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Chapter 5: Standard RLL Instructions
W

Introduction

DLO06 Micro PLCs offer a wide variety of instructions to perform many different types of
operations. This chapter shows you how to use each standard Relay Ladder Logic (RLL)
instruction. In addition to these instructions, you may also need to refer to the Drum
instruction in Chapter 6, or the Stage programming instructions in Chapter 7.

There are two ways to quickly find the instruction you need.

¢ If you know the instruction category (Boolean, Comparative Boolean, etc.) just use the title at the
top of the page to find the pages that discuss the instructions in that category.

¢ If you know the individual instruction name, use the following table to find the page(s) that

ﬂ discusses the instruction.

Instruction Page Instruction Page
Accumulating Fast Timer (TMRAF) 542 And Store (AND STR) 5-16
Accumulating Timer (TMRA) 5-42 And with Stack (ANDS) 5-72
Add (ADD) 5-86 Arc Cosine Real (ACOSR) 5-119
Add Binary (ADDB) 5-99 Arc Sine Real (ASINR) 5-118
Add Binary Double (ADDBD) 5-100 Arc Tangent Real (ATANR) 5-119
Add Binary Top of Stack (ADDBS) 5-114 ASClII Clear Buffer (ACRB) 5-225
Add Double (ADDD) 5-87 ASCII Compare (CMPV) 5-217
Add Formatted (ADDF) 5-106 ASCII Constant (ACON) 5-187
Add Real (ADDR) 5-88 ASCII Extract (AEX) 5-216
Add to Top (ATT) 5-162 ASCII Find (AFIND) 5-213
Add Top of Stack (ADDS) 5-110 ASCII Input (AIN) 5-209
And (AND) 5-69 ASCII Print from V=memory (PRINTV) 5-223
And (AND) 5-31 ASCII Print to V-memory (VPRINT) 5-218
And (AND) 5-14 ASCII Swap Bytes (SWAPB) 5-224
AND Bit-of-Word (ANDB) 5-15 ASCII to HEX (ATH) 5-134
And Double (ANDD) 5-70 Binary (BIN) 5-127
And Formatted (ANDF) 5-71 Binary Coded Decimal (BCD) 5-128
And If Equal (ANDE) 5-28 Binary to Real Conversion (BTOR) 5-131
And If Not Equal (ANDNE) 5-28 Compare (CMP) 5-81
And Immediate (ANDI) 5-33 Compare Double (CMPD) 5-82
AND Move (ANDMOV) 5-167 Compare Formatted (CMPF) 5-83
And Negative Differential (ANDND) 5-22 Compare Real Number (CMPR) 5-85
And Not (ANDN) 5-31 Compare with Stack (CMPS) 5-84
And Not (ANDN) 5-14 Cosine Real (COSR) 5-118
And Not Bit-of-Word (ANDNB) 5-15 Counter (CNT) 5-45
And Not Immediate (ANDNI) 5-33 Data Label (DLBL) 5-187
And Positive Differential (ANDPD) 5-22 Date (DATE) 5-171
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Instruction Page Instruction Page
Decode (DECO) 5-126 Load Accumulator Indexed (LDX) 5-61
Decrement (DEC) 5-98 Load Accumulator Indexed from Data Constants (LDSX) 5-62
Decrement Binary (DECB) 5-105 Load Address (LDA) 5-60
Degree Real Conversion (DEGR) 5-133 Load Double (LDD) 5-58
Disable Interrupts (DISI) 5-184 Load Formatted (LDF) 5-59
Divide (DIV) 5-95 Load Immediate (LDI) 5-37
Divide Binary (DIVB) 5-104 Load Immediate Formatted (LDIF) 5-38
Divide Binary by Top OF Stack (DIVBS) 5-117 Load Label (LDLBL) 5-142
Divide by Top of Stack (DIVS) 5-113 Load Real Number (LDR) 5-63
Divide Double (DIVD) 5-96 Master Line Reset (MLR) 5-181
Divide Formatted (DIVF) 5-109 Master Line Set (MLS) 5-181
Divide Real (DIVR) 5-97 MODBUS Read from Network (MRX) 5-201
Enable Interrupts (ENI) 5-183 MODBUS Write to Network (MWX) 5-204
Encode (ENCO) 5-125 Move (MOV) 5-141
End (END) 5-173 Move Memaory Cartridge (MOVMC) 5-142
Exclusive Or (XOR) 5-77 Multiply (MUL) 5-92
Exclusive Or Double (XORD) 5-78 Multiply Binary (MULB) 5-103
Exclusive Or Formatted (XORF) 5-79 Multiply Binary Top of Stack (MULBS) 5-116
Exclusive OR Move (XORMOV) 5-167 Multiply Double (MULD) 5-93
Exclusive Or with Stack (XORS) 5-80 Multiply Formatted (MULF) 5-108
External Interrupt Program Example 5-184 Multiply Real (MULR) 5-94
Fault (FAULT) 5-186 Multiply Top of Stack (MULS) 5-112
Fill (FILL) 5-146 No Operation (NOP) 5-173
Find (FIND) 5-147 Not (NOT) 5-19
Find Block (FINDB) 5-169 Numerical Constant (NCON) 5-187
Find Greater Than (FDGT) 5-148 Or (OR) 5-73
For / Next (FOR) (NEXT) 5-176 Or (OR) 5-30
Goto Label (GOTO) (LBL) 5-175 Or (OR) 5-12
Goto Subroutine (GTS) (SBR) 5-178 Or Bit-of-Word (ORB) 5-13
Gray Code (GRAY) 5-138 Or Double (ORD) 5-74
HEX to ASCII (HTA) 5-135 Or Formatted (ORF) 5-75
Increment (INC) 5-98 Or If Equal (ORE) 5-27
Increment Binary (INCB) 5-105 Or Immediate (ORI) 5-32
Interrupt (INT) 5-183 OR Move (ORMQV) 5-167
Interrupt Return (IRT) 5-183 Or Negative Differential (ORND) 5-21
Interrupt Return Conditional (IRTC) 5-183 Or Not (ORN) 5-30
Invert (INV) 5-129 Or Not (ORN) 5-12
LCD 5-197 Or Not Bit-of-Word (ORNB) 5-13
Load (LD) 5-57 Or Not Immediate (ORNI) 5-32
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Instruction Page Instruction Page
OR Not Immediate Instructions Cont'd 5-33 Shuffle Digits (SFLDGT) 5-139
Or Out (OR OUT) 5-17 Sine Real (SINR) 5-118
Or Out Immediate (OROUTI) 5-34 Source to Table (STT) 5-156
Or Positive Differential (ORPD) 5-21 Square Root Real (SQRTR) 5-119
Or Store (OR STR) 5-16 Stage Counter (SGCNT) 5-47
Or with Stack (ORS) 5-76 Stop (STOP) 5-173
Out (OUT) 5-64 Store (STR) 5-29
Out (OUT) 5-17 Store (STR) 5-10
Out Bit-of-Word (OUTB) 5-18 Store Bit-of-Word (STRB) 5-11
Out Double (OUTD) 5-64 Store If Equal (STRE) 5-26
Out Formatted (OUTF) 5-65 Store If Not Equal (STRNE) 5-26
Out Immediate (OUTI) 5-34 Store Immediate (STRI) 5-32
Out Immediate Formatted (OUTIF) 5-35 Store Negative Differential (STRND) 5-20
Out Indexed (OUTX) 5-67 Store Not (STRN) 5-29
Out Least (OUTL) 5-68 Store Not (STRN) 5-10
Out Most (OQUTM) 5-68 Store Not Bit-of-Word (STRNB) 5-11
Pause (PAUSE) 5-25 Store Not Immediate (STRNI) 5-32
Pop (POP) 5-65 Store Positive Differential (STRPD) 5-20
Positive Differential (PD) 5-19 Subroutine Return (RT) 5-178
Print Message (PRINT) 5-189 Subroutine Return Conditional (RTC) 5-178
Radian Real Conversion (RADR) 5-133 Subtract (SUB) 5-89
Read from Network (RX) 5-193 Subtract Binary (SUBB) 5-101
Real to Binary Conversion (RTOB) 5-132 Subtract Binary Double (SUBBD) 5-102
Remove from Bottom (RFB) 5-153 Subtract Binary Top of Stack (SUBBS) 5-115
Remove from Table (RFT) 5-159 Subtract Double (SUBD) 5-90
Reset (RST) 5-23 Subtract Formatted (SUBF) 5-107
Reset Bit-of-Word (RSTB) 5-24 Subtract Real (SUBR) 5-91
Reset Immediate (RSTI) 5-36 Subtract Top of Stack (SUBS) 5-111
Reset Watch Dog Timer (RSTWT) 5-174 Sum (SUM) 5-120
Rotate Left (ROTL) 5-123 Swap (SWAP) 5-170
Rotate Right (ROTR) 5-124 Table Shift Left (TSHFL) 5-165
RSTBIT 5-144 Table Shift Right (TSHFR) 5-165
Segment (SEG) 5-137 Table to Destination (TTD) 5-150
Set (SET) 5-23 Tangent Real (TANR) 5-118
Set Bit-of-Word (SETB) 5-24 Ten’s Complement (BCDCPL) 5-130
Set Immediate (SETI) 5-36 Time (TIME) 5-172
SETBIT 5-144 Timer (TMR) and Timer Fast (TMRF) 5-40
Shift Left (SHFL) 5-121 Understanding Master Control Relays 5-181
Shift Register (SR) 5-51 Up Down Counter (UDC) 5-49
Shift Right (SHFR) 5-122 Write to Network (WX) 5-195
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i

Using Boolean Instructions

Do you ever wonder why so many PLC manufacturers always quote the scan time for a 1K
boolean program? Simple. Most all programs utilize many boolean instructions. These are
typically very simple instructions designed to join input and output contacts in various series
and parallel combinations. Since the DirectSOFT32 package allows you to use graphic
symbols to build the program, you don’t absolutely have to know the mnemonics of the
instructions. However, it may helpful at some point, especially if you ever have to
troubleshoot the program with a Handheld Programmer. The following paragraphs show how
these instructions are used to build simple ladder programs.

END Statement
All DLO6 programs require an END statement as the last instruction. This tells the CPU that E
this is the end of the program. Normally, any instructions placed after the END statement
will not be executed. There are exceptions to this such as interrupt routines, etc. Chapter 5
discusses the instruction set in detail.

X0 YO

H | 5
o)

o)

All programs must have
an END statement

(e

Simple Rungs
You use a contact to start rungs that contain both contacts and coils. The boolean instruction
that does this is called a Store or, STR instruction. The output point is represented by the
Output or, OUT instruction. The following example shows how to enter a single contact and
a single output coil.

Direct SOFT32 Example Handheld Mnemonics
STR X0
X0 YO
| /- OuUT YO
— | @UD END

=D

5
Normally Closed Contact

Normally closed contacts are also very common. This is accomplished with the Store Not, or
STRN instruction. The following example shows a simple rung with a normally closed

contact.
Direct SOFT32 Example Handheld Mnemonics
X0 YO STRN X0
—/ @UD OouT YO
END

=\

)

DL06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03 I 5—5



Chapter 5: Standard RLL Instructions - Boolean Instructions

Contacts in Series
Use the AND instruction to join two or more contacts in series. The following example shows

two contacts in series and a single output coil. The instructions used would be STR X0, AND
X1, followed by OUT YO.

Direct SOFT32 Example Handheld Mnemonics
X0 X1 YO STR X0
| -~ AND X1
— M | \OuT OUT YO
END

(=

9
ﬂ Midline Outputs

Sometimes it is necessary to use midline outputs to get additional outputs that are conditional
on other contacts. The following example shows how you can use the AND instruction to
continue a rung with more conditional outputs.

Direct SOFT32 Example Handheld Mnen

X0 X1 O STR X0
| - AND X1
— M | \OUD OUT YO
AND X2
X2 Y1 OuUT Y1
| e ) AND X3
I \OUT OuUT Y2

END

X3 Y2
I ouﬂ

Parallel Elements
Direct SOFT32 Example Handheld Mnemonics
X0 /YO STR X0
] ] \ouﬂ OR X1
OUT YO
X1 END

}7

o)

You may also have to join contacts in parallel. The OR instruction allows you to do this. The
following example shows two contacts in parallel and a single output coil. The instructions

would be STR X0, OR X1, followed by OUT YO0.
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i
Joining Series Branches in Parallel
Quite often it is necessary to join several groups of series elements in parallel. The Or Store
(ORSTR) instruction allows this operation. The following example shows a simple network
consisting of series elements joined in parallel.
Direct SOFT32 Example Handheld Mnemonics
X0 X1 YO stRx0
SN OUD AND X1
STR X2
X2 X3 AND X3
- ORSTR
OUT YO
END) END
Joining Parallel Branches in Series E

You can also join one or more parallel branches in series. The And Store (ANDSTR)
instruction allows this operation. The following example shows a simple network with contact
branches in series with parallel contacts.

Direct SOFT32 Example Handheld Mnemonics

Y0 STR X0

X0 X1
— | | OUD STR X1
OR X2

X2 ANDSTR

OUT Y0
END

END)

Combination Networks
You can combine the various types of series and parallel branches to solve most any
application problem. The following example shows a simple combination network.

X5 YO

| o
%MJ ey
7

END)

Comparative Boolean
Some PLC manufacturers make it really difficult to do a simple comparison of two numbers.
Some of them require you to move the data all over the place before you can actually perform
the comparison. The DLO6 Micro PLCs provide Comparative Boolean instructions that allow
you to quickly and easily solve this problem. The Comparative Boolean provides evaluation of
two 4-digit values using boolean contacts. The valid evaluations are: equal to, not equal to,
equal to or greater than, and less than.

In the following example when the value in V- ‘ V1400 ‘K1 234
memory location V1400 is equal to the constant 1=
value 1234, Y3 will energize.

_(our)
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Boolean Stack

There are limits to how many elements you can include in a rung. This is because the DL06
PLCs use an 8-level boolean stack to evaluate the various logic elements. The boolean stack is
a temporary storage area that solves the logic for the rung. Each time the program encounters
a STR instruction, the instruction is placed on the top of the stack. Any other STR
instructions already on the boolean stack are pushed down a level. The ANDSTR, and
ORSTR instructions combine levels of the boolean stack when they are encountered. An
error will occur during program compilation if the CPU encounters a rung that uses more

than the eight levels of the boolean stack.

The following example shows how the boolean stack is used to solve boolean logic.

X0 STR X1 ORSTR AND X4 YO
stk (| = (o) oupn
X2 X3
STR AND ANDSTR
X5 OR
\
! /|
STR X0 STR X1 STR X2 AND X3
1 STR X0 1 STR X1 1 STR X2 1 X2 AND X3
2 2 STR X0 2 STR X1 2 STR X1
3 3 3 STR X0 3 | STR X0
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8
ORSTR AND X4 ORNOT X5
T X1 or(X2 AND X3) 1 | X4 AND {X1 or (X2 AND X3)} 1 NOT X5 OR X4 AND {X1 OR (X2 AND X3)}
2| STR X0 2 | STR X0 2 STR X0
3 3 3
2] A N
ANDSTR

1 XO AND (NOT X5 or X4) AND {X1 or (X2 AND X3)}

2

3

2]
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Immediate Boolean

The DL06 Micro PLCs can usually complete an operation cycle in a matter of milliseconds.
However, in some applications you may not be able to wait a few milliseconds until the next
/O update occurs. The DLO6 PLCs offer Immediate input and outputs which are special
boolean instructions that allow reading directly from inputs and writing directly to outputs
during the program execution portion of the CPU cycle. You may recall that this is normally
done during the input or output update portion of the CPU cycle. The immediate
instructions take longer to execute because the program execution is interrupted while the
CPU reads or writes the I/O point. This function is not normally done until the read inputs
or the write outputs portion of the CPU cycle.

NOTE: Even though the immediate input instruction reads the most current status from the input point, it
only uses the results to solve that one instruction. It does not use the new status to update the image
register. Therefore, any regular instructions that follow will still use the image register values. Any
immediate instructions that follow will access the 1/0 again to update the status. The immediate output
instruction will write the status to the I/0 and update the image register.

90000000000002000000

66660666666666666660666666

rperOg I

Koyo i

TERM
=1
PORT1 PORT2  RUN STOP

= o

CPU Scan /

The CPU reads the inputs from the local

Read Inputs base and stores the status in an input
image register .
OFF X0
Input Image Register,
OFF X1

Read Inputs from Specialty I/O ‘
|

Solve the Application Program

Immediate instruction does not use the
input image register , but instead reads

X0 Yo the status from the module immediately . .
4{ | }—‘& I/O Point X0 Changes

[ OFF X1
‘ Write Outputs ‘

‘ Write Outputs to Specialty /O ‘

‘ Diagnostics ‘
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B

Boolean Instructions

Store (STR)

The Store instruction begins a new rung or an additional Aaan
branch in a rung with a normally open contact. Status of

the contact will be the same state as the associated image

register point or memory location.

Store Not (STRN)

The Store Not instruction begins a new rung or an Aaaa

additional branch in a rung with a normally closed
contact. Status of the contact will be opposite the state of :l’

the associated image register point or memory location.

Operand Data Type DL06 Range

.................................... A aaa
Inputs. ... X 0-777
Outputs. . ... Y 0-777
Control Relays ..................oooiat. C 01777
Stage ... S 01777
Timer ..o T 0-377
CounterG.... ..., CT 0177
Special Relay . ................ ... SP 0-777

In the following Store example, when input X1 is on, output Y2 will energize.

Direct SOFT32 Handheld Programmer Keystrokes
X1 Y2 $ B
|| / s || 1 ENT
| {oour > GX C
out 4 2 ENT

In the following Store Not example, when input X1 is off output Y2 will energize.

Direct SOFT32 Handheld Programmer Keystrokes
) I S O
Sp N
ENT
H ( ouT ) STRN 1
GX C
[Bur ] > [ Lo |
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|

Store Bit-of-Word (STRB)

The Store Bit-of-Word instruction begins a new rung or an

additional branch in a rung with a normally open contact. Aaaa.bb

Status of the contact will be the same state as the bit referenced _| l_

in the associated memory location.
Store Not Bit-of-Word (STRNB)

The Store Not instruction begins a new rung or an additional Aaaa.bb

branch in a rung with a normally closed contact. Status of the /F

contact will be opposite the state of the bit referenced in the

associated memory location.

Operand Data Type DL06 Range E
..................................... aaa bb
VMemory .....ooiiiii B See memory map BCD,0to 15
Pointer ... ... . PB See memory map BCD,0to 15

In the following Store Bit-of-Word example, when bit 12 of V-memory location V1400 is on,

output Y2 will energize.

DirectSOFT32
B1400.12 vo
{ } ( out )
Handheld Programmer Keystrokes
[sw |[swer ][ J[ > ][ v J[« J[ 4 J[ o J[ o |

[ > 1L JL o J[ 2 J[ et ]

In the following Store Not Bit-of-Word example, when bit 12 of V-memory location V1400
is off, output Y2 will energize.

DirectSOFT32
B1400.12 Y2
| (
/[/ { ouT )
Handheld Programmer Keystrokes
Lomn J[swer ][ 8 J[ = J[ v [+ J[ &« J[ o J[ o |

S Iz 1[er]
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B
Or (OR)

The Or instruction logically ors a normally open contact in I I
parallel with another contact in a rung. The status of the A

contact will be the same state as the associated image register aad

point or memory location. —| l—

Or Not (ORN)

The Or Not instruction logically ors a normally closed contact I I

in parallel with another contact in a rung. The status of the Aaaa
contact will be opposite the state of the associated image

register point or memory location. 4/|/I/7

5
.................................... A daaa

Inputs ... X 0-777

Outputs ..o Y 0-777

Control Relays .......................... C 01777

Stage ... S 01777

Timer ... T 0-377

Counter ...t CT 0-177

Special Relay .......................... SP 0-777

In the following Or example, when input X1 or X2 is on, output Y5 will energize.

Direct SOFT32 Handheld Programmer Keystrokes

$ B

|| > [* | o |
Q C

ok |l = 5 ENT
GX F

Sur ] > [ o ]

X2 I

In the following Or Not example, when input X1 is on or X2 is off, output Y5 will

energize.
Direct SOFT32 Handheld Programmer Keystrokes

’ W Y IS A
ENT

I I ( ouT ) STR 1
NEIE

|X2 ORN 2

GX F
11 [Bur [ > ][5 [[or |

5— 12 I DL06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03



Chapter 5: Standard RLL Instructions - Boolean Instructions

Or Bit-of-Word (ORB)

The Or Bit-of-Word instruction logically ors a normally
open contact in parallel with another contact in a rung.
Status of the contact will be the same state as the bit

referenced in the associated memory location.

Or Not Bit-of~-Word (ORNB)

Aaaa.bb

—

The Or Not Bit-of-Word instruction logically ors a |

normally closed contact in parallel with another contact I
in a rung. Status of the contact will be opposite the state
of the bit referenced in the associated memory location.

Operand Data Type DL06 Range

..................................... A aaa bb
Vmemory. .....ooovviii B See memory map BCD,0to 15
Pointer ... PB See memory map BCD,0to 15

In the following Or Bit-of-Word example, when input X1 or bit 7 of V1400 is on, output Y5

will energize.

DirectSOFT32

| (
[ \

B1400.7

|
[

(s ][> ][+ J[ en]
[on J[swerj[ &8 [ > [ v J[ 1+ J[ 4 J[ o J[ o |
[ = [« J[ 7 J[ e ]
[our |[[[ = ][ 7 ][ &nt]

In the following Or Bit-of-Word example, when input X1 is on or bit 7 of V1400 is off,

output Y7 will energize.

DirectSOFT32

Y7

| (
[ \

Handheld Programmer Keystrokes

ouT )

||

ENT |

[sm ][ = ][ 4

[om J[swer ][ 8 J[ > J[ v J[_+ J[ 4 J[ o J[ o |
[ kK [ 7 J[ent ]

[our [ > J[ 7 J[en]
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B

And (AND)
The And instruction logically ands a normally open
contact in series with another contact in a rung. The || ||
status of the contact will be the same state as the [ [
associated image register point or memory location.

And Not (ANDN)
The And Not instruction logically ands a normally Aaaa
closed contact in series with another contact in a rung. | J/r
The status of the contact will be opposite the state of I |
the associated image register point or memory location.

E Operand Data Type DL06 Range

.................................... A aaa
Inputs ... X 0-777
Outputs ... .o Y 0-777
ControlRelays . ...t C 01777
Stage ... S 01777
TImer .o T 0-377
Counter ... ..o CT 0177
Special Relay ........................ .. SP 0-777

In the following And example, when input X1 and X2 are on output Y5 will energize.

Direct SOFT32 Handheld Programmer Keystrokes
X1 X2 Y5 $ B

|| || ( I EY
] ] (o) & -

AND % 2 ENT

GX F
(] > s JLo ]

In the following And Not example, when input X1 is on and X2 is off output Y5 will

energize.

Direct SOFT32 Handheld Programmer Keystrokes
$ B
| > | o

W C
hon]| > [ o |
GX F
] > s o ]

X1 X2 Y5

— (‘o)
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AND Bit-of-Word (ANDB)
The And Bit-of-Word instruction logically ands a Aaaa.bb
normally open contact in series with another contact in a | ] |

rung. The status of the contact will be the same state as L L
the bit referenced in the associated memory location.

And Not Bit-of-Word (ANDNB)
The And Not Bit-of-Word instruction logically ands a Aaaa.bb

normally closed contact in series with another contact in a I I /I/lr
rung. The status of the contact will be opposite the state
of the bit referenced in the associated memory location.

