage area
l specified by data size
Data value #n
nx2+10

Notes:

« If the pointer has a value of 0 before popping, this instruction sets the ZERO flag and does
not perform popping (the FULL flag is reset). The instruction also sets the ZERO flag if
the pointer decremented after popping reaches 0. In any other case, the ZERO flag is
reset.

* This instruction resets the FULL flag at the end of its operation, except when it performs
nothing in the cases described below.

* If data size n is smaller than or equal to 0 or greater than 256, this instruction performs
nothing.

* If the pointer has a value smaller than 0 or greater than n, this instruction performs nothing.
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POPO READ ON FIFO BASIS
|

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
D \ - \ - - - <
TB \ - \ - - - N

\: May be specified.
—: May not be specified.

(4) Example program

‘ R0O00 POPO
‘ | | F DWO000 = FW000

In this example, if the contact RO00 (input condition) is closed (ON), the POP instruction
reads a data value from a specified FIFO table beginning with DW000 and stores the value in
FWO000.

DWO000
DWO001
DWO002
DWO003
DWO004
DWO005 Pointer
DWO006 H1234
DWO007
DWO008
DWO009
DWOOA

VN A\

< ([ popo |

\_/\ FW000 |  H1234 |

(5) Error handling
® Operation result flags

X E P N z \

All the above flags remain unchanged.
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AST ADDRESS SETTING

(1) Input format

AST S ->

D

where:

S: (Source) is a source storage register.

D: (Destination) is a destination storage register.

Note: Spaces must be inserted between the function name and the first parameter and

(2) Function

between the parameters.

The symbol “->” may be omitted.

The AST instruction stores the address of Source (S) in Destination (D).

Address of S - ___

S
D
(3) Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \ - - _ _ _ N
D - - \/ - - - \

\: May be specified.
—: May not be specified.
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AST ADDRESS SETTING

(4) Example program

‘ R0QO V00O AST
‘ Rl F FW000 = DLO0O

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the AST instruction stores the address of FW000 in DLO00O.

FWO000

DL000 (DWO000) L H0040 ) [ AST ]
(DW001) H2000
Address of FW000

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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SCH seaRcH

(1)

(2)

Input format

SCH S : D : m ->

where:

S: (Source) is a source storage register or a constant.

D: (Destination) is a destination storage register.

m: Is the number of steps to be searched.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

® Scarch for word data

The symbols “:” and “->” may be omitted.

The SCH instruction searches the first m steps in a specified destination (D) for a word

data value specified in Source (S) and, if it is found, stores in Result (R) the step number

of the step containing the matching value.

D[0]
D[1]

S
D[n]
D[m-1]

data1

R n ]

Range of search

* The matching value is the first value that is found in a specified range of search, starting

from the beginning of that range.

« If there is no matching value in a specified range of search, this instruction stores the
value -1 (HFFFF) in Result (R).

* If a value specified as m (the number of steps to be searched) is not within the range 1 to

256, this instruction performs nothing.
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SCH SEARCH
|

® Secarch for long-word data
The SCH instruction searches the first m steps in a specified destination (D) for a long-
word data value specified in Source (S) and, if it is found, stores in Result (R) the step

number of the step containing the matching value.

D0l - .
D1~ .
R
sl o2 - [ n ]
DIn] |- data2 -
Range of search
D[m-1] —

* The matching value is the first value that is found in a specified range of search, starting
from the beginning of that range.

« If there is no matching value in a specified range of search, this instruction stores the
value -1 (HFFFF) in Result (R).

* If a value specified as m (the number of steps to be searched) is not within the range 1 to

256, this instruction performs nothing.
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SCH SEARCH
|

® Scarch for floating data
The SCH instruction searches the first m steps in a specified destination (D) for a floating
data value specified in Source (S) and, if it is found, stores in Result (R) the step number

of the step containing the matching value.

DI[0] =
Floating data value D[] - _
R :
S - data3 -
D[n]— data3 -
Range of search
D[m-1] -

* The matching value is the first value that is found in a specified range of search, starting
from the beginning of that range.

« If there is no matching value in a specified range of search, this instruction stores the
value -1 (HFFFF) in Result (R).

* If a value specified as m (the number of steps to be searched) is not within the range 1 to

256, this instruction performs nothing.
Note: Care must be taken when using this instruction for searching for floating data

values. Any data value in storage, which is actually equal to a given data value,

may be skipped as not matching, due to error contained in those values.
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SCH SEARCH

3)

(4)

()

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S V J V l V V V
D v - v — v - N
m - l - — - - -
R N - - - - - v

\: May be specified.
—: May not be specified.

The types of S and D must be the same (i.e., either word, long-word, or floating). If the two
are of different types, an input error will result. The types of m and R must always be word.

Example program

‘ R000 V00O SCH
‘ I I m F DWO000 : FW000 : 5 = DW010

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the SCH instruction searches the first five steps FW000 through FW004 for the same
data value as the content of DWO00O0 only once and stores the result in DWO010.

Search [ FW000 H1010
Range of
DW000 H1234 -——(  scH FW001 H2468 search
Result FW002 H1234
DW010 2 FW003 HBABC
FWO004 H1234

Error handling
® Operation result flags

X E P N Y4 Vv

All the above flags remain unchanged.
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BTF BINARY-TO-FLOATING CONVERSION
]

(1) Input format

BTF S -> R

where:
S: (Source) is a binary-data storage register or a binary constant.
R: (Result) is an operation result (floating data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->" may be omitted.

(2) Function
® Conversion of word data
The BTF instruction converts a 16-bit binary data value specified in Source (S) to floating
format and stores the result in Result (R).

16-bit binary value ~ Conversion Floating value

I e R)

The values that may be specified in Source (S) are in the range -32768 to 32767.

® Conversion of long-word data
The BTF instruction converts a 32-bit binary data value specified in Source (S) to floating
format and stores the result in Result (R).

32-bit binary value Conversion Floating value
(S) —> (R)

The values that may be specified in Source (S) are in the range -2147483648 to
2147483647.

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \ \ \ \ - - \
R - - - - \ - \
\: May be specified.
—: May not be specified.

The type of R must always be floating.
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BTF BINARY-TO-FLOATING CONVERSION

(4) Example program

‘ RO00 BTF
‘ | | F DWO000 = LF0000

In this example, if the contact RO00 (input condition) is closed (ON), the BTF instruction
converts the content of DW0O0O to floating data format and stores the result in LF000O.

LFO000

DWO000 12345 |—>( BTF )—» — 12345.0 —

(5) Error handling
® Operation result flags

All the above flags remain unchanged.

Note: Any floating data value, processed in 32-bit single-precision form, has a total of 24
significant bits when expressed in binary, and about seven significant digits when
expressed in decimal. Therefore, if an integer outside the range -16777216 to
16777215 (24-bit binary values) is converted by using this instruction, the resulting
value will contain error, because it is rounded off at its 25th significant bit position.
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FTB FLOATING-TO-BINARY CONVERSION
]

(1) Input format

FTB § > R

where:
S: (Source) is a floating-data storage register or a floating constant.
R: (Result) is an operation result (binary data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->" may be omitted.

(2) Function
® Conversion to binary word data format
The FTB instruction converts a floating data value specified in Source (S) to 16-bit binary
data format and stores the result in Result (R).

Floating value Conversion  16-bit binary value
(S) —> R)

* The values that may be specified in Source (S) are in the range -32768 to 32767.
* The resulting value is one that is rounded off at the first decimal place in the floating
data value.

® Conversion to binary long-word data format
The FTB instruction converts a floating data value specified in Source (S) to 32-bit binary
data format and stores the result in Result (R).

Floating value Conversion 32-bit binary value
(S) —> (R)

* The values that may be specified in Source (S) are in the range -2147483648 to
2147483647.

* The resulting value is one that is rounded off at the first decimal place in the floating
data value.

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S - - - - \ \ \
R \ - \ - - - \
\: May be specified.
—: May not be specified.
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(4) Example program

| Ro

FTB FLOATING-TO-BINARY CONVERSION

FTB

F LFO000 = DWO000

In this example, if the contact RO00 (input condition) is closed (ON), the FTB instruction
converts the content of LFO000 to binary data format and stores the result in DW000.

DWO0000

LFO000 |- 12345.678 —{—>(  FTB

j_>| 12346

(5) Error handling

® Operation result flags

where:

V: When the type of given data is word:
 Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
 Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to

1.

All the other flags then V remain unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive In case of a negative
overflow: overflow:
Word 32767 -32768
Long-word 2147483647 -2147483648
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BTD BINARY-TO-BCD CONVERSION

(1) Input format

BTD S > R

where:
S: (Source) is a binary-data storage register or a binary constant.
R: (Result) is an operation result (BCD data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->" may be omitted.

(2) Function
® Conversion of word data
The BTD instruction converts a binary data value (0 to 9999) specified in Source (S) to
BCD (Binary Coded Decimal) data format and stores the result in Result (R).

215 212211 2827 2423 20
Source () /binary9999 [ 2 [ 7 [ o [ F

215 212211 2827
Result(R)/BCD9999 [ 9 [ 9 [ 9 [ o

® Conversion of long-word data
The BTD instruction converts a binary data value (0 to 99999999) specified in Source (S)
to BCD data format and stores the result in Result (R).

231 228227 224223 220219 216215 212211 2827 2423 20
Source (S) /binary99999999 | o | 5 | F | 5 | E | o F | F
Conversion
231 228227 224223 220219 216215 212211 2827 2423 20
Result (R)/BCD 99999999 | 9 | 9 | o9 | o | o | 9 | o | ¢
(3) Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | Sspecification
S V V \/ V - - \/
R \/ - \ - - - \/
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result.
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BTD BINARY-TO-BCD CONVERSION

(4) Example program

‘ RO00 BTD
‘ | | = FW000 = FW001

In this example, if the contact RO00 (input condition) is closed (ON), the BTD instruction
converts the binary data content of FW000 to BCD data format and stores the result in
FWO001.

FWO001

FW000 | H0402 —( BTD j—>| H1234
(1234 in decimal)

(5) Error handling
® Operation result flags

where:
E: Set to 1 if Source (S) is smaller than 0; otherwise, set to 0.
V: When the type of given data is word:
» Set to 1 if Source (S) is greater than 9999; otherwise, set to 0.
When it is long-word:
» Set to 1 if Source (S) is greater than 99999999; otherwise, set to 0.
All the other flags then V and E remain unchanged.

® [f Source (S) is smaller than 0, this instruction sets the E-flag of the operation result flags

(the V-flag is reset) and performs nothing. The value of Result (R) remains unchanged.

® [f an overflow occurs in the operation (the V-flag is set), one of the following full-scale

values will be stored in Result (R):

Word Long-word

H9999 H99999999
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DTB BCD-TO-BINARY CONVERSION

(1) Input format

DITB S -> R

where:

S: (Source) is a BCD data storage register or a BCD constant.

R: (Result) is an operation result (binary data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->” may be omitted.

Function

® Conversion of word BCD data
The DTB instruction converts a BCD data value (0 to 9999) specified in Source (S) to
binary data format and stores the result in Result (R).

(2)

215 212211 2827 2423 20
Source (S)/BCD9999 [ 9 [ 9 [ 9 | 9

215 212211 2827
Result (R)/binary9999 [ 2 [ 7 [ o [ F

® Conversion of long-word BCD data
The DTB instruction converts a long-word BCD data value (0 to 99999999) specified in
Source (S) to binary data format and stores the result in Result (R).

231 228227 224223 220219 216215 212211 2827 2423 20
Source (S)/BCD99999999 | 9 | 9 | 9 | 9 | 9 | 9 | 9 [ 9
Conversion
231 228227 224223 220219 216215 212211 2827 2423 20
Result (R) /binary99ggggee | 0 | 5 | F | 5 | e | o | F | F
(3) Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S V V \/ V - - \/
R V - \/ - - - \/
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result.
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DTB BCD-TO-BINARY CONVERSION

(4) Example program

‘ RO00 DTB
‘ | | = FW000 = FW001

In this example, if the contact RO00 (input condition) is closed (ON), the DTB instruction
converts the BCD data content of FW000 to binary data format and stores the result in
FWO001.

FWO001

FW000 H1234 —( DTB )—>| H0402 |

(1234 in decimal)

(5) Error handling
® Operation result flags

where:
E: Set to 0 if each digit (4-bit) (*) specified in Source (S) is in the range 0 to 9; otherwise,
setto 1.

All the other flags then E remain unchanged.

(*) The digit is as shown below.

(MSB) 0|1|2|3 4|5|6|7 8|9|10|11 12|13|14|15 (LSB)

Digit Digit Digit Digit
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SEG BINARY-TO-SEGMENT CONVERSION

(1) Input format

SEG S -> R

where:
S: (Source) is a binary data storage register or a binary constant.

R: (Result) is an operation result (7-segment data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

(2) Function
® Conversion of word data
The SEG instruction converts a 16-bit binary data value specified in Source (S) to 7-

segment data format and stores the result in Result (R).

Source (S) | 16-bit binary value |

JL

Result (R) |  7-segment values __|
(R+1) for 4 characters

® Conversion of long-word data
The SEG instruction converts a 32-bit binary data value specified in Source (S) to 7-

segment data format and stores the result in Result (R).

Source (S)| 32-bit binary value |

Result (R) |

)
(R+1) | _ 7-segment values
(R+2) for 8 characters
)

(R+3
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SEG BINARY-TO-SEGMENT CONVERSION

<Segment data structure>

765 432 ©/ /®
|0|®|®|®|@|®|©l®| ——> | @

If each encircled-number bit is set, the ®/

corresponding segment is displayed.

Correspondence between displays and segment data:

No. 0 1 2 3 4 5 6 7 8 9 A B C D E F
osplay| [ 1| 1 || DL T T OO O T D

Wb ([l g o (| g (e
\I/:;?Ltj?e H7E | H30 [H6D | H79 | H33 [H5B | H5F | H70 | H7F | H7B | H77 | H1F [ H4E | H3D | H4F | H47

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
5 v v v v - _ v
R N _ N _ _ _ N
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of
different types, an input error will result.

(4) Example program

‘ RO00 SEG
‘ | | F FW000 = FW002

In this example, if the contact RO00 (input condition) is closed (ON), the SEG instruction
converts the binary data content of FW000 to 7-segment data format (four characters) and
stores the result in FW002.

FW000 H1357 —{Conversion to 7-segment format]
FWO001

Fwo02 | | (H30)[3 (H79)] |

FW003 |5 (H58)| T (H70)] |

(5) Error handling
® Operation result flags

X E P N Y4 \Y

All the above flags remain unchanged.
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ASP BINARY-TO-ASCII CONVERSION IN PACK MODE

(1) Input format

ASP S > R

where:
S: (Source) is a binary data storage register or a binary constant.

R: (Result) is an operation result (ASCII data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

(2) Function
The ASP instruction converts a 16-bit binary data value specified in Source (S) to

hexadecimal ASCII data format in pack mode and stores the result in Result (R).

Source (S) | H1234 | 16-bit binary value

Conversion to hexadecimal
ASCII format (pack mode)

Result (R) | ‘1" (H31) 2" (H32) | ASCII data
(R+1) | ‘3’ (H33) ‘4’ (H34)

<Correspondence between binary and ASCII data>

Binary 0 1 2 3 4 5 6 7 8 9 A B C D E F

ASCII |H30|H31|H32|H33 | H34 | H35 | H36 | H37 | H38 | H39 | H41 | H42 | H43 | H44 | H45 | H46

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | SPecification

s N N - - - - N
R N _ _ _ _ _ N
v: May be specified.
—: May not be specified.
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ASP BINARY-TO-ASCII CONVERSION IN PACK MODE

(4) Example program

| RO00 V000

ASP

‘H il

DWO000 = FW000

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the ASP instruction converts the binary data content of DW000 to hexadecimal ASCII

data format in pack mode only once and stores the result in FW000.

DWO000 H56AB

FWO000| ‘5" (H35) | ‘6" (H36)
FWO001| ‘A’ (H41) | ‘B’ (H42)

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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ASU

BINARY-TO-ASCII CONVERSION IN UNPACK MODE

(1)

2)

3)

Input format

ASU S > R

where:
S: (Source) is a binary data storage register or a binary constant.
R: (Result) is an operation result (ASCII data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->” may be omitted.

Function
The ASU instruction converts a 16-bit binary data value specified in Source (S) to
hexadecimal ASCII data format in unpack mode and stores the result in Result (R).