Operand Data Type DL06 Range

..................................... A aaa bb
Vmemory. ... B See memory map BCD, 0to 15
Pointer ......... ... PB See memory map BCD, 0to 15

In the following And Bit-of-Word example, when input X1 and bit 4 of V1400 is on output
Y5 will energize.

DirectSOFT32
X1 B1400.4 Y5
| | (o)
Handheld Programmer Keystrokes
(s ][ = J[ 1 J[enr ]
[ano J[swer ][ J[ = J[ v ][+ J[« J[ o J[ o]
(> J I J[ e ]
[our J[ = J[s J[ewr |

In the following And Not Bit-of-Word example, when input X1 is on and bit 4 of V1400 is
off output Y5 will energize.

DirectSOFT32

Handheld Programmer Keystrokes

Csm ][ = J[ e ]
[avon J[ster J[ 8 J[ = ][ v J[+ J[ « J[ o J[ o]
[=> ]« e J e ]

[our || = |[ 5 ][ &ent ]
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[ |
And Store (AND STR)
The And Store instruction logically ands two | | | ] { OuUT )
branches of a rung in series. Both branches must I ] \
begin with the Store instruction. ! 2
. ]
Or Store (OR STR) '
The Or Store instruction logically ors two branches || || ( ouT >
of a rung in parallel. Both branches must begin with I I \
the Store instruction. )
| |
ﬂ In the following And Store example, the branch
consisting of contacts X2, X3, and X4 have been anded with the branch consisting of contact
X1.
Direct SOFT32 Handheld Programmer Keystrokes
X1 X2 X3 Y5 5 B
e e ) p2
$ C
. BRI
| MBI

O | > 7 JL o

Eh Y

In the following Or Store example, the branch consisting of X1 and X2 have been ored with
the branch consisting of X3 and X4.

Direct SOFT32 Handheld Programmer Keystrokes
Y oy Lo o]
X3 ” ’ AND H 4 H 2 H T ‘
| | N
|

MEINE

9}
O x
c
=

-
{921
m
z
=
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Chapter 5: Standard RLL Instructions - Boolean Instructions

Out (OUT)

The Out instruction reflects the status of the rung (on/off) and
outputs the discrete (on/off) state to the specified image register

point or memory location.

Aaaa
ouT )

Multiple Out instructions referencing the same discrete location should not be used since
only the last Out instruction in the program will control the physical output point. Instead,

use the next instruction, the Or Out.

Operand Data Type DL06 Range

.................................... aaa

Iputs ... 0-777
Outputs ... 0-777
Control Relays .......................... 01777

In the following Out example, when input X1 is on, output Y2 and Y5 will energize.

Direct SOFT32
‘ X1

I

Handheld Programmer Keystrokes

Y2

Or Out (OR OUT)

AR P O
SR 9 X O 2
o) B ] L]

The Or Out instruction allows more than one rung of discrete

logic to control a single output. Multiple Or Out instructions
referencing the same output coil may be used, since a// contacts

—{rou)

controlling the output are logically ORed together. If the status
of any rung is on, the output will also be on.

Operand Data Type DL06 Range

[ e =

Outputs . ... 0-777

Control Relays .......................... 01777
In the following example, when X1 or X4 is on, Y2 will energize.

Direct SOFT32 Handheld Programmer Keystrokes
Hm}——(o;j}m) ’$STR H =4 HB 1 H T ‘
B I [ Jlor Jlow > <, [l ]

} X4 ’$STR H 4 HE 4 H ENT ‘

—{ }——( ORV;UT> ’?NST" HD3 HF 5 H o H gl H 4 HC 2 H o ‘
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Chapter 5: Standard RLL Instructions - Boolean Instructions

[ |
Out Bit-of-Word (OUTB)
The Out Bit-of-Word instruction reflects the status of the rung
(on/off) and outputs the discrete (on/off) state to the specified bit
. . ! . Aaaa.bb
in the referenced memory location. Multiple Out Bit-of-Word
instructions referencing the same bit of the same word generally _< out >
should not be used since only the last Out instruction in the
program will control the status of the bit.
A aaa bb
V memory B See memory map BCD,0to 15
ﬂ Pointer PB See memory map BCD, 0to 15
In the following Out Bit-of-Word example, when input X1 is on, bit 3 of V1400 and bit 6 of

V1401 will turn on.

DirectSOFT32
X1 B1400.3
| ] ( )
out
[ \
B1401.6

Handheld Programmer Keystrokes
L o)
sr || = |[ 1 ][ ent |

[our J[swer [ 8 J[ = J[ v J[_+ J[« J[ o J[ o]
[> ]« ][ s J[ev]
[our Jlswer ][ & J[ > J[ v ][« J[ « J[ o J[ 1]
[=> ]« J[ s J[en]

The following Out Bit-of-Word example contains two Out Bit-of-Word instructions using
the same bit in the same memory word. The final state bit 3 of V1400 is ultimately controlled
by the last rung of logic referencing it. X1 will override the logic state controlled by X0. To
avoid this situation, multiple outputs using the same location must not be used in
programming,.

\'f B1400.3
| | out

B1400.3
I \.out )
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Chapter 5: Standard RLL Instructions - Boolean Instructions
|

Not (NOT)
The Not instruction inverts the status of the rung {>O

at the point of the instruction.

In the following example when X1 is off, Y2 will energize. This is because the Not instruction
inverts the status of the rung at the Not instruction.

DirectSOFT32 Handheld Programmer Keystrokes
X1 Y2 $ B
| / | STR 4 1 ENT
ouT
|| > \ ) N o |7
SHFT TMR INST# MLR ENT

GX [¢]
|om”9| 2 |ENT|

— NOTE: DirectSOFT Release 1.1i and later supports the use of the NOT instruction. The above example rung
is merely intended to show the visual representation of the NOT instruction. The rung cannot be created or
displayed in DirectSOFT versions earlier than 1.1i.

Positive Differential (PD)
The Positive Differential instruction is typically Aaaa
known as a one shot. When the input logic _( PD
produces an off to on transition, the output will
energize for one CPU scan.

Operand Data Type DL06 Range

.................................... A aaa
Inputs . ... X 0-777
Outputs ..o Y 0-777
Control Relays ..................ooiuit C 01777

In the following example, every time X1 makes an off to on transition, CO will energize for

one scan.

DirectSOFT32 Handheld Programmer Keystrokes

o ;o ) HEE

: SR 3 O £ o EY O
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Chapter 5: Standard RLL Instructions - Boolean Instructions

Store Positive Differential (STRPD)

The Store Positive Differential instruction begins a

new rung or an additional branch in a rung with a Aaaa
contact. The contact closes for one CPU scan when J—
the state of the associated image register point makes

an Off-to-On transition. Thereafter, the contact
remains open until the next Off-to-On transition (the
symbol inside the contact represents the transition).
This function is sometimes called a “one-shot”.

Store Negative Differential (STRND)

The Store Negative Differential instruction begins a
new rung or an additional branch in a rung with a

contact. The contact closes for one CPU scan when A
aaa

the state of the associated image register point makes

an On-to-Off transition. Thereafter, the contact —| -I_l—
remains open until the next On-to-Off transition

(the symbol inside the contact represents the

transition).

.................................... A daaa
Inputs ... X 0-777
Outputs ... Y 0-777
Control Relays .......................... C 01777
Stage ... S 01777
Timer ... T 0-377
Counter .............................. CT 0-177

In the following example, each time X1 is makes an Off-to-On transition, Y4 will energize for
one scan.

DirectSOFT32 Handheld Programmer Keystrokes
PN 0% = % 0 Y G
d Cor) R 5TE =]

In the following example, each time X1 is makes an On-to-Off transition, Y4 will energize for
one scan.

DirectSOFT32 Handheld Programmer Keystrokes
o [ oo o el B N Y G A
ouT E
\1[ \ ) ’G(;(UT H - ‘ 4 ’ENT ‘
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Or Positive Differential (ORPD)

The Or Positive Differential instruction logically ors a
contact in parallel with another contact in a rung. The ||
status of the contact will be open until the associated
image register point makes an Off-to-On transition,

closing it for one CPU scan. Thereafter, it remains open —| I l—

until another Off-to-On transition.

Or Negative Differential (ORND)

The Or Negative Differential instruction logically ors a ||
contact in parallel with another contact in a rung. The I

status of the contact will be open until the associated Aaaa
image register point makes an On-to-Off transition, 4| 1 |7
closing it for one CPU scan. Thereafter, it remains open

until another On-to-Off transition.

Operand Data Type DL06 Range

.................................... A daaa
Inputs ... X 0-777
Outputs ... Y 0-777
Control Relays .......................... C 01777
Stage ... S 01777
Timer ..o T 0-377
Counter .....oovi CT 0177

In the following example, Y 5 will energize whenever X1 is on, or for one CPU scan when X2
transitions from Off to On.

DirectSOFT32 Handheld Programmer Keystrokes

$ B
2 o Lem| > ]°) [ov]
|| ( )

ouT Q P D (¢}

I \ |i”SHFT| ov | 3 ”9 ” 2 ” ENT‘
X2 GX F
T |OUT”9|5|ENT|

In the following example, Y 5 will energize whenever X1 is on, or for one CPU scan when X2
transitions from On to Off.

DirectSOFT32 Handheld Programmer Keystrokes
. o Pem| > [P0 [len]
| | (o) o [ Pa P = Fa o]
X ax =

71 out
|—|-|
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Chapter 5: Standard RLL Instructions - Boolean Instructions
B

And Positive Differential (ANDPD)

The And Positive Differential instruction logically ands a

normally open contact in parallel with another contact

in a rung. The status of the contact will be open until Aaaa
the associated image register point makes an Off-to-On | | |J’|
transition, closing it for one CPU scan. Thereafter, it !
remains open until another Off-to-On transition.

And Negative Differential (ANDND)

The And Negative Differential instruction logically ands
a normally open contact in parallel with another contact

E in a rung. The status of the contact will be open until the | |

. . . . |
associated image register point makes an On-to-Off | \1[
transition, closing it for one CPU scan. Thereafter, it
remains open until another On-to-Off transition.

Operand Data Type DL06 Range

.................................... A daa
Inputs ... X 0-777
Outputs . ... Y 0-777
Control Relays . .............cccoiviint C 01777
Stage ... S 01777
Timer ..o T 0-377
Counter ... ..o CT 0177

In the following example, Y5 will energize for one CPU scan whenever X1 is on and X2
transitions from Off to On.

DirectSOFT32 Handheld Programmer Keystrokes
B
X1 X2 ¥5 |$sm ” 2 ” 1 | T |
| Il ( )
ouT Q P D C
|| |J_| \ or || SHFT (|7 oy 3 | - ” 5 ” ENT |
GX F
ouT - 5 ENT

In the following example, Y5 will energize for one CPU scan whenever X1 is on and X2
transitions from On to Off.

DirectSOFT32 Handheld Programmer Keystrokes
x XZ . Com | > [°, [ o ]
|| | (o) [o —— = _
B \ on [ [ Mue [[° 0 || > % [o ]
GX F
|0UT”9| 5 |ENT|
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Chapter 5: Standard RLL Instructions - Boolean Instructions

i

Set (SET) Optional
The Set instruction sets or turns on an image register memory range
point/memory location or a consecutive range of Aaaa aaa
image register points/memory locations. Once the —< SET )
point/location is set it will remain on until it is reset
using the Reset instruction. It is not necessary for the
input controlling the Set instruction to remain on.

Reset (RST) Optional
The Reset instruction resets or turns off an image Memory range
register point/memory location or a range of image Aaaa gad
registers points/memory locations. Once the _< RST
point/location is reset it is not necessary for the input

to remain on.

Operand Data Type DL06 Range

.................................... A aaa
Inputs ... X 0-777
Outputs ... Y 0-777
Control Relays ...t C 01777
Stage ... S 01777
Timer ..o T 0-377
Counter .......ccoiviiiii CT 0177

In the following example when X1 is on, Y2 through Y5 will energize.

DirectSOFT32 Handheld Programmer Keystrokes
X1 $ B
. e v Lsm| > P o]

[ \ T X c F
seT || =2 2 - 5 ENT

In the following example when X1 is on, Y2 through Y5 will be reset or de—energized.

DirectSOFT32 Handheld Programmer Keystrokes
X2 $ B
e I

S C F
S EY N EY N E

ENT |
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Chapter 5: Standard RLL Instructions - Boolean Instructions

[ |
Set Bit-of-Word (SETB)
The Set Bit-of-Word instruction sets or turns on a bitina V
memory location. Once the bit is set it will remain on undil it is Aaaa.bb
reset using the Reset Bit-of-Word instruction. It is not necessary _< SET
for the input controlling the Set Bit-of-Word instruction to
remain on.
Reset Bit-of-Word (RSTB)
The Reset Bit-of-Word instruction resets or turns off a bitina V A aaa.bb
memory location. Once the bit is reset it is not necessary for the _< RST )
input to remain on.
ﬂ Operand Data Type DLO06 Range
.................................... A aaa bb
Vmemory ... B See memory map BCD, 0to 15
Pointer ................ ..l PB See memory map BCD, 0to 15
In the following example when X1 turns on, bit 1 in V1400 is set to the on state.
DirectSOFT32
‘ ‘X1 | , B1400.1
|| ( seT )
Handheld Programmer Keystrokes
[swm ][ = J[ 1 [ enr]
[ser J[swer [ & J[ —> J[ v J[+ J[ & J[ o J[ o ]

= [« ][ 1 ][ ent]

In the following example when X2 turns on, bit 1 in V1400 is reset to the off state.

| ()
[sm J[ = ][ 2 J[ ent]
[rst J[swer [ 8 J[ > TJ[ v J[+ J[ ¢ J[ o J[ o]

> [« J[ o Jlew]
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Chapter 5: Standard RLL Instructions - Boolean Instructions

Pause (PAUSE)

The Pause instruction disables the output update on a

range of outputs. The ladder program will continue to Y aaa aaa
run and update the image register. However, the outputs —(PAUSE)
in the range specified in the Pause instruction will be

turned off at the output points.

Operand Data Type DL06 Range

aaa
Outputs ... Y 0-777

In the following example, when X1 is ON, Y5-Y7 will be turned OFF. The execution of the E
ladder program will not be affected.
DirectSOFT32

’ X1 Y5 Y7

| (
| \PAUSE)

Since the D2-HPP Handheld Programmer does not have a specific Pause key, you can use
the corresponding instruction number for entry (#960), or type each letter of the command.

Handheld Programmer Keystrokes

$ B

|STR ”9 ” 1 ” ENT|

(o] J G A D F

[Rere ] o J%6 %o [l o [ > ] | > )76 o]

In some cases, you may want certain output points in the specified pause range to operate
normally. In that case, use Aux 58 to over-ride the Pause instruction.
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Chapter 5: Standard RLL Instructions - Comparative Boolean
W

Comparative Boolean

Store If Equal (STRE)
The Store If Equal instruction begins a new rung or
additional branch in a rung with a normally open Vaaa Bbbb
comparative contact. The contact will be on when Vaaa —| -
equals Bbbb .
Store If Not Equal (STRNE)
The Store If Not Equal instruction begins a new rung or V aaa B bbb
additional branch in a rung with a normally closed
ﬂ comparative contact. The contact will be on when Vaaa
does not equal Bbbb.
Operand Data Type DL06 Range
.................................... B aaa bbb
VIMEMOIY .o Vv See memory map See memory map
Pointer .......... ... .. P See memory map See memory map
Constant ... K — 0-9999
In the following example, when the value in V memory location V2000 = 4933 , Y3 will
energize.
DirectSOFT32 Handheld Programmer Keystrokes
‘ V2000  K4933 Y3 ’ $

[or .

‘ =] ( o)

STR

> % % %0 % |
I P P N G
FHEY N E

In the following example, when the value in V memory location V2000 # 5060, Y3 will

energize.
DirectSOFT32 Handheld Programmer Keystrokes
‘ V2000  K5060 \& ’ P

S

= S P
=N O S M 2
(B[ > P [o]

A
STRN 0

‘ % (OUT)
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Chapter 5: Standard RLL Instructions - Comparative Boolean

|
Or If Equal (ORE) o
The Or If Equal instruction connects a normally open |
comparative contact in parallel with another contact. V aaa B bbb
The contact will be on when Vaaa = Bbbb. —
Or If Not Equal (ORNE)
The Or If Not Equal instruction connects a normally |
closed comparative contact in parallel with another L
contact. The contact will be on when Vaaa does not V aaa B bbb
equal Bbbb.
B
.................................... B aaa bbb
VMemory ... v See memory map See memory map
Pointer . ... P See memory map See memory map
Constant ......... ... K — 0-9999

In the following example, when the value in V memory location V2000 = 4500 or V2002 #
2500, Y3 will energize.

C D E F
°o JFa s Jlor]

2
ax D
Bur | > P [l ]

DirectSOFT32 Handheld Programmer Keystrokes
$ E C A A A
; I S S I S S S P
=} (o)
- E F A A
P O P
V2002 K2345 Q E C A A [}
w S a2 R I S PR P
I~ ‘

In the following example, when the value in V memory location V2000 = 3916 or V2002
050, Y3 will energize.

%

“s |75 %0 % o]

TN EI N ER

N O 3 Ol 3 % N P D 3
(o) P lra T e o]
V2002 K2500 ;RORN HSHFT HE4 H - ch HAO HAO HC2 H - ‘
|
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Chapter 5: Standard RLL Instructions - Comparative Boolean
W

And If Equal (ANDE)

The And If Equal instruction connects a normally V aaa B bbb
open comparative contact in series with another | | —
contact. The contact will be on when Vaaa = Bbbb. L =l

And If Not Equal (ANDNE)

The And If Not Equal instruction connects a V aaa B bbb
normally closed comparative contact in series with | | |
another contact. The contact will be on when Vaaa I |

does not equal Bbbb

ﬂ Operand Data Type DL06 Range

.................................. AB aaa bbb
VMemory ......ovveiiii v See memory map See memory map
Pointer ... P See memory map See memory map
Constant ..., K — 0-9999

In the following example, when the value in V memory location V2000 = 5000 and V2002 =

2345, Y3 will energize.
DirectSOFT32 Handheld Programmer Keystrokes
V2000 K5000 V2002 K2345 Y3 E C A A A
o ) ( et 0 G GO N G G
=1 1= LT A 2 e
0 0
3 E C A A [}
P N EX N N N N
[} F
S S N 2
BN

In the following example, when the value in V memory location V2000 = 5000 and V2002 +#

2345, Y3 will energize.
DirectSOFT32 Handheld Programmer Keystrokes
V2000 K5000 V2002 K2345 Y3 C A A A
u | ( P o [0 | > 00 [*o %0 20 [ =]
1= \ N =
[s %0 %o J*o Jon]
Vv C A A [}
P E Y 3 N e O N Y
C E F
F o [ [ o]

D
AR
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Store (STR)

The Comparative Store instruction begins a new rung or Aaaa B bbb
additional branch in a rung with a normally open comparative =
contact. The contact will be on when Aaaa is equal to or greater

than Bbbb.

Store Not (STRN)

Aaaa Bbbb

The Comparative Store Not instruction begins a new rung or -

additional branch in a rung with a normally closed comparative
contact. The contact will be on when Aaaa < Bbbb.

Operand Data Type DL06 Range E

.................................. A/B aaa bbb
Vmemory .....o.oviiiii v See memory map See memory map
Pointer ... ... p See memory map See memory map
Constant .............................. K — 0-9999
Timer ... T 0-377

Counter ... CT 0-177

In the following example, when the value in V memory location V2000 = 1000, Y3 will
energize.

DirectSOFT32 Handheld Programmer Keystrokes

$
V2000 K1000 Y3 ‘ STR H — HSHFT

v C A A
AND 2 0 0

A
0

|| (
1= \ our )

B A A A
I P P P P

GX D
EHEI N E]

In the following example, when the value in V memory location V2000 < 4050, Y3 will
energize.

DirectSOFT32 Handheld Programmer Keystrokes

V2000  K4050 Y3 SP v [¢] A A
| | |STRN ” - ” SHFT | AND 2 0 0

"o
0

=<1 (OUT> N E4 AO F5 |A

GX D
ouT 4 3 ENT

NE
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W

Or (OR)

| |
The Comparative Or instruction connects a normally
open comparative contact in parallel with another contact.

Aaaa Bbbb

The contact will be on when Aaaa is equal to or greater _| >
than Bbbb.

Or Not (ORN) | |
The Comparative Or Not instruction connects a |
normally closed comparative contact in parallel with Aaaa  Bbbb
another contact. The contact will be on when Aaaa < =
Bbbb.

5
.................................. AB aaa bbb

Vmemory ... Vv See memory map See memory map
Pointer ........... ... p See memory map See memory map
Constant .............................. K — 0-9999
Timer ... T 0-377
Counter .............................. CT 0-177

In the following example, when the value in V memory location V2000 = 6045 or
V2002 = 2345, Y3 will energize.

DirectSOFT32

V2000  K6045

Handheld Programmer Keystrokes

Y3

vzooz‘ ‘K2345
>
[

$ E C A A A
B 1 O N G O P P Y

G A E F
N

(OUT)

[ D E F
N

GX D
Sor | > J°a Jo ]

In the following example when the value in V memory location V2000 =

Q \ C A A C
x| > o [Po [ %o %0 [ [ 2]

c F A A
2" %o [*o Jo]

1000 or
V2002 < 2500, Y3 will energize.
DirectSOFT32 Handheld Programmer Keystrokes
$ E ¢ A A A
oo . Com om0 > ] [ [ [ [
p— ouT B A A A
= \ P P P S
R \2 C A A [}
Y I e TS S P P G
<] |

ax D
B ] > [P Lo ]
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|

And (AND)

The Comparative And instruction connects a normally Aaaa B bbb

open comparative contact in series with another | ||

contact. The contact will be on when Aaaa is equal to or I 1=l

greater than Bbbb.
And Not (ANDN) . . Aaaa B bbb

The Comparative And Not instruction connects a normally || ||

closed comparative contact in series with another contact. I 1l

The contact will be on when Aaaa < Bbbb.

Operand Data Type DLO6 Range
.................................. AB aaa bbb E

VIMEMOTY .t iieieiiainiannns v See memory map See memory map

Pointer ........ ... .. p See memory map See memory map

Constant .............................. K — 0-9999

Timer ... T 0-377

Counter .............................. CT 0-177

In the following example, when the value in V memory location V2000 = 5000, and
V2002 = 2345, Y3 will energize.

DirectSOFT32 Handheld Programmer Keystrokes
V2000 K5000 V2002 K2345 Y3 $ E C A A A
| R B E2 O N G P LV P Y
=1 =1 Lo = PO PO TS
5 0 0 0

C D E F
e P |5 s Jlov]

GX D
Sor | > [0 [ =]

A Vv C A A C
o | > o [ [©2 [*o %o [° [ 2]

In the following example, when the value in V memory location V2000 = 7000 and
V2002 < 2500, Y3 will energize.

DirectSOFT32 Handheld Programmer Keystrokes
vzooo‘ ‘K7000 vzooz‘ ‘K2500 \& ‘$STR HSH"F HE4 ‘% ch HAO HAO HAD H -
= < out
I LA S P P Y% P8 2
o]l > [[ov o | % % [, [ >
S P G
BN E Y G
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W

Immediate Instructions

Store Immediate (STRI)

The Store Immediate instruction begins a new rung

or additional branch in a rung. The status of the X aaa
contact will be the same as the status of the _| I l_
associated input point at the time the instruction is

executed. The image register is not updated.

Store Not Immediate (STRNI)
ﬂ The Store Not Immediate instruction begins a new

rung or additional branch in a rung. The status of X aaa
the contact will be opposite the status of the

associated input point az the time the instruction is

executed. The image register is not updated.

Operand Data Type DL06 Range

aaa
Inputs ... X 0-777
In the following example when X1 is on, Y2 will energize.
DirectSOFT32 Handheld Programmer Keystrokes
‘ X1 Y2 $ HSHFT Hl - HB H ENT ‘
[ / ’ STR 8 1
‘ ‘ T [ { ouT )

I EY R

In the following example when X1 is off, Y2 will energize.

DirectSOFT32 Handheld Programmer Keystrokes
e () Bweml ST o]
| “ \ N EN N

Or Immediate (ORI)

The Or Immediate connects two contacts in parallel. The status L
of the contact will be the same as the status of the associated X aaa
input point at the time the instruction is executed. The image I
register is not updated.

Or Not Immediate (ORNI) | |

The Or Not Immediate connects two contacts in parallel. The L
status of the contact will be opposite the status of the associated X aaa
input point at the time the instruction is executed. The image

register is not updated.
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OR Not Immediate Instructions Contd

Operand Data Type DL06 Range

aaa
Inputs ... X 0-777
In the following example, when X1 or X2 is on, Y5 will energize.
DirectSOFT32 Handheld Programmer Keystrokes
| (or)  Lom| > Jor]
“ e Y S
1 S EY e

In the following example, when X1 is on or X2 is off, Y5 will energize.

DirectSOFT32 Handheld Programmer Keystrokes

X1 Y5

o | 2 °

ENT ‘

{} ( our )

And Immediate (ANDI)

The And Immediate connects two contacts in series. The
status of the contact will be the same as the status of the

associated input point az the time the instruction is executed.

The image register is not updated.

And Not Immediate (ANDNI)
The And Not Immediate connects two contacts in series.
The status of the contact will be opposite the status of the
associated input point az the time the instruction is executed.
The image register is not updated.

Operand Data Type

|
. ; [ o [ ]2 Jow ]

B | > ] ]l ]

DL06 Range

aaa

0-777

In the following example, when X1 and X2 are on, Y5 will energize.
DirectSOFT32 Handheld Programmer Keystrokes

X1 X2 \ s
- T (o)
v ser (11 g | >

‘ c

[ I
AND

GX F
out %

5

ENT

In the following example, when X1 is on and X2 is off, Y5 will energize.

DirectSOFT32 Handheld Programmer Keystrokes

‘ x1

$ B

X2 Y5
(o)
| o

ANDN

C
e

GX
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B

Out Immediate (OUTI)

The Out Immediate instruction reflects the status of the
rung (on/off) and outputs the discrete (on/off) status to
the specified module output point and the image register
at the time the instruction is executed. If multiple Out
Immediate instructions referencing the same discrete
point are used it is possible for the module output status
to change multiple times in a CPU scan. See Or Out
Immediate.

Or Out Immediate (OROUTI)
ﬂ The Or Out Immediate instruction has been designed to

use more than 1 rung of discrete logic to control a single
output. Multiple Or Out Immediate instructions
referencing the same output coil may be used, since all
contacts controlling the output are ored together. If the
status of any rung is on az the time the instruction is
executed, the output will also be on.

Operand Data Type DL06 Range

aaa
Outputs ..o Y 0-777

Y aaa
—( ouTI )

Y aaa
—(OROUTI)

In the following example, when X1 is on, output point Y2 on the output module will turn
on. For instruction entry on the Handheld Programmer, you can use the instruction number
(#350) as shown, or type each letter of the command.

DirectSOFT32 Handheld Programmer Keystrokes

X1 Y2 $ B
‘ | / |sm||9” 1

| | \ OUTI )
o D F A
‘ |INST# ” 3 ” 5 ” 0 ” T ” T ‘

[ ]°. Jlo ]

|ENT|

In the following example, when X1 or X4 is on, Y2 will energize.

DirectSOFT32 Handheld Programmer Keystrokes
‘><1| ) \z ’$STR H - HB1 ENT ‘
B (0m) Ben]®s [7o 7o Jor][om

A (o) [ > 7 o]
Ben e I I o o
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Out Immediate Formatted (OUTIF)

The Out Immediate Formatted instruction outputs a 1-32
bit binary value from the accumulator to specified output
points at the time the instruction is executed. Accumulator bits
that are not used by the instruction are set to zero.

OUTIF Y aaa
K bbb

Operand Data Type DLO06 Range
daa
Outputs ... Y 0-777
Constant............................... K 1-32

In the following example when CO is on,the binary pattern for X10 —X17 is loaded into the
accumulator using the Load Immediate Formatted instruction. The binary pattern in the
accumulator is written to Y30-Y37 using the Out Immediate Formatted instruction. This

technique is useful to quickly copy an input pattern to outputs (without waiting for the CPU

scan).

DirectSOFT32

co LDIF X10
K8
Load the value of 8
consecutive locations into the

accumulator, starting with X10.

Unused accumulator bits
are setto zero

Location Constant
X10 K8

[xaz[xie]x15 x4 x13] xi2] x11]x10]
Lon | oFr] on | on [ oFe] on [ oF] on |

™~

—_—

313029 28 27 2625 24 23 22 2120 1918 17 16 1514 1312 11 10 9 8 7 6 5 4 3 2 1 0

scc. [o] of o] of o] o] of o] o] o] 0] 0] o] o] o] ][ o o o] o] o[ o[ o] 1] o] ][] [ o] 1]

OUTIF Y30
K8

Copy the value in the lower
8 bits of the accumulator to
Y30-Y37

Handheld Programmer Keystrokes

[

o

Location Constant [va7] vas] vas[vas] 3] vaz] va1]vao]

[voo ] [xe__ ] [onforonTonTor[on]oron]

I e e o S v
Eiiad ¥ G P P I P P A 2
Bor o o 76 [P0 2 [ s o]
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B

Set Immediate (SETT)

The Set Immediate instruction immediately sets, or

turns on an output or a range of outputs in the image

register and the corresponding output point(s) az the Y aaa aaa
time the instruction is executed. Once the outputs are set —( SETI >

it is not necessary for the input to remain on. The

Reset Immediate instruction can be used to reset the

outputs.

Reset Immediate (RSTI)

The Reset Immediate instruction immediately resets,

or turns off an output or a range of outputs in the Y asa  aaa
image register and the output point(s) at the time the 4( RSTI )
instruction is executed. Once the outputs are reset it is

not necessary for the input to remain on.

Operand Data Type DL06 Range

aaa
Outputs ..o Y 0-777

In the following example, when X1 is on, Y2 through Y5 will be set on in the image register
and on the corresponding output points.

DirectSOFT32 Handheld Programmer Keystrokes
$ B
o Lol > ]°,

SETI ) X I c F
‘ SET H SHFT H 8 - 5 - 5 ENT

‘ENT‘

<
N

In the following example, when X1 is on, Y5 through Y22 will be reset (off) in the image
register and on the corresponding output module(s).

DirectSOFT32

Handheld Programmer Keystrokes
X1 Y5 Y22

N Cron ) s 2%

S | F C C
I a3 T G N G A

‘ENT‘
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i

Load Immediate (LDI)

The Load Immediate instruction loads a 16-bit V-memory value

into the accumulator. The valid address range includes all input

point addresses on the local base. The value reflects the current |
status of the input points at the time the instruction is executed.

This instruction may be used instead of the LDIF instruction

which requires you to specify the number of input points.

LDI
V aaa

Operand Data Type DLO06 Range
daa
Inputs Vv 40400 - 40437

In the following example, when CO is on, the binary pattern of X0-X17 will be loaded into
the accumulator using the Load Immediate instruction. The Out Immediate instruction
could be used to copy the 16 bits in the accumulator to output points, such as Y40-Y57. This
technique is useful to quickly copy an input pattern to output points (without waiting for a

full CPU scan to occur).
DirectSOFTa2
co ] Locaton [xiz]xse[xis[xta] xas]xae[xit[xto] x7 [ x6] xs[ xa] xa[ e[ x1] xo]
V40400 V40400 [Lon | orFf on [ on | o] on [ o] o] on | oFF] on| on [ o on | oFF] on|

Load the inputs from X0 to
X17 into the accumulator, \
immediately Unused accumulator bits

are set to zero

3130202827 2625 2423 222120 1918 17 16 1514 1312 11 10 9 8 7 6 5 4 3 2 1 0
ace. [ o] o of o] o] o] o] o] o o o of o] of o] o][ 1] o] 1To] 1] ol o] 1Jo] 1] 1] o] 1]0] 1]

V40502 /

Output the value in the
accumulator to output points

OuTI

Y40 to Y57 Location [vs7] vse]vss[vs4] vsa] vs2] vs1] vso[ vaz] vas] vas] vaa] vas] vaz] va1] vaol
V40502 [.on] oFr] on] on| oFr] on ] orr| ofF] on| oFr| on] on | oFF[ on] o] on]

Handheld Programmer Keystrokes

Cora ]| > ][
el PP N S I P P G LV

i KL P I 2 S P G P A

e oo e [, J[or
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W

Load Immediate Formatted (LDIF)

The Load Immediate Formatted instruction loads a 1-32 bit binary
value into the accumulator. The value reflects the current status of LDIF X aaa
the input module(s) az the time the instruction is executed. K bbb

Accumulator bits that are not used by the instruction are set to zero.

Operand Data Type DLO06 Range

aaa bbb
Inputs . ... X 0-777 --
Constant ...t K -- 1-32

the accumulator using the Load Immediate Formatted instruction. The Out Immediate
Formatted instruction could be used to copy the specified number of bits in the accumulator
to the specified outputs on the output module, such as Y30-Y37. This technique is useful to
quickly copy an input pattern to outputs (without waiting for the CPU scan).

ﬂ In the following example, when CO is on, the binary pattern of X10-X17 will be loaded into

DirectSOFT32
Cco Location Constant
\ LDIF X10 [xa7] x1e] x1s] x1a[ x13] x12] x11] x10]
I K8 X10 k8 [on ore[ on] on]orr] on[ oref on|
Load the value of 8 .
consecutive location into the Unused accumulator bits \
accumulator starting with are setto zero
X0 3130292827 26252423 2221201918 1716 15141312 110 9 8 7 6 5 4 3 2 1 0
ace. [ o] o] o] o] o] o] o] o] o] o] o o] o] o o o[ 0] o] o] o[ o] o] o] o] 1[0 ] 1] o] 1] 0] 1]
ouTIF Y30 /
K8
Location GConstant [a7] vse]vss] va4] vas] va2] va1] vao]
bbb [voo ] [xe__ ] Lon[orlononforlonloron]
Y30 -Y37
Handheld Programmer Keystrokes
$ A
’ STR H % H NEXT ’NEXT H NEXT H NEXT H 0 H ENT ‘
L D | F B A |
9 ot ®s "6 [T J > [P0 %6 [ 2] s o]
GX | F D A |
NN EY N EY NS

5—38 I DL06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03



Chapter 5: Standard RLL Instructions - Timer, Counter and Shift Register Instructions

Timer, Counter and Shift Register Instructions

Using Timers

Timers are used to time an event for a desired length of time. The single input timer will time
as long as the input is on. When the input changes from on to off the timer current value is
reset to 0. There is a tenth of a second and a hundredth of a second timer available with a
maximum time of 999.9 and 99.99 seconds respectively. There is a discrete bit associated with
each timer to indicate that the current value is equal to or greater than the preset value. The
timing diagram below shows the relationship between the timer input, associated discrete bit,
current value, and timer preset.

Seconds
0 1 2 3 4 5 6 7 8 ‘X1‘ ™R T1
X1 [ K30
Timer Preset

T Timer Preset
T1 Y0
| (out)

Current 0 10 20 30 40 50 60 O [ \
Value 1/10 Seconds

There are those applications that need an accumulating timer, meaning it has the ability to
time, stop, and then resume from where it previously stopped. The accumulating timer works
similarly to the regular timer, but two inputs are required. The enable input starts and stops
the timer. When the timer stops, the elapsed time is maintained. When the timer starts again,
the timing continues from the elapsed time. When the reset input is turned on, the elapsed
time is cleared and the timer will start at 0 when it is restarted. There is a tenth of a second
and a hundredth of a second timer available with a maximum time of 9999999.9 and
999999.99 seconds respectively. The timing diagram below shows the relationship between
the timer input, timer reset, associated discrete bit, current value, and timer preset.

Seconds
0 1 2 3 4 5 6 7 8 X1

o I

. *‘ r 4{)(2}7
’—L I Reset Input

Current 0 10 10 20 30 40 5 0
Value 1/10 Seconds
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Timer (TMR) and Timer Fast (TMRF)

The Timer instruction is a 0.1 second single input timer that

times to a maximum of 999.9 seconds. The Timer Fast

instruction is a 0.01 second single input timer that times up to T aaa
a maximum of 99.99 seconds. These timers will be enabled if B bbb \
the input logic is true (on) and will be reset to 0 if the input \
logic is false (off).

Instruction Specifications

TMR

Preset Timer#

Timer Reference (Taaa): Specifies the timer number.

Preset Value (Bbbb): Constant value (K) or a V memory
location.

TMRF T aaa

B bbb \

Current Value: Timer current values are accessed by
referencing the associated V or T memory location*. For \
example, the timer current value for T3 physically resides in V-

memory location V3. Preset Timer#

Discrete Status Bit: The discrete status bit is referenced by the

associated T memory location. Operating as a “timer done

bit”, it will be on if the current value is equal to or greater than the preset value. For example,
the discrete status bit for Timer 2 is T2.

NOTE: Timer preset constants (K) may be changed by using a handheld programmer, even when the CPU
is in Run Mode. Therefore, a V-memory preset is required only if the ladder program must change the
preset.

Operand Data Type DL06 Range

.................................. AB aaa bbb
Timers ..o T 0-777 —
1200-7377
\ memory for preset values ............... V — 7400-7577
10000-17777
1200-7377
Pointers (presetonly) .................... P — 7400-7577
10000-17777
Constants (presetonly) .................. K — 0-9999
Timer discrete status bits ............... ™ 0-377 or V41100-41107
Timer currentvalues .................. VT 0-377

NOTE: * With the HPP, both the Timer discrete status bits and current value are accessed with the same
data reference. DirectSOFT uses separate references, such as “T2” for discrete status bit for Timer T2, and
“TA2” for the current value of Timer T2.

You can perform functions when the timer reaches the specified preset using the discrete
status bit. Or, use comparative contacts to perform functions at different time intervals, based
on one timer. The examples on the following page show these two methods of programming
timers.
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i

Timer Example Using Discrete Status Bits
In the following example, a single input timer is used with a preset of 3 seconds. The timer
discrete status bit (T2) will turn on when the timer has timed for 3 seconds. The timer is reset
when X1 turns off, turning the discrete status bit off and resetting the timer current value to

Yo [

Direct SOFT32 Timing Diagram
X1 Seconds
| T™MR Ko T2 0 1 2 3 4 5 6 7 8
[
T2 Yo x
|| (o) | |
out
[ \ T
0

Current
Value 0 10 20 30 40 50 60

ENT 1/10th Seconds

Timer Example Using Comparative Contacts
In the following example, a single input timer is used with a preset of 4.5 seconds.
Comparative contacts are used to energize Y3, Y4, and Y5 at one second intervals respectively.
When X1 is turned off the timer will be reset to 0 and the comparative contacts will turn off

Y3, Y4, and Y5.
Direct SOFT32 Timing Diagram
X1 Seconds
1 TMR T20
|| K45 0 1 2 3 4 5 6 7 8
TAZO‘ ‘mo Y3 X
> (o)
= { our va
TAZO‘ ‘KZO Y4 Ya é \—
> ( our )
1=l \ v | L
TA20 K30 A&
}2} ( out ) 2
Current 0 10 20 30 40 50 60 0
Value
Handheld Programmer Keystrokes 1/10th Seconds

GX E

S

$ T C A D A

o || > Jom ]l [%0 [ = 7 [ [on ]
GX F

NT
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|

Accumulating Timer (TMRA)

The Accumulating Timer is a 0.1 second two input timer that  Enable | TMRA T aaa
will time to a maximum of 9999999.9. The TMRA uses two B bbb
timer registers in V-memory.

Accumulating Fast Timer (TMRAF)
The Accumulating Fast Timer is a 0.01 second two-input

timer that will time to a maximum of 99999.99. The TMRA Preset Timer#
uses two timer registers in V-memory.

Reset

Each timr uses two timer registers in V-memory. These timers
have two inputs, an enable and a reset. The timer starts timing

when the enable is on and stops when the enable is off

. . . . Enable | TMRAF T aaa
(without resetting the count). The reset will reset the timer

. . B bbb

when on and allow the timer to time when off.
Instruction Specifications Reset
Timer Reference (Taaa): Specifies the timer number.
Preset Value (Bbbb): Constant value (K) or a V memory Preset Timer#

location.

Current Value: Timer current values are accessed by referencing the associated V or T

memory location®. For example, the timer current value for T3 resides in V-memory location
V3.

Discrete Status Bit: The discrete status bit is accessed by referencing the associated T memory
location. Operating as a “timer done bit,” it will be on if the current value is equal to or
[ greater than the preset value. For example the discrete status bit for timer 2 would be T2.

|—| NOTE: The accumulating type timer uses two consecutive V-memory locations for the 8-digit value, and therefore
two consecutive timer locations. For example, if TMRA 1 is used, the next available timer number is TMRA 3.

Operand Data Type DL06 Range

.................................. A/B aaa bbb
TIMers ... T 0-376 —
1200-7377
V memory for preset values ............... V — 7400-7577
1000017777
1200-7377
Pointers (presetonly) .................... P — 7400-7577
1000017777
Constants (presetonly) .................. K — 0-99999999
Timer discrete status bits ............... ™ 0-376 or V41100-41117
Timer currentvalues .................. VT 0-376

NOTE: * With the HPP, both the Timer discrete status bits and current value are accessed with the same
data reference. DirectSOFT uses separate references, such as “T2” for discrete status bit for Timer T2, and
“TA2” for the current value of Timer T2.

The following examples show two methods of programming timers. One performs functions
when the timer reaches the preset value using the discrete status bit, or use comparative
contacts to perform functions at different time intervals.
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Accumulating Timer Example using Discrete Status Bits
In the following example, a two input timer (accumulating timer) is used with a preset of 3
seconds. The timer discrete status bit (T6) will turn on when the timer has timed for 3
seconds. Notice in this example that the timer times for 1 second , stops for one second, then

resumes timing. The timer will reset when C10 turns on, turning the discrete status bit off
and resetting the timer current value to 0.

Direct SOFT32 Timing Diagram

} } TMRA

K30

T6

Y7

X1

c1o

T6

X1 Seconds
4

5

Current
Value

30

] OUT)

Handheld Programmer Keystrokes

Accumulator Timer Example Using Comparative Contacts

In the following example, a single input timer is used with a preset of 4.5 seconds.
Comparative contacts are used to energized Y3, Y4, and Y5 at one second intervals
respectively. The comparative contacts will turn off when the timer is reset.

Contacts
Direct SDF‘)F(S‘E Timing Diagram
Seconds
} } TMRA T20 0 2 3 4 5 6 7 8
wis NN R D |
™ B
1 c1o
TAZO‘ ‘KIO Y3 ¥3 Q L
> out )
= w \ |
TAZO‘ ‘KZO Y4 vs
& ) il
T20
TA20 K30 Y5
Current 10 10 20 30 40 5 0
}2} { our ) Vaive

@

Y

N

N
TMR SHFT

NNz

c A
il Y G

GX
ouT

$
\% HSH”\ \ [*o -

ENT

ENT

out
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Using Counters

Counters are used to count events . The counters available are up counters, up/down

counters, and stage counters (used with RLL”ZUS programming).

The up counter (CNT) has two inputs, a count input and a reset input. The maximum count
value is 9999. The timing diagram below shows the relationship between the counter input,
counter reset, associated discrete bit, current value, and counter preset.

X1
X1 I ‘ ’ ‘ ’ ‘ ’ 4{ }7Up7 T K3 e
X2 —‘ ’7 2
Reset |
cTl
Current 1 2 3 40 Counter preset
alue

Counts

The up down counter (UDC) has three inputs, a count up input, count down input and reset
input. The maximum count value is 99999999. The timing diagram below shows the
relationship between the counter up and down inputs, counter reset, associated discrete bit,
current value, and counter preset.

X1 l ‘ | ‘ | ‘ | 4{X1}7Up ubc o cr2
X2 —‘ X2

o [ — Down

CT2 ’—L Reset

Current 1 2 1 2 3 0

Value

Counts

Counter Preset

The stage counter (SGCNT) has a count input and is reset by the RST instruction. This
instruction is useful when programming using the RLL”ZUS structured programming. The
maximum count value is 9999. The timing diagram below shows the relationship between the
counter input, associated discrete bit, current value, counter preset and reset instruction.

X1 ‘ ‘ ‘ ‘ ‘ ‘ ‘ X1 SGCNT CT2
K3
cT2 ﬁ
“ioe 1 ’ Counts ’ e Counter preset
RST [
CT2
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Counter (CNT)

The Counter is a two input counter that
increments when the count input logic transitions
from off to on. When the counter reset input is
on the counter resets to 0. When the current
value equals the preset value, the counter status

bit comes on and the counter continues to count Counter#

up to a maximum count of 9999. The maximum

value will be held until the counter is reset. Count | CNT CT aaa
B bbb

Instruction Specifications

Counter Reference (CTaaa): Specifies the counter Reset
number.

Preset Value (Bbbb): Constant value (K) oraV

memory location.

7
Preset

Current Values: Counter current values are
accessed by referencing the associated V or CT
memory locations*. The V-memory location is
the counter location + 1000. For example, the
counter current value for CT3 resides in V
memory location V1003.

Discrete Status Bit: The discrete status bit is accessed by referencing the associated CT
memory location. It will be on if the value is equal to or greater than the preset value. For
example the discrete status bit for counter 2 would be CT2.

NOTE: Counter preset constants (K) may be changed by using a programming device, even when the CPU
‘ is in Run Mode. Therefore, a /-memory preset is required only if the ladder program must change the

preset.
Operand Data Type DL06 Range
.................................. AB aaa bbb
Counters ... CT 0177 —
1200-7377
V memory (presetonly) .................. V — 7400-7577
10000-17777
1200-7377
Pointers (presetonly) .................... P — 7400-7577
10000-17777
Constants (presetonly) .................. K — 0-9999
Counter discrete status bits ............ CTN 0-177 or V4114041147
Counter current values . .............. V /CT* 1000-1177

NOTE: * With the HPP, both the Counter discrete status bits and current value are accessed with the same
data reference. DirectSOFT uses separate references, such as “CT2” for discrete status bit for Counter CT2,
and “CTA2” for the current value of Counter CT2.
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Counter Example Using Discrete Status Bits

In the following example, when X1 makes an off to on transition, counter CT2 will
increment by one. When the current value reaches the preset value of 3, the counter status bit
CT2 will turn on and energize Y7. When the reset C10 turns on, the counter status bit will
turn off and the current value will be 0. The current value for counter CT2 will be held in V
memory location V1002.