Source (S) | H1234 | 16-bit binary value
Conversion to hexadecimal
ASCII format (unpack mode)
Result (R) | ‘0’ (H30) | ‘“1"(H31) | ASCIl data
(R+1) | ‘0’ (H30) ‘2’ (H32)
(R+2) | ‘0’ (H30) ‘3’ (H33)
(R+3) | ‘0’ (H30) ‘4’ (H34)

The result is stored byte-by-byte in the lower bytes at (R), (R+1), (R+2), and (R+3), starting

from the high-order digit.

The upper bytes at (R) through (R+3) are set to an ASCII value

of 0 (H30).
<Correspondence between binary and ASCII data>

Binary 0 1 2 3 4 5 6 7 8 9 A B C D F

ASCII |H30|H31|H32 [H33 |H34 | H35 | H36 | H37 | H38 | H39 | H41 | H42 | H43 | H44 | H45 | H46
Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification

S v v - - - - V

R N - N - N N N
\: May be specified.
—: May not be specified.
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ASU BINARY-TO-ASCII CONVERSION IN UNPACK MODE

(4) Example program

| RO00 V000 ASU

‘ I I HI F DW000 = FW000

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the ASU instruction converts the binary data content of DW000 to hexadecimal ASCII
data format in unpack mode only once and stores the result in FW000.

DWO000

FWO000
FWO001
FW002
FWO003

H56AB

( asu )

‘0’ (H30) | ‘5’ (H35)

‘0’ (H30) | ‘6’ (H36)

‘0’ (H30) | ‘A’ (H41)

‘0’ (H30) | ‘B’ (H42)

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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APB ASCI-TO-BINARY CONVERSION IN PACK MODE

(1) Input format

APB S > R

where:
S: (Source) is an ASCII data storage register.

R: (Result) is an operation result (binary data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

(2) Function
The APB instruction converts a packed hexadecimal ASCII data value specified in Source
(S) to 16-bit binary data format and stores the result in Result (R).

Source (S) | “1"(H31) | 2 (H32) | ASCIl data
(S+1) | 3 (H33) | 4’ (H34) | (Packed)

Conversion to binary format

Result (R) | H1234 16-bit binary value

<Correspondence between binary and ASCII data>

Binary 0 1 2 3 4 5 6 7 8 9 A B C D E F

ASCII |H30|H31|H32|H33 | H34 | H35 | H36 | H37 | H38 | H39 | H41 | H42 | H43 | H44 | H45 | H46

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
S \ - - _ _ _ N
R V - - - - - V

\: May be specified.
—: May not be specified.
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(4) Example program

| RO00 V000

APB ASCII-TO-BINARY CONVERSION IN PACK MODE

APB

‘H il

DWO000 = FW000

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the APB instruction converts the unpacked hexadecimal ASCII data content of DW000
to binary data format only once and stores the result in FW000.

DWO000| ‘5’ (H35)

‘6’ (H36)

DW001| ‘A’ (H41)

‘B’ (H42)

FWO000 H56AB

(5) Error handling

® Operation result flags

where:

E: Set to 1 if data other than hexadecimal ASCII data (H30 through H39 and H41 through

H46) is detected in Source (S); otherwise, set to 0.
All the other flags then E remain unchanged.

® [f the E-flag is set, Result (R) remains unchanged.
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AUB AsCII-TO-BINARY CONVERSION IN UNPACK MODE

(1) Input format

AUB S > R

where:
S: (Source) is an ASCII data storage register.
R: (Result) is an operation result (binary data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->" may be omitted.

(2) Function
The AUB instruction converts an unpacked hexadecimal ASCII data value specified in
Source (S) to 16-bit binary data format and stores the result in Result (R).

Source (S) | ‘0" (H30) | “1"(H31) | aAsCll data
(S+1) | ‘0" (H30) | ‘2" (H32) | (unpacked)
(S+2) | ‘0’ (H30) | ‘3’ (H33)
(S+3) | ‘0’ (H30) | ‘4’ (H34)

Conversion to binary format

Result (R) | H1234 | 16-bit binary value

The upper bytes at Source (S) and subsequent locations up to (S+3) may be set to any value.

<Correspondence between binary and ASCII data>

Binary 0 1 2 3 4 5 6 7 8 9 A | B C D E F

ASCIT |H30|H31|H32|H33 | H34 | H35 | H36 | H37 | H38 | H39 | H41 | H42 | H43 | H44 | H45 | H46

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
S \ - - - - - \
R V - - - - - V
\: May be specified.
—: May not be specified.
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(4) Example program

()

| Rlo?o

V000

AUB ASCII-TO-BINARY CONVERSION IN UNPACK MODE

AUB

i

DWO000 = FWO000

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the AUB instruction converts the unpacked hexadecimal ASCII data content of DW000
to binary data format only once and stores the result in FW000.

DWO000| ‘0’ (H30) ‘5’ (H35)

DWO001| ‘0’ (H30) ‘6’ (H36)

DWO002| ‘0’ (H30) ‘A (H41)

DWO003| ‘0" (H30) | B’ (H42)
( am )

FWO000 H56AB

Error handling

® Operation result flags

where:

E: Set to 1 if data other than hexadecimal ASCII data (H30 through H39 and H41 through

H46) is detected in Source (S); otherwise, set to 0.
All the other flags then E remain unchanged.

® [f the E-flag is set, Result (R) remains unchanged.



STD SINGLE-TO-DOUBLE CONVERSION
]

(1) Input format

STD S -> R

where:
S: (Source) is a 16-bit binary data storage register.

R: (Result) is an operation result (32-bit binary data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->” may be omitted.
(2) Function
The STD instruction converts a signed 16-bit binary data value specified in Source (S) to 32-

bit binary data format, expanding the sign bit assignment, and stores the result in Result (R).

® When the sign bit is set:

Source (S)|  HABCD | =—=> Result(R)|  HFFFF
(R+1) ABCD

® When the sign bit is reset:

Source (S) | H1234 | —> Res,lzg g{; H0000
1234

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | SPecification

N N - - - - N
R - - ~ - _ _ N
\: May be specified.
—: May not be specified.
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STD SINGLE-TO-DOUBLE CONVERSION

(4) Example program

| Ro

STD

DWO000 = FLOOO

In this example, if the contact RO00 (input condition) is closed (ON), the STD instruction
converts the 16-bit binary data content of DW0O0O to 32-bit binary data format, extending the

sign bit assignment, and stores the result in FL0OO0O.

DW000 Heso4  |—( st )
FLOOO (FW000) | HFFFF |
(FW001) 8804

(5) Error handling

® Operation result flags

All the above flags remain unchanged.
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DTS DOUBLE-TO-SINGLE CONVERSION

(1) Input format

DTS § > R

where:

S: (Source) is a 32-bit binary data storage register or a 32-bit binary constant.

R: (Result) is an operation result (16-bit binary data) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

The symbol “->” may be omitted.

(2) Function
The DTS instruction converts a 32-bit binary data value specified in Source (S) to 16-bit
binary data format and stores the result in Result (R).
® When the sign bit is set:
Source (S) | HFFFF | =——=0> Result(R)| _ HABCD
(S+1) ABCD
® When the sign bit is reset:
Source (S) HO000 | =——> Result(R) | H1234
(S+1) 1234
(3) Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
- - \ \ - - \
R \ -~ - -~ - - \
\: May be specified.
—: May not be specified.
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DTS DOUBLE-TO-SINGLE CONVERSION

(4) Example program

‘ RO00 DTS
‘ | | F FLOO0O = FW002

In this example, if the contact RO0O (input condition) is closed (ON), the DTS instruction
converts the 32-bit binary data content of FLOOO to 16-bit binary data format and stores the
result in FW002.

FLO00O (FW000) |~ H0000 |
(FW001) 3665

(FW002) He65 |~— DTS )

(5) Error handling
® Operation result flags

where:
V: Set to 0 if Source (S) is in the range -32768 to 32767; otherwise, set to 1.
All the other flags then V remain unchanged.

® [f an overflow occurs in the operation (the V-flag is set), one of the following full-scale

values will be stored in Result (R):

When Source (S) > 32767: H7FFF

When Source (S) <-32767: H8000
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ABS ABSOLUTE VALUE

(1)

2)

3)

Input format

ABS S > R

where:
S: (Source) is a source storage register or a constant.
R: (Result) is an operation result (absolute value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->” may be omitted.

Function

® Absolute value of word data
The ABS instruction obtains the absolute value of a 16-bit data value specified in Source
(S) and stores the result in Result (R).

I\)_\
a

N
=}

15 0
2° + == x - 2 | Absolute value

where the values that may be specified in Source (S) and stored in Result (R) are in the
range -32768 to 32767.

® Absolute value of long-word data
The ABS instruction obtains the absolute value of a 32-bit data value specified in Source
(S) and stores the result in Result (R).

N
X

N
=}

31 0
2" - - wm s 2 | Absolute value

where the values that may be specified in Source (S) and stored in Result (R) are in the
range -2147483648 to 2147483647.

® Absolute value of floating data
The ABS instruction obtains the absolute value of a floating data value specified in Source
(S) and stores the result in Result (R).

Floating value Absolute value Floating value
(S) |::> (R)

where the values that may be specified in Source (S) and stored in Result (R) are in the
range:

0, £27126 1o < +2128

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
s v v v v v v v
R v - v _ v _ v
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word, long-word, or floating). If the two
are of different types, an input error will result.
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ABS ABSOLUTE VALUE

(4) Example program

‘ RO00 ABS

‘ | | F DW000 = FW001

In this example, if the contact RO00 (input condition) is closed (ON), the ABS instruction
obtains the absolute value of the content of DW000 and stores the result in FW001.

—

DW000 | HFFOC

(-100 in decimal)

ABS )

FW001 | H0064 |

(100 in decimal)

(5) Error handling
® Operation result flags

X E P N z \Y

where:
V: When the type of given data is word:
* Set to 1 if Source (S) equals -32768; otherwise, set to 0.
When it is long-word:
» Set to 1 if Source (S) equals -2147483648; otherwise, set to 0.
When it is floating:
* Not affected by the result of the operation performed; it remains unchanged.
All the other flags then V remain unchanged.

® [f an overflow occurs in the operation (the V-flag is set), one of the following full-scale
values will be stored in Result (R):

Word
H7FFF

Long-word
H7FFFFFFF

® [f a non-numeric value or infinity is specified in Source (S) for a floating operation, one of
the following values will be stored in Result (R) -- the E-flag remains reset in this case:

Source (S) Result (R)
Non-numeric value | Non-numeric value
+ infinity + infinity
- infinity - infinity
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NEG sIGN CHANGE

(1)

2)

3)

Input format

NEG S -> R

where:
S: (Source) is a data storage register or constant whose sign is to be changed.
R: (Result) is an operation result (sign-changed value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->” may be omitted.

Function

® Changing the sign of word data
The NEG instruction changes the sign of a 16-bit data value specified in Source (S) and
stores the result in Result (R).

2%+ 2° Absolutevalue 2° -+ - - - - 2°
(S) |::> | (R) |

where the values that may be specified in Source (S) and stored in Result (R) are in the
range -32768 to 32767.

® Changing the sign of long-word data
The NEG instruction changes the sign of a 32-bit data value specified in Source (S) and
stores the result in Result (R).

231 --------- 20 Absolute value 231 --------- 20

where the values that may be specified in Source (S) and stored in Result (R) are in the
range -2147483648 to 2147483647.

® Changing the sign of floating data
The NEG instruction changes the sign of a floating data value specified in Source (S) and
stores the result in Result (R).

Floating value Absolute value Floating value
(S) |:|'> (R)

where the values that may be specified in Source (S) and stored in Result (R) are in the
range:
0, +27'%0 to +2'%#

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
s v v v v v v v
R v B y B y - y
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word, long-word, or floating). If the two
are of different types, an input error will result.
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(4) Example program

‘ R|OO|O V000

NEG SIGN CHANGE

NEG

‘ | 1

F FWO000 = FW001

In this example, if the contact RO00 (input condition) makes a transition from OFF to ON
state, the NEG instruction changes the sign of the content of FW000 only once and stores the

V: When the type of given data is word:
* Set to 1 if Source (S) equals -32768; otherwise, set to 0.
When it is long-word:

» Set to 1 if Source (S) equals -2147483648; otherwise, set to 0.
When it is floating:

* Not affected by the result of the operation performed; it remains unchanged.

All the other flags then V remain unchanged.

result in FWO0OI.

Fwooo |  H1000 |F——( NEG )

(4096 in decimal)
FW001 |  HFoo0 |
(-4096 in decimal)

(5) Error handling
® Operation result flags
X E P N Y4 \%
where:

® [f an overflow occurs in the operation (the V-flag is set), one of the following full-scale
values will be stored in Result (R):

Word

Long-word

H7FFF

H7FFFFFFF

® [f a non-numeric value or infinity is specified in Source (S) for a floating operation, one of
the following values will be stored in Result (R) -- the E-flag remains reset in this case:

Source (S) Result (R)
Non-numeric value | Non-numeric value
+ infinity - infinity
- infinity + infinity
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DCD DpecopE

(1)

(2)

3)

Input format

DCD S > R

where:
S: (Source) is a data storage register or constant to be decoded.

R: (Result) is an operation result (decoded value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function
® Decoding of word data
» The DCD instruction decodes the low-order 4 bits of a data value specified in Source (S)
and sets the resulting bit in Result (R).
* Only the low-order 4 bits of a data value specified in Source (S) are effective.

* The values that may be specified in Source (S) are in the range 0 to 15.

® Decoding of long-word data
» The DCD instruction decodes the low-order 5 bits of a data value specified in Source (S)
and sets the resulting bit in Result (R).
* Only the low-order 5 bits of a data value specified in Source (S) are effective.

* The values that may be specified in Source (S) are in the range 0 to 31.

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
N N - - - - N
R v - v ~ - - N
\: May be specified.
—: May not be specified.
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DCD DECODE

(4) Example program

‘ RO00 DCD
‘ I I F DW000 = FW000

In this example, if the contact RO00 (input condition) is closed (ON), the DCD instruction
decodes the content of DW000 and sets the resulting bit in FW000.

DWO000 HO003

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
Fwooo [0 foof1fofofofofofofofofofofo]o]

The bit whose bit number is specified by the
content of DWO0OO is set (1). (The bits are
numbered 0 through 15, starting from the MSB.)

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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ECD ENcobe

(1) Input format

(2)

3)

ECD § > R

where:
S: (Source) is a data storage register or constant to be encoded.

R: (Result) is an operation result (encoded value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function

» The ECD instruction encodes a data value specified in Source (S) and stores the resulting
value in Result (R).

* If Source (S) equals 0, this instruction performs nothing, the content of Result (R)

remaining unchanged.

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
y V v V - - y
R \ - - _ _ _ N
\: May be specified.
—: May not be specified.
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ECD ENCODE

(4) Example program

‘ RO00 ECD
‘ | | F DW000 = FW000

In this example, if the contact RO00 (input condition) is closed (ON), the ECD instruction
encodes the content of DW000 and stores the resulting value in FW000.

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
pwooo o |ofofofof1]ofof1|of[1]1]o]0]1]0]

| ECD |

FW000 | H0005 |

The bit number of the first 1-bit that is found in DW00O by scanning
its content from MSB towards LSB is stored in FW000.

(5) Error handling
® Operation result flags

where:
E: Set to 1 if Source (S) equals 0; otherwise, set to 0.
All the other flags then E remain unchanged.
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LSR LOGICAL SHIFT RIGHT

(1)

(2)

Input format

ISR §S : D > R

where:

S: (Source) is a data storage register or constant to be shifted.

D: (Destination) is a shift-bit-count storage register or a constant.
R: (Result) is an operation result (shifted value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbols “:” and “->" may be omitted.

Function

® Shifting word data right
The LSR instruction shifts a 16-bit data value specitfied in Source (S) as many bits as
specified in Destination (D) to the right and stores the resulting value in Result (R).

(MSB) 2" 2° (LSB)
Source (S) | | |

Shifting as many bits as specified in
Destination (D) to the right

(MSB) 2'° .2° (LSB)
Result (R) | 0to0 | |

I_'_I

As many 0-bits as necessary are entered here.

* As the shift-bit-count, only the low-order 4 bits of a data value specified in Destination
(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 15.

® Shifting long-word data right
The LSR instruction shifts a 32-bit data value specified in Source (S) as many bits as
specified in Destination (D) to the right and stores the resulting value in Result (R).