DirectSOFT32

CNT

CT2

K3

Y7

(

Handheld Programmer Keystrokes

$ B
EEY

ENT ‘

Pora ] > [ [0 [P *o o]

GY C D
P EY N EY N E

X1

c10

CT2or
Y7

{ out > Current Value

Counting diagram

I I S I

Handheld Programmer Keystrokes (cont)

$
P ESEL

‘ c

SHFT H T

C
2 MLR 2

GX B A
B> P 2o o]

Counter Example Using Comparative Contacts
In the following example, when X1 makes an off to on transition, counter CT2 will
increment by one. Comparative contacts are used to energize Y3, Y4, and Y5 at different
counts. When the reset C10 turns on, the counter status bit will turn off and the counter
current value will be 0, and the comparative contacts will turn off.

DirectSOFT32

K3

$
STR %

ENT

Y3
ouTt )

Y4
out )

Y5
ouTt )

[} B
2 1

A
0

‘ENT‘

C D
2 % 3

ENT

NAINAINE

Cc
E

T C
MLR

. |

NS

ouT

‘ENT‘

5-146 |

X1

c10

Y3

Y4

Y5

Current
Value

Counting diagram

Handheld Programmer Keystrokes (cont)

Sern || = | sHFT ‘C o | sHFT HTMLH HC A ‘
> |[¢, | ent

Qur )l =~ 5. ‘ ENT ‘
MBI
> [P, | v

AN
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Stage Counter (SGCNT)

The Stage Counter is a single input counter that
increments when the input logic transitions from off to

on. This counter differs from other counters since it will Counter#

hold its current value until reset using the RST

instruction. The Stage Counter is designed for use in | SGCNT  CT aaa
RLLPLUS programs but can be used in relay ladder logic B bbb
programs. When the current value equals the preset

value, the counter status bit turns on and the counter Preset

continues to count up to a maximum count of 9999.
The maximum value will be held until the counter is
reset.

Instruction Specifications
Counter Reference (CTaaa): Specifies the counter number.
Preset Value (Bbbb): Constant value (K) or a V memory location.

Current Values: Counter current values are accessed by referencing the associated V or CT
memory locations*. The V-memory location is the counter location + 1000. For example, the
counter current value for CT3 resides in V memory location V1003.

Discrete Status Bit: The discrete status bit is accessed by referencing the associated CT
memory location. It will be on if the value is equal to or greater than the preset value. For
example the discrete status bit for counter 2 would be CT2.

Operand Data Type DL06 Range

.................................. AB aaa bbb
Counters ... CT 0177 —
1200-7377
V memory (presetonly) .................. V — 7400-7577
1000017777
1200-7377
Pointers (presetonly) .................... P — 7400-7577
1000017777
Constants (presetonly) .................. K — 0-9999
Counter discrete status bits ............ CTN 0-177 or V4114041147
Counter current values ............... V/CT* 10001177

data reference. DirectSOFT uses separate references, such as “CT2” for discrete status bit for Counter CT2,

NOTE: * With the HPP. both the Counter discrete status bits and current value are accessed with the same
‘ and “CTA2” for the current value of Counter CT2.
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Stage Counter Example Using Discrete Status Bits
In the following example, when X1 makes an off to on transition, stage counter CT7 will
increment by one. When the current value reaches 3, the counter status bit CT7 will turn on
and energize Y7. The counter status bit CT7 will remain on until the counter is reset using
the RST instruction. When the counter is reset, the counter status bit will turn off and the
counter current value will be 0. The current value for counter CT7 will be held in V memory
location V1007.

DirectSOFT32 Counting diagram

" SaonT —om7 [ \ \ \ \ \ \

N R
Y7
Current 1 2 3 4 0
Value
RST ’7
CT7

Handheld Programmer Keystrokes (cont)

Stage Counter Example Using Comparative Contacts
In the following example, when X1 makes an off to on transition, counter CT2 will
increment by one. Comparative contacts are used to energize Y3, Y4, and Y5 at different
counts. Although this is not shown in the example, when the counter is reset using the Reset
instruction, the counter status bit will turn off and the current value will be 0. The current
value for counter CT2 will be held in V memory location V1002.

DirectSOFT32

Counting diagram

X1
| SGCNT  CT2
A I N O B
x1
cT2  Ki Y3 va
=] ( or)
wl ] L
CT2‘ ‘K2 Y4
{ o) L
= { our s
T2 K3 vs Current 1 2 3
[ / Value
=] { our )
RST
cT2
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
$ B $ c T c
STR - 1 ENT STR = | sHFT 2 SHFT H MLR H 2 ‘
s G [
SHFT |[Soar 6 || sHFT ‘ ONT ‘
c B A
9 I O
$ c T c c T c
sm | > o[ Jlow][ua [ | e Jo Jun [ |
= B, | e~
GX D
oot || = 5 ENT ENT
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Up Down Counter (UDC)

This Up/Down Counter counts up on each off to
on transition of the Up input and counts down on

each off to on transition of the Down input. The Up |UDC  CT aaa
counter is reset to 0 when the Reset input is on. B bbb
The count range is 0-99999999. The count input Down Counter ¢

not being used must be off in order for the active

count input to function. Reset
— Preset

Instruction Specification

Counter Reference (CTaaa): Specifies the counter

Caution: The UDC uses two
number.

V memory locations for the 8 digit
Preset Value (Bbbb): Constant value (K) or two current value. This means that the

: . UDC uses two consecutive
consecutive V memory locations. . .
Y counter locations. If UDC CT1 is

Current Values: Current count is a double word used in the program, the next
value accessed by referencing the associated V or available counter is CT3.

CT memory locations*. The V-memory location is
the counter location + 1000. For example, the counter
current value for CT5 resides in V memory location

V1005 and V1006.

Discrete Status Bit: The discrete status bit is accessed

by referencing the associated CT memory location.
Operating as a “counter done bit” it will be on if the

value is equal to or greater than the preset value. For
example the discrete status bit for counter 2 would be CT2.

Operand Data Type DL06 Range

The counter discrete status bit and
the current value are not specified in
the counter instruction

.................................. A/B aaa bbb
Counters ........cooiiiiii CT 0-176 —
1200-7377
V memory (presetonly) .................. V — 7400-7577
10000-17777
1200-7377
Pointers (presetonly) .................... P — 7400-7577
10000-17777
Constants (presetonly) .................. K — 0-99999999
Counter discrete status bits ............ CTN 0-176 or V41140-41147
Counter current values ............... V /CT* 1000-1176

— NOTE: * With the HPP, both the Counter discrete status bits and current value are accessed with the same
— data reference. DirectSOFT32 uses separate references, such as “CT2” for discrete status bit for
= Counter CT2, and “CTA2” for the current value of Counter CT2.
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W

Up / Down Counter Example Using Discrete Status Bits

In the following example, if X2 and X3 are off, when X1 toggles from off to on the counter
will increment by one. If X1 and X3 are off the counter will decrement by one when X2
toggles from off to on. When the count value reaches the preset value of 3, the counter status
bit will turn on. When the reset X3 turns on, the counter status bit will turn off and the
current value will be 0.

DirectSOFT32 Counting Diagram

K3

Xt
|
[
x2
| |

Y7

Handheld Programmer Keystrokes
S || > %0 e
$STR % ° 2 ENT

TR

$ D
MBI ES

/OUT)

u D [
SHFT ISG 3 2

EX

upc cT2 [ ‘ ‘

X1

X2

X3

CT2

Current
Value

[

]
]

Handheld Programmer Keystrokes (cont)

> [P, || &nT

$ [ T [
sm || > o] o |[n [ [ ]

Gx B A
P Y O S

Up / Down Counter Example Using Comparative Contacts

In the following example, when X1 makes an off to on transition, counter CT2 will

increment by one. Comparative contacts are used to energize Y3 and Y4 at different counts.
When the reset (X3) turns on, the counter status bit will turn off, the current value will be 0,

and the comparative contacts will turn off.

DirectSOFT32
xi
| ubc cr2
[l V2000
x2
|
[
X3
|
[
cTAz ki 3
}Z} out )
4
out >
u D c c
Lo [P0 [P [0 [ > [0 [ 2]

v [ A
[ [ %

A A
[0 %o J[or ]

$ [¢]
o | = o[

T Cc
B

X1

X2

X3

Y3

Y4

Current
Value

Counting Diagram

ENT
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Shift Register (SR)

The Shift Register instruction shifts data through a

predefined number of control relays. The control ranges

DATA

in the shift register block must start at the beginning of
an 8 bit boundary use 8-bit blocks.

The Shift Register has three contacts.

CLOCK

e Data — determines the value (1 or 0) that will enter the

register

RESET

SR
From A aaa
To B bbb

¢ Clock — shifts the bits one position on each low to high
transition

* Reset —resets the Shift Register to all zeros.

With each off to on transition of the clock input, the bits which make up the shift register
block are shifted by one bit position and the status of the data input is placed into the starting
bit position in the shift register. The direction of the shift depends on the entry in the From
and To fields. From CO to C17 would define a block of sixteen bits to be shifted from left to
right. From C17 to CO would define a block of sixteen bits, to be shifted from right to left.
The maximum size of the shift register block depends on the number of available control

relays. The minimum block size is 8 control relays.

Operand Data Type DL06 Range

......................... AB

bbb

C 01777

01777

Direct SOFT32 Handheld Programmer Keystrokes
g
o e [ SENEa
— | MBI
. e HERNE
4{ } Clock Input STR 3 ENT
S B B Ca % P ) S O
— | BN N
Input? on Successive Scans Shift Register Bits
Data Clock Reset
T 010 0—\C\OHHH\HHHC\1\7
0 010 O — [T IIIIIIIIT]
0 010 0 — [T
1 0-1-0 0 I n
0-1-0 0 {11111
0 0 1

(] lindicates ON

AN

L] lIndicates OFF
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Accumulator / Stack Load and Output Data Instructions

Using the Accumulator

The accumulator in the DLO06 internal CPUs is a 32 bit register which is used as a temporary
storage location for data that is being copied or manipulated in some manner. For example,
you have to use the accumulator to perform math operations such as add, subtract, multiply,
etc. Since there are 32 bits, you can use up to an 8-digit BCD number. The accumulator is
reset to 0 at the end of every CPU scan.

Copying Data to the Accumulator

The Load and Out instructions and their variations are used to copy data from a V-memory
location to the accumulator, or to copy data from the accumulator to V memory. The
following example copies data from V-memory location V2000 to V-memory location
V2010.

V2000

X1
] w0 [elofs]5]

V2000

Unused accumulator bits l

Copy data from V2000 to the
are set to zero

lower 16 bits of the accumu- —_—
lator ace.[0fofofo][8 o5 5]
——

|

V2010 nn

Copy data from the lower 16 bits V2010
of the accumulator to V2010

ouT

Since the accumulator is 32 bits and V memory locations are 16 bits, the Load Double and
Out Double (or variations thereof) use two consecutive V-memory locations or 8 digit BCD
constants to copy data either to the accumulator from a V-memory address or from a V-
memory address to the accumulator. For example if you wanted to copy data from V2000
and V2001 to V2010 and V2011 the most efficient way to perform this function would be as
follows:

JX]\ LDD V2001 V2000

I V2000 Lo 73 o]fs Jo ]2 e ]
Copy data from V2000 and J l
V2001 to the accumulator

ace L6173 ]9][5]0]2]6]

|

o0 Le]7[s]o]s Jo ]2 ] |
Copy data from the accumulator to
V2010 and V2011

V2011 V2010
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Changing the Accumulator Data
Instructions that manipulate data also use the accumulator. The result of the manipulated
data resides in the accumulator. The data that was being manipulated is cleared from the

accumulator. The following example loads the constant value 4935 into the accumulator,
shifts the data right 4 bits, and outputs the result to V2010.

X1

LD

K4935

Load the value 4935 into the

consant ]2 3]5]
- — \\

accumulator 31 30 29 28|27 26 25 24|23 22 21 20/19 18 17 16|15 14 1312|1110 9 8|7 6 5 4|3 2 1 0
Acc. o]n]n]o n]o]o]o o]n]o]o o]o]o]o o]l]o] |]o]n]1 o]o]1]1 o]]]o]]
The upper 16 bits of the accumulator T
will be set to 0
Shifted out of
accumulator
SHER 3130 29 28 27 26 25 24 23 22 21201918 17 16 15141312 1110 9 8 7 6 5 4 3 2 1 0
] K4 Acc. o]o]o]o o]o]o]o o]o]o]o o]o]o]o o]o o]o o]]]o] 1]0]0]1 o]o]1]1
Shift the data in the accumulator
4 bits (K4) to the right [ N —
out \\ //
] V2010
Output the lower 16 bits of the ac-

cumulator to V2010

V2010

Some of the data manipulation instructions use 32 bits. They use two consecutive V memory
locations or an 8 digit BCD constant to manipulate data in the accumulator.

In the following example, when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The value in the accumulator is added
with the value in V2006 and V2007 using the Add Double instruction. The value in the
accumulator is copied to V2010 and V2011 using the Out Double instruction.

X1

LDD

V2000

Load the value in V2000 and
V2001 into the accumulator

ADDD
V2006

Add the value in the
accumulator with the value
in V2006 and V2007

OuUTD
V2010

Copy the value in the
accumulator to V2010 and
V2011
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DIEAEI ) ENCRENCH

L

6 7 3 9 5 0 2 6
+2 0 0 0 4 0 4 6

LD P I T

|

B ENCHEREN

V2010

(Accumulator)

(V2006&V2007)
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Using the Accumulator Stack

The accumulator stack is used for instructions that require more than one parameter to
execute a function or for user defined functionality. The accumulator stack is used when more
than one Load instruction is executed without the use of an Out instruction. The first load
instruction in the scan places a value into the accumulator. Every Load instruction thereafter
without the use of an Out instruction places a value into the accumulator and the value that
was in the accumulator is placed onto the accumulator stack. The Out instruction nullifies
the previous load instruction and does not place the value that was in the accumulator onto
the accumulator stack when the next load instruction is executed. Every time a value is placed
onto the accumulator stack the other values in the stack are pushed down one location. The
accumulator is eight levels deep (eight 32 bit registers). If there is a value in the eighth
location when a new value is placed onto the stack, the value in the eighth location is pushed

off the stack and cannot be recovered.

4{)(1}7

LD
K3245

Load the value 3245 into the accumu-
lator

LD
K5151

Load the value 5151 into the accumu-
lator, pushing the value 3245 onto the
stack

LD
K6363

Load the value 6363 into the accumu-
lator, pushing the value 5151 to the 1st
stack location and the value 3245 to
the 2nd stack location

Constant
|

Current Acc. value

ace.[00T0T0]

Previous Acc. value

—_—

Constant

Current Acc. value !
e

Previous Acc. value

see [oTo[o )3Tz [aTs] —

Constant H
Current Acc. value l
ace[0]oTo]o][e a6 5]

Previous Acc. value

ncofofofo]o][s 1 s[r] —

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

Level 8

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

Level 8

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

Level 8

Accumulator Stack

X X X X X X X X

X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>

Accumulator Stack @

0 0 0 0 3 2 4 5

X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>

Accumulator Stack @

0 00 0S5 1 5 1

0 0 0 0 3 2 4 5 >
X X X X X X X )(>
X X X X X X X X>
X X X X X X X )(>
X X X X X X X X>
X X X X X X X X>
X X X X X X X X>

Buckel

Buckel

Buckel

The POP instruction rotates values upward through the stack into the accumulator. When a
POP is executed the value which was in the accumulator is cleared and the value that was on
top of the stack is in the accumulator. The values in the stack are shifted up one position in

the stack.
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|

X1‘ POP Previous Acc. value
—
POP the 1st value on the stack into the Current Acc. value Accumulator Stack
z;csrr]r;ullgr:[igx;d move stack values Level 1 00003 7 9 2 >
ca
Level 2 00 007 9 30 >
Level3 |X X X X X X X X >
Level 4 X X X X X X X X >
ouT Level 5 X X X X X X X X >
[ 5
V2000 V2000 level6 [X X X X X X X X >
Level 7 X X X X X X X X >
Copy data from the accumulator to
V2000 Level 8 X X X X X X X X
POP Previous Acc. value
— e [0To]0 0]
POP the 1 | b i b Current Acc. value Accumulator Stack
the 1st value on the stack into the
accumulator and move stack values Acc. nn 2 «——— levell |O O 0O 0O 7 9 3 0 >
up one location
—_— Level 2 X X X X X X X X
Level 3 X X X X X X X X g
Level 4 X X X X X X X X >
ouT Level 5 X X X X X X X X >
— V2001 V2001 Level 6 [X X X X X X X X >
Level 7 X X X X X X X X >
Copy data from the accumulator to Level 8 [X X X X X X X X
V2001.
Previous Acc. value
POP
— CITT]
Current Acc. value Accumulator Stack
POP the Tst value on the stack into the _ _ e
accumulator and move stack values Acc. Level 1 |X X X X X X X X >
up one location —_— level2 [X X X X X X X X >
level3 [X X X X X X X X
level4 [X X X X X X X X g
Level 5 X X X X X X X X >
ouTt
— V200 V2002 n Level6 [X X X X X X X X >
Level 7 X X X X X X X X >
Copy data from the accumulator to Level8 [X X X X X X X X
V2002

Using Pointers
Many of the DLO6 series instructions will allow V-memory pointers as a operand (commonly
known as indirect addressing). Pointers allow instructions to obtain data from V-memory
locations referenced by the pointer value.

values viewed as HEX. Use the Load Address (LDA) instruction to move an address into the pointer

‘é NOTE: DL06 V-memory addressing is in octal. However, the pointers reference a V-memory location with
location. This instruction performs the Octal to Hexadecimal conversion automatically.

In the following simple example we are using a pointer operand in a Load instruction. V-
memory location 2000 is being used as the pointer location. V2000 contains the value 440
which the CPU views as the Hex equivalent of the Octal address V-memory location V2100.
The CPU will copy the data from V2100 which in this example contains the value 2635 into
the lower word of the accumulator.
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X1

X1

LD

P2000

V2000 (P2000) contains the value 440
HEX. 440 HEX. = 2100 Octal which
contains the value 2635.

ouTt

V2200

Copy the data from the lower 16 bits of
the accumulator to V2200.

LDA
02100

ouT
V 2000

LD

P 2000

out

V 2200

Load the lower 16 bits of the
accumulator with Hexadecimal
equivalent to Octal 2100 (440)

Copy the data from the lower 16 bits of
the accumulator to V2000

V2000 (P2000) contains the value 440
Hex. 440 Hex. = 2100 Octal which
contains the value 2635

Copy the data from the lower 16 bits of
the accumulator to V2200

V2076

V2077

V2100

va1e1

V2102

V2103

V2104

Accumulator

XX | X|X|X|M|X]|X
XX |[X|X| X[ |X|X
X|X|X|X|X|®|X|X

V2105

XXX [X]|Xx]|9[x|x

V2200 |2 |6 |3

V2201 | X | X | X

Unused accumulator bits
are set to zero
—

Acc. nnnn nn

[

V2076 | X | X | X|X
V2077 | X | X| X| X
V2100 (2 |6 |3 |5
V2101 | X | X | X| X
V2102 | X | X | X| X
V2103 | X | X | X | X
V2104 | X | X| X | X
V2105 [ X | X | X | X
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Lo

ad (LD)

The Load instruction is a 16 bit instruction that loads the

value (Aaaa), which is either a V memory location or a 4 __|b A
.. . . aaa
digit constant, into the lower 16 bits of the accumulator.
The upper 16 bits of the accumulator are set to 0.
Operand Data Type DL06 Range
.................................... A aaa
Vmemory ... Y See memory map
Pointer . ... P See memory map
Constant ............. ...l K O-FFFF
Discrete Bit Flags Description
SP53 on when the pointer is outside of the available range.
SP70 On anytime the value in the accumulator is negative.
SP76 On when any instruction loads a value of zero into the
accumulator.

NOTE: Two consecutive Load instructions will place the value of the first load instruction onto the

accumulator stack.

In the following example, when X1 is on, the value in V2000 will be loaded into the

accumulator and output to V2010.

Direct SOFT32

X1
||
[

V2000

Load the value in V2000 into
the lower 16 bits of the
accumulator

ouT
V2010

Copy the value in the lower
16 bits of the accumulator to
V2010

Handheld Programmer Keystrokes

V2000

e fo]s]s]

The unused accumulator l
bits are set to zero

—_—
ac.0]ofofo][s]o]5]5]

—_—

|

o]0z 5]

V2010

$ B X
| STR ” - ” 1 | SET |
L D
|SHFT ”ANDST” 3 ” - |
C A A A
S P P S
GX v C A B A
N N EX VY P P G P S
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B

Load Double (LDD)

The Load Double instruction is a 32 bit instruction that loads
the value (Aaaa), which is either two consecutive V memory
locations or an 8 digit constant value, into the accumulator.

LDD
Aaaa

Operand Data Type DL06 Range

.................................... A aaa

Vmemory ... v See memory map

Pointer ... P See memory map
O-FFFF

Constant K

5
SP53 on when the pointer is outside of the available range.

SP70 On anytime the value in the accumulator is negative.

SP76 On when any instruction loads a value of zero into the accumulator.

E NOTE: Two consecutive Load instructions will place the value of the first load instruction onto the
—| accumulator stack.

In the following example, when X1 is on, the 32 bit value in V2000 and V2001 will be
loaded into the accumulator and output to V2010 and V2011.

Direct SOFT32
X1

DD V2001 V2000
} V2000 [el7[3]ofs Jo 2 [s |
Load the value in V2000 and J l
V2001 into the 32 bit
accumulator

PR SEN S
ace 173 [0 ][5]0]2]e]
e —————

|

oo [e]7[3]o]fs Jo [2 [ ]
V2010

V2011 V2010

Copy the value in the 32 bit
accumulator to V2010 and
V2011

Handheld Programmer Keystrokes

N

‘ ENT ‘
il DN D Y
S P P N D
FCI Y
e o s Lo ]
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Load Formatted (LDF)

The Load Formatted instruction loads 1-32
consecutive bits from discrete memory locations into
the accumulator. The instruction requires a starting

LDF

Aaaa
K bbb

location (Aaaa) and the number of bits (Kbbb) to be
loaded. Unused accumulator bit locations are set to

ZEero.

Operand Data Type DLO06 Range

SP70

On anytime the value in the accumulator is negative.

............................... A aaa bbb
Inputs . ... X 0-777 —
Outputs ... Y 0-777 —
Control Relays ..................... C 01777 —
StageBits.................. ... S 01777 —
TimerBits ......... ... .. ... T 0-377 —
CounterBits ....................... CT 0177 —
Special Relays ..................... SP 0-777 —
Constant.......................... K — 1-32

Discrete Bit Flags Description

SP76

On when any instruction loads a value of zero into the accumulator.

NOTE: Two consecutive Load instructions will place the value of the first load instruction onto the

accumulator stack.

In the following example, when CO is on, the binary pattern of C10-C16 (7 bits) will be
loaded into the accumulator using the Load Formatted instruction. The lower 7 bits of the
accumulator are output to YO-Y6 using the Out Formatted instruction.

Direct SOFT32
co

Load the status of 7
consecutive bits (C10-C16)
into the accumulator

Copy the value from the
specified number of bits in
the accumulator to YO - Y6

Handheld Programmer Keystrokes

Location Constant

-

The unused accumulator bits are set to zero \
313029 28 27 26 252423 222120191817 16 151413 12 11 10 9 3210
ace.[o[o[o] o[ o[ o[ o[o[o] o[ o[ oo[o] o[ o|[o[o] o[ o0 0[0]0 \ \ \0\0\ [+ [o]
—_

/
s
locaion Constnt [ve[ws v [% [ ]
o | [w ] [or|ore[orr on] on[ on[orr]

STR

SHFT

SHFT

GX
out

>
o

%

SHFT

‘ENT‘

ANDST

H
[+, Jlew ]

SHFT
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|
Load Address (LDA)
The Load Address instruction is a 16 bit instruction. It
converts any octal value or address to the HEX equivalent LDA
value and loads the HEX value into the accumulator. This O aaa
instruction is useful when an address parameter is required
since all addresses for the DLOG system are in octal.
Operand Data Type DL06 Range
aaa
Octal Address .............ccoviiiii.. 0 See memory map
Discrete Bit Flags Description
SP70 On anytime the value in the accumulator is negative.
SP76 On when any instruction loads a value of zero into the accumulator.

NOTE: Two consecutive Load instructions will place the value of the first load instruction onto the
accumulator stack.

In the following example when X1 is on, the octal number 40400 will be converted to a HEX
4100 and loaded into the accumulator using the Load Address instruction. The value in the
lower 16 bits of the accumulator is copied to V2000 using the Out instruction.

Direct SOFT32

|X1| LDA Octal Hexadecimal
t 0 40400 [4ToJafo]o] — [+]1 [o]0]
bﬁ;i;gfnﬂm‘?mﬁlﬁﬁ © The unused accumulator l
lower 16 bits of the bits are set to zero
accumulator Acc.|0|0|0|0||4|1|0|0|

[ —

out (4]t [o]o]

V2000 V2000

Copy the value in lower 16
bits of the accumulator to
V2000

Handheld Programmer Keystrokes

$ B
N EI
L D A
SHET | anpsT]| 3 0 -
E A E A A
4 0 4 0 0 |ENT |

GX \% C A A A
oo |2 o o [ %0 % 17 o ]
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Load Accumulator Indexed (LDX)

Load Accumulator Indexed is a 16 bit instruction that

specifies a source address (V memory) which will be offset by

the value in the first stack location. This instruction LDX
interprets the value in the first stack location as HEX. The A aaa
value in the offset address (source address + offset) is loaded
into the lower 16 bits of the accumulator. The upper 16 bits
of the accumulator are set to 0.

Helpful Hint: — The Load Address instruction can be used to convert an octal address to a
HEX address and load the value into the accumulator.

Operand Data Type DL06 Range

A aaa aaa
Vmemory......oovvviiiiiiiainn v See memory map See memory map
Pointer ... P See memory map See memory map

NOTE: Two consecutive Load instructions will place the value of the first load instruction onto the
accumulator stack.

In the following example when X1 is on, the HEX equivalent for octal 25 will be loaded into
the accumulator (this value will be placed on the stack when the Load Accumulator Indexed
instruction is executed). V memory location V1410 will be added to the value in the Ist. level
of the stack and the value in this location (V1435 = 2345) is loaded into the lower 16 bits of
the accumulator using the Load Accumulator Indexed instruction. The value in the lower 16
bits of the accumulator is output to V1500 using the Out instruction.

X1 Octal Hexadecimal
1 LDA
l 025 - ﬂﬂ

Load The HEX equivalent to
octal 25 into the lower 16
bits of the accumulator

The unused accumulator J
bits are set to zero

P —
Acc. nnnn nn

LDX
| V1410 HEX Value in 1st/\

Octal stack location Octal Accumulator Stack
Move the offset to the stack.
Load the accumulator with V|1|4|1|0|+|1|5|= V|1|4|3|5| Levelt |O 0 0 0 O 0 1 5
the address to be offset Level2 [X X X X X X X X
The unused accumulator
bits are set to zero Level3 |X X X X X X X X
out Level4 [X X X X X X X X
- Mooooeaon
-~ wlofofofo]lz]e]4]5] " EmS oo
The value in V1435
Copy the value in the lower is 2345 l Level6 [X X X X X X X X
16 bits of the accumulator Level 7 | X X X X X X X X
to V1500
Level8 [X X X X X X X X

NEYE
[ [svosr]®a "0 | > ]2 75 [ o]
1 [l ® s [ser [ > [°0 5 [P0 %o [o ]

P I Y Y (2 G G S 0 3

ENT ‘
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W

Load Accumulator Indexed from Data Constants (LDSX)

The Load Accumulator Indexed from Data Constants is a
16 bit instruction. The instruction specifies a Data Label LDSX

Area (DLBL) where numerical or ASCII constants are K aaa
stored. This value will be loaded into the lower 16 bits.

The LDSX instruction uses the value in the first level of the accumulator stack as an offset to
determine which numerical or ASCII constant within the Data Label Area will be loaded into
the accumulator. The LDSX instruction interprets the value in the first level of the
accumulator stack as a HEX value.

Helpful Hint: — The Load Address instruction can be used to convert octal to HEX and
load the value into the accumulator.

Operand Data Type DL06 Range

aaa
Constant .............. ... .. ... ........ K 1-FFFF

NOTE: Two consecutive Load instructions will place the value of the first load instruction onto the
accumulator stack.

In the following example when X1 is on, the offset of 1 is loaded into the accumulator. This
value will be placed into the first level of the accumulator stack when the LDSX instruction is
executed. The LDSX instruction specifies the Data Label (DLBL K2) where the numerical
constant(s) are located in the program and loads the constant value, indicated by the offset in
the stack, into the lower 16 bits of the accumulator.

Hexadecimal

X1 Value in 1st. level of stack is
used as offset. The value is 1
The unused accumulator !
Load the offset value of 1 (K1) into the lower 16 bitsare settozero Aceumulator Stack
bits of the accumulator. acc. [0]0]0]o][oofo 1] — ‘Levert [0 0 0 00 0 0 1
Level2 |[X X X X X X X X
Level3 |[X X X X X X X X
Constant Level4 |X X X X X X X X
Move heofset o he sk «[olo]0]2]
Load the accumulator with the data label [o[o]2] Level5 |X X X X X X X X
number The unused accumulator | Level6 |X X X X X X X X
bits are set to zero Level7 [X X X X X X X X
out
V2000 Accv Level8 |[X X X X X X X X
. Copy the value in the lower
16 bits of the accumulator
to V2000 The unused accumulator
‘ / bits are set to zero
=0 ) Loz )
{ nce.[0]0]0]0]
——

|

Offset 0 V2000

Offset 1

Offset 2
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|
‘$STR H 9 HB1 H ENT ‘ Handheld Programmer Keystrokes
P R Y P B
E S S =Y S e
Eal BN N S
o1 25 Juost]® o Jfsost] > [°2 o]
P Y N O O R 2
P Y I O Y P R A
o I O i T A A
%o ][> Lo o 72 120 20 [0 Jlov ]
Load Real Number (LDR)
The Load Real Number instruction loads a real number
contained in two consecutive V-memory locations, or an 8-digit LDR
. A aaa
constant into the accumulator.
Operand Data Type DL06 Range
.................................... A aaa
Vmemory ... v See memory map
Pointer ... P See memory map
Real Constant .......................... R -3.402823E+038 to + -3.402823E+038

DirectSOFT32 allows you to enter real numbers directly,
by using the leading “R” to indicate a real number entry.
You can enter a constant such as Pi, shown in the LDR

example to the right. To enter negative numbers, use a R3.14159
minus (—) after the “R”.

For very large numbers or very small numbers, you can

use exponential notation. The number to the right is 5.3 LDR
million. The OUTD instruction stores it in V1400 and RS.3E6
V1401.

OuUTD
These real numbers are in the IEEE 32-bit floating point V1400

format, so they occupy two V-memory locations,
regardless of how big or small the number may be! If you
view a stored real number in hex, binary, or even BCD,
the number shown will be very difficult to decipher. Just
like all other number types, you must keep track of real
number locations in memory, so they can be read with the
proper instructions later.

The previous example above stored a real number in LDR
V1400 and V1401. Suppose that now we want to retrieve V1400
that number. Just use the Load Real with the V data type,
as shown to the right. Next we could perform real math on
it, or convert it to a binary number.
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Out (OUT)
The Out instruction is a 16 bit instruction that copies the value ouT
A aaa

in the lower 16 bits of the accumulator to a specified V

memory location (Aaaa).
Operand Data Type DLO6 Range
A aaa
See memory map

Vimemory ... v
P See memory map

Pointer ...
Discrete Bit Flags Description
On if CPU cannot solve the logic.

SP53
In the following example, when X1 is on, the value in V2000 will be loaded into the lower 16

H bits of the accumulator using the Load instruction. The value in the lower 16 bits of the
accumulator are copied to V2010 using the Out instruction.
Handheld Programmer Keystrokes

o P [T o]

[l ]s]

L D
Load the value in V2000 into ISHFT HANDSTH 3 H - ‘
the lower 16 bits of the The unused accumulator
the lower 16 bits are sot 0 2010 ’C HA HA HA ‘

2 0 0 0
acc[ooToTo][s]o]3]5
— [ v c A B A
T [ X Y P P

Direct SOFT32

Copy the value in the lower
76 bis o the accumulator 0 [lo[]5]
V2010 V2010

Out Double (OUTD)
The Out Double instruction is a 32 bit instruction that OUTD
copies the value in the accumulator to two consecutive V ] Aaaa
memory locations at a specified starting location (Aaaa).

.................................... A aaa
Vmemory ... V See memory map
Pointer ... P See memory map

Discrete Bit Flags Description
SP53 On if CPU cannot solve the logic.

In the following example, when X1 is on, the 32 bit value in V2000 and V2001 will be
loaded into the accumulator using the Load Double instruction. The value in the
accumulator is output to V2010 and V2011 using the Out Double instruction.

Handheld Programmer Keystrokes

Direct SOFT32 V2001 V2000
bl bt
|| :

Load the value in V2000 and -
N —————

V2001 into the accumulator

Copy the value in the Hﬂ EH
accumulator to V2010 and V2011 V2010

V201
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|
Out Formatted (OUTF)
The Out Formatted instruction outputs 1-32 bits from the
. . . OUTF Aaaa
accumulator to the specified discrete memory locations. The S— K bbb
instruction requires a starting location (Aaaa) for the

destination and the number of bits (Kbbb) to be output.

Operand Data Type DL06 Range
bbb

.................................... A aaa
Inputs ... X 0-777 —
Outputs ... Y 0-777 —
Control Relays .......................... C 01777 —
Constant ... K — 1-32

In the following example, when CO is on, the binary pattern of C10-C16 (7 bits) will be
loaded into the accumulator using the Load Formatted instruction. The lower 7 bits of the
accumulator are output to YO-Y6 using the Out Formatted instruction.

Direct SOFT32

co Location Constant [ci6]cis[ciafcis [z i [ciof
cio K7 Lore[orr| orr] on] on] on]orr]
Load the status of 7
consecutive bits (C10-C16) The unused accumulator bits are set to zero \
into the accumulator
3130 29 28 27 26 25 2423 22 212019181716 15141312 11109 8 7 6
[oloTololeloloTols oToTo[s ol sl ols oTo[o[s ol s ol [+]:1
Accumulator
Copy the value of the /
specified number of bits
from the accumulator to
Location Constant [va6]v25[v24 [ v23]v22 [ v21]vao]

Y20-Y26

\vo—[ \Ky—[ |orr| oFF| oFr] on] on] on|oFF|

Handheld Programmer Keystrokes

Pop POoP)
The Pop instruction moves the value from the first level of the
accumulator stack (32 bits) to the accumulator and shifts each

value in the stack up one level. POP
Discrete Bit Flags Description
SP63 on when the result of the instruction causes the value in the accumulator to be zero.
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Pop Instruction Continued
In the example below, when CO is on, the value 4545 that was on top of the stack is moved
into the accumulator using the Pop instruction The value is output to V2000 using the Out
instruction. The next Pop moves the value 3792 into the accumulator and outputs the value
to V2001. The last Pop moves the value 7930 into the accumulator and outputs the value to

V2002. Please note if the value in the stack were greater than 16 bits (4 digits) the Out

Double instruction would be used and 2 V memory locations for each Out Double must be

allocated.

Direct SOFT32
co

POP

—

Pop the 1st. value on the sta
accumulator and move stack values

up one location

ck into the

ouTt
V2000

Copy the value in the lower
the accumulator to V2000

16 bits of

POP

Pop the 1st. value on the stas
accumulator and move stack values

up one location

ck into the

ouT
V2001

Copy the value in the lower
the accumulator to V2001

16 bits of

POP

Pop the 1st. value on the stas
accumulator and move stack values

up one location

ck into the

ouTt
V2002

Copy the value in the lower 16 bits of
the accumulator to V2002

Handheld Programmer Keystrokes

Previous Acc. value

e (XY

Current Acc. value

e [0 0 0]

V2000

Previous Acc. value

Current Acc. value

ace[oJoJo]o]

Previous Acc. value

Acc. nunn

Current Acc. value

relofoofo][7]s ] 0] —

V2002 Hn

o J > o < % [ ]
‘SHFT HPCV H SHFT H?NST:: Pcv H ENT ‘
0 EX S P P P P
‘SHFT HPCV H SHFT H?NST# Pcv H ENT ‘
N X 7 P P P O
P X P
N EX 7 P P P G
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Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

Level 8

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

Level 8

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

Level 8

Accumulator Stack

x| x|x|x|x|x|o|o

x| x|x|x|x|x|o|o
x| x|x|x|x|x|o|o
x| x|x|x|x|x|o|o
ER R S = B ) N ()
X = |x|>x|x|[x|©v|u
X x|x|>x|x|x|w]|o

x| x| x|>x|x|=x|o|~

Accumulator Stack

> x| x| x| > | x| x

x|x|x|x|x|x|x|o
x| x| x| > |x|x
X x| x| x| x| x| >
> x| x| x| =] x|~
x| x| x| > | x| >
X x| x| x| x| x|x]|w

x|x|x|x|x|x|x|o

Accumulator Stack

FIEI R R I P

x| x| x| x|x|>x]|x
> x| x| x> |x|>x]|x
> x| x| x| x|x|>x]|x
x| x| >x|=x|>=|x

> x| x| x> |x|x]|x
> | x| x| x|x|>x]|x

x| x| > |=|x|x]|x

AVAVAVAVAVAV; VAVAVAVAVAVAV;

VAVAVAVAVAVaV;
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|
Out Indexed (OUTX)
The Out Indexed instruction is a 16 bit instruction. It copies
a 16 bit or 4 digit value from the first level of the ___|ouTx
accumulator stack to a source address offset by the value in A aaa

the accumulator(V memory + offset). This instruction
interprets the offset value as a HEX number. The upper 16
bits of the accumulator are set to zero.

Operand Data Type DL06 Range
.................................... A aaa

Vmemory ... V See memory map

Pointer ... P See memory map

In the following example, when X1 is on, the constant value 3544 is loaded into the
accumulator. This is the value that will be output to the specified offset V memory location
(V1525). The value 3544 will be placed onto the stack when the Load Address instruction is
executed. Remember, two consecutive Load instructions places the value of the first load
instruction onto the stack. The Load Address instruction converts octal 25 to HEX 15 and
places the value in the accumulator. The Out Indexed instruction outputs the value 3544
which resides in the first level of the accumulator stack to V1525.

DirectSOFT32 Corstant
onstan
- E Ll 1]
L G 1]

Load the accumulator with

The unused accumulator ‘
the value 3544

bits are set to zero

oo

DA HEX
JR— 115

. o [o [+ [5]
Load the HEX equivalent to
octal 25 into the lower 16 bits The unused accumulator |

e bits are set to zero

of the accumulator. This is the —_
offset for the Out Indexed --
instruction, which determines Acc. nnnn nnn.

the final destinaltion address

Octal Octal Octal
Lo v[i]sTo]o] = v[i]s=]s]

Accumulator Stack

V1500 The hex 15 converts
Copy the value in the first t0.25 octal, which is level1 10 0 0 0 3 5 4 4
level of the stack to the addedtothebase Level2 | X X X X X X X X
offset address 1525 address of V1500 to yield
(V1500+25) the final answer Level3 | X X X X X X X X
Handheld Programmer Keystrokes Level 4 X X X X X X X X
Level 5 X X X X X X X X
B
‘$STRH%H ; ‘ENT‘ Level6 [X X X X X X X X
SHFT || L b - || Prev || P F E ‘E H ENT ‘ Lovel7 | X X X X X X X X
ANDST 3 3 5 4 4 Level 8 X X X X X X X X
L D A C F
SHFT || anpsT|| 3 0 ‘ - H 2 ‘ 5 || ENVT
GX X B F A A
our ‘S”FT H SET‘ 4 ‘ i H 5 H 0 H 0 H ENT ‘
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Out Least (OUTL)
The Out Least instruction copies the value in the lower eight ouTL
bits of the accumulator to the lower eight bits of the specified B A aaa

V-memory location (i.e., it copies the low byte of the low

word of the accumulator).

In the following example, when X1 is on, the value in V1400 will be loaded into the lower 16
bits of the accumulator using the Load instruction. The value in the lower 8 bits of the
accumulator are copied to V1500 using the Out Least instruction.

DirectSOFT32
X1 5 tl;:)ald the \;agli)e_n;n 0\f/‘]1 400into V1400
V1400 accumulater nﬂ
o Sy Tompere |
V1500 S B
V1o ace. [0]0]0]0][8] o] 3] 5]
Handheld Programmer Keystrokes —
SMEIAE s
L D B E A A 315
il I Y O S N e
EN BT Y O O O
Out Most (OUTM)
The Out Most instruction copies the value in the upper eight
bits of the lower sixteen bits of the accumulator to the upper OUTM
eight bits of the specified V-memory location (i.e., it copies the A aaa
high byte of the low word of the accumulator).
Operand Data Type DL06 Range
.................................... A daa
Vmemory .....ooovviiiii i v See memory map
Pointer ... P See memory map

In the following example, when X1 is on, the value in V1400 will be loaded into the lower 16
bits of the accumulator using the Load instruction. The value in the upper 8 bits of the lower
16 bits of the accumulator are copied to V1500 using the Out Most instruction.

DirectSOFT32
X1 ) Load the value in V1400 into
the lower 16 bits of the
V1400 accumulator
Copy the value in the upper
Oum™ 8 bits of the lower 16 bits of
V1500 the accumulator to 1500
Handheld Programmer Keystrokes
$ B
EEIE
L D B E A A
[ s °5 | > [P0 5 [*o %o [l

2 5 P I G G O N 52
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V1400

[s]o]s]s]

The unused accumulator |
bits are set to zero A

aco [0]0 o o][e] o o]5]

[ —

V1500




Chapter 5: Standard RLL Instructions - Logical
i

Logical Instructions (Accumulator)

E

Direct SOFT32

X1

4{

And (AND)
The And instruction is a 16 bit instruction that logically ands
the value in the lower 16 bits of the accumulator with a S—
specified V memory location (Aaaa). The result resides in the
accumulator. The discrete status flag indicates if the result of
the And is zero.

Operand Data Type DL06 Range

A aaa

.................................... A aaa
Vmemory ......oooviiii v See memory map
Pointer ... P See memory map
SP63 Will be on if the result in the accumulator is zero.
SP70 on when the value loaded into the accumulator by any instruction is zero.

NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

LD

V2000

Load the value in V2000 into

the lower 16 bits of the
accumulator

AND
V2006  —|

AND the value in the
accumulator with
the value in V2006

ouTt
V2010

Copy the lower 16 bits of the

accumulator to V2010

Handheld Programmer Keystrokes

In the following example, when X1 is on, the value in V2000 will be loaded into the
accumulator using the Load instruction. The value in the accumulator is anded with the value
in V2006 using the And instruction. The value in the lower 16 bits of the accumulator is
output to V2010 using the Out instruction.

V2000
aoan
N~
31 30 29 28|27 26 25 24|23 22 21 20{19 18 17 16||15 14 13 12|11 10 9 8|7 6 5 4 (3 2 1 0‘
acc.| 0] o] o] o[ o[ o] o[ o] o[0]o[0[ o]0 0]o][o]o[1]o] 1] o]0 o]0 1] ] 1]1]0]1]0]

The upper 16 bits of the accumulator
will be set to 0

Acc. 00 000O0O0OOOO0OOCOOOOOTOOTTOT11TOOOOTT11T 11010

6A38
AND (V2006) 0 0 0 0 0 0 0 0O 0O OOO0OOOOOO1T10101000111000

ace.[ 0] o] o[ o] 0] o] o]0 0] 0] o] o] 0] 0] o] o][ o] o] 1[0 1]a]0[0]0]o] 1] 1] 1]0]0]o0]

[2[8]a]s]

V2010

‘ssm H 4 HB1 ‘ ENT ‘

Lo ot ®s > %2 %0 %6 %0 o]
P B S P O O S
% ] = Lo M 2 J%0 20 %6 o]
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W

And Double (ANDD)

The And Double is a 32 bit instruction that logically ands the
value in the accumulator with two consecutive V- memory ANDD
locations or an 8 digit (max.) constant value (Aaaa). The result

. . . .1 . K aaa
resides in the accumulator. Discrete status flags indicate if the

result of the And Double is zero or a negative number (the most
significant bit is on).

Operand Data Type DL06 Range

aaa
VMemory .....oooviiiiii i v See memory map
Pointer ... P See memory map
Constant ..., K O-FFFFFFFF

Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero.
SP70 Will be on if the result in the accumulator is negative

NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The value in the accumulator is anded

with 36476A38 using the And Double instruction. The value in the accumulator is output to
V2010 and V2011 using the Out Double instruction.

Direct SOFT32 V2000 V2000
X1

‘ oo [2]e[7]A]
[

V2000

Load the value in V2000 and —_— ——¥m - e e e s ———

V2001 into the accumulator

31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16{|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
Acc. 0‘1‘0‘10‘1[0‘0 0‘1‘1‘11‘1‘1‘0 0‘0‘1‘01‘0‘0‘0 0‘1‘1‘11‘0‘1‘0
ANDD

K36476A38 —_ | Acc.

ot1o0101t00011t11110001010000T°1T111010

AND the value in the

accumulator with AND36476A38 0 0 1 1 0 1 1 00 100O111 011010100011 1000

sionss sec. o o[ o] s] o[ +] o] o] o[ +[ o[ o] o] [ 1] o][ o[ o] s]o[ +] o] o[ [ o[ o[ 1] 1] ] o] o] ]
ouTD \\ // \\ //
veoro [1]#]4]e]

GRURGABHE 050 ana veort veoto
V2011

Handheld Programmer Keystrokes

P EI E)

[ o |®s [°a | > ]2 %0 [ |*o | o]

Lo 12 [°6 || > oo e [P0 o0 5o "5 [0 [t Jor [P | Jlo ]

[Bor [ [P [ > ]2 % [0 [ [ ]
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And Formatted (ANDF)

The And Formatted instruction logically ANDs the binary

value in the accumulator and a specified range of discrete
memory bits (1-32). The instruction requires a starting

location (Aaaa) and number of bits (Kbbb) to be ANDed.

ANDF
K bbb

Aaaa

Discrete status flags indicate if the result is zero or a
negative number (the most significant bit =1).

Operand Data Type DLO06 Range

.................................... aaa bbb
Inputs ... 0-777 -
Outputs ... 0-777 -
Control Relays . ......................... 01777 -
StageBits ... 0-1777 -
TimerBits ... 0-377 -
Counter Bits ........... ... ...l CT 177 -
Special Relays . ..................... SP 0-777 -
Constant ............ ... ... ... ...l - 1-32
SP63 Will be on if the result in the accumulator is zero.