(MSB) 2% 2° (LSB)
Source (S)| | | |

Shifting as many bits as specified in
Destination (D) to the right

(MSB) 2% \ 2° (LSB)
Result (R) | Oto O |

I_'_I

As many 0-bits as necessary are entered here.

* As the shift-bit-count, only the low-order 5 bits of a data value specified in Destination
(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 31.
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LSR LOGICAL SHIFT RIGHT

€)

(4)

)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
N N N N - - N
N N _ _ _ _ N
v - N - - - \
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result. The type of D must always be word.

Example program

‘ R000 LSR
‘ I I F RW100 : DW000 = RW110

In this example, if the contact RO0O (input condition) is closed (ON), the LSR instruction
shifts the content of RW100 as many bits as specified in DW0O0O to the right and stores the
resulting value in RW110.

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
rRw100{ 1|1 [ofofof1]ofof1]o]1]1]o]0]1]0]
S DW000

(Shifting 5 bits to the right) ™~~~ __ HO005

Rw11o|o|o|o|o|5|1|1|o|o|o|1|o|o|1|o|1\|

Error handling
® Operation result flags

All the above flags remain unchanged.
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LSL

LOGICAL SHIFT LEFT

(1) Input format

(2)

ISL S : D > R

where:
S: (Source) is a data storage register or constant to be shifted.

D: (Destination) is a shift-bit-count storage register or a constant.
R: (Result) is an operation result (shifted value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbols “:” and “->" may be omitted.

Function

® Shifting word data left
The LSL instruction shifts a 16-bit data value specified in Source (S) as many bits as
specified in Destination (D) to the left and stores the resulting value in Result (R).

(MSB) 2" 2° (LSB)
Source (S)| | |

Shifting as many bits as specified in
Destination (D) to the left

(MSB) 2"% P 2° (LSB)
Result (R) | | | oo

I_l_l

As many 0-bits as necessary are entered here.

* As the shift-bit-count, only the low-order 4 bits of a data value specified in Destination

(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 15.

® Shifting long-word data left
The LSL instruction shifts a 32-bit data value specified in Source (S) as many bits as
specified in Destination (D) to the left and stores the resulting value in Result (R).

(MSB) 2*' 2° (LSB)
Source (S)| | |

Shifting as many bits as specified in
Destination (D) to the left
(MSB) 2% 2° (LSB)
Result (R) | | | oo

I_I_I

As many 0-bits as necessary are
entered here.

* As the shift-bit-count, only the low-order 5 bits of a data value specified in Destination

(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 31.
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€)

(4)

)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
V V \/ V - - \/
\ \ - - - - \
\ - \ — - - v
\: May be specified.

—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result. The type of D must always be word.

Example program

‘ RO00 LSL
‘ | | F RW100 : DW000 = RW110

In this example, if the contact RO0O (input condition) is closed (ON), the LSL instruction
shifts the content of RW100 as many bits as specified in DWO00O to the left and stores the
resulting value in RW110.

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
rRw1oo|1[1]ofofof1]o]of1]of1]1]0o]0o[1]0
DW000

(Shifting 5 bits to the left) .-~ [ Hooos

rw110[1 oo 1]o]1]1]0o]o]1]o]o]o]o]a]0]

Error handling
® Operation result flags

All the above flags remain unchanged.
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ASR ARITHMETIC SHIFT RIGHT

(1) Input format

2)

ASR §S : D > R

where:

S: (Source) is a data storage register or constant to be shifted.

D: (Destination) is a shift-bit-count storage register or a constant.
R: (Result) is an operation result (shifted value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

Function
® Shifting word data right

The ASR instruction shifts a 16-bit data value specified in Source (S) as many bits as
specified in Destination (D) to the right, keeping the sign bit as is, and stores the resulting
value in Result (R).

(MSB) 2" 2° (LSB)
Source(S)| | | |

Shifting as many bits as specified in
Destination (D) to the right
(MSB) 2" \2° (LSB)
Result (R) | | | | |

The bits entered here are the same as the high-order bit.

* As the shift-bit-count, only the low-order 4 bits of a data value specified in Destination
(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 15.

Shifting long-word data right

The ASR instruction shifts a 32-bit data value specified in Source (S) as many bits as
specified in Destination (D) to the right, keeping the sign bit as is, and stores the resulting
value in Result (R).

(MSB) 2% 2° (LSB)
Source (S)| | |

Shifting as many bits as specified
in Destination (D) to the right

(MSB) 2% 2° (LSB)
Result (R) | | | | |

The bits entered here are the same as the high-order bit.

* As the shift-bit-count, only the low-order 5 bits of a data value specified in Destination
(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 31.
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ASR ARITHMETIC SHIFT RIGHT

€)

(4)

)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
N N N N - - N
N N _ _ _ _ N
v - N - - - \
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result. The type of D must always be word.

Example program

‘ R000 ASR
‘ I I F RW100 : DW000 = RW110

In this example, if the contact ROOO (input condition) is closed (ON), the ASR instruction
shifts the content of RW100 as many bits as specified in DW0O0O to the right and stores the
resulting value in RW110.

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
rRw100[ 11 |ofo|o|1|ofo|1]o]1]1]o]o]1]0]
DW000

(Shifting 5 bits to the right) ~>~. __ HO005

rRw110[ 1 [1]1]1]1]1]1]o]oJo]1]o]o]1]0]1]

Error handling
® Operation result flags

All the above flags remain unchanged.
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ASL ARITHMETIC SHIFT LEFT

(1) Input format

ASL § : D -> R

where:

S: (Source) is a data storage register or constant to be shifted.

D: (Destination) is a shift-bit-count storage register or a constant.
R: (Result) is an operation result (shifted value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbols “:” and “->” may be omitted.

(2) Function
® Shifting word data left
The ASL instruction shifts a 16-bit data value specified in Source (S) as many bits as
specified in Destination (D) to the left and stores the resulting value in Result (R).

(MSB) 2" 2° (LSB)
Source (S) | | |
Shifting as many bits as specified in
Destination (D) to the left
(MSB) 2% 2° (LSB)
Result (R) | | 0Oto 0 |
[

As many 0-bits as necessary are entered here.

* As the shift-bit-count, only the low-order 4 bits of a data value specified in Destination
(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 15.

® Shifting long-word data left
The ASL instruction shifts a 32-bit data value specified in Source (S) as many bits as
specified in Destination (D) to the left and stores the resulting value in Result (R).

(MsB) 2% 2° (LSB)
Source (S)| | |

Shifting as many bits as specified
in Destination (D) to the left

(MSB) 2%, 2° (LSB)
Result (R) | | 0to0

I_l_l

As many 0-bits as necessary are
entered here.

* As the shift-bit-count, only the low-order 5 bits of a data value specified in Destination
(D) are effective.
* The values that may be specified in Destination (D) are in the range 0 to 31.
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ASL ARITHMETIC SHIFT LEFT

3)

(4)

)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
5 v v v v - _ v
D J J N - N N 7
R y _ 7 _ _ _ y
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of
different types, an input error will result. The type of D must always be word.

Example program

‘ RO00 ASL
‘ | | F RW100 : DW000 = RW110

In this example, if the contact ROOO (input condition) is closed (ON), the ASL instruction
shifts the content of RW100 as many bits as specified in DWO0O0O to the left and stores the
resulting value in RW110.

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
rRw100{ 0 o fofofof1]ofof1]of[1]1]o]0]1]0
DW000

(Shifting 5 bits to the left)y .-~~~ H0005

rw110[ 1JoJo]1]o]1]1]0o]o]1]o]o]o]o]o]0]

Error handling
® Operation result flags

X E P N z \Y

where:

V: Set to 1 if the sign bit changes at least once during the shift operation; otherwise, set to
0.

All the other flags then V remain unchanged.

® [f an overflow occurs in the operation (the V-flag is set), one of the following full-scale
values will be stored in Result (R):

Word Long-word
When (S) > 0: H7FFF H7FFFFFFF
When (S) <0: H8000 H80000000
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ROR ROTATE RIGHT

(1)

(2)

Input format

ROR § : D > R

where:
S: (Source) is a data storage register or constant to be rotated.
D: (Destination) is a rotating-bit-count storage register or a constant.

R: (Result) is an operation result (rotated value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

Function
® Rotating word data right
The ROR instruction rotates a 16-bit data value specified in Source (S) as many bits as

specified in Destination (D) to the right and stores the resulting value in Result (R).

(MSB) 2'° 2° (LSB)
Source (S) I I I I I I |_;> Result (R)

Rotating as many bits as specified in Destination (D) to the right

* As the rotating-bit-count, only the low-order 4 bits of a data value specified in
Destination (D) are effective.

* The values that may be specified in Destination (D) are in the range 0 to 15.

® Rotating long-word data right
The ROR instruction rotates a 32-bit data value specified in Source (S) as many bits as

specified in Destination (D) to the right and stores the resulting value in Result (R).

(MsB) 2 2° (LSB)
Source (S) I I I I I I |_>Result(R)

Rotating as many bits as specified in Destination (D) to the right

* As the rotating-bit-count, only the low-order 5 bits of a data value specified in
Destination (D) are effective.

* The values that may be specified in Destination (D) are in the range 0 to 31.
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ROR ROTATE RIGHT

€)

(4)

)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
V V \/ V - - \/
\ \ - - - - \
\ - \ — - - v
\: May be specified.

—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result. The type of D must always be word.

Example program

‘ R000 ROR
‘ I I F RW100 : DW000 = RW110

In this example, if the contact RO0O (input condition) is closed (ON), the ROR instruction
rotates the content of RW100 as many bits as specified in DW0O0O to the right and stores the

resulting value in RW110.

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
rRw100| 1 [ofof[1[1[1]ofofof1]1][1]of[1]1]0]
= : DW000

\\\ (Rotating 4 bits to the right)\\\ H0004

RW110|0|1|1|0\|1|0|0|1|1|1|O|O|0|1|1|1\|

Error handling
® Operation result flags

All the above flags remain unchanged.
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ROL ROTATE LEFT

(1) Input format

ROL § : D > R

where:
S: (Source) is a data storage register or constant to be rotated.
D: (Destination) is a rotating-bit-count storage register or a constant.

R: (Result) is an operation result (rotated value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

(2) Function
® Rotating word data left
The ROL instruction rotates a 16-bit data value specified in Source (S) as many bits as

specified in Destination (D) to the left and stores the resulting value in Result (R).

(MSB) 2" I2T(LSB)

Source (S) ——{ I I I | | |_:> Result (R)

Rotating as many bits as specified in Destination (D) to the left

* As the rotating-bit-count, only the low-order 4 bits of a data value specified in
Destination (D) are effective.

* The values that may be specified in Destination (D) are in the range 0 to 15.

® Rotating long-word data left
The ROL instruction rotates a 32-bit data value specified in Source (S) as many bits as

specified in Destination (D) to the left and stores the resulting value in Result (R).

(MSB) 2% 2° (LSB)
Source (S) || || || ——> Result (R)

Rotating as many bits as specified in Destination (D) to the left

* As the rotating-bit-count, only the low-order 5 bits of a data value specified in
Destination (D) are effective.

* The values that may be specified in Destination (D) are in the range 0 to 31.
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ROL ROTATE LEFT

€)

(4)

)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
N N N N - - N
N N _ _ _ _ N
v - N - - - \
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word or long-word). If the two are of

different types, an input error will result. The type of D must always be word.

Example program

‘ R000 ROL
‘ | F RW100 : DW000 = RW110

In this example, if the contact ROOO (input condition) is closed (ON), the ROL instruction
rotates the content of RW100 as many bits as specified in DWO00O to the left and stores the
resulting value in RW110.

(MSB) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (LSB)
rRw100({ 1 [ofof1[1][1]ofofof1]1[1]o]1]1]0]

> DW000
/,/’ (Rotating 4 bits to the Ieft’),,—" H0004
rwi10[ 11 ]o]o]o]1]1]1]o]1]1]o]1]0]0]1]

Error handling
® Operation result flags

All the above flags remain unchanged.
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(1) Input format

LIM § : DI : D2 -> R

where:

S: (Source) is an input-value storage register or a constant.

D1: (Destination 1) is an upper-limit-value storage register or a constant.
D2: (Destination 2) is a lower-limit-value storage register or a constant.

R: (Result) is an operation result (limit-controlled output value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

(2) Function
The LIM instruction checks if an input value specified in Source (S) is within the upper and
lower limits specified in Destination 1 (D1) and Destination 2 (D2), and stores in Result (R)

an output value that is controlled within those limits.

(R): Output value

(D1): Upper limit value

; 1 (S): Input value

(D2): Lower limit value

® [imit control over word data

» The LIM instruction exerts limit control over 16-bit data values in the following way:

215 20 215 20 215 20 215 20
| ©2) |>| (5 |, then: | 0 |-] ® |
215 20 215 20 215 20 215 20
| ©) |<| (5 | then: | on |- rR |
215 20 215 20 215 20 215 20 215 20
| 02 |<[ 5 |=| @1 |then: | 5 |- R ]

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) are in the range -32768 to 32767.
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|

® Limit control over long-word data

* The LIM instruction exerts limit control over 32-bit data values in the following way:

231 20 231 20 231 20 231 2
| 02 |>| (5 | . then | o |5 ® |
231 20 231 20 231 20 231 20
| o) <[ ) | . then: | on |- ® |
231 20 231 20 231 20 231 20 231 20
| o0 || o |=| ©) |.then | 5 |5 ® ]

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) are in the range -2147483648 to 2147483647.

® Limit control over floating data

» The LIM instruction exerts limit control over floating data values in the following way:

Floating value Floating value Floating value  Floating value
| o2 || ) | . then: | o |- ® |
Floating value Floating value Floating value Floating value
| on |<| (5 | . then: | oy |- ®R |
Floating value Floating value Floating value Floating value  Floating value
| o <[ o Js| o) J.hen | ) |5 ® ]

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) are in the range:
0, £27126 1o 42128

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
S \ \ \ \ \ \ \
DI V V \/ V \/ \/ \/
D2 \ \ \ \ \ \ \
R N - v - N, _ N

\: May be specified.
—: May not be specified.

The types of S, D1, D2, and R must be the same (i.e., either word, long-word, or floating).

If the four are of different types, an input error will result.
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LIMITER

(4) Example program

()

‘ RO00 LIM
‘ | | = FWO000 : FW001 : FW002 = FW003

In this example, if the contact RO00 (input condition) is closed (ON), the LIM instruction
checks if the content of FW000 is within the limits specified in FW001 and FW002, and

stores in FW003 an output value that is controlled within those limits.

FWO000 | H0023 (input value)
FWO001 [ HO010 (upper-limit value)
FWO002 | HFFFO (lower-limit value) l

FW003 | H0010 (output value) |« LIM )

Error handling
® Operation result flags

where:
E: Set to 1 if Destination 1 (D1) is smaller than Destination 2 (D2); otherwise, set to 0.
All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction does not make a check against (D1) and (D2).
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BND DEADBAND

(1) Input format

BND S : DI : D2 -> R

where:

S: (Source) is a dead-band input-value storage register or a constant.

D1: (Destination 1) is a dead-band upper-limit-value storage register or a constant.
D2: (Destination 2) is a dead-band lower-limit-value storage register or a constant.

R: (Result) is an operation result (dead-band-controlled output value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbols “:” and “->" may be omitted.

(2) Function
The BND instruction checks if an input value specified in Source (S) is within the upper and
lower limits of dead band specified in Destination 1 (D1) and Destination 2 (D2), and stores
in Result (R) an output value that is controlled within those limits -- that is, if the input value
is within the limits (dead band), a value of zero (0) is stored in Result (R).

(R): Output value

(D2): Lower limit value /
\ < (S): Input value
/ (D1): Upper limit value

Output value = 0

® Dead-band control over word data
* The BND instruction exerts dead-band control over 16-bit data values in the following

way:

215 20 215 20 215 20 215 20 215 20
| ©2 |>] (5 |, then: | |- 0 |- R |
215 20 215 20 215 20 215 20 215 20
| ©) |<| (5 |, then: o |- oy |-] ®R |
215 20 215 20 215 20 215 20
| 02 |<| (5 |=| ©D [ then: o—| ®

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) are in the range -32768 to 32767.

2-140



BND DEAD BAND
|

® Dead-band control over long-word data
* The BND instruction exerts dead-band control over 32-bit data values in the following

way:
231 20 231 20 231 20 231 20 215 20
| 0 |>[ ) |.then: [ (59 |- © |- ® |
231 20 231 20 231 20 231 20 215 20
| on <] o |.them: [ 39 |- ©n -] ® ]
231 20 231 20 231 20 215 20
| 02 || ) |s| ©) |, then 0— (R)

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) are in the range -2147483648 to 2147483647.

® Decad-band control over floating data
» The BND instruction exerts dead-band control over floating data values in the following

way:
Floating value Floating value Floating value  Floating value Floating value

| 0 > ) |.then: [ (59 |- ®© |- ® |
Floating value Floating value Floating value  Floating value Floating value

| on <] o |.then: | s |- o©n |- ® ]
Floating value Floating value  Floating value Floating value

| o2 |s| ) || ©) |, then o-| ® |

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) are in the range:
0, £27126 1o 42128

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
s g g g g g g g
DI v v V v v V v
D2 J J g J v y v
R N - v - N, _ N
\: May be specified.
—: May not be specified.

The types of S, D1, D2, and R must be the same (i.e., either word, long-word, or floating).
If the four are of different types, an input error will result.
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(4) Example program

‘ RO00 BND
‘ | | F DWO000 : H0010 : HFFFO = FW000

In this example, if the contact RO0O (input condition) is closed (ON), the BND instruction
checks if the content of DWO0O0O is within the limits specified by the constants HO010 and
HFFFO, and stores in FW000 an output value that is controlled in reference to the dead band.

HO010 (upper-limit value)

HFFFO (lower-limit value)

DWO000 | HO0023 (input value) |
FW000 | H0013 (outputvalue) k———  BND )

(5) Error handling
® Operation result flags

where:
V: When the type of given data is word:
* Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
 Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to
1.
When it is floating:
* Not affected by the result of the operation performed; it remains unchanged.
E: When the type of given data is word or long-word:
» Set to 1 if Destination 1 (D1) is smaller than Destination 2 (D2);
* Otherwise, set to 0.
When it is floating:
» Set to 1 if Result (R) is a non-zero value and out of the range shown below;
otherwise, set to 0.
49126 ¢ 4 ~128

All the other flags then V and E remain unchanged.
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® [f(D1) <(D2), the error flag (E-flag) is set, with the overflow flag (V-flag) reset. Result

(R) remains unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive In case of a negative
overflow: overflow:
Word H7FFF H8000
Long-word H7FFFFFFF H80000000
Floating +3.402823E38 -3.402823E38

If a floating value causes an overflow, the V-flag is not set. (The V-flag is set only if a

word or long-word value causes an overflow.)

® If a floating value causes an underflow, a value of zero (0) with correct sign will be stored

in Result (R), the operation result flags remaining unchanged.
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ZON DEAD ZONE

(1) Input format

(2)

ZON S : DI : D2 -> R

where:
S: (Source) is an input-value storage register or a constant for zone control.

D1: (Destination 1) is a positive-bias-value storage register or a constant.
D2: (Destination 2) is a negative-bias-value storage register or a constant.

R: (Result) is an operation result (zone-controlled output value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbols “:” and “->” may be omitted.

Function
The ZON instruction adds a positive or negative bias value specified in Destination 1 (D1) or
Destination (D2) to an input value specified in Source (S) and stores the resulting value in

Result (R).

(R): Output value

(D1): Positive bias value /
\
P

0

N
(D2): Negative bias value

® Zone control over word data
» The ZON instruction exerts zone control over 16-bit data values in the following way:

(S): Input value

215 20 215 20 215 20 215 20

[ ® Jsoten: [ ® |+ ©) |- ® ]

215 20 21° 20
(8) |=0, then: 0— (R)

215 20 215 20 215 20 215 20
S) |<othen: | 5) |+ ©2 || ® |

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2
(D2) are in the range -32768 to 32767.
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® Zone control over long-word data
* The ZON instruction exerts zone control over 32-bit data values in the following way:

2 2
(S)

231
(S)

2 2
(S)

0

N

o

ZON DEAD ZONE

o

231 20 231 20 231 20
soithen: | () |+ O |- ® |
231 20

=0, then: 0— (R)
231 20 231 20 231 20
<othen: |8 |+ 0 |- ® |

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2

(D2) are in the range -2147483648 to 2147483647.

® Zone control over floating data
* The ZON instruction exerts zone control over floating data values in the following way:

Floating value

>0, then: |

Floating value

Floating value

Floating value

Floating value

®)

| + |

(b1)

| |

R |

=0, then:

Floating value

<0, then: |

Floating value

Floating value

Floating value

o~ R |

Floating value

| + |

S)

(B2)

| |

R |

* The values that may be specified in Source (S), Destination 1 (D1), and Destination 2

(D2) are in the range:
0, £27126 1o 42128

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S \ \ \ \ \ \ \
DI \ \ \ \ \ \ \
D2 \ \ \ \ \ \ \
R \ - \ - \ - \

\: May be specified.

—: May not be specified.

The types of S, D1, D2, and R must be the same (i.e., either word, long-word, or floating).
If the four are of different types, an input error will result.
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(4) Example program

‘ R000 ZON
‘ | | F FW000 : FW001 : FW002 = FW003

In this example, if the contact RO00 (input condition) is closed (ON), the ZON instruction
adds the content of FW001 or FW002 to the content of FW000 and stores in FW003 an

output value that is controlled in reference to the dead zone.

FWO000 | HO0023 (input value)
FWO001 HO0010 (positive bias value)
FWO002 HFFFO (negative bias value) l

FWO003 | H0033 (output value) — zon )

(5) Error handling
® Operation result flags

where:
V: When the type of given data is word:
* Set to 0 if Result (R) is in the range -32768 to 32767; otherwise, set to 1.
When it is long-word:
 Set to 0 if Result (R) is in the range -2147483648 to 2147483647; otherwise, set to
1.
When it is floating:
* Not affected by the result of the operation performed; it remains unchanged.
E: When the type of given data is word or long-word:
» Set to 1 if Destination 1 (D1) is smaller than Destination 2 (D2);
* Otherwise, set to 0.
When it is floating:
» Set to 1 if Result (R) is a non-zero value and out of the range shown below;
otherwise, set to 0.
49126 ¢ 4 ~128

All the other flags then V and E remain unchanged.
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® [f(D1) <(D2), the error flag (E-flag) is set, with the overflow flag (V-flag) reset. Result

(R) remains unchanged.

® [f an overflow occurs in the operation, one of the following full-scale values will be stored

in Result (R):
In case of a positive In case of a negative
overflow: overflow:
Word H7FFF H8000
Long-word H7FFFFFFF H80000000
Floating +3.402823E38 -3.402823E38

If a floating value causes an overflow, the V-flag is not set. (The V-flag is set only if a

word or long-word value causes an overflow.)

® If a floating value causes an underflow, a value of zero (0) with correct sign will be stored

in Result (R), the operation result flags remaining unchanged.
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SQR sQuUARE ROOT

(1) Input format

SQR S > R

where:
S: (Source) is a data storage register or a constant from which to compute a square root.
R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbol “->" may be omitted.

(2) Function
® Square root of word data
* The SQR instruction computes the square root of a 16-bit data value specified in Source
(S) and stores only the integer portion of the result in Result (R).

15 0 0 . .. o Only integer 15 0 0. ... 0
2 2 portion 2 2
(S) | > (R)

* If Source (S) is smaller than zero (0), the instruction stores a value of zero (0) in Result

R).
* The values that may be specified in Source (S) are within the range -32768 to 32767.

® Square root of long-word data
» The SQR instruction computes the square root of a 32-bit data value specified in Source
(S) and stores only the integer portion of the result in Result (R).

I o Only integer M, .. 0
2 2 portion 2 2
(S) — (R)

* If Source (S) is smaller than zero (0), the instruction stores a value of zero (0) in Result
(R).

* The values that may be specified in Source (S) are within the range -2147483648 to
2147483647.

® Square root of floating data
» The SQR instruction computes the square root of a floating data value specified in
Source (S) and stores the result in Result (R).

Floating value Floating value
(S) |::> (R)

* If Source (S) is smaller than zero (0), the instruction stores a value of zero (0) in Result

(R).
* The values that may be specified in Source (S) are within the range:
0, £27120 1o 42128
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(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
s v v v v v v v
R J _ v _ y - v
\: May be specified.
—: May not be specified.

The types of S and R must be the same (i.e., either word, long-word, or floating). If the two
are of different types, an input error will result.

(4) Example program
® Computing the square root of word data

‘ RO00 SQR
‘ | | F FW000 = FW001

In this example, if the contact RO0O (input condition) is closed (ON), the SQR instruction
computes the square root of the content of FW000 and stores the result (integer portion

only) in FW0O01.
FW000 H0008 ]
FW001 Hooo2 f~— SsarR )

® Computing the square root of floating data

‘ RO00 SQR
‘ | | F LF0000 = LF0001

In this example, if the contact RO0O (input condition) is closed (ON), the SQR instruction
computes the square root of the content of LF0000 and stores the result in LFO001.

LFO000 650 l

LF0001 25.4951 —( sorR )
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(5) Error handling
® Operation result flags

where:
E: When the type of given data is word or long-word:
* Not affected by the result of the operation performed; it remains unchanged.
When it is floating:
» Set to 1 if Result (R) is a non-zero value and out of the range shown below;
otherwise, set to 0.
49126 ¢ 4 ~128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains
unchanged.)
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SIN sINE

(1) Input format

SIN S > R

where:
S: (Source) is an angle-data storage register or a constant from which to compute the sine of
the angle.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

(2) Function
The SIN instruction computes the sine of an angle specified in Source (S) and stores the
result in Result (R).

The angle specified in Source (S) must be expressed in radians (i.e., angle % w/180).

Floating value Floating value

SIN (S) ) |::> (R)

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | SPecification

S _ _ _ _ N N N
R _ _ _ _ N _ N

\: May be specified.

—: May not be specified.
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(4) Example program

‘ R000 SIN
‘ | | F LF0000 = LF0001

In this example, if the contact RO0O (input condition) is closed (ON), the SIN instruction
computes the sine of the content of LFO000 and stores the result in LFO001.

LF0O000 2.617993 l

LF0001 0.50000006 — SIN )

(5) Error handling
® Operation result flags

where:
E: Set to 1 if Result (R) is a non-zero value and out of the range shown below; otherwise,
set to 0.
40126 ) o128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains
unchanged.)
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COS cosINE

(1)

(2)

3)

Input format

COS § > R

where:
S: (Source) is an angle-data storage register or a constant from which to compute the cosine
of the angle.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function
The COS instruction computes the cosine of an angle specified in Source (S) and stores the
result in Result (R).

The angle specified in Source (S) must be expressed in radians (i.e., angle % w/180).

Floating value Floating value

COS ( (S) ) /— > (R)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
s - - - - N N N
R - - - - v - v
\: May be specified.
—: May not be specified.
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(4) Example program

‘ RO00 COS
‘ | | F LF0000 = LF0001

In this example, if the contact RO0O (input condition) is closed (ON), the COS instruction
computes the cosine of the content of LF0000 and stores the result in LFO0O01.

LF0O000 1.047197 l

LF0001 0.49999997 — COS ]

(5) Error handling
® Operation result flags

where:
E: Set to 1 if Result (R) is a non-zero value and out of the range shown below; otherwise,
set to 0.
40126 ) o128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains
unchanged.)
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TAN TANGENT

(1)

(2)

3)

Input format

TAN S > R

where:
S: (Source) is an angle-data storage register or a constant from which to compute the tangent
of the angle.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function
The TAN instruction computes the tangent of an angle specified in Source (S) and stores the
result in Result (R).

The angle specified in Source (S) must be expressed in radians (i.e., angle % w/180).

Floating value Floating value

TAN ( (S) ) /> (R)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
s - - - - N N N
R - - - - v - v
\: May be specified.
—: May not be specified.
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(4) Example program

i

TAN

TAN TANGENT

LFO000 = LFO001

In this example, if the contact RO00 (input condition) is closed (ON), the TAN instruction
computes the tangent of the content of LFO000 and stores the result in LFO0O01.

LF0000 2.356194
LF0001 -1.000001 —
(5) Error handling
® Operation result flags
X E P N V

where:

E: Set to 1 if Result (R) is a non-zero value and out of the range shown below; otherwise,

set to 0.
40126 ) o128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains

unchanged.)
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ASIN ARC SINE (SIN7)

(1) Input format

(2)

3)

ASIN

S

> R

where:

S: (Source) is an angle-data storage register or a constant from which to compute an arc sine.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

The ASIN instruction computes an angle from a sine value specified in Source (S) and stores

the result in Result (R).

The sine values that may be specified in Source (S) are within the range -1.0 to 1.0.

Floating value

The symbol “->” may be omitted.

Floating value

SIN" ( (S) ) — > (R)
Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
S - - - - \ \ \
R _ B - _ N - N
\: May be specified.
—: May not be specified.
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ASIN ARC SINE (SIN)

(4) Example program

‘ RO00 ASIN
‘ | | F LF0000 = LF0001

In this example, if the contact RO00 (input condition) is closed (ON), the ASIN instruction
computes an arc sine from the content of LFO000 and stores the result in LFO0O01.

LF0O000 0.5 l

LF0001 0.5235988 —  AsN ]

(5) Error handling
® Operation result flags

where:

E: Set to 1 if the value specified in Source (S) is out of the range -1.0 to 1.0; otherwise, set
to 0. In addition, it is also set to 1 if Result (R) is a non-zero value and out of the
range shown below; otherwise, it is set to 0.

47126 ¢ 5128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains
unchanged.)
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ACOS ARc COSINE (COS™)

(1)

(2)

3)

Input format

ACOS S > R

where:
S: (Source) is an angle-data storage register or a constant from which to compute an arc
cosine.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function
The ACOS instruction computes an angle from a cosine value specified in Source (S) and
stores the result in Result (R).

The cosine values that may be specified in Source (S) are within the range -1.0 to 1.0.

Floating value Floating value

cos’ ( (S) ) —> (R)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
s - - - - N N N
R - - - - v - v
\: May be specified.
—: May not be specified.
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(4) Example program

‘ R000 ACOS
‘ | | F LF0000 = LF0001

In this example, if the contact RO0O (input condition) is closed (ON), the ACOS instruction

computes an arc cosine from the content of LFO000 and stores the result in LFO0O1.

LF0O000 0.5 l

LF0001 1.047198 — Acos )

(5) Error handling
® Operation result flags

where:

E: Set to 1 if the value specified in Source (S) is out of the range -1.0 to 1.0; otherwise, set
to 0. In addition, it is also set to 1 if Result (R) is a non-zero value and out of the
range shown below; otherwise, it is set to 0.

47126 ¢ 5128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains
unchanged.)
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ATAN ARC TANGENT (TAN™)

(1)

(2)

3)

Input format

ATAN S > R

where:
S: (Source) is an angle-data storage register or a constant from which to compute an arc
tangent.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function
The ATAN instruction computes an angle from a tangent value specified in Source (S) and
stores the result in Result (R).

Floating value Floating value

TAN" ( (S) ) —> (R)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
S - - - - V \/ \/
R - - - - V - V
\: May be specified.
—: May not be specified.
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(4) Example program

‘ RO00 ATAN
‘ | | F LF0000 = LF0001

In this example, if the contact RO0O (input condition) is closed (ON), the ATAN instruction

computes an arc tangent from the content of LFO000 and stores the result in LFO0O01.

LF0O000 2.356194 l

LF0001 -1.000001 — TAN ]

(5) Error handling
® Operation result flags

where:
E: Set to 1 if Result (R) is a non-zero value and out of the range shown below; otherwise,
it is set to 0.
47126 ¢ 5128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains
unchanged.)
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EXP EXPONENTIAL

(1)

(2)

3)

Input format

EXP S§ > R

where:
S: (Source) is a power-data storage register or a constant to which to raise e.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters. The symbol “->" may be omitted.

Function
The EXP instruction raises e (=2.71828...) to a power specified in Source (S) and stores the
result in Result (R).

Floating value Floating value

EXP ( (S) ) —> (R)

Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
S - - - - V \/ \/
R - - - - V - V
\: May be specified.
—: May not be specified.
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(4) Example program

i

EXP

EXP EXPONENTIAL

LFO000 = LFO001

In this example, if the contact RO0O (input condition) is closed (ON), the EXP instruction
raises e to the content of LFO000 (power) and stores the result in LFO001.

LFO000 13
LF0001 442413 4 —
(5) Error handling
® Operation result flags
X E P N V

where:

E: Set to 1 if Result (R) is a non-zero value and out of the range shown below; otherwise,

it is set to 0.
47126 ¢ 5128

All the other flags then E remain unchanged.