SP70 Will be on if the result in the accumulator is negative

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on the Load Formatted instruction loads C10-C13 (4

binary bits) into the accumulator. The accumulator contents is logically ANDed with the bit

pattern from Y20-Y23 using the And Formatted instruction. The Out Formatted instruction
outputs the accumulator’s lower four bits to C20-C23.

DirectSOFT32
< LDF c1o
! Ka
Load the status of 4
consecutive bits (C10-C13)
into the accumulator
ANDF Y20

K4

And the binary bit pattem

(Y20-Y23) with the value in
the accumulator Y23
AND (Y20-Y23) | ON |OFF|OFF

Constant
K4

Location
C10

ON | ON |ON DFF

™~

The unused accumulator bits are set to zero

3130292827 26252423222120191817 16 15141312 11 10 9 8 7 6 5 4 3 2 1 0
[ofofof oofoJoJof o[oJooJo[o]o]o][o[ o] o[ o] o] o] o[ o] o] oo o +] 1] ]o]
Accumulator

0 0
Y22 Y21

000O0OOOOOOO OOOOOOOOOOOOT®T 1 10
Y20

Acc. O

OFF 1000

see. [o[ o[ oLl o[o[o[o]o o o[ o[ :]e]o]o]
——

Copy the value in the lower
4 bits in accumulator to /
C20-C23 ——
Location Constant
Handheld Programmer Keystrokes 23] C22| C21] €20
s . [c2o | [« | [on JorF prF brF
s || 2 1 ENT
L D F B A E
bost|”s " || > [ ven [rea e e [0, J*, | > %, [lan ]

SHFT
% F
AND SHFT 5

C A
> Jrea]L ]

=N

GX
ouT

H SHFT ‘ F ‘ > H PREV H PREV HC .

A E
[*o > [Fa [or]
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W

And with Stack (ANDS)

The And with Stack instruction is a 32 bit instruction that

logically ands the value in the accumulator with the first level of

the accumulator stack. The result resides in the accumulator. The ——
value in the first level of the accumulator stack is removed from

the stack and all values are moved up one level. Discrete status

flags indicate if the result of the And with Stack is zero or a

negative number (the most significant bit is on).

Discrete Bit Flags Description

SP63 Will be on if the result in the accumulator is zero.
SP70 Will be on if the result in the accumulator is negative

ANDS

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example when X1 is on, the binary value in the accumulator will be anded
with the binary value in the first level or the accumulator stack. The result resides in the
accumulator. The 32 bit value is then output to V1500 and V1501.

DirectSOFT32

X LDD vidot V1400
— | Visoo s[4 ]7]¢] [2[5]7]4]

Load the value in V1400 and / / \ \ / / \ \

1401 into the accumulator

31 30 29 28[27 26 25 24|23 2221 20|19 18 17 16|15 1413 12|11 10 9 8|7 6 5 4|3 2 1 0
ace. [ o[ 1] o[ 1] o[ 1 o o[ o[ [+ +[ [ [T 0][o] o] [ o] 1T o] o] o] o[ +[+]+] 1] o] +]0]

ANDS
~ Acc. 01 0101O0O0OO0OTTT1T11110 00101000011 11010

- 36476A38
AND the value in the
with the AND  (topofstack 0 0 1 1 01 1 0 0 1 000111 01101010001 11000

acoumaor Sk pcc. [0 of o 1o 1JoJ o[ o 1o o] of 1] 1] o[[ oo 1[ o] T o o o[ o[ of ] [0 o] o]

— " o ~N T TSN

Copy the value in the B nn

accumulator to V1500 V1501
and 1501 ViS00

Handheld Programmer Keystrokes

EEINEA

e P P P I (G G P O
VAND SHFT SHST ENT

8 N G O B 2
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Or (OR)
The Or instruction is a 16 bit instruction that logically ors the
value in the lower 16 bits of the accumulator with a specified V OR
memory location (Aaaa). The result resides in the accumulator. —
The discrete status flag indicates if the result of the Or is zero.

Operand Data Type DL06 Range

A aaa

.................................... A aaa
Vmemory ... v See memory map
Pointer . ... . P See memory map
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero.
SP70 on when the value loaded into the accumulator by any instruction is zero.

NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 will be loaded into the
accumulator using the Load instruction. The value in the accumulator is ored with V2006
using the Or instruction. The value in the lower 16 bits of the accumulator are output to
V2010 using the Out instruction.

Direct SOFT32
X1‘ D V2000
\ V2000 2
Load the value in V2000 into The upper 16 bits of the accumulator // \\
the lower 16 bits of the will be set to 0 —_—— e ———

accumulator
31 30 29 28(27 26 25 24|23 22 21 20({19 18 17 16((15 14 13 12|11 10 9 8|7 6 5 4 (3 2 1 0

acc.| o[ 0] o] o] o[ o]0 o]0 o]o]o[o]o]0]o][ o]0 1]o]1]o]ofo]o[1]1]1]1]0[1]0
oR
VeoOs ~—{ A ©000000000000000 0010100001 1110710
Or the value in the 6A38
accumulator with OR(V2006) 0 0 0 0 0 0 0 0 00000000 011010100011 1000

the value in V2006

soc[o] o[ o[ o[ o] o] o] o] o] o o[ o[ o o] o[ o] o] ] Lol Lol 1 o]0 ] :[s[o]* o]

- -

e ~N\/

Copy the value in the lower n
16 bits of the accumulator to V2010
V2010

Handheld Programmer Keystrokes
$ B
Com || > [P |

L D C A A A
(o o * || > %2 [0 [*o [ o]
Q \ C A A G
Con |[ > = [ [ [ [*0 % [ o ]

GX v c A B A
S| 2 oo %2 %0 20 %0 [ ]

ENT ‘
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Chapter 5: Standard RLL Instructions - Logical
W

Or Double (ORD)

The Or Double is a 32 bit instruction that ors the value in the

accumulator with the value (Aaaa), which is either two ORD
consecutive V memory locations or an 8 digit (max.) constant K aaa
value. The result resides in the accumulator. Discrete status flags
indicate if the result of the Or Double is zero or a negative
number (the most significant bit is on).

Operand Data Type DL06 Range

aaa
Vmemory .....oooviiii v See memory map

Pointer ... P See memory map
Constant ......... ... K O—FFFFFFFF

Discrete Bit Flags Description

SP63 Will be on if the result in the accumulator is zero.
SP70 Will be on if the result in the accumulator is negative
‘ NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 and V2001 will be loaded
into the accumulator using the Load Double instruction. The value in the accumulator is
ored with 36476A38 using the Or Double instruction. The value in the accumulator is
output to V2010 and V2011 using the Out Double instruction.

Direct SOFT32

X1 b V2001 vzooo
— vao00 [sT+17T¢]
Load the value in V2000 and // \\ \ /,/
V2001 into accumulator —_—
31 30 29 28|27 26 25 24|23 22 21 2019181716‘15141312 1M109 8|7 6 5 43 2 1 0
Acc. 0”1‘0|‘| 0”1‘0|0 0‘1‘1‘1 ‘I“I|]‘0‘ 0|0“|‘0 1‘0‘0‘0 0|1‘1H‘| 1‘0‘1‘0
ORD
K36476A38 Acc. 0101 0100O0O0T17T1T11110 00170117 0O0O0O0OT1TT11T1T 10710
OR the value in the
accumulator with OR36476A38 0 0 1 1 0 1 1 001 0001 11 011010100011 1000
the constant value
36476A38 Acc‘OHl‘1|1‘0H]‘I|U‘O‘]‘]‘1‘1‘1|1‘1H0|1‘1‘0‘1‘0‘1‘0‘0|1‘1H1‘1‘0‘ ‘0‘
ouTD \\ // \\ //
V2010
Copy the value i the [Te]7]F]
accumulator to V2010 and V2011 V2010
V2011
Handheld Programmer Keystrokes
P | > ]* s J o |
Lo Jinosn[®s P [ 1% J70 ro [t [ ]
Pon Sl P3| > Jloom [ [P0 0[5 JI" [00 Jlom 2 Jowr o, o Jo ]
[ £ N 3 O O O O
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Or Formatted (ORF)

The Or Formatted instruction logically ORs the binary

value in the accumulator and a specified range of discrete

bits (1-32). The instruction requires a starting location

(Aaaa) and the number of bits (Kbbb) to be ORed.

Discrete status flags indicate if the result is zero or negative

(the most significant bit =1).

Operand Data Type DL06 Range

ORF

K bbb

Aaaa

DirectSOFT32
x W o Locton _Ganetan
—1 e [oF onf onor
oad the status fo 4
consecutive bits (C10-C13) ) \
into the accumulator The unused accumulator bits are set to zero
3130292827 26252423222120191817 16 15141312 11 10 9 8 7 6 5 4 3 2 1 0

A/B aaa bbb
Inputs . ... X 0-777 --
Outputs . ... Y 0-777 --
Control Relays ...................ooot. C 0-1777 --
StageBits ........ ...l S 0-1777 --
TimerBits ... T 0-377 --
CounterBits ........... ...l CT 0-177 --
Special Relays ......................... SP 0-777 --
Constant ......... ... .. ...l K - 1-32

Discrete Bit Flags Description

SP63 Will be on if the result in the accumulator is zero.
SP70 on when the value loaded into the accumulator by any instruction is zero.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on the Load Formatted instruction loads C10-C13 (4

binary bits) into the accumulator. The Or Formatted instruction logically ORs the

accumulator contents with Y20-Y23 bit pattern. The Out Formatted instruction outputs the

accumulator’s lower four bits to C20—C23.

ORF Y20

K4

nce. [0 o[ o o o[ o[ o[ o[e] o[ [o] o[ o[ e][o[o] o[ o[ e[ o[ oTe] e[ o[ oTo] [ [o]

OR the binary bit pattern

(Y20 - Y23) with the value in

the accumulator

OR (Y20-Y23)

OUTF Cc20

ON | OFF OFF| OF

10 0 0

K4

ace. [ o] o of o[ o] o] o] o] o[ o] o] o[o] o o] o][o] o] o]0 o] o] o[ 000 o] o[ 1] 1] 1]0]

Copy the specified number
of bits from the accumulator

to C20-C23
Handheld Programmer Keystrokes
Ssm ] > |% ENT
SHFT ‘L\NDST D3 F5 NEXT NEXT || NEXT B1 ‘Ao H - HE4 ‘
O r | sFm | Fg || = |[prev | Prev |G, |[A > |5, ‘ENT‘

Location

Constant

—_—

025|022 C21|C20

C20

K4

ON | ON | ON |OFF|
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W

Or with Stack (ORS)

The Or with Stack instruction is a 32 bit instruction that
logically ors the value in the accumulator with the first
level of the accumulator stack. The result resides in the ORS
accumulator. The value in the first level of the
accumulator stack is removed from the stack and all values
are moved up one level. Discrete status flags indicate if the
result of the Or with Stack is zero or a negative number
(the most significant bit is on).

Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero.
|SP70 \on when the value loaded into the accumulator by any instruction is zero. |

In the following example when X1 is on, the binary value in the accumulator will be ored
with the binary value in the first level of the stack. The result resides in the accumulator.

DirectSOFT32
X‘I Lob V1401 V1400
_| I V1400 [2]8]7]A]

Load the value in V1400 and / / N0 — / \.\.

V1401 in the accumulator

3130 20 28|27 26 25 24|23 22 21 20|19 18 17 16|[15 14 13 12|11 10 @ 8|7 6 5 4|3 2 1 ©
of 1]o[ 1ol 1Tol ool 4[] 1] 1 ol[o] o] Tol 1o o] o] o] ] 1] 1] 1]0]1]0]

Acc.

s

ORS
— —

— Acc. 01t 01o01o000T1T111110 00101000O0T1T11 1010
ORthe value in the 36476A38

acoumulator with the value - OR(topofstacy 0 0 1 1 01 1 0 0 10 0 01 11 01101010001 11000
in the first level of the

acoumulator stack Acc_|0|1|1|1|o|1|1|o|o|1|1|1|1|1|1|1||0|1|1|o|1|o|1|o|o|1|1|1|1|o|1|o|

" ~N\ ./ ~\ /.

Copy the value in the B n

accumulator to V1500 and
V1501 V1501 V1500

Handheld Programmer Keystrokes

‘$sm H =4 HB1 ‘ ENT‘

il T N N Y P S O P =
[%0n || ]| s | & |

7 Etl N BN P O P P =
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Exclusive Or (XOR)

The Exclusive Or instruction is a 16 bit instruction that

performs an exclusive or of the value in the lower 16 bits | XOR

of the accumulator and a specified V memory location Aaaa
(Aaaa). The result resides in the in the accumulator. The
discrete status flag indicates if the result of the XOR is

ZEero.
Operand Data Type DL06 Range

.................................... A daaa

Vmemory ... V See memory map

Pointer ... P See memory map
Discrete Bit Flags Description

SP63 Will be on if the result in the accumulator is zero.

SP70 on when the value loaded into the accumulator by any instruction is zero.

‘E NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 will be loaded into the
accumulator using the Load instruction. The value in the accumulator is exclusive ored with
V2006 using the Exclusive Or instruction. The value in the lower 16 bits of the accumulator
are output to V2010 using the Out instruction.

Direct SOFT32
X1

| D V2000
l V2000 ﬂ

Load the value in V2000 into The upper 16 bits of the accumulator ‘// \\
the lower 16 bits of the will be set to 0 —_——

accumulator

31 30 29 28|27 26 25 24{23 22 21 20({19 18 17 16|15 14 13 12{11 10 9 8|7 6 5 4|3 2 1 0

ace.| 0] o] o[ 0] o] o[ 0] o[ o] o]0 o] o] o] o]o][ o] o] 1 o[ 1]o]olo]o[ ][] 1] ]o]1]0

XOR
V2006 | Acc. 00 0OOOOOOOOOOOOOOOOTTOTTO0OOOOTTT1T 11010
XOR the value in the 6A38
accumulator with XOR(V2006) 0 0 0 0 O 0O 0O 0OOOODO0O0OOOO 0110101000711 1000
the value in V2006

ace [o[ [ o] o o[ o[ o] o] o] o[ o[ o[ ] o] o[ o] [ o] s [o[ o] o] o[+ [o[ o] 1[0 o[ s]o] 1] o]

S D —;

~\

out

Copy the lower 16 bits of the
accumulator to V2010 V2010
Handheld Programmer Keystrokes
$ X B
s | =2 [ SHFT | e | ENT
L D \% C A A A
1 [hnost|?5 | > [l o |2 " [[* [*o o |

X Q \% C A A G
K P I T S P P P

GX v [¢ A B A
Bur | 2 1o o ]| %0 [0 [ JLov ]
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[ |
Exclusive Or Double (XORD)

The Exclusive OR Double is a 32 bit instruction that

performs an exclusive or of the value in the accumulator XORD

and the value (Aaaa), which is either two consecutive V — K aaa

memory locations or an 8 digit (max.) constant. The result

resides in the accumulator. Discrete status flags indicate if

the result of the Exclusive Or Double is zero or a negative

number (the most significant bit is on).

.................................... A aaa
Vmemory ... V See memory map
E Pointer ......... ... .. P See memory map

Constant ..............coiiiiiiiit, K O—FFFFFFFF
SP63 Will be on if the result in the accumulator is zero.
SP70 Will be on if the result in the accumulator is negative

[_s NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The value in the accumulator is
exclusively ored with 36476A38 using the Exclusive Or Double instruction. The value in the
accumulator is output to V2010 and V2011 using the Out Double instruction.

Direct SOFT32 vzoo1 vzooo
X Lo

| V2000 / / \\ / /

Load the value in V2000 and
V2001 into the accumulator

31 30 29 28|27 26 25 24|23 22 21 20({19 18 17 16{[15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0

XORD Acc. 0‘1‘0‘1 0‘1‘0‘0 0‘1‘1‘1 1‘1‘1‘0 0‘0‘1‘0 1‘0‘0‘0 0‘1‘1‘1 1‘0‘1“0
K36476A38

XORD the value in the

‘ Acc. 01T 01010001 111110 001010000TTT1T1010
accumulator with
the constant value
36476738 XORD36476A38 0 0 1 1 0 1 1 0 0 1 00 0 1 1 1 01101010001 11000
oo see o[1[ To] o[o[+[olol o[+ [+ [+ [oL o] t][e] T o] o[o[o] Tol o] : [o[ ol o] o] 1 o]
V2010 - - - - - - -
Copy the value in the \\ // \ \ //
accumulator to V2010
and V2011 nn
Handheld Programmer Keystrokes vzon V2010
Y E2
R P O O P O P 2
[ Y X2 O N A
P P P P X G N
[Br [ Jou T 2 o 26 [l ]
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Chapter 5: Standard RLL Instructions - Logical
i

Exclusive Or Formatted (XORF)
The Exclusive Or Formatted instruction performs an XORF Aaaa
exclusive OR of the binary value in the accumulator and a ] K bbb
specified range of discrete memory bits (1-32).

The instruction requires a starting location (Aaaa) and the number of bits (Bbbb) to be
exclusive ORed. Discrete status flags indicate if the result of the Exclusive Or Formatted is
zero or negative (the most significant bit =1).

Operand Data Type DL06 Range

A/B aaa bbb
Inputs ... X 0-777 -
Outputs ... Y 0-777 -
Control Relays .......................... C 0-1777 -
Stage Bits ............... L S 0-1777 -
TimerBits ... T 0-377 -
CounterBits ...l CT 177 -
Special Relays ......................... SP 0-777 -
Constant ......... ... K - 1-32

Discrete Bit Flags Description

SP63 Will be on if the result in the accumulator is zero.
SP70 on when the value loaded into the accumulator by any instruction is zero.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the binary pattern of C10-C13 (4 bits) will be
loaded into the accumulator using the Load Formatted instruction. The value in the
accumulator will be logically Exclusive Ored with the bit pattern from Y20-Y23 using the
Exclusive Or Formatted instruction. The value in the lower 4 bits of the accumulator are
output to C20-C23 using the Out Formatted instruction.

DirectSOFT32

1 Location Constant
" ] -
Load the status of 4 The unused accumulator bits are set to zero
f:onsecutive bits (C10-C13)
into the accumulator 30 29 28 27 262524 23 222120 1918 17 16 1514 1312 11 10 9 8 7
XoRF - veo | | [o o o[ o[ o of of o o o[ of o[ o[ o] 0 o o] o] o[ o] 0 |0|°|0| | |0| | |0|
K4 Accumulator
Exclusive OR the binary bit Acc. 0000 000000000O0O0O O0O0O0O0DOOOO0OO0O0O00I1 10
Fali n e acoumator
XORF (Y20-Y23) [ ON | OFF|OFF| OFF| 1000
OUTF c20
1 ke ace. [o] of o o[ of of of of o] o o of 1] +] 4] o]
Copy the specified number N
of bits from the accumulator /
to C20-C23
Location Constant m
Handheld Programmer Keystrokes C20 K4 ON | ON | ON |OFF|
Pom | > ° 4 [[o ]

1
SHFT HkNDSTHD 3 HF 5 H - H NEXT‘ NEXT || NEXT -

X Q F
‘SHFT H ST H oR H SHFT H s H - ‘ NEXT

F
H SHFT H s H - H PREV H PREV

GX
out
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W

Exclusive Or with Stack (XORS)

The Exclusive Or with Stack instruction is a 32 bit instruction

that performs an exclusive or of the value in the accumulator with

the first level of the accumulator stack. The result resides in the XORS
accumulator. The value in the first level of the accumulator stack
is removed from the stack and all values are moved up one level.
Discrete status flags indicate if the result of the Exclusive Or with
Stack is zero or a negative number (the most significant bit is on).

NOTE: Status flags are valid only until another instruction uses the same flag.

Discrete Bit Flags Description

SP63 Will be on if the result in the accumulator is zero.
SP70 on when the value loaded into the accumulator by any instruction is zero.

In the following example when X1 is on, the binary value in the accumulator will be exclusive
ored with the binary value in the first level of the accumulator stack. The result will reside in
the accumulator.

DirectSOFT32

X1I LDD V1401 V1400
—{'| Lo [ ]A]

Load the value in V1400 and // \\ // \\

V1401 into the accumulator

31 30 29 28|27 26 25 24{23 22 21 20{19 18 17 16|[15 14 13 12|11 10 9 8/ 7 6 5 4|3 2 1 0

Acc. 0|1|0|1 0|1|0|0 0|1|1|1 1|1|1|0 0|0|1|0 1|0|0|0 O|1|1|1 1|0|1|0
XORS
\\ Acc. 01 0101000111111 10 001010000111 1010
Exclusive OR the value 36476A38
in_1:ehacculmula($r: XOR (1stlevelof Stacky© © 1 1 0 1 1 001000111 01101010001 11000
ith the value in the
frstlovelaf o poo. [0 [ Lol o[ o T o[ o[ o[ [ [ o o[ +][o] L e[o[o[ o] :[o[ o[ [ o o[ o[ o] [ ]
accumulator stack
OuTD
V1500
Copy the value in the
accumulator to V1500 and V1501 V1501 V1500
Handheld Programmer Keystrokes
I EIE
e o O N I P G O P 22
[ X || o ]| 7 ][ | |
I el O I P G O O 22
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i

Compare (CMP)

The compare instruction is a 16 bit instruction that compares the
value in the lower 16 bits of the accumulator with the valueina | CMP

specified V memory location (Aaaa). The corresponding status Aaaa
flag will be turned on indicating the result of the comparison.

Operand Data Type DLO06 Range

.................................... A aaa
Vmemory ... v See memory map
Pointer ... P See memory map

Discrete Bit Flags Description
SP60 On when the value in the accumulator is less than the instruction value.

SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction value.

‘E NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example when X1 is on, the constant 4526 will be loaded into the lower 16
bits of the accumulator using the Load instruction. The value in the accumulator is compared
with the value in V2000 using the Compare instruction. The corresponding discrete status
flag will be turned on indicating the result of the comparison. In this example, if the value in
the accumulator is less than the value specified in the Compare instruction, SP60 will turn on

energizing C30.
Direct SOFT32
. I_Di CONSTANT
— [+[s[2]¢]
Load the constant value
4526 into the lower 16 bits of ~ The unused accumulator
the accumulator bits are set to zero P S
ace. [0 0o o][4]s]2]e]
Compared
with
CMP
[ ] opon
Compare the value in the
accumulator with the value V2000
in V2000
SP60 C30
|| ( )
I \

Handheld Programmer Keystrokes
s | > |°
1 o5 || >[5 [ [0 75 %2 [[°0 |8
e ][5 [l ot [P | > [ "0 %0 %o Jov]
st H 4 HS“FT HSSF;RNHGG HA 0 H il ‘

GX [o] D A
Sor | > o [ [P0 %0 Jlow ]

‘ENT‘
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W

Compare Double (CMPD)

The Compare Double instruction is a 32-bit instruction that
compares the value in the accumulator with the value (Aaaa),

which is either two consecutive V memory

(max.) constant. The corresponding status flag will be turned on

indicating the result of the comparison.

CMPD

locations or an 8—digit Aaaa

Operand Data Type DL06 Range

.................................... A aaa
Vmemory .....oooviii v See memory map
Pointer ... P See memory map
Constant ...l K O—FFFFFFFF
Discrete Bit Flags Description
SP60 On when the value in the accumulator is less than the instruction value.
SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction value.

NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The value in the accumulator is
compared with the value in V2010 and V2011 using the CMPD instruction. The
corresponding discrete status flag will be turned on indicating the result of the comparison. In
this example, if the value in the accumulator is less than the value specified in the Compare
instruction, SP60 will turn on energizing C30.