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains

unchanged.)
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LOG NATURAL LOGARITHM

(1) Input format

(2)

3)

LOG

S > R

where:

S: (Source) is a data storage register or constant from which to compute a natural logarithm.

R: (Result) is an operation result storage register.

Note: Spaces must be inserted between the function name and the first parameter and

between the parameters.

Function

The symbol “->” may be omitted.

The LOG instruction computes the logarithm of a data value specified in Source (S) to the
base e (e = 2.71828...) and stores the result in Result (R).

The values that may be specified in Source (S) are limited to positive integers.

Floating value

Floating value

LOG ( (S) ) |::> (R)
Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
S _ _ _ _ N N N
R _ _ _ _ N _ N
\: May be specified.
—: May not be specified.
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(4) Example program

i

LOG

LOG NATURAL LOGARITHM

LFO000 = LFO001

In this example, if the contact RO00 (input condition) is closed (ON), the LOG instruction
computes the natural logarithm of the content of LFO000 and stores the result in LFO0O01.

LFO000 10
LFO001 2.302585 ‘—[
(5) Error handling
® Operation result flags
X E P N V

where:

E: Set to 1 if Source (S) is a negative value; and set to 0 if it is a positive value. In

addition, it is also set to 1 if Result (R) is a non-zero value and out of the range shown

below; otherwise, it is set to 0.

i2—126 t

All the other flags then E remain unchanged.

) :|:2128

® [f the E-flag is set, this instruction performs no further processing. (Result (R) remains

unchanged.)
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MAX MAXIMUM VALUE

(1) Input format

MAX S : D -> R

where:

S: (Source) is a source storage register or a constant.

D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result (maximum value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbols “:” and “->” may be omitted.

(2) Function
The MAX instruction compares the data values specified in Source (S) and Destination (D)
and stores the larger value in Result (R).

® Obtaining maximum values of type word
* The MAX instruction compares two given 16-bit data values in the following way and
stores the larger value in Result (R).

215 20 215 20 215 20 215 2o
[ |2 ©® Jthen [ 9 |5 ®
215 20 215 20 215 20 215 20
[ ® | <[ ® Jthen: [ ® |- ®

* The values that may be specified in Source (S) and Destination (D) are within the range
-32768 to 32767.

® Obtaining maximum values of type long-word
* The MAX instruction compares two given 32-bit data values in the following way and
stores the larger value in Result (R).

231 20 231 20 231 20 231 20
L ® 2| (D dhen: [ (8 |- R ]
231 20 231 20 231 20 231 20
L ® <[ ® then: | @) |- R

* The values that may be specified in Source (S) and Destination (D) are within the range
-2147483648 to 2147483647.

® Obtaining maximum values of type floating
* The MAX instruction compares two given floating data values in the following way and
stores the larger value in Result (R).

Floating value Floating value Floating value Floating value
[ |z ©® || ©® |- ®

Floating value Floating value Floating value Floating value
[ <] © Jithem | ® |5 R |

* The values that may be specified in Source (S) and Destination (D) are within the range:
0, +27'%0 to +2'%*

2-168



MAX MAXIMUM VALUE

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
V V \/ V \/ \/ \/
\ \ \ \ \ \ \
\ - \ - \ - \
\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word, long-word, or floating). If the
three are of different types, an input error will result.

(4) Example program

‘ RO00 MAX
‘ H F FWO000 : FW001 = DW000

In this example, if the contact RO0O (input condition) is closed (ON), the MAX instruction
compares the contents of FW000 and FW001 and stores the larger value in DW000.

FWO000 H0033
FWO001 HOO1F

DW000 H0033 ] MAX )

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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MIN MINIMUM VALUE

(1)

(2)

Input format

MIN S : D > R

where:

S: (Source) is a source storage register or a constant.

D: (Destination) is a destination storage register or a constant.

R: (Result) is an operation result (minimum value) storage register.

Note: Spaces must be inserted between the function name and the first parameter and
between the parameters. The symbols “:” and “->” may be omitted.

Function
The MIN instruction compares the data values specified in Source (S) and Destination (D)
and stores the smaller value in Result (R).

® Obtaining minimum values of type word
* The MIN instruction compares two given 16-bit data values in the following way and
stores the smaller value in Result (R).

215 20 215 20 215 20 215 20
[ <[ ©® Jthen [ 9 |5 ®
215 20 215 20 215 20 215 20
[ ]>] ® |, then: @ |- ®

* The values that may be specified in Source (S) and Destination (D) are within the range
-32768 to 32767.

® Obtaining minimum values of type long-word
* The MIN instruction compares two given 32-bit data values in the following way and
stores the smaller value in Result (R).

231
, then: | (S)
231
then: | (D)

20

20

(R)

| ©® (D)

* The values that may be specified in Source (S) and Destination (D) are within the range
-2147483648 to 2147483647.

® Obtaining minimum values of type floating
* The MIN instruction compares two given floating data values in the following way and
stores the smaller value in Result (R).
Floating value Floating value

Floating value Floating value

[ <] O Jithem [ ©® |- ® |
Floating value Floating value Floating value Floating value
e |- o J.ten| ® |5 ® |

* The values that may be specified in Source (S) and Destination (D) are within the range:
0, +27'%0 to +2'%#
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MIN  MINIMUM VALUE

(3) Data types

Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | SPecification
V V \/ V \/ \/ \/
\ \ \ \ \ \ \
\ - \ - \ - \
\: May be specified.
—: May not be specified.

The types of S, D, and R must be the same (i.e., either word, long-word, or floating). If the
three are of different types, an input error will result.

(4) Example program

‘ RO00 MIN
‘ H F FW000 : FW001 = DW000

In this example, if the contact ROOO (input condition) is closed (ON), the MIN instruction
compares the contents of FW000 and FWO001 and stores the smaller value in DW00O.

FW000 HO0033
FW001 HOO1F

DW000 HOO1F ] MIN )

(5) Error handling
® Operation result flags

All the above flags remain unchanged.
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CLR cLEAR

(1) Input format

XCLR
YCLR
GCLR
RCLR
KCLR
TCLR
UCLR
CCLR
VCLR
ECLR
FCLR

Note: All the above variations of the CLR instruction require no parameters.

(2) Function
Any of the following CLR variations clears a predetermined I/O area:
(D XCLR: Clear the X-area (external input).
@ YCLR: Clear the Y-area (external output).
(@ GCLR: Clear the G-area (global link registers).
@ RCLR: Clear the R-area (internal registers).
(® KCLR: Clear the K-area (keep relays).
® TCLR: Clear the T-area (ON-delay timers and counts).
(@ UCLR: Clear the U-area (one-shot timers and counts).
CCLR: Clear the C-area (up-down counters and counts).
@ VCLR: Clear the V-area (edge contacts).
ECLR: Clear the E-area (event registers).
@ FCLR: Clear the operation result flags (X, E, P, N, Z, and V).
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CLR CLEAR
|

(3) Example program

R00|0 V|O(f0 XCLR
R

YCLR

TCLR

UCLR

CCLR

VCLR

ECLR

In this example, if the contact RO0O (input condition) makes a transition from OFF to ON
state, the XCLR, YCLR, TCLR, UCLR, CCLR, VCLR, and ECLR instructions clear the X-,
Y-, T-, U-, C-, V-, and E-areas only once.

(4) Error handling
All variations of the CLR instruction always end their execution normally.
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JT JUMPIF TRUE

(1) Input format

JT LAB

where:
LAB: Is the label name given to the destination of a jump to be made.

Note: At least one space must be inserted between the function name and parameter.
(2) Function

The JT instruction jumps to a specified label if a given condition is true; otherwise, it
proceeds to the next step in normal sequence.

Sequence cycle

ON OFF
[
Condition .. % %

A jump is made every time the condition is true (ON).

(3) Example program

ADD
R|O(|)O - DW00O + DW001 = FW001
FW000, FW001 JT
. LABO4
= F
X020 Y000
N
N\
X010
LABO4 Ya10
_/

In this example, if the contact RO00 (input condition) is closed (ON), the ADD instruction
adds the contents of DW000 and DWO0O01 together and stores the result in FW001. Then, if
the contents of FW000 and FWO0O01 are equal, the JT instruction jumps to the label LAB04
and, if the contact X010 therein is closed (ON), the coil YO10 becomes ON. On the other
hand, if the contents of FW000 and FWO0O01 are not equal, the JT instruction proceeds to the
next step without jumping to the label LAB04 and, if the contact X020 is closed (ON), the
coil Y000 becomes ON. Then, the step with LAB04 and the subsequent steps, if any, are
executed.
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(4) Error handling
® Operation result flags

All the above flags remain unchanged.

Notes:

* No jump instruction can jump to any label that appears before the step in which the

jump instruction is being executed in normal sequence.

prevent any endless loop in the ladder program.)

X

Y010
—>LABO1 X|010 M
| \_/
R|000 JT
| F
X020 Y020
| R
| N

(This restriction is imposed to

LABO1

* The coil(s) that are skipped by a jump instruction in normal sequence stay in the same

states as before the execution of the jump instruction.

LABO3

R0O00 JT
F
X010 Y010
)
o/
X020 Y020
()
/
X030 Y030
()
-/
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JMP UNCONDITIONAL JUMP

(1)

2)

3)

Input format

JMP LAB

where:
LAB: Is the label name given to the destination of a jump to be made.

Note: At least one space must be inserted between the function name and parameter.

Function
The JMP instruction jumps to a specified label unconditionally.

Sequence cycle

|
ON OFF
[ i
Condition ; : %
. 7 7 | 7 |

A jump is always made regardless of the condition.

Example program

R0O0O0O ADD

| | = DWO000 + DWO001 = FW001
|

FW000, FW001 JT
= F
ROO1 JMP

LABO4

LABOS

LABO4| X010 Y010

LABO5 X02|0 Y020

In this example, if the contact RO00 (input condition) is closed (ON), the ADD instruction
adds the contents of DW000 and DWO0O01 together and stores the result in FW001. Then, if
the contents of FW000 and FWO001 are equal, the JT instruction jumps to the label LAB04
and, if the contact X010 therein is closed (ON), the coil YO10 becomes ON. Then, if the
contact X020 is closed (ON), the coil Y020 becomes ON. On the other hand, if the contents
of FW000 and FWO001 are not equal, the JMP instruction unconditionally jumps to the label
LABOS regardless of the ON/OFF status of ROO1. Then, if the contact X020 is closed
(ON), the coil Y020 becomes ON.
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(4) Error handling
® Operation result flags

JMP UNCONDITIONAL JUMP

All the above flags remain unchanged.

Notes:

* No jump instruction can jump to any label that appears before the step in which the

jump instruction is being executed in normal sequence.

prevent any endless loop in the ladder program.)

(This restriction is imposed to

LABO1

Y010
Lasof P10 )
| \_/
R000 JMP
| F
X020 Y020
| N
| _/

* The coil(s) that are skipped by a jump instruction in normal sequence stay in the same
states as before the execution of the jump instruction.

LABO3

R0O0O Jl\lﬂp LABO3
X010 Y010
)
_/ The states of Y010 and
X020 Y020 Y020 remain unchanged.
M
_/
X030 Y030
()
N
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JSE CONDITIONAL JUMP TO SEND

(1) Input format

JSE

(2) Function
The JSE instruction jumps to the end of the currently running N-coil program, or SEND (*),
if a given condition is true (ON).
(*) The symbol SEND is an abbreviation of SequenceEND and denotes the end of an N-coil

program.

(3) Example program

X010 JSE
F
X020 Y020
)
-/

: The instructions in this
XOFO : YOFO range are not executed.

In this example, if the contact X010 (input condition) is closed (ON), the JSE instruction
jumps to the SEND.
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JSE CONDITIONAL JUMP TO SEND

(4) Error handling
® Operation result flags

All the above flags remain unchanged.

Note: The coil(s) that are skipped by a jump instruction in normal sequence stay in the

same states as before the execution of the jump instruction.

R0O00 JSE
| F
X010 Y010
I ()
| \_/ The states of Y010 and
X020 Y020 Y020 remain unchanged.
| ()
| /
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2 ARITHMETIC FUNCTIONS

C2.7 Ethernet Communication Instructions )

2.7.1 Functional overview

To perform TCP and UDP communications in ladder programs, use system extension arithmetic
functions for Ethernet communication.
The ladder chart system makes the following interface available as the system extension

arithmetic functions for Ethernet communication.

Instruction Function
TOP Opens a TCP connection (client).
TPOP Opens a TCP connection (server).
TCLO Closes a TCP connection.
TRCV TCP reception
TSND TCP transmission
UuopP Opens UDP.
UCLO Closes UDP.
URCV UDP reception
USND UDP transmission
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2 ARITHMETIC FUNCTIONS
|

The table below shows the specifications of communications performed by the system extension
arithmetic functions.

Item Specification Remarks
The maximum number of CMU: 16 This number is the total number of sockets
sockets usable at a time ET.NET (main module): 16 that can be used at a time for TCP/UDP

transmissions and/or receptions.
ET.NET (submodule): 16

OPTET (any of modules 0 thru
3; sockets shared by them)

Transmission/reception For TCP communications:
data size 0 to 4096 bytes

For UDP communications:
0 to 1472 bytes

Port number 1 to 65535 Users are recommended to use port numbers
in the range 10000 to 59999. The port

numbers 60000 onwards are reserved for the

system.

The use of Ethernet communication arithmetic functions requires the hardware module(s) of a
specific version(s) listed below, depending on how the LPU unit is configured.

Configuration Required module

CMU only CMU (LQP520): 03-01 or later

ET.NET only LPU (LQP510): 02-02 or later

ET.NET (LQE720): 01-00 or later

OPTET only LPU (LQP510): 02-02 or later

OPTET (LQE710): 01-00 or later

Both CMU and LPU (LQP510): 02-02 or later

ET.NET CMU (LQP520): 04-00 or later

ET.NET (LQE720): 01-00 or later

Both CMU and LPU (LQP510): 02-02 or later

OPTET CMU (LQP520): 06-00 or later

OPTET (LQE710): 01-00 or later

These Ver.-Rev. numbers are those of the individual modules’ microprograms which are
displayed in the “Module List” by the SIOV base system.
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Each time a system extension arithmetic function for Ethernet communication is executed, its
execution result is flagged in one of the system registers S9CO through S9EF and S690 through
S6AF according to the management number used, which is predefined in one-to-one
correspondence with an available socket. When the execution of such an arithmetic function is
terminated normally or abnormally, the result is flagged by setting the system register associated

with the management number to 0 or 1, respectively.

Register type Management
Word Bit number Remarks
S9C0 1
1 2

S9.C . Provided for CMU
SWICO0 : : Ethernet

S9CE 15 communications.

SOCF 16

S9D0 17

S9D1 18 Provided for ET.NET

: . (main module)

SWODO . . Ethernet

S9DE 31 communications.

SODF 32

S9E0 33

S9.E 1 3.4 Provided for ET.NET
SWIEO : : (submodule) Ethernet

SOEE 47 communications.

S9EF 48

S690 49

S6.91 5.0 Provided for OPTET
SW690 . . Ethernet

S69E 63 communications.

S69F 64

S6A0 65

S6A1 66 )

. . Provided for OPTET

SW6A0 Ethernet

S6AE 79 communications.

S6AF 80
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2 ARITHMETIC FUNCTIONS
|

2.7.2 Usage

System extension arithmetic functions for Ethernet communication perform processing according
to the parameters supplied by the user in the [Set Ethernet Communication] window of the ladder
chart system. Therefore, users have to set all necessary parameters in the [Set Ethernet

Communication] window before executing their ladder program. The procedure is as

flowcharted below.

1 Set parameters for Ethernet
Q) communication.
|
Are you creating a new Yes
Ethernet communication
program?
|No (adding changes to an existing one)
Have you initialized the Yes R
LPU’s memory? "
No 5 Send a system program for
(2) Ethernet communication to
the LPU.

A

(3) Create a ladder program.

End

2-183



2 ARITHMETIC FUNCTIONS

When you set parameters in the window, use the figure given below as a reference. The items
shown in boldface are those set in the [Set Ethernet Communication] window. For details on the
settings in the [Set Ethernet Communication] window, see the description under the heading “(1)

Setting Ethernet communication parameters” below.

S10V
Ethernet communication arithmetic function Internal memory
:; Send address — .
Send data { Send size

Receive address — - . .

> Receive data @ Receive size
Communication destination Execution flag—®
p»|  Execution flag data
ZF Detail result code — -
p| Detail result code data
Execution result stored

Y
Remote reception port \ Local t it If-port b
?& (other port number) ocal reception port (self-port number)

Destination IP address <] >—— Communication mode (TCP/UDP)
(other IP address)
[ |

Ethernet

Transmission to destination

Reception from destination
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2 ARITHMETIC FUNCTIONS

(1) Setting Ethernet communication parameters
To set parameters in the [Set Ethernet Communication] window, select [Utility] — [Set
Ethernet Communication] — [Set Parameter] from the ladder chart system’s menu. Then,

the following [Ethernet Communication Setting List] window appears on screen.

<[Ethernet Communication Setting List] window>

i Ethernet Communication Setting List

| Mar... | Module name | Commun... | Selfp.. | Other.. | Gther P address | Send add... | Send 5+ | Redister
1 Chil) 10000 10001 1921921922 Dwwooo Ox100 cancel
2 ChML —— o - Eiaad
3 Chil i o o TR
5 ChML —— o - Eiaad
G CMU FEETa— P U U DeletedD)
7 Chal) T " Delete all(&)
8 ChML —— o —— e

g9 ChMU P e P

1 CMU sttt s ]

12 ChMU P e P

13 ChL T - r—

14 CMU sttt s ]

15 Chu P ety o e

16 ChL T - r—

17 ET.MET iMa...
18 ET.MET {MA..
19 ET.MET iMA..
20 ET.MET {MA..

In this window, select the desired parameter information line and click the button.
Alternatively, double-click the desired parameter information line. Then, the [Set Ethernet
Communication] window for the selected line will appear.

For details on the settings made in the window, refer to the “SOFTWARE MANUAL

OPERATION S10V LADDER CHART For Windows® (Manual number SVE-3-131).”
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2 ARITHMETIC FUNCTIONS

<[Set Ethernet Communication] window>

Set Ethernet Communication

Managerment Mo,
Module name

Communication mode(C)

1

Chil

[TcP |

—Connection infarmation
Self-port Mo (b}
Other port Mo, (o)

Other IP addressil

|1DDDD
|1DDD1

|192.192.192. 2

—Send/Receive area

Send address(Sh
Send size(Dy
Receive address(R)
Receive size (@)

Receive timeout(T

I Dwwaoa ~ DWIOTF

o |10n Byte

| Fiv000 ~ FWOFF

¢ | 200 Byle

IQD (*100ms)

—Result staring area
Execution flagiF)

Details result codedE)

IRDDD
ILWLDDDEI

Socket disconnection moded) ©  |¥Waiting for non-sent data sending ¥ |

Cancel |

Each of the parameters shown above are described below.
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2 ARITHMETIC FUNCTIONS

<[tem>

Management No.:
Displays management numbers specified on [Ethernet Communication Setting List]
window.

Module name:
Displays the module for communication specified on [Ethernet Communication Setting
List] window.
The module name is fixed according to the management number and the module shown
below will be displayed.
When choosing an OPTET module before use, whose management number is in the range
49 to 80, specify its module number.

Management No. Module name
1to 16 CMU
17 to 32 ET.NET (main)
33 to 48 ET.NET (sub)
49 to 80 OPTET (Module 0 to 3)

Communication mode:
While in the combo box, select “TCP” or “UDP”. It is “TCP” by default.

Self-port No.:
Specify a port number for communication in decimal. (The specification range is from 1
to 65535.) It is blank by default. (Using a number between 10000 and 59999 is
recommended. The system reserves numbers for 60000 and above.)

Other port No.:
Specify the port number of the destination in decimal. (The specification range is between
1 and 65535.) It is blank by default. (Using a number between 10000 and 59999 is
recommended. The system reserves a number for 60000 and above.)

Other IP address:
Specify the IP address of the destination. It is blank by default. To broadcast data by
UDP transmission, specify the node address as 255, as in 255.255.255.255.

Send address:
Specify the starting address of sent data in word form (registers for longword and floating
only are in longword and floating forms) of PI/O. The system does not allow you to
specify a bit-type register, specify an area unassigned as a PI/O, or span two or more
registers. It is blank by default. The send address and send size are used to calculate the
final address of sent data and display it.
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Send size:
Specify a send size for data in a hexadecimal number. It is blank by default. The unit is

the byte. For each communication type, the system allows you to specify either of the
following sizes:

TCP: 0x0 to 0x1000 (0 to 4096)

UDP: 0x0 to 0x5CO0 (0 to 1472)

Receive address:
Specify the starting address of the area for storing received data in word form (registers for
longword and floating only are in longword and floating forms) of PI/O. The system does
not allow you to specify a bit-type register, specify an area unassigned as PI/O, or span two
or more registers. The receive address and the receive size are used to calculate the final

address of received data and display it.

Receive size:
Specify a receive size for data in a hexadecimal number. It is blank by default and the

units are bytes. For each communication type, the system allows you to specify either of
the following sizes:

TCP: 0x0 to 0x1000 (0 to 4096)

UDP: 0x0 to 0x5CO0 (0 to 1472)

Receive timeout:
Set a wait time for received data to arrive in case data cannot be received when a reception
instruction is issued. Specify a range between 0 and 100 (0 and 10 seconds) in increments
of 100 ms. (0 means no timeout.) Itissetto 10 (1 second) by default. Set a timeout
setting.  If a reception instruction causes a reception timeout, the reception instruction will
cause an error with no reception data (EWOULDBLOCK).

Execution flag:
Specity with a bit-type register that specifies whether an applied instruction for Ethernet

communication is being processed. It is blank by default.

Details result code:
Specity with a long-type register an area for storing a detail result code for the execution

result of an applied instruction for Ethernet communication. It is blank by default.
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Socket disconnection mode:
Can only be specified when the communication mode is “TCP”.
sent data sending” or “Non-sent data destruction” from the combo box.

non-sent data sending” by default.

2 ARITHMETIC FUNCTIONS
|

Here are the options and their meanings:

Select “Waiting for non-

It is “Waiting for

Waiting for non-sent data sending: If data has not yet been sent, the system will wait

until the data flows.

Any unread data will be discarded.

Non-sent data destruction: If data has not yet been sent, the system will disconnect the

channel and relieve the socket without waiting for the data to flow.

In that case,

the TCP of the destination host will receive an RST. Since the disconnection takes

place differently from the way it usually occurs, be careful as to how the system

functions (the method of reporting when an RST is received by the UP) when the

destination host receives an RST. Any unread received data will be discarded.

The following list shows the registers, which can be specified on the [Set Ethernet

Communication] window.

<Setting Registers>

(1/2)
No. Item Symbol | Send address Sggﬁei\sﬂsa Execution flag Detg(ilc;:sult
1 | External input X v N N N
2 | External output Y ~ N N N
3 | Internal register R A N N N
4 | Keep relay K ~ ~ N N
5 | On-delay timer T ~ N N N
6 | One-shot timer U A N N N
7 | Up/down counter C ~ ~ N N
8 | Global link register G ~ ~ N N
9 | Nesting coil N v N N N
10 | Process register P N N N N
11 | Event register E \/ ~ N N
12 | Edge contact \Y% v N N N
13 | Z-register 4 ~ ~ N N
14 | System register S ~ ~ N N
15 | Data register DW v v - ~

\: Enable to be specified
—: Disable to be specified
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(2/2)
Receive . Detail result
No. Item Symbol | Send address address Execution flag code
16 | Work register FW N v - N
17 | Internal register M N v v N
18 | Internal register (Longword) BD - - - -
19 | For high speed RI/O input I N v - N
20 | For high speed RI/O output (0] N v - N
21 Register for which HI-FLOW J N N N N
22 | and Ladder share data. Q N N N N
23 | Work register LB N v v N
24 | Work register for word only Lw \ \ - \
25 | Work register for longword LL \ \ - \
only
26 | Work register for single- LF \ \ - \
precision floating point only
27 | Work register for word only LX \ \ - \
(Power failure retention)
28 | Work register for longword LM \ \ - \
only (Power failure retention)
29 | Work register for single- LG \ \ - \
precision floating point only
(Power failure retention)
30 | Work register for ladder LR \ \ \ \
converter only
31 | Work register for ladder LV \ \ \ \

converter only (Edge contact)

\: Enable to be specified
—: Disable to be specified
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2 ARITHMETIC FUNCTIONS

The table below is a list of all detail result codes returned by the system extension arithmetic
functions for Ethernet communication.

<Detail result codes>

(1/2)
Value Meaning Required remedial action

0 Normal end (for TOP, TPOP, TCLO, B

UOP, UCLO)
0 to 4096 Normal end (send/receive data size; B

for TRCV, TSND, URCV, USND)
0x80000005 A serious error is detected in the Consult the description of a remedial action given as part
(EIO) adapter (device). of the error log information. (*1)
0x8000000D A broadcast address is specified as | The Ethernet communication settings contain an error.
(EACCES) the destination IP address. Review the settings.
0x80000016 é?ﬁi?g?g?gigfgﬁ;s ,[S}Il) ?slaﬁed’ The Ethernet communication settings contain an error.
(EINVAL) negative value g Review the settings.
0x800000DA A given send data length is out of the | The Ethernet communication settings contain an error.
(EMSGSIZE) permitted range. Review the settings.
0x800000E2 The port number is already in use by .
(EADDRINUSE) another socket. Review the port number used.
0x800000E3 A specified port number and IP The Ethernet communication settings contain an error.
(EADDRNOTAVAIL) | address contain an error. Review the settings.
0x800000E4 The device is not initialized yet or is | Consult the description of a remedial action given as part
(ENETDOWN) stopped. of the error log information. (*1)
0x800000E5 No routing information is present for | Review the routing information settings for the CMU or
(ENETUNREACH) a given destination IP address. ET.NET module. (*2)
0x800000E7 The connection is terminated ’ Che?k thﬁ cable wiring. inein th .
(ECONNABORTED) |abruptly. . dRe\?e“;'t e pilogrtam running in the connection

estination’s host.

0x800000E8 Connection is reset by the TCP of Review the program running in the connection
(ECONNRESET) the connection destination’s host. destination’s host.
0x800000E9 Memory securine has failed Consult the description of a remedial action given as part
(ENOBUEFS) Y : & ) of the error log information. (*1)
0x800000EB An attemptis made to send (.1ata.to | Execution of TOP or TPOP has failed. Review the
(ENOTCONN) socket with which a connection is rooram

not established yet. program.
0x800000EC The socket is released by some other |Check if the same management number as used in the
(ESHUTDOWN) task. ladder program is used in a HI-FLOW program.

* Check the cable wiring.
?ﬁ%?/ﬁg]g%%n A connection request is timed out. * Review the program running in the connection
destination’s host.

0x800000EF The .copnection destinatign’s socket Review the program running in the connection

is missing (a server task is not bound SV
(ECONNREFUSED) yet) destination’s host.

No data is received. Data cannot be
?]i:(gk(l)g(l)?fg%LO CK) transmitted because TCP’s Review the program.

transmission window is full.
0x800000F9 The maximum numbe.r of §ockets Review the program so that no more than 16 sockets will

that can be open at a time is .
(ENSOCK) exceeded be open at a time for each module.
0x80000516 None of TOP, TPOP, and UOP is executed, or although
(EBADF) The socket is not opened yet. one is initiated, its execution has failed. Review the

program.

(*1) For information on how to obtain the error log information, refer to the “USER’S MANUAL BASIC MODULE
(Manual number SVE-1-100).”
(*2) Routing information settings are made with the setting tool for each module.
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(2/2)
Value Meaning Remedial action required
By resetting the LPU module, restart the ET.NET
O0xFFFFFFFB The Ethernet module is down. module. Then, if the same error recurs, the ET.NET
module is probably damaged. Replace the module.
An Ethernet module is probably not ..
O0xFFFFFFFC . Check that a CMU or ET.NET module is installed.
installed yet.
OxFFFFFFFD Initiation of a task has failed. Check t.h at the CMIJ module’s Ve.rsio.n supports applied
instructions for Ethernet communication.
Communication identifier error Check if another ladder program and a HI-FLOW
OxFFFFFFFE detected (the management number is | program use the Ethernet communication settings
already in use). managed under the same management number.
Inconsistency detected with the Check that the transmission method specified as part of
OxFFFFFFFF mode in use (inconsistency between |the Ethernet communication settings is the same as the
parameter-specified transmission communication mode used in the ladder and the HI-
method and communication mode). |FLOW program.
* Error type

0x8XXXXXXX: CPMS socket macro error (this code is created by adding the actual CPMS

OxFXXXXXXX: System program or task error.
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The information provided below is concerning the error tracing that occurs during Ethernet

communication.

A total of eight cases of error trace information are collected for each management number.
These cases of error trace information can be viewed in the base system’s [Display Ethernet
communication of Error Log (Ladder and HI-FLOW)] window. For information on how to
identify errors from the error trace information displayed in the [Display Ethernet
communication of Error Log (Ladder and HI-FLOW)] window, refer to the “USER’S
MANUAL BASIC MODULE. (Manual number SVE-1-100).”

<[Display Ethernet communication of Error Log (Ladder and HI-FLOW)] window>

[5] | Module | Trace | Error code | Contents | Time | Close I
17 ET.MET {Ma.. COMMECT 0x800000EF Caonnection refused 0601 09:43:51.0..
17 ETMET {Ma.. COMMECT 0x800000EF Caonnection refused 0601 09:43:51.0.. Refresh (R} |
17 ET.MET {Ma.. COMMECT 0x800000EF Caonnection refused 0601 09:43:51.0..
17 ET.MNET {(Ma.. CONMECT 0x800000EF Connection refused 0601 09:43:51.0... Errar Log Delete (D) |
17 ET.MET {Ma.. COMMECT 0x800000EF Caonnection refused 0601 09:43:51.0..
17 ETMET (Ma.. COMNMECT 0x800000EF Connection refused 0B/01 09:43:51.0... Etrar Log Al Delete &) |
17 ETMET (Ma.. CONMECT 0x800000EF Cannection refused 06/01 09:43:51.0...

17 ETMET (Ma.. CONMECT 0Ox300000EF Connection refused 0601 09:43:51.0.. Save () |
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(2) Sending an Ethernet communication system program to the LPU module
Send to the LPU module a system program that provides Ethernet communication facilities
(system extension arithmetic functions). The system program providing Ethernet
communication facilities which is available from the ladder chart system must be transmitted
to the LPU module before use if you want to use them.
The procedure is as described below, which can be used only during online operation of the
system.
To send the system program to the LPU module, choose [Set Ethernet Communication] —
[Send System Program] from the [Utility] menu. Then, the following System Program

Send Confirmation window appears:

<System Program Send Confirmation window>

S10¥ Ladder E3

& The syskem program of Ethernet cormmunication swskem extension Functions is sent.

Is it QK7
Cancel |

If you want to send it to the LPU, click the button; otherwise, click the
button. When the button is clicked, the following [Now sending] window

appears:

<[Now sending] window>

howsending |

5 —
= 'l
- 1

At the end of the transmission, the [Now sending] window will disappear from the screen.
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<Notice>
® A ladder program can be created even if you do not send the system program (Equal to
mount Ethernet communication system extension functions). Ethernet communication
system extension functions are used in the ladder program, provided, however, that
checking whether Ethernet communication system extension functions are mounted
during ladder program transit. If not, the error message dialog box will be displayed
and ladder program will not be sent.
Error message: XXXX of a system extension function is not mounted. (XXXX is
the function name of Ethernet communication system extension functions.)

® When initializing the LPU module memory, the system program sent to LPU module
memory will be cleared. Therefore, initializing the LPU module memory is required to
resend the system program.

(3) Creating a ladder program
When you create a ladder program, choose the desired management number from among
those that have been set in the [Set Ethernet Communication] window, and specify it as the
parameter to an appropriate Ethernet communication system extension function. The
system extension function is then able to perform processing according to the window-set
information piece identified by that management number.