Direct SOFT32
X1 b V2001 V2000
— V2000 [4]s]2[ef7 [z Jo o]
Load the value in V2000 and t l
V2001 into the accumulator
—
ncc[4]5 26 [7]2]o]e]
Compared
CMPD with
V2010
Compare the value in the HH uu
accumulator with the value V2011 V2010
in V2010 and V2011
SP60 C30
| ( )
[ \
Handheld Programmer Keystrokes
$ B
EYEY NS
L D D Cc A A A
o o ® s [°0 | > %2 %o %0 [[*0 o]
C M P D C A B A
S e O G I G P P P

$ SP
STR H - H SHFT H STRN

GX C D A
Bor | > o[ [P %o Lo ]

G A
[0 [*o J[on]
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Compare Formatted (CMPF)

The Compare Formatted compares the value in the

accumulator with a specified number of discrete locations
(1-32). The instruction requires a starting location (Aaaa)

and the number of bits (Kbbb) to be compared. The

CMPF
K bbb

Aaaa

corresponding status flag will be turned on indicating the

result of the comparison.

Operand Data Type DL06 Range

..................................... AB aaa bbb
Inputs .. ... X 0-777 -
Outputs ..o Y 0-777 -
Control Relays ......................oo.0. C 0-1777 -
Stage Bits . ... S 0-1777 -
TimerBits ............. . T 0-377 -
CounterBits ............. ... ... ... CT 0-177 -
Special Relays .....................o.l SP 0-777 -
Constant . ................. il K - 1-32
Discrete Bit Flags Description

SP60 On when the value in the accumulator is less than the instruction value.
SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction value.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on the Load Formatted instruction loads the binary
value (6) from C10-C13 into the accumulator. The CMPF instruction compares the value in
the accumulator to the value in Y20-Y23 (E hex). The corresponding discrete status flag will
be turned on indicating the result of the comparison. In this example, if the value in the
accumulator is less than the value specified in the Compare instruction, SP60 will turn on

energizing C30.
DirectSOFT32
X1 Load the value of the
_| LDF c10 specified discrete locations
K4 (C10-C13) into the
accumulator
Compare the value in the
CMPF Y20 accumulator with the value
K4 of the specified discrete
location (Y20-Y23)
SP60 €30
| | ( out )
[ \

Location Constant
c10

The unused accumulator
bits are set to zero

C13|C12|C11[C10

o[ on] onorF
R———

/

S
ncc.[0] 0] 0] o][ o]0 o 5]

Compered

Confononlore] ~___
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Compare with Stack (CMPS)

The Compare with Stack instruction is a 32-bit instruction that
compares the value in the accumulator with the value in the first level CMPS
of the accumulator stack.

The corresponding status flag will be turned on indicating the result
of the comparison. This does not affect the value in the accumulator.

Discrete Bit Flags Description

SP60 On when the value in the accumulator is less than the instruction value.
SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction value.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example when X1 is on, the value in V1400 and V1401 is loaded into the
accumulator using the Load Double instruction. The value in V1410 and V1411 is loaded
into the accumulator using the Load Double instruction. The value that was loaded into the
accumulator from V1400 and V1401 is placed on top of the stack when the second Load
instruction is executed. The value in the accumulator is compared with the value in the first
level or the accumulator stack using the CMPS instruction. The corresponding discrete status
flag will be turned on indicating the result of the comparison. In this example, if the value in
the accumulator is less than the value in the stack, SP60 will turn on, energizing C30.

DirectSOFT32 V1401 V1400
X oo VT401 it he accumlter [efefofo]ls]ele]e]
L V1400 l l
——— ———
Load thi lue in V141 d
Lob V:iﬁt iit‘tl)i#selir::cumulgne:; Acc. | 6 |5 |0 |O ” s |5 | 4 | 4 |
V1410
in the first level of the |5|5|0|°”3|5|4|4|
accumulator stack l l
SP60 C30 PR G
| | /ow) acc.[s]5]o]o][s]s]4]4]
I \ —_—
Handheld Programmer Keystrokes _(I_iompfaé?d \:\(/ith
op of Stacl
fora || > 20 [ o |
L D D B E A A
e P e O I P GO P P S
L D D B E B A
R e e S I P G P P

M P S
st | "ov | %asr ]| =7 |

‘ SHFT HC ) H SHFT H

$ G A

ML ES

GX C D A

e | > J[ver [ e [luer [ [fe, o, 2, Jawr
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Chapter 5: Standard RLL Instructions - Logical
i

Compare Real Number (CMPR)

The Compare Real Number instruction compares a real

number value in the accumulator with two consecutive CMPR

V memory locations containing a real number. The Aaaa
corresponding status flag will be turned on indicating
the result of the comparison. Both numbers being
compared are 32 bits long.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... v See memory map
Pointer . ... P See memory map
Constant.............ooiiiiii ., R -3.402823E+038 to + -3.402823E+038 E
Discrete Bit Flags Description
SP60 On when the value in the accumulator is less than the instruction value.
SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction value.
SP71 On anytime the V-memory specified by a pointer (P) is not valid
SP75 On if a BCD number is expected and a non—BCD number is encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example when X1 is on, the LDR instruction loads the real number
representation for 7 decimal into the accumulator. The CMPR instruction compares the
accumulator contents with the real representation for decimal 6. Since 7 > 6, the
corresponding discrete status flag is turned on (special relay SP60).

DirectSOFT32

X1 DR Load the real number
I I R70 representation for decimal 7
into the accumulator ace. [4]o]EJo]o]o]o]0]
CMPR Compare the value with the l l
R6.0 real number representation — ———
for decimal 6 omer | 4] ofp]o]loo]o]o]
SP60 c1
| | /
| | \ out )
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Math Instructions

Add (ADD)

Add is a 16 bit instruction that adds a BCD value in the
accumulator with a BCD value in a V memory location (Aaaa).

A aaa

(You cannot use a constant as the parameter in the box.) The

result resides in the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ..o V See memory map
Pointer ......... ... ... P See memory map
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.
SP67 On when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 will be loaded into the
accumulator using the Load instruction. The value in the lower 16 bits of the accumulator are
added to the value in V2006 using the Add instruction. The value in the accumulator is
copied to V2010 using the Out instruction.

Direct SOFT32

_|X1I LD

Load the value in V2000 into
the lower 16 bits of the
accumulator

V2000

[4]o]2]5]

V2000

The unused accumulator l
bits are set to zero

0 0 0 0 4 9 3 5 (Accumulator)

ADD

V2006 + 2 5 0 0 (V2006)
Add the value in the lower Acc. | 7
16 bits of the accumulator
with the value in V2006 J

ouT

V2010

[7]4]3]5]

V2010

Copy the value in the lower
16 bits of the accumulator to

V2010
Handheld Programmer Keystrokes
$ B
STR ” 2 " 1 LAV |

A D D [} A A G
el S P A I P P G A

GX \Y C A B A
out ”9 "s“FT” AND ” 2 ” 0 " 1 ” 0 " ENT|
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Chapter 5: Standard RLL Instructions - Math

Add Double (ADDD)

Add Double is a 32 bit instruction that adds the
BCD value in the accumulator with a BCD value
(Aaaa), which is either two consecutive V memory
locations or an 8-digit (max.) BCD constant. The

ADDD
A aaa

result resides in the accumulator.

Operand Data Type DLO06Range

.................................... aaa
Vmemory .....oooviiii See memory map
Pointer ... See memory map
Constant .............covviiiiiiiii. 0-99999999 E
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.
SP67 On when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The value in the accumulator is added
with the value in V2006 and V2007 using the Add Double instruction. The value in the
accumulator is copied to V2010 and V2011 using the Out Double instruction.

Direct SOFT

A LDD
l V2000

Load the value in V2000 and
V2001 into the accumulator

ADDD

V2006

V2001 V2000

FL DI 7]

L

—_—

6 7 3 9 5 0 2 6 (Accumulator)

+2 0 0 0 4 0 4 6 (V2006 and V2007)

Acc. 713 712
Add e valoe e [el7 3ol o I [2]
accumulator with the value
in V2006 and V2007 l J
OouTD
vaoto [s7[s o]l fo I I2]
Copy the value in the V2001 V2010
accumulator to V2010 and
V2011
Handheld Programmer Keystrokes
$ B
P | > [°0 o |
L D D C A A
SHPT || anpst]| ~ 3 3 —~ ‘ H H 0 H ENT‘
A D D D A G
el : HH [ P
GX D \% B A
[0 N I O O O O DN
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[
Add Real (ADDR)
The Add Real instruction adds a real number in the accumulator
. . . ADDR
with either a real constant or a real number occupying two S A
. . . . aaa
consecutive V-memory locations. The result resides in the
accumulator. Both numbers must conform to the IEEE floating
point format.
.................................... A aaa

Vmemory ... V See memory map
Pointer ......... ... ... P See memory map

E Constant ................ ... ... ... R -3.402823E +038 to+-3.402823E +038
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP71 On anytime the V-memory specified by a pointer (P) is not valid.
SP72 On anytime the value in the accumulator is an invalid floating point number.
SP73 On when a signed addition or subtraction results in a incorrect sign bit.
SP74 On anytime a floating point math operation results in an underflow error.

. SP75 On if a BCD number is expected and a non—BCD number is encountered.

— NOTE: Status flags are valid only until another instruction uses the same flag.

DirectSOFT32
! DR [«[eTelofleTo o o]
_| I R7.0
Load the real number 7.0 l l
i I —_—
e accumuater 7 (decimal) 4 0 E 0O OO0 0 O (Accumulator)
+ 1.5 +4 1.7 0 00 0 0 (ADDR
22 ne[4]1]B]of[oo]o]0]
ADDR
R150 V1401 V1400
Add the real number 15.0 to Ennnnn (Hex number)
the accumulator contents,
which is in real number
f t.
ome %&%N
8 42 1|8 42 1|8 421|842 1|84 2 1/8 42 1/8 42 1[8 4 2 1
OUTDV14oo ace. [o] 1] o] o o] o[ o[ 1] 1] o] 1] 1] o] o] o] of[ o] o] o] o] o] o] o] o o] 0] o] o] o] 0] 0] 0

Copy the result in the accumulator

to V1400 and V1401 Sign Bit Exponent (8 bits) Mantissa (23 bits)

128 +2 +1 =131 1.011 x 2 (exp 4) = 10110. binary= 22 decimal
131-127=4
Implies 2 (exp 4)

‘E NOTE: The current HPP does not support real number entry with automatic conversion to the 32-bit IEEE
format. You must use DirectSOFT32 for this feature.
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|
Subtract (SUB)
Subtract is a 16 bit instruction that subtracts the BCD value SuB
(Aaaa) in 2 V memory location from the BCD value in the lower Aaaa
16 bits of the accumulator. The result resides in the accumulator.
.................................... A aaa
Vmemory ... v See memory map
Pointer ... P See memory map
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow
SP65 On when the 32 bit subtraction instruction results in a borrow
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

— NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 will be loaded into the
accumulator using the Load instruction. The value in V2006 is subtracted from the value in
the accumulator using the Subtract instruction. The value in the accumulator is copied to
V2010 using the Out instruction.

D500 T T

ey LA,
_r“, 1o el fe e gegags]
I Vol
s ——
Ll o o s iy T ] l 1
WA min e aorum aeicd
@ 718 5 0 31 & Osoumseiol
_HIID L I I | 1|1r-".'i-c-:-ru-w.~:-|]
L] -
dat] s mim e s B i NN ) 1 6 ER
sl with i ool
NS amd VTR
Lo K 3]
L
Ml doBonaEa
Cop p b msh o i s I NN
Bl i T aed
EHA
Heamledd Prerarmred Eeni b
1 kM1
1] = L] i [
1 , | = 7 I o o a " kM
n 7] [= & A -
s s ] s —}I s e I'-’_: EH1
W = L] B i
N ElES ,.,,,.;.I,. . ,I,:, Eul
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B

Subtract Double (SUBD)

Subtract Double is a 32 bit instruction that subtracts the BCD value SUBD
(Aaaa), which is either two consecutive V memory locations or an 8- Aaaa
digit (max.) constant, from the BCD value in the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... V See memory map
Pointer ......... ... ... P See memory map
Constant .............................. K 0-99999999
5
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow
SP65 On when the 32 bit subtraction instruction results in a borrow
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The value in V2006 and V2007 is
subtracted from the value in the accumulator. The value in the accumulator is copied to
V2010 and V2011 using the Out Double instruction.

Direct SOFT32 V2001 V2000
Xt [of]ofe]fs [z ]7 4]

_| I P V2000
|

Load the value in V2000 and
V2001 into the accumulator

—_———— ———

0106 32 7 4

SUBD - 6 7 2 3 7 5
| V2006 acc. [o]o]s]o]oJe o o]
The in V2006 and V2007 is J J
subtracted from the value in
the accumulator
[__foum [ofofsfefofs oo ]
V2010 V2011 V2010

Copy the value in the
accumulator to V2010 and
V2011

Handheld Programmer Keystrokes

s | 2> %4 | v

ST || avost| " s ||° s 2> 1% e "o |A o | ENT

SHFT | Sar |15 [|Ysa 1% 1 [°s || 2 %2 |A o Mo |G 6 " ENT |
Bor 17 1% | =2 1% [P P4 %o | ENT
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Subtract Real (SUBR)

The Subtract Real instruction subtracts a real number in the

accumulator from either a real constant or a real number SUBR
occupying two consecutive V-memory locations. The result Aaaa
resides in the accumulator. Both numbers must conform to the
IEEE floating point format.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... V See memory map
Pointer ......... ... ... P See memory map
CONSTANT v e e R -3.402823E +038 t0+-3.402823E +038 E
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP71 On anytime the V-memory specified by a pointer (P) is not valid.
SP72 On anytime the value in the accumulator is an invalid floating point number.
SP73 On when a signed addition or subtraction results in a incorrect sign bit.
SP74 On anytime a floating point math operation results in an underflow error.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

DirectSOFT32

Xt on [4]1]e]c]lofo]o]e]
_| I R22.0 l J

Load the real number 22.0

i he lator. e ~

fothe aceumuater 2 2 (decimal) 4 1 B O 00 0 0 (Accumulator)

- 1 5 + 4 1 7 0 0 0 0 0 (SUBR
7 nec[4]o]Efoflofofo]0]
SUBR
R15.0 V1401 V1400

Subtract the real number nEn (Hex number)

15.0 from the accululator

contents, which is in real % \’\‘\‘\‘

number format.

Real Value
84 2 1|18 42 1|8 4 2 1|8 4 2 1]|84 2 1|8 42 1|8 4 2 1(8 4 2 1
L__[ou™ ace. [ o] 1] o] o o] o] o] o[ 1] 1] Jo[ o] o] o] o][o] o] o]0 o oo o[ o] o] o o] 0] o] o]0
V1400
Copy the result in the accumulator /
to V1400 and V1401, Sign Bit Exponent (8 bits) Mantissa (23 bits)
128 +1 =129 1.11 x 2 (exp 2) = 111. binary= 7 decimal
129 - 127 =2

Implies 2 (exp 2)

NOTE: The current HPP does not support real number entry with automatic conversion to the 32-bit IEEE
format. You must use DirectSOFT32 for this feature
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|
Multiply (MUL)
Multiply is a 16 bit instruction that multiplies the BCD
S . . . MUL
value (Aaaa), which is either a V memory location or a S A
4-digit (max.) constant, by the BCD value in the lower 16 aaa
bits of the accumulator The result can be up to 8 digits
and resides in the accumulator.
.................................... A aaa

VmMemory ......oooviviiiii v See memory map
Pointer . ....... .. P See memory map
Constant ................iiiL, K 0-9999

H Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

ZE NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 will be loaded into the
accumulator using the Load instruction. The value in V2006 is multiplied by the value in the

accumulator. The value in the accumulator is copied to V2010 and V2011 using the Out
Double instruction.

Direct SOFT32 V2000

- n nonn
I V2000

The unused accumulator l
Load the value in V2000 into .
the lower 16 bits of the bits are set to zero 7 N
accumulator 0 0 0 0 100 0 (Accumulator)
X 2 5 (V2006)
MUL
s DI F P ]

multiplied by the value in the
accumulator

The value in V2006 is J l

Lofofof2]ls Jo o fo]

OuUTD

_ V2011 V2010
V2010
Copy the value in the
accumulator to V2010 and
V2011
Handheld Programmer Keystrokes
$ B
|STR "9” 1 |ENT|
L D C A A A
SHFT |l anpst]| 3 - 2 0 0 0 ENT
M U L C A A G
SHIT | ‘orst || 156 || AnDsT - 2 0 0 6 | ENT |
GX D C A B A
our | SHTT 3 - 2 0 1 0 ENT

5-92 I DLO06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03



Chapter 5: Standard RLL Instructions - Math

Multiply Double (MULD)

E

Multiply Double is a 32 bit instruction that multiplies the
8-digit BCD value in the accumulator by the 8-digit BCD
value in the two consecutive V-memory locations MULD
specified in the instruction. The lower 8 digits of the Aaaa
results reside in the accumulator. Upper digits of the result
reside in the accumulator stack.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... v See memory map
Pointer . ... . P See memory map
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the constant Kbc614e hex will be loaded into the
accumulator. When converted to BCD the number is ”12345678”. That numbers stored in
V1400 and V1401. After loading the constant K2 into the accumulator, we multiply it times
12345678, which is 24691356.

Direct SOFT32 Display a3 4 5 6 7 8 (Acumulaton

X1 LDD Load the hex equivalent
— of 12345678 decimal into
Kbe614e the accumulator.
—_—
. V1401 V1400
BCD Convert the value to

5D format. il D FGTe 7 5]
occupy eight BCD digits
(32 bits).

Output the number to X 2 (Accumulator)
V1400 and V1401 using

the OUTD instruction. ace. [2]4 6 [9][1]3]5 6]

Load the constant K2 l l

into the accumulator.

Muiltiply the accumulator n

contents (2) by the
8-digit number in V1400
and V1401.

V1403 V1402

Move the result in the
accumulator to V1402
and V1403 using the
OUTD instruction.
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W
Multiply Real (MULR)
The Multiply Real instruction multiplies a real number in the MULR
accumulator with either a real constant or a real number occupying —] Aaaa
two consecutive V-memory locations. The result resides in the

accumulator. Both numbers must conform to the IEEE floating
point format.

Operand Data Type DL06 Range
.................................... A aaa
Vmemory ... V See memory map
Pointer .......... ... . P See memory map
E Real Constant .......................... R -3.402823E+038 to + -3.402823E+038
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP71 On anytime the V-memory specified by a pointer (P) is not valid.
SP72 On anytime the value in the accumulator is an invalid floating point number.
SP73 On when a signed addition or subtraction results in a incorrect sign bit.
SP74 On anytime a floating point math operation results in an underflow error.
SP75 On when a real number instruction is executed and a non-real number was encountered.
E NOTE: Status flags are valid only until another instruction uses the same flag.

DirectSOFT32 Display

| (on [+]o[e[o][ofo]o]o]
— | R7.0
Load the real number 7.0 l I
o the aceumuaor 7 (decimal) 4 0 EO 00 0 0 (Accumulator)
x 15 X4 1.7 0 000 0 (MUR
05 se[aleol2]e[o]e o]
MULR
R150 V1401 V1400
Do ooonlee
150
“//‘/Aeawak,\_\‘\’
8421|842 1)8421[842+1[lsg421]8421[8421[8421
_OUTDV1400 ace. [ o] 1] o] o o] o[ 1] o] 1] 1] o[ 1] o] o] 1] o|[ o] o] o] o] o] o] o] o] o o] o] o] o] o] o] 0

t0 V1400 and V1401, Sign Bit \ Exponent (8 bits) Mantissa (23 bits)

Copy the result in the accumulator / \

128+4+1=133
133-127=6
Implies 2 (exp 6)

1.101001 x 2 (exp 6) = 1101001. binary= 105 decimal

[ : NOTE: The current HPP does not support real number entry with automatic conversion to the 32-bit IEEE
|— format. You must use DirectSOFT32 for this feature.

5-94 I DLO06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03



Chapter 5: Standard RLL Instructions - Math

|
Divide (DIV)
Divide is a 16 bit instruction that divides the BCD
value in the accumulator by a BCD value (Aaaa), DIV
which is either a V memory location or a 4-digit Aaaa

(max.) constant. The first part of the quotient resides
in the accumulator and the remainder resides in the
first stack location.

Operand Data Type DL06 Range

.................................... A aaa
VIMEMOIY vt e e Vv See memory map

Pointer ... P See memory map
Constant ... K 0-9999

Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

— NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, the value in V2000 will be loaded into the
accumulator using the Load instruction. The value in the accumulator will be divided by the
value in V2006 using the Divide instruction. The value in the accumulator is copied to
V2010 using the Out instruction.

Direct SOFT32 V2000

. Too]0]
\ V2000 l
Load the value in V2000 into
the lower 16 bits of the The unused accumulator

bits are set to zero —_—
0000500 0 (Accumulater)

accumulator

biv + 4 9 V2006

V2006

ace. [ J1]ol2]  JoJoJofo]o oo 2]

The value in the - - -
accumulator is divided by First stak location contains
the value in V2006 l the remainder

our [ [1]o]2]

V2010 V2010

Copy the value in the lower
16 bits of the accumulator to
V2010

Handheld Programmer Keystrokes

$ B
| > "

‘ ENT ‘

L D c A A A
P A I P P O D

D I v c A A G
O P Y P O A 2

GX v C A B A
Bor | = o [P €2 [0 0 fl7o o |
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B
Divide Double (DIVD)
Divide Double is a 32 bit instruction that divides the BCD
value in the accumulator by a BCD value (Aaaa), which
must be obtained from two consecutive V memory DIVD
locations. (You cannot use a constant as the parameter in the Aaaa
box.) The first part of the quotient resides in the
accumulator and the remainder resides in the first stack
location.
Operand Data Type DL06 Range
.................................... A aaa
Vmemory ... V See memory map
E Pointer ......... ... ... P See memory map
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.
[E NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The value in the accumulator is divided
by the value in V1420 and V1421 using the Divide Double instruction. The first part of the
quotient resides in the accumulator an the remainder resides in the first stack location. The
value in the accumulator is copied to V1500 and V1501 using the Out Double instruction.

Direct SOFT32

V1401 V1400
noeEn
f V1400
Load the value in V1400 and The unused accumulator l l
bits are set to zero
V1401 into the accumulator -

015 0 0 0 0 0 (Accumulator)

DIVD 0 0 0 0 0 0 5 0 (V1421 andV1420)
V1420
ace. [oJoJo]3][oo]ofo] [oJoJoJo][o]o]o]o]

vThevv‘alue in the accum}llator First stack location contains

is divided by the value in the remainder

V1420 and V1421

OuUTD
viso0 [ofofo > ]loJo o] o]

Copy the value in the V1501 V1500

accumulator to V1500

and V1501
Handheld Programmer Keystrokes
$ B
Pom ]| > [° 1 o |

L D [ A A A
[ s s || > %2 [*o [*o [ [lo ]
D I \ C A A G

e S (PR Y I P P P G
GX \ [ A B A
I8 I EL2 Y G P P O 22
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a
Divide Real (DIVR)

The Divide Real instruction divides a real number in the
accumulator by either a real constant or a real number
occupying two consecutive V-memory locations. The DIVR
result resides in the accumulator. Both numbers must Aaaa
conform to the IEEE floating point format.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ......oooiiiii V See memory map
Pointer .......... ... ... P See memory map
Real Constant .......................... R -3.402823E+038 to + -3.402823E+038 E
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP71 On anytime the V-memory specified by a pointer (P) is not valid.
SP72 On anytime the value in the accumulator is an invalid floating point number.
SP73 On when a signed addition or subtraction results in a incorrect sign bit.
SP74 On anytime a floating point math operation results in an underflow error.
SP75 On when a real number instruction is executed and a non-real number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

DirectSOFT32 Display

< LDR (4] 7]o]ofo o 0]
_| r R15.0 l I
Load the real number 15.0
into the accumulator. —
1 5 (decimal) 4 17 0 00 0 0 (Accumulator)
1.0 .4 1.2 0 00 0 0 (DIVR)
s me[s[r[elo]o[o[o0]
DIVR
R100 V401 V1400
E;‘i:f:;];ﬁﬁlafligrof:miems n nnnn (Hex number)
%&I WN
84 2 1|8 42 1|8 4 2 1|8 42 1(|84 2 1|8 42 1(8 4 2 1(8 4 2 1
ouTD
Vid0 Acc. 0|0|1|1 1|1|1|1 1|1|0|0 0|O|0|0 0|0|0|0 0|0|0|0 ()|0|0|0 0|0|0|0
Copy the result in the accumulator /
to V1400 and V1401. Sign Bit Exponent (8 bits) Mantissa (23 bits)
-—
64+32+16+8+4+2+1=127 1.1 x 2 (exp 0) = 1.1 binary= 1.5 decimal
127 -127=0

Implies 2 (exp 0)

— NOTE: The current HPP does not support real number entry with automatic conversion to the 32-bit IEEE
— format. You must use DirectSOFT32 for this feature.
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B

Increment (INC)

The Increment instruction increments a BCD value in a INC
specified V memory location by “1” each time the instruction

is executed.

A aaa
Decrement (DEC)
The Decrement instruction decrements a BCD value in a
M . « » b . . . DEC
specified V memory location by “1” each time the instruction is ——— A aga
executed.
Operand Data Type DLO06 Range
.................................... A aaa
Vmemory ... V See memory map
Pointer ............. ... P See memory map
Discrete Bit Flags Description
SP63

On when the result of the instruction causes the value in the accumulator to be zero.
SP75

On when a BCD instruction is executed and a NON-BCD number was encountered
[E NOTE: Status flags are valid only until another instruction uses the same flag.

In the following increment example, when C5 is on the value in V1400 increases by one.

—_—

Direct SOFT32 V1400
© INC nn
|_{ li V1400
Increment the value in l
V1400 by “1”.

V1400

(8]o]3]6]
NEXT ” NEXT ” NEXT ”F 5 ” ENT |

| N c B E A A
BN e

Handheld Programmer Keystrokes

|$sm ” - ” NEXT

In the following decrement example, when C5 is on the value in V1400 is decreased by one.
Direct SOFT32

V1400

C5 DEC [8]o[3]5]
V1400

—_—

Decrement the value in

V1400 by “1”.
V1400
[ ]o]5]4]
Handheld Programmer Keystrokes
$
| STR ” -2 ” NEXT

NEXT ” NEXT ” NEXT “F 5 ” ENT|
D E c B E A A
B Y Y B O O S S
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Add Binary (ADDB)

Add Binary is a 16 bit instruction that adds the

unsigned 2’s complement binary value in the

lower 16 bits of the accumulator with an unsigned ADDB

2’s complement binary value (Aaaa), which is

either a V memory location or a 16-bit constant.

The result can be up to 32 bits (unsigned 2’s
complement) and resides in the accumulator.

Aaaa

Operand Data Type DLO06 Range

.................................... A aaa
Vmemory ... v See memory map H
Pointer . ... P See memory map
Constant ...............ccoiiiiiiia., K 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16-bit addition instruction results in a carry.
SP67 On when the 32-bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP73 On when a signed addition or subtraction results in an incorrect sign bit.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The binary value in the accumulator will be added to
the binary value in V1420 using the Add Binary instruction. The value in the accumulator is
copied to V1500 and V1501 using the Out instruction.

Directs OFT32 Dis play V1400
. - moon
V1400 ‘
Load the value in V1400 into the
lower 16 bits of the accumulator The nused accumulator

bits are setto zero
0000 0 A O 5 (Accumulator)

ADDB + 12 C 4 (V1420)
V1420

The binary value in the ace. [1]c]c o]
[1Tc]cTe]

accumulator is added to the
binary value in V1420

ouTD
V1500 V1500

Copy the value in the lower
16 bits of the accumulator to
V1500 and V1501

Handheld Programmer Keystrokes

s J[ =2 J[xan J[ 1 [ ent |

Coner ) L Do VA 3 300 J 0 Jlen ]

Lo ] L a JL o Jl o J0e I 21V I J e J 2 J[ o et ]
[our J[Cswer J [0 J > v [ Js [0 J[o J[Cenr ]
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B
Add Binary Double (ADDBD)

Add Binary Double is a 32 bit instruction that adds the

unsigned 2’s complement binary value in the accumulator ADDBD

with the value (Aaaa), which is either two consecutive V B Aaaa

memory locations or 32-bit unsigned 2’s complement

binary constant. The result resides in the accumulator.

Operand Data Type DL06 Range

.................................... A aaa

Vmemory ... V See memory map

Pointer . ... P See memory map

E Constant ........................o..... K 0-FFFF FFFF

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.

SP66 On when the 16-bit addition instruction results in a carry.

SP67 On when the 32-bit addition instruction results in a carry.

SP70 On anytime the value in the accumulator is negative.

SP73 On when a signed addition or subtraction results in an incorrect sign bit.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The binary value in the accumulator is
added with the binary value in V1420 and V1421 using the Add Binary Double instruction.
The value in the accumulator is copied to V1500 and V1501 using the Out Double
instruction.

DirectSOFT32 Display V1401 V1400

o — o o [oTe)[e [+ Lo [ 7]
_| I V1400 I l

Load the value in V1400 and
V1401 into the accumulator

—_— =

00 0 0 0 A 0 1 (Accumulator)

+ 1 0 0 0 C 0 1 0 (V1421andV1420)
ADDBD

S we (oL I AL ]
The binary value in the ‘ [
accumulator is added with the
value in V1420 and V1421

— nnonEnnn

] V1500 V1501 V1500

Copy the value in the
accumulator to V1500
and V1501

Handheld Programmer Keystrokes

o S 7 o]

I S P ) 0 P N N

3 % P P P P ) P PN R N
[ P I O P N A
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|
Subtract Binary (SUBB)

Subtract Binary is a 16 bit instruction that subtracts the unsigned SUBB

2—s complement binary value (Aaaa), which is either a V memory —— Aaaa

location or a 16-bit 2’s complement binary value, from the binary

value in the accumulator. The result resides in the accumulator.

.................................... A daaa

VMemory ..o v See memory map

Pointer . ... P See memory map

Constant .............. ... ... ........ K 0-FFFF
B
SP63 On when the result of the instruction causes the value in the accumulator to be zero.

SP64 On when the 16-bit subtraction instruction results in a borrow.

SP65 On when the 32-bit subtraction instruction results in a borrow.

SP70 On anytime the value in the accumulator is negative.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The binary value in V1420 is subtracted from the
binary value in the accumulator using the Subtract Binary instruction. The value in the
accumulator is copied to V1500 using the Out instruction.

DirectSOFT32 Display V1400
o - [To ][]
— | V1400

Load the value in V1400 into the
lower 16 bits of the accumulator

The unused accumulator ‘
bits are setto zero

00 0 0 1 0 2 4 (Accumulator)

SuBB _ 0 A 0 B (V1420
V1420
The binary value in V1420 is nn.n

the accumulator

subtracted from the value in ‘

out [ofs]r]o]

V1500 V1500

Copy the value in the lower 16
bits of the accumulator to V1500

Handheld Programmer Keystrokes

I | | T | I | |
mlL||D||V||1||4||0||0||ENT|
Gorer ] (s Jlsrer I o e 1 1 [

I I | I | N | I |

I T O | 2 | I I I | I | I |
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Subtract Binary Double (SUBBD)

Subtract Binary Double is a 32 bit instruction that subtracts
the unsigned 2’s complement binary value (Aaaa), which is
either two consecutive V memory locations or a 32-bit
unsigned 2’s complement binary constant, from the binary

SUBBD
Aaaa

value in the accumulator The result resides in the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... v See memory map
Pointer . ... . P See memory map
Constant ..............c i K 0-FFFF FFFF

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16-bit subtraction instruction results in a borrow.

SP65 On when the 32-bit subtraction instruction results in a borrow.

SP70 On anytime the value in the accumulator is negative.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The binary value in V1420 and V1421 is
subtracted from the binary value in the accumulator using the Subtract Binary Double
instruction. The value in the accumulator is copied to V1500 and V1501 using the Out
Double instruction.

DirectSOFT32 Display V1401 V1400

|
J_ J_

Load the value in V1400 and
0 00 6 00 F F

V1401 into the accumulator
(Accumulator)

— 0 0 0 0 1 A 0 1 (V1421andV1420)
SUBBD

o we PP [ [F ]

The binary value in V1420 and
V1421 is subtracted from the
binary value in the accumulator

__ OoooEaan

— V1501 V1500
V1500

Copy the value in the
accumulator to V1500
and V1501

Handheld Programmer Keystrokes

$ B
o] > |

|| EnT |
D B E A A
s > 1P [ % % Jlov ]
U B B D B E c A
|SHFT|| RST|S ISG 1 1 3 - 1 | 4 ” 2 ” 0 ” ENT‘
D B F A A
| out ” SHFT | 3 | - | 1 5 0 0 ENT
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|
Multiply Binary (MULB)
Multiply Binary is a 16 bit instruction that multiplies the
unsigned 2’s complement binary value (Aaaa), which is either MULB
a V memory location or a 16-bit unsigned 2’s complement Aaaa

binary constant, by thel6-bit binary value in the

accumulator The result can be up to 32 bits and resides in

the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ......o.oiiiiiii % See memory map
Pointer ... P See memory map
Constant ............ ... ... ... ...... K 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 will be loaded into the

accumulator using the Load instruction. The binary value in V1420 is multiplied by the
binary value in the accumulator using the Multiply Binary instruction. The value in the
accumulator is copied to V1500 using the Out instruction.

DirectSOFT32 Display

X1

0 LD
l V1400

Load the value in V1400 into the
lower 16 bits of the accumulator

MULB
V1420

The binary value in V1420 is
multiplied by the binary
value in the accumulator

V1400

o] alo]]

The unused accumulator 1
bits are set to zero —_—

00 0 0 0 A0 1 (Accumulator)

¢ 0 0 2 E (V1420

ace. [0 ofo]r]lc]e]ae]

ouTD [o]ofo]1][c]c]2]¢E]
V1500 V1501 V1500

Copy the value of the accumulator

to V1500 and V1501
Handheld Programmer Keystrokes
[ sw [ =10 x ][ 1+ J[en]
oo J[ o Jv [+ ] [ o J[ o J[en ]
Lsor] [ m JL v JL e J s JL 2>V 1« JC 2 JC o Jent ]
Lo [[swr|[ o J[ = [ v ] ILs 1o J[ o J[ en]
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Divide Binary (DIVB)
Divide Binary is a 16 bit instruction that divides the unsigned 2’s
complement binary value in the accumulator by a binary value (Aaaa),
which is either a V memory location or a 16-bit unsigned 2’s
complement binary constant. The first part of the quotient resides in
the accumulator and the remainder resides in the first stack location.

Operand Data Type DL06 Range

DIVB
Aaaa

.................................... A aaa

Vmemory ... v See memory map
Pointer ...l P See memory map
Constant .............................. K 0-FFFF

Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The binary value in the accumulator is divided by
the binary value in V1420 using the Divide Binary instruction. The value in the accumulator
is copied to V1500 using the Out instruction.

DirectSOFT32 Display V1400

[F[Afo] 1]

X1

| LD
[ V1400
Load the value in V1400 into the The unused accumulator
lower 16 bits of the accumulator bits are set to zero —
0 0 0 0 F A 0 1 (Accumulator)

DIVB

0 0 5 0 (V1420

V1420

The binary value in the
accumulator is divided by
the binary value in V1420

e EDLT]

[ofofofo]lofo]o]o]

Firststack location contains
the remainder

ouTt
V1500

Copy the value in the lower 16
bits of the accumulator to V1500

Handheld Programmer Keystrokes

Lsw JL 2 JE XL 0 [ e |

Comr Lo JL o JEV L v JL o J[L o J[ o J[enr |

Lswer [ Lo JL v Il v Il s Il 210V I JC =+ JL 2 J[ o J[ent ]
[our [[swer [ o J[ 2 Jv [ v [ s J[ o J[ o J[ en ]
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Increment Binary (INCB)

The Increment Binary instruction increments a binary

INCB

value in a specified V memory location by “1” each A aaa

time the instruction is executed.

Operand Data Type DL06 Range

A aaa
Vmemory ... V See memory map
Pointer ... P See memory map

Discrete Bit Flags
SP63

Description

On when the result of the instruction causes the value in the accumulator to be zero

Direct SOFT32

V2000 Handheld Programmer Keystrokes
.NCB EINEIC e
— || sHFT ENT
vz 000 [— STR 2 5

In the following example when C5 is on, the binary value in V2000 is increased by 1

et ey - P Y PN N I N P P G
EINEIE)
Decrement Binary (DECB)
The Decrement Binary instruction decrements a DECB
binary value in a specified V memory location by “1” T A aaa
each time the instruction is executed

.................................... A aaa
Vmemory ... V See memory map
Pointer ... P See memory map

Discrete Bit Flags

SP63

Description
On when the result of the instruction causes the value in the accumulator to be zero

NOTE: The status flags are only valid until another instruction that uses the same flags is executed

DirectSOFT32

In the following example when C5 is on, the value in V2000 is decreased by 1

V2000
Handheld Programmer Keystrokes
[+[a[5]c] :
&5 DECB $ <,
—____ —> || SHFT ENT
}7 STR
V2000 |
D E c A A A
Decrement the binary value ‘SHFT H 3 H 4 H 2 H 1 H - H 2 H 0 H 0 H 0 H ENT
in the accumulator by“1” V2000
[+[[5 6]
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Add Formatted (ADDF)
Add Formatted is a 32 bit instruction that adds the BCD
value in the accumulator with the BCD value (Aaaa) which is S
a range of discrete bits. The specified range (Kbbb) can be 1
to 32 consecutive bits. The result resides in the accumulator.

Operand Data Type DL06 Range

ADDF Aaaa
K bbb

..................................... A aaa bbb
INputS . ..o X 0-777 —
Outputs ... Y 0-777 —
Control Relays ........................... C 01777 —
StageBits............ ...l S 01777 —
TimerBits ... T 0-377 —
CounterBits ... CT 0177 —
Special Relays ........................... SP 0-137 320-717 —
Global I/0 ... GX 0-3777 —
Constant..............oiiiiii K — 1-32

Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.

SP67 On when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X6 is on, the value formed by discrete locations X0-X3 is
loaded into the accumulator using the Load Formatted instruction. The value formed by
discrete locations CO—C3 is added to the value in the accumulator using the Add Formatted
instruction. The value in the lower four bits of the accumulator is copied to Y10-Y13 using
the Out Formatted instruction.

DirectSOFT32 Display X2
X6 LDF X0 Loaq the value rgpresented m OFF
by discrete locations X0-X3
K4 into the accumulator
The unused accumulator l
bits are set to zero
ADDF co Add the value in the 00 0O0OOUOTGO O 8 (Accumulator)
accumulator with the value
K4 represented by discrete + 3 (Co-Cy) — mm
location CO-C3
aee. [0 ofo[1]fofoo1]
OUTF Y10 Copy the lower 4 bits of the
accumulator to discrete
K4 locations Y10-Y13

Handheld Programmer Keystrokes

EYEa

(o [uose]*s [Fs [ =] [ >[5 o]

‘SHFT‘AO ‘Ds HDS ‘Fs - ‘NEXTHNEXTHNEXTHNEXTHAO H - H54 H ENT‘
(%o [ [T [>T % [ T5 T ]
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Subtract Formatted (SUBF)

Subtract Formatted is a 32 bit instruction that subtracts the
BCD value (Aaaa), which is a range of discrete bits, from the

SUBF

Aaaa
K bbb

BCD value in the accumulator. The specified range (Kbbb)
can be 1 to 32 consecutive bits. The result resides in the
accumulator.

Operand Data Type DL06 Range

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X6 is on, the value formed by discrete locations X0-X3 is
loaded into the accumulator using the Load Formatted instruction. The value formed by
discrete location C0—C3 is subtracted from the value in the accumulator using the Subtract

Formatted instruction. The value in the lower four bits of the accumulator is copied to

Y10-Y13 using the Out Formatted instruction.

DirectSOFT32 Display
Load the value represented m m
by discrete locations X0-X3
into the accumulator

The unused accumulator l
bits are set to zero

Subtract the value
represented by C0-C3 from

the value in the accumulator 8 (C0-C3

y
#ec.[ofoToo oo o 1]
Copy the lower 4 bits of the

accumulator to discrete I

locations Y10-Y13

Handheld Programmer Keystrokes

EZEZEZEN
[ [ivesrl®s 175 [ %o [ > % Jlov]
[ [Basr J[ oo |0 ][® 4 ][5 [ > J[mecr [ ][wec [oueer [, [ [=, Jlaw ]
] P Y P P Y G 2

0000 0009 (Accum“'a;‘”)/
Lon] or[ ore] or]

..................................... A aaa bbb
Inputs . ... X 0-777 —
Outputs ..o Y 0-777 —
Control Relays ........................... C 01777 —
Stage Bits ............ ... .l S 01777 — E
TimerBits .......... ... T 0-377 —
Counter Bits ................ ... CT 0-177 —
Special Relays .................coooil SP 0-137 320-717 —
Global I/0 ... GX 0-3777 —
Constant . ................. ...l K — 1-32

Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow
SP65 On when the 32 bit subtraction instruction results in a borrow
SP70 On any time the value in the accumulator is negative.

SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.
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Multiply Formatted (MULF)

Multiply Formatted is a 16 bit instruction that multiplies the

BCD value in the accumulator by the BCD value (Aaaa) whichis —— MULFK bbbA aaa
a range of discrete bits. The specified range (Kbbb) can be 1 to
16 consecutive bits. The result resides in the accumulator.
..................................... A aaa bbb
INPUES ..o X 0-777 —
Outputs ... Y 0-777 —
Control Relays ..................oooiiit. C 01777 —
Stage Bits . ... S 01777 —
E TimerBits ............ T 0-377 —
CounterBits . ... CT 0177 —
Special Relays .............. ... .. SP 0-137 320-717 —
Global I/O ... GX 0-3777 —
Constant . ............ccoiiiiii K — 1-16
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On any time the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X6 is on, the value formed by discrete locations X0-X3 is
loaded into the accumulator using the Load Formatted instruction. The value formed by
discrete locations CO—-C3 is multiplied by the value in the accumulator using the Multiply
Formatted instruction. The value in the lower four bits of the accumulator is copied to
Y10-Y13 using the Out Formatted instruction.

DirectSOFT32 Display
X6 Load the value represented mmm
LDF X0 by discrete locations X0-X3
K4 into the accumulator
The unused accumulator l
bits are set to zero
MULF co Muitiply the value in the 0000 0 0 0 3 (Accumulator)
accumulator with the value
K4 represented by discrete ¢ 2 (C0-C3) EEE!IEE
locations C0-C3
#ec.[0JoJofo][ofofo]e]
Copy the lower 4 bits of the
OUTF Y10 accumulator to discrete
Ka locations Y10-Y13
Handheld Programmer Keystrokes
Y13[Y12|Y11| Y10
ENT ‘
Pom | > [%6 | orlonlonlor
A E
\SHFT = N I (v SN G
L F —> || NEXT || NEXT || NEXT || NEXT - || ENT
ORST ISG ANDST 5
F B A E
\ \SHFT\ = O S O 2
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Divide Formatted (DIVF)

Divide Formatted is a 16 bit instruction that divides the BCD

value in the accumulator by the BCD value (Aaaa), a range of
discrete bits. The specified range (Kbbb) can be 1 to 16
consecutive bits. The first part of the quotient resides in the

DIVF

K bbb

Aaaa

accumulator and the remainder resides in the first stack location.

Operand Data Type DLO06 Range

..................................... A aaa bbb
INputs . ... .o X 0-777 —
Outputs ... Y 0-777 —
Control Relays ........................... C 01777 —
StageBits............ ...l S 01777 —
TimerBits ........... ... T 0-377 —
CounterBits ............. .. ... CT 0-177 —
Special Relays ........................... SP 0-137 320-717 —
Global I/0 ... GX 0-3777 —
Constant...................... il K — 1-16
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On any time the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X6 is on, the value formed by discrete locations X0-X3 is
loaded into the accumulator using the Load Formatted instruction. The value in the
accumulator is divided by the value formed by discrete location CO—~C3 using the Divide
Formatted instruction. The value in the lower four bits of the accumulator is copied to
Y10-Y13 using the Out Formatted instruction.

Direct SOFT32 Display

X6, Load the value represented
by discrete locations X0-X3

Ka into the accumulator

Divide the value in the
DIVF CO | accumulator with the value

K4 represented by discrete
location C0O-C3

Copy the lower 4 bits of the
accumulator to discrete
K4 locations Y10-Y13

OUTF

Handheld Programmer Keystrokes

$ G
EEI

ENT ‘

Lon [ o] ore| or]
The unused accumulator l
bits are set to zero
0 00O 000 8 (Accumulator)
i 2 (C0-CY Lor[ oFr on[or]
neo.[0JoJo]o][o]oJo4] [ofofoo][o]oo]o]
First stack location contains
l the remainder
Y13|Y12|Y11]| Y10
Lor[ on [ore| o]

L D F A E
El O N O Y e
D 1 v F A E
SHFT 3 s 'AND s - ‘NEXT HNEXT HNEXT H NEXTH o H - H 4 H ENT‘
GX F B A E
(G [l 7 | > [P e >[50 o]
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Add Top of Stack (ADDS)
Add Top of Stack is a 32 bit instruction that adds the BCD
value in the accumulator with the BCD value in the first level
of the accumulator stack. The result resides in the
accumulator. The value in the first level of the accumulator
stack is removed and all stack values are moved up one level.

Discrete Bit Flags Description

ADDS

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.

SP67 On when the 32 bit addition instruction results in a carry.

SP70 On anytime the value in the accumulator is negative.

SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The value in V1420 and V1421 is
loaded into the accumulator using the Load Double instruction, pushing the value previously
loaded in the accumulator onto the accumulator stack. The value in the first level of the
accumulator stack is added with the value in the accumulator using the Add Stack
instruction. The value in the accumulator is copied to V1500 and V1501 using the Out
Double instruction.

DirectSOFT32 Display V1401 V1400
X1 LoD Load the value in V1400 and [ofolz]o][s]o]2]¢] Accumulator stack
_| | V1401 into the accumulator after 15tLDD
I V1400 l |
—_— Levell |X X X X X X X X
nce. oo [o |[s To 2 6] tevel2 [X X X X X X X _X
Level3 |X X X X X X X X
Level4 |X X X X X X X X
LDD Load the value in V1420 and Level5 ]1X X X X X X X X
V1421 into the accumulator
V1420 Level6 |X X X X X X X X
—
Level7 |X X X X X X X X
nee. [0 o1 [7][2]o s [e] Levels X X X X X X X X
ADDS Addme:/zv;emﬁ;e |
accumulator wi value
inthe frtlevel of the ace [olo]s Je][7]oTe 2]
accumulator