<Example>

i Ethernet Communication Setting List =] E3

L T L= L2010 L L L A T L T i L= r T T — e — Register
2 D000 03100

Cancel

oo o o o
o eormnes coem comn mmomneonee eorrny EdHE)
eorrny Delete (D)

Delete allis)

oMy ey e e e

CMU e pootes prases A

3
4
5
& L U s e JONTT—
7
k)

CMU oy o e A

g9 oMU s preey P B Y e
10 CMU e proene e e s
1 CMU s preey e B ]

12 CMU e proene e e s
13 CMU s preey e B ] s
14 oMy e Eres s T ]
15 oMU s preey e B ] s
16 o108} —— T R —— ——

17 ET.NET (MA.. s proene e e
18 ETNET (Ma.. *r== preey P B Y

19 ET.NET (MA.. s o e A

a0 ETNET (Ma.. *r== pre. prases A e
bI

IR EEEEEEEEEEEEEERE

EEEREEREENEEREEEE

The information piece identified by management number 1 is one
that has been set in the [Set Ethernet Communication] window.

1

MOO00 TOP
T -
il

1

T

Specify management number 1 here.

2-195



2 ARITHMETIC FUNCTIONS

2.7.3 Details on the instructions

Information in this section is concerning all available Ethernet communication system extension

function instructions and is organized as follows.

(1)

2)

€)

Input format

Under this heading is shown the input format of each instruction.

Function

Under this heading is provided a description of each instruction’s function.

The system

registers mentioned in these descriptions are the system registers, SOCO through S9FF, that

are used to store execution results of the system extension function instructions.

Data types

Under this heading are listed the types of data that can be specified as parameters to each

instruction.

Example:

This portion shows whether
such registers as DW000
and such constants as
HO0001 may be used with
the instruction or not.

This portion shows whether
such registers as LLLO000
and such constants as
H04231556 may be used
with the instruction or not.

This portion shows whether
such registers as LF0000
and such constants as
1.12E-002 may be used
with the instruction or not.

=
(" Word N Long-word \( Floating A Index
Register | Constant||| Register | Constant||| Register | Constant||| SPecification
s |\ v\ - I\ = - J - )

\: May be specified.
—: May not be specified.

>

If a register may be
specified, this portion shows
whether an index may be
specified or not.

According to the above sample table, users can specify, as Source (S), addresses of such data

as word, long-word, and floating, including index specifications, and can specify constants of

those types.

Note: Bit I/O areas, such as RO00 and Y1FF, are handled as word data in arithmetic

functions.

In these cases, only the LSB is valid and all the other bits are zero (0) in

reading and invalid in writing. For details, see Section 2.3.2, “Handling of bit

registers.”
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(4) Example program
Under this heading is shown a simple ladder program using each instruction and its

operation.
(5) Error handling

Under this heading is described what processing will be done if an error occurs. The

operation result flag(s) reflecting the error are also shown under this heading.
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TOP OPEN A TCP CONNECTION (CLIENT)

(1) Input format

TOP S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
l1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function

® Opening a TCP connection (client)
The TOP (TCP connection open [client]) instruction opens a socket and establishes a
connection with a destination by using its other port number and other IP address, which
have been set in the [Set Ethernet Communication] window. This instruction ends its
execution even if the initiated process is not completed. The result of the process is
reported by storing appropriate values in a given system register, [Execution flag], and
[Detail result code], the latter two of which are parameters that have been set in the [Set
Ethernet Communication] window.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to an appropriate value at the end of the initiated process, the value

that indicates the result of execution of the process. When the
[Execution flag] is set to 0, get information from this [Detail result
code].

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

S v v - ~ - - -

\: May be specified.
—: May not be specified.
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(4) Example program

Opening using the management number 1 and execution flag R001:

MO000 R0O1 TOP
| | | | F 1 - An open instruction is
issued.
Send directive MOV
Cbana e Y
F 1 = R000 End-of-open monitoring
L is turned on.
MOV
F 0=M0O00  -—- Open directive is
L turned off.
R|O(|)0 R|OO1 S9C0 R;I%O
------- Normal termination is
|| | / made.
S9CO0 R101
/4 N L — Abnormal termination
/ is made.
MOV
[ ] - RO End-of-open monitoring
|L| 1=R000 is turned off.

(5) Error handling
If opening a TCP connection (client) succeeds, the system register and [Detail result code]
are both set to 0. If it fails, the system register is set to 1 and the [Detail result code] is set
to the error number (non-zero value).
Whether the initiated process has succeeded or not can be determined from the set value of
the system register.

If the process has failed, get error cause information from the [Detail result code].

® Operation result flags

All the above flags remain unchanged.
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TPOP o0OPEN A TCP CONNECTION (SERVER)

(1) Input format

TPOP S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
l1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Opening a TCP connection (server)

The TPOP (TCP connection open [server]) instruction opens a socket, accepts a
connection request from a client by using the server’s self-port number, which has been
set in the [Set Ethernet Communication] window, and establishes a connection between
the server and that client. This instruction ends its execution even if the initiated process
is not completed. The result of the process is reported by storing appropriate values in a
given system register, [Execution flag], and [Detail result code], the latter two of which
are parameters that have been set in the [Set Ethernet Communication] window.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to an appropriate value at the end of the initiated process, the value

that indicates the result of execution of the process. When the
[Execution flag] is set to 0, get information from this [Detail result
code].

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

S \ \ - - - - -

\: May be specified.
—: May not be specified.
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(4) Example program

Opening using the management number 1 and execution flag R0OO1:

MO000 R0O1 TPOP
| | | | F 1 e An open instruction is
. . issued.
Send directive MOV
F 1=R000 - End-of-open monitoring
is turned on.
MOV
F 0=M0O00  -—--- Open directive is turned
ff.
R0O00 R0O0O1 S9CO R100 °
I I | | O ------- zzrdrgél termination is
S9CO0 Rr1g1
------- Abnormal termination is
/ made.
MOV
F 1=R0O00 End-of-open monitoring

is turned off.

(5) Error handling
If opening a TCP connection (server) succeeds, the system register and [Detail result code]
are both set to 0. If it fails, the system register is set to 1 and the [Detail result code] is set
to the error number (non-zero value).
Whether the initiated process has succeeded or not can be determined from the set value of
the system register.

If the process has failed, get error cause information from the [Detail result code].

® Operation result flags

All the above flags remain unchanged.
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TCLO CcLOSE ATCP CONNECTION

(1) Input format

TCLO S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
l1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Closing a TCP connection

The TCLO (TCP connection close) instruction logically disconnects a communication
path by the method ([Socket disconnection mode]) that has been specified in the [Set
Ethernet Communication] window and releases the socket. This instruction ends its
execution even if the initiated process is not completed. The result of the process is
reported by storing appropriate values in a given system register, [Execution flag], and
[Detail result code], the latter two of which are parameters that have been set in the [Set
Ethernet Communication] window.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to an appropriate value at the end of the initiated process, the value

that indicates the result of execution of the process. When the
[Execution flag] is set to 0, get information from this [Detail result
code].

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

S \ \ - - - - -

\: May be specified.
—: May not be specified.
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(4) Example program

Closing using the management number 1 and execution flag R001:

M0O00 RO001 TCLO
| | | | F 1 e A close instruction is
issued.
Send directive MOV
[ = | = itori
F 1=R000 - End-of-close monitoring
IM—OVI is turned on.
F 0=M000  -——--- Close directive is turned
off.
R|O(|)O R|OO1 S9CO0 Rpgo
------- Normal termination is
|| | o/ made
S9CO RPQ
------- Abnormal termination is
I\/I\(il made.
- RONO End-of-close monitoring
|L| 1=R000 is turned off.

(5) Error handling
If closing a TCP connection succeeds, the system register and [Detail result code] are both
setto 0. Ifit fails, the system register is set to 1 and the [Detail result code] is set to the
error number (non-zero value).
Whether the initiated process has succeeded or not can be determined from the set value of
the system register.

If the process has failed, get error cause information from the [Detail result code].

® Operation result flags

All the above flags remain unchanged.
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(1) Input format

TRCV S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Reception by TCP

The TRCV (TCP receive) instruction receives as much message data as specified by the
[Receive size] from a given socket and stores the received data in the area specified by the
[Receive address], where the [Receive size] and [Receive address] are parameters that
have been set in the [Set Ethernet Communication] window. This instruction ends its
execution even if the initiated process is not completed. The result of the process is
reported by storing appropriate values in a given system register, [Execution flag], and
[Detail result code], the latter two of which are parameters that have been set in the [Set
Ethernet Communication] window.
If there is no data to be received at the time of its issuance, this instruction monitors the
reception process for the time period specified by the [Receive timeout], which has been
set in the [Set Ethernet Communication] window. If the timeout has elapsed with no
data received, the reception process is terminated with the [Detail result code] set to the
value “EWOULDBLOCK?”. In this case, if you still want to receive data, re-issue this
instruction.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to a positive value if data is received. This positive value
indicates the size of the received data. If the size of the received data
is not equal to the [Receive size] value, one of the following takes
place:

If [Receive size] > size of received data: All the received data is read in.
If [Receive size] < size of received data:
As much data as specified by the [Receive
size] is read in from the received data.
The rest of the received data is retained and
can be read in by issuing the TRCV
instruction again.
If the reception process fails, the [Detail result code] is set to a negative
value, which is the error code.
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(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | SPecification

S v v - - - - -

\: May be specified.
—: May not be specified.

(4) Example program

Receiving using the management number 1, execution flag R001, detail result code LWL000O, and a

receive size of 1024 bytes, and performing a reception retry if no data is received:

M|OO|O R|001 TRCV

------- A receive instruction is issued.
| —f LF 7
Receive directive MOV
F 1=R000  --—--—--- End-of-receive monitoring is turned
L on.
MOV
F 0=M000  -——- Receive directive is turned off.
RO00 R001 S9CO EQU
A F F LWL0000 : 1024 = R100
----- Normal termination is made
NEQ (receive size = size of received data).
F LWLO0000 : 102|4 =R102
----- Normal termination is made
S9C0 EQU (receive size > size of received data).
| F LWLO000O0 : H8Q0000F6 = R003
R003 |$|\01 '---- EWOULDBLOCK for testing.
< Abnormal termination is made.
R003 MOV
F 1=M0O00 - A reception retry is made.
MOV
F 0=ROOO0  -—--- Efr;d-of-receive monitoring is turned
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(5) Error handling
If the initiated reception process succeeds, the system register is set to 0 and the [Detail result
code] is set to a value indicating the size of the received data. If it fails, the system register
is set to 1 and the [Detail result code] is set to the error number (negative value). Whether
the initiated process has succeeded or not can be determined from the set value of the system
register.
If the process has failed, get error cause information from the [Detail result code]. If the
[Detail result code] is EWOULDBLOCK, you can re-issue the TRCV instruction to receive
data.

® Operation result flags

All the above flags remain unchanged.
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TSND TCP TRANSMISSION

(1) Input format

TSND S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
1to16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Transmission by TCP

The TSND (TCP send) instruction transmits as much send data as specified by the [Send
size] from the area specified by the [Send address] to a given socket, where the [Send
size] and [Send address] are parameters that have been set in the [Set Ethernet
Communication] window. This instruction ends its execution even if the initiated
process is not completed. The result of the process is reported by storing appropriate
values in a given system register, [Execution flag], and [Detail result code], the latter two
of which are parameters that have been set in the [Set Ethernet Communication] window.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to an appropriate value at the end of the initiated process, the value

that indicates the result of execution of the process. When the
[Execution flag] is set to 0, get information from this [Detail result

code].
(3) Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | Specification
S N N - - - - -
\: May be specified.
—: May not be specified.
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(4) Example program

TSND TCP TRANSMISSION

Transmitting using the management number 1 and execution flag R001:

M|00|0 R|001 TSND
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Send directive
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(5) Error handling

.
1=R000 -
0=M000 -
1=R000

A send instruction is
issued.

End-of-send monitoring
is turned on.

Send directive is turned
off.

Normal termination is
made.

Abnormal termination is
made.

End-of-send monitoring
is turned off.

If the initiated transmission process succeeds, the system register and [Detail result code] are

both set to 0.

the error number (non-zero value).

If it fails, the system register is set to 1 and the [Detail result code] is set to

Whether the initiated process has succeeded or not can be determined from the set value of

the system register.

If the process has failed, get error cause information from the [Detail result code].

® Operation result flags

All the above flags remain unchanged.
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UOP opPEN UDP

(1) Input format

UuoP S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
l1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Opening UDP

The UOP (UDP open) instruction opens a socket and assigns address information to that
socket by using the self-port number that has been set as a parameter in the [Set Ethernet
Communication] window. This instruction ends its execution even if the initiated
process is not completed. The result of the process is reported by storing appropriate
values in a given system register, [Execution flag], and [Detail result code], the latter two
of which are parameters that have been set in the [Set Ethernet Communication] window.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to an appropriate value at the end of the initiated process, the value

that indicates the result of execution of the process. When the
[Execution flag] is set to 0, get information from this [Detail result

code].
(3) Data types
Word Long-word Floating Index
Register | Constant | Register | Constant | Register | Constant | specification
S N N _ B - - -
\: May be specified.
—: May not be specified.
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(4) Example program

Opening using the management number 1 and execution flag R001:

M|OO|O R|001 UOP
| | | F 1 An open instruction is
Send directive MOV Issued.
F 1=R000 End-of-open monitoring
is turned on.
MOV
F 0=M0O00 - Open directive is
turned off.

R|O(|)0 R|OO1 S9C0 F\P%O
------- Normal termination is
|| | /

de.

S9C0 RO mace
------- Abnormal termination

I\/IKO/V is made.
F 1=R0O00 End-of-open monitoring

is turned off.

(5) Error handling
If opening UDP succeeds, the system register and [Detail result code] are both set to 0. Ifit
fails, the system register is set to 1 and the [Detail result code] is set to the error number
(non-zero value).
Whether the initiated process has succeeded or not can be determined from the set value of
the system register.

If the process has failed, get error cause information from the [Detail result code].

® Operation result flags

All the above flags remain unchanged.
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UCLO cLose ubp

(1) Input format

UCLO S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
l1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Closing UDP
The UCLO (UDP close) instruction logically disconnects a communication path and
releases the socket. This instruction ends its execution even if the initiated process is not
completed. The result of the process is reported by storing appropriate values in a given
system register, [Execution flag], and [Detail result code], the latter two of which are
parameters that have been set in the [Set Ethernet Communication] window.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to an appropriate value at the end of the initiated process, the value

that indicates the result of execution of the process. When the
[Execution flag] is set to 0, get information from this [Detail result
code].

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

S \ \ - - - - -

\: May be specified.
—: May not be specified.
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(4) Example program

Closing using the management number 1 and execution flag R001:

MO000 R0O01 UCLO
| | /M/ F 1 e A close instruction is
i d.
Send directive MOV Issue
F 1=R000 - End-of-close monitoring
MOV is turned on.
F 0=M000  --—--—--- Close directive is turned
ff.
R|O(|)0 R|001 S9C0 F\?I%O °
------- Normal termination is
|| | _/
made.
S9CO0 RP%’I
------- Abnormal termination is
h>C)</ made.
- PANN - End-of-close monitorin
F 1=R 9
L | 000 is turned off.

(5) Error handling
If closing UDP succeeds, the system register and [Detail result code] are both set to 0. Ifit
fails, the system register is set to 1 and the [Detail result code] is set to the error number
(non-zero value).
Whether the initiated process has succeeded or not can be determined from the set value of
the system register.

If the process has failed, get error cause information from the [Detail result code].

® Operation result flags

All the above flags remain unchanged.
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(1) Input format

URCV S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Reception by UDP

The URCV (UDP receive) instruction receives as much message data as specified by the
[Receive size] from a given socket and stores the received data in the receive buffer area
specified by the [Receive address], where the [Receive size] and [Receive address] are
parameters that have been set in the [Set Ethernet Communication] window. This
instruction ends its execution even if the initiated process is not completed. The result of
the process is reported by storing appropriate values in a given system register, [ Execution
flag], and [Detail result code], the latter two of which are parameters that have been set in
the [Set Ethernet Communication] window.
If there is no data to be received at the time of its issuance, this instruction monitors the
reception process for the time period specified by the [Receive timeout], which has been
set in the [Set Ethernet Communication] window. If the timeout has elapsed with no
data received, the reception process is terminated with the [Detail result code] set to the
value “EWOULDBLOCK?”. In this case, if you still want to receive data, re-issue this
instruction.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete.

Detail result code: Set to a positive value if data is received. This positive value indicates
the size of the received data. If the size of the received data is not
equal to the [Receive size] value, one of the following takes place:

If [Receive size] > size of received data: All the received data is read in.
If [Receive size] < size of received data:
As much data as specified by the [Receive
size] is read in from the received data.
The rest of the received data is retained and
can be read in by issuing the URCV
instruction again.

If the reception process fails, the [Detail result code] is set to a negative value, which is

the error code.
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(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | SPecification

S v v - - - - -

\: May be specified.
—: May not be specified.

(4) Example program

Receiving using the management number 1, execution flag R001, and detail result code LWL00OO:

M000O RO0O1 URCV
| | | | F 1 e A receive instruction is issued.
Receive directive MOV
F 1=R000  ------ End-of-receive monitoring is turned
on.
MOV
F 0=M000  -——-- Receive directive is turned off.
R0O00 R0O01 S9CO EQU
| | | | | | F LWLO00O : 1024 = R100
----- Normal termination is made
NEQ (receive size = size of received data).
F LWLO0O000 : 1024 = R102
'---- Normal termination is made
S9C0 EQU (receive size > size of received data).
i F LWLO0O00O : H8Q0000F6 = R003
R003 I%O’l +---- EWOULDBLOCK for testing.
1 Abnormal termination is made.
R003 MOV
F 1=MO00 - A reception retry is made.
MOV
F 0=R0O0O0  -——--- End-of-receive monitoring is turned
off.
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(5) Error handling
If the initiated reception process succeeds, the system register is set to 0 and the [Detail result
code] is set to a value indicating the size of the received data. If it fails, the system register
is set to 1 and the [Detail result code] is set to the error number (negative value). Whether
the initiated process has succeeded or not can be determined from the set value of the system
register.
If the process has failed, get error cause information from the [Detail result code]. If the
[Detail result code] is EWOULDBLOCK, you can re-issue the URCV instruction to receive
data.

® Operation result flags

All the above flags remain unchanged.
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USND uDP TRANSMISSION
]

(1) Input format

USND S

where:
S: (Source) is a communication identifier, which is one of the following module-specific
management numbers:

Management No. Module name
l1to 16 CMU
17 to 32 ET.NET (main module)
33 to 48 ET.NET (submodule)
49 to 80 OPTET (Module 0 to 3)

A maximum of 16 TCP and/or UDP communication processes can be executed
simultaneously for each module other than the OPTET. Where OPTET modules are used
for communication, a maximum total of 32 TCP and/or UDP communication processes
can be executed simultaneously for the four OPTET modules.

(2) Function
® Transmission by UDP

The USND (UDP send) instruction transmits as much send data as specified by the [Send
size] from the send buffer area specified by the [Send address] to a given socket, where
the [Send size] and [Send address] are parameters that have been set in the [Set Ethernet
Communication] window. This instruction ends its execution even if the initiated
process is not completed.  The result of the process is reported by storing appropriate
values in a given system register, [Execution flag], and [Detail result code], the latter two
of which are parameters that have been set in the [Set Ethernet Communication] window.

Execution flag: Set to 1 if the initiated process is in progress; otherwise (i.e., it is
completed), set to 0. When the initiated process is completed, its result
is reported by setting the system register and [Detail result code] to
appropriate values. To obtain the information, be sure to monitor the
[Execution flag] constantly until the process is complete

Detail result code: Set to an appropriate value at the end of the initiated process, the value

that indicates the result of execution of the process. When the
[Execution flag] is set to 0, get information from this [Detail result
code].

(3) Data types

Word Long-word Floating Index

Register | Constant | Register | Constant | Register | Constant | specification

S v v - ~ - - -

\: May be specified.
—: May not be specified.
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|
(4) Example program

Transmitting using the management number 1 and execution flag R001:

MO000 R0O01 USND
| | | | F T — A send instruction is
issued.
Send directive MOV
[ = ] =RO0O0 @ ------- -of- itori
F 1 = R0O00 End-of-send monitoring
is turned on.
MOV
------- Send directive is turned

|}I:|
o
I
=
S
S
S

off.

R|O(|)0 R|OO1 S9C0 F\P%O

------- Normal termination is

|| | _/ made.

S9CO0 R101

/4 N L — Abnormal termination

/ is made.
MOV
F 1=RO00 T End-of-send monitoring

is turned off.

(5) Error handling
If the initiated transmission process succeeds, the system register and [Detail result code] are
both set to 0. If it fails, the system register is set to 1 and the [Detail result code] is set to
the error number (non-zero value). Whether the initiated process has succeeded or not can
be determined from the set value of the system register.

If the process has failed, get error cause information from the [Detail result code].

® Operation result flags

All the above flags remain unchanged.
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2 ARITHMETIC FUNCTIONS

2.7.4 Sample programs

This section shows two sample programs each of which opens a socket, sends and receives data,
and closes the socket, all by using Ethernet communication system extension functions. It is
assumed that the sample programs are provided with the following parameter settings: the
management number 1, execution flag R001, and detail result code LWL0000.

(1) TCP client

MO00 ROO1 TOP
| | H F 1 e An open instruction is
issued.
MOV
F 1=R0O00 — End-of-open monitoring
is turned on.
MOV
F 0=M000  -——-- Open directive is turned
L off.
RO00 R001 S9CO R100
I I | | O -------- Opening process is
terminated normally.
S9CO0 R101
- O -------- Opening process is
terminated abnormally.
MOV
F 0=R0O00  ——- End-of-open monitoring
is turned off.
R100 ROO1 TSND
)l/ F 1 e A send instruction is
| | issued.
MOV
F 1=M001 — End-of-send monitoring
L is turned on.
MO001 ROO1 S9CO R102
| | | Q0 W e — Sending process is
| | (% terminated normally.
S9CO0 R/1o\3
-------- Sending process is
N\ terminated abnormally.
MOV
F 0=MO001 —— End-of-send monitoring
L is turned off.
R102 V00O MOV
F 1=M002 - Receive directive is
T L turned on.
M002 R0O01 TRCV
F 1T A receive instruction is
L issued.
MOV
F 1=M003 —- End-of-receive
L monitoring is turned on.
MOV
F 0=M002 - Receive directive is
L turned off.
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MO003 R001 S9CO LE
1 F LWLO00O : 1024 = R104
t---- Receiving process is terminated
abnormally
S9C0 EQU (receive size > size of received data).
— F LWLO000 : H800000F6 = R107
+--- EWOULDBLOCK for testing.
R107 R105
O -------- Receiving process is terminated
abnormally.
R107 MOV
F 1=M002 - A reception retry is made.
MOV
F 0=M003 - End-of-receive monitoring is turned
L off.
R103 R|OO1 TCLO
—1 |l . L
| F 1 A close instruction is issued.
R104 MOV
= 1 CDAAA e . .
F 0 =R104 End-of-receive flag is reset.
R105 MOV
=1 CNranA e Lo
F 1 = M004 End-of-close monitoring is turned on.
M004 R001 S9CO R108
| Cy>e—1 Closing process is terminated
| —/ normally.
S9CO Rf10\9
-------- Closing process is terminated
-/ abnormally.
MOV
F 0=M004  — End-of-close monitoring is turned off.
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(2) TCP server

MO000 ROO1 TPOP
I I | | F 1T e An open instruction is issued.
MOV
F 1=R000 - End-of-open monitoring is turned on.
MOV
F 0=MOO0O - “Start communication” directive is
turned off.
R|0(|)0 R|001 S9CO W
--------- Opening process is terminated
| | | / normall
y.
S9C0 R/1\01
--------- Opening process is terminated
/ abnormall
y.
MOV
F 0=RO0OQO  -——-- End-of-open monitoring is turned off.
R100 V00O MOV
I T F 1=M001  —— Receive directive is turned on.
MO001 RO0OO1 TRCV
I F 1 A receive instruction is issued.
MOV
F 0=M001 End-of-receive monitoring is turned
L on.
MOV
F 1=M002 Receive directive is turned off.
M002 R001 S9CO LE
| | | | % F LWLO000O : 1024 = R102
------ Receiving process is terminated
abnormally
Sg(l;o EQU (receive size > size of received data).
F LWLO000 : H800000F6 = R105
| I%I +--—-EWOULDBLOCK for testing.
O --------- Receiving process is terminated
abnormally.
MOV g
F 1=M001T  ——o A reception retry is made.
MOV
F 0=M002 - End-of-receive monitoring is
L |
turned off.
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R|1 (|)2 R|001 TSND
F . A send instruction is
|| /I/ L issued.
MOV
F 1=M003 = -——- End-of-send monitoring
L is turned on.
MOV
F 0=R102 = -——- End-of-receive flag is
L reset.
RO00 R0O01 S9CO R106
| | /l// G Y L — Sending process is
|| | / terminated normally.
S9CO0 R107
C )>—d1 Sending process is
N terminated abnormally.
MOV
F 0=M003 - End-of-send monitoring
. is turned off.
R103 R|001 TCLO
F 1 e A close instruction is
| L issued.
R106 MOV
F 0=M004 = -—-- End-of-close monitoring
L is turned on.
R107
MO004 R001 S9CO R108
i | | O -------- Closing process is
$9C0 R109 terminated normally.
O -------- Closing process is
terminated abnormally.
MOV
F 0=M004 End-of-close monitoring
is turned off.
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CSUPPLEMENT A CHECKING OUT THE AVERAGE SCAN TIME )

There are two methods available for finding out the average scan time used in ladder programs: 1)
by using the sequence cycle monitoring function of the S10V ladder chart system (model S-7895-
02) and 2) by adding a special circuit to the ladder program.

A.1 Check-out using the S10V ladder chart system

The S10V ladder chart system’s sequence cycle monitoring function can be used to check out the
instant value, maximum value, minimum value, and average value of scan times. The procedure
is as described below.

To start the monitoring function, choose [Utility] — [Monitor control status] — [Sequence cycle
monitor] from the S10V ladder chart system’s menu.

For information on how to operate the sequence cycle monitor, refer to the “SOFTWARE
MANUAL OPERATION S10V LADDER CHART For Windows® (Manual number SVE-3-
131).”

<[Sequence cycle monitor] window>

Sequence cycle monitor E

—Sequence cycle timel Survey value 1 — Start(3)

' Sequence cycle monitor displayi eTeElE s

Log collection cycle I 1000 ms

Mumber of times Average value ms
of log collection I 1000

™ File preservation

Clear(C)

Maximum value m= File Change(F)

413

" Sequence cycle log display Mirimum value ms Clozed

Sequence cycle time

ms
Setting value
Instant value
Maximum value
inimum value

1000

Mumber of times of a sampling
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|

A.2 Check-out using a ladder program

It becomes possible to check out the average scan time in ladder programs if you add the
following circuit to the ladder program. The average scan time obtained is the average of scan
times (milliseconds) measured at 8-second intervals during the execution of the ladder program
and is stored in FWBFF.

SO1|2
|

S13C VFFE
N

1A

=
@]
<

Rl

8000—FWBFC

=
@]
<

]

SW140—FWBFD

n
(=
lov}

]

FWBFD—FWBFE—-FWBFE

=)
<

]

FWBFC/FWBFE—FWBFF

<
T
T
m
=
@]
<

]

SW140—-FWBFE

n
cC
oy}

]

FWBFE-FWBFD—FWBFD

=)
<

(=]

FWBFC/FWBFD-+FWBFF

Average scan time indication area
(giving indications as soon as the monitor is started)

Figure A-1 Scan Time-Indicating Circuit
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CSUPPLEMENT B SPECIAL PRECAUTIONS )

B.1 Precautions in converting ladder programs

You can convert downward-sloping-rung ladder programs used in S10/2a Series and S10mini
Series systems into normal-rung ladder programs for use in S10V systems by using the converter
of the S10V ladder chart system (model S-7895-02). This section presents special precautions to
keep in mind when you use the converter. For information on the operating procedure and
functions of the converter, refer to the “SOFTWARE MANUAL OPERATION S10V
LADDER CHART For Windows® (Manual number SVE-3-131).”

® The following arithmetic functions used in the S10/2a Series and S10mini Series in SIOV were
cancelled and changed. The converter function automatically converts the arithmetic
functions of the S10/2a Series and S10mini Series, with some exceptions, to the S1I0V
arithmetic functions. It’s not necessary to mind the cancellation and change of the arithmetic

functions.
Arlthrr_]etlc functlons_ f(_)r 81.0/ 2a Arithmetic functions Reason for cancellation
Series and S10mini Series
for S10V system and change
systems

Source indirect transfer (MSI) Batch transfer (MOM) Index specifications (indirect

Destination indirect transfer (MDI) addressing) are now
supported by MOM.

Data set (DST) Transfer (MOV) Constants are now supported
by MOV.

Square root (ROT) Square root (SQR) The function mnemonic has
been changed.

FIFO writing (PSH) FIFO writing (PSHO) Because S10/2a and
S10mini-compatible FIFO
was supported.

(However, applicable for
Ver.-Rev. 01-16 and later of
the Ladder Chart System)

FIFO reading (POP) FIFO reading (POPO) Because S10/2a and
S10mini-compatible FIFO
was supported.

(However, applicable for
Ver.-Rev. 01-16 and later of
the Ladder Chart System)

® The S10V system’s performance is increased, compared with S10/2a Series and S10mini
Series systems, so S10V ladder programs requiring less processing time may show different
external I/O timings than S10/2a Series and S10mini Series ladder programs. Make
sufficient testing before you first use S10V ladder programs with the existing equipment.
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® [f addresses are specified as immediate values in arithmetic functions, the converter does not
perform address translation. In these cases, correct the addresses after conversion into
normal-rung ladder programs. Care must be taken especially in cases where expansion
memory is used.

® In S10V of LPU module revision L (Ver.-Rev. 02-05) and earlier, register numbers (such as

XL000 and FL0O04) used for the accesses in long-word boundaries need to be specified for the
long-word register according to the hardware restrictions. So, the word boundary
specification (such as XL010 and FLO03) is not available. The converter function does not
convert these values. If an error occurs for the long-word register having an odd number at
compilation, correct the register number so that the long-word register has an even number.
(The following modifications are unnecessary for LPU module revision M (Ver.-Rev. 02-06)
and later.)
Examples:
(Before correction)  (After correction)

XLOo10 — XL004

FLO003 — FL004

The table below shows the numbers specifiable for long-word registers.

The LPUs in the list of the numbers specifiable for long-word registers (module revision M (Ver.-
Rev. 02-06 and later)) is excluded.

Register type Register name Specifiable numbers
I/O register XL, JL, YL, QL, GL, AL, RL, Numbers that have an even digit in the
(long-word) ML, KL, TL, UL, CL, NL, PL, second least significant digit position, as
VL, EL, ZL, SL, LBL, LRL, LVL | in XLOO or LBLOOIA—_l|O (boxed position)
Work register DL, FL, LWL, LXL Numbers that have an even digit in the
(long-word) least significant digit position, as in
DLO0J or LWLO000[§| (boxed position)

NOTICE

The LPU module stops due to “Invalid instruction detected.” This occurs if the
long-word register having an odd number or a ladder program containing PSHO
and POPO, which were created by the Ladder Chart System of Ver.-Rev. 01-16
or later, is sent to a Ladder Chart System having Ver.-Rev. 01-15 or earlier, or to
an LPU having module revision L (Ver.-Rev. 02-05) or earlier using batch loading.
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® The FIFO table structure for FIFO-basis write (PSH) and read (POP) that is used in S10/2a
Series and S10mini Series systems has been changed as shown below.

Table top

+2|

+4

+6 |

+8
+10
+12

nx2+10

<For LPU module revision M (Ver.-Rev. 02-06) and later>

[S10/2a, S10mini]
FIFO data table structure

n (data size)

ZERO flag
address

FULL flag
address

Pointer

Data value #1

Data value #n

[S10V]

FIFO data table structure

Table top
+2
+4

+6
+8

+10

Data storage +12
area specified +14
by data size

nx2+12

n (data size)

(Reserved)

ZERO flag
address

FULL flag
address

Pointer

Data value #1

Data vélue #n

4

Added location in

S10V system.

The subsequent
addresses are
changed
accordingly.

Data storage
area specified
by data size

The converter function of the S10V Ladder Chart System (Ver.-Rev. 01-16 and later) converts
arithmetic functions PSH and POP to PSHO and POPO and allows the use of the FIFO data
table of the above [S10/2a and S10mini].

<For LPU module revision L (Ver.-Rev. 02-05) and earlier>

The converter function of the S10V Ladder Chart System (Ver.-Rev. 01-16 and later) converts
arithmetic functions PSH and POP to PSHO and POPO. However, these conversion

instructions cannot be used. So, change the LPU module to the one having module revision M

(Ver.-Rev. 02-06) and later.

use the FIFO data table of the above [S10V]
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Alternatively, correct the ladder program for PSH and POP, and
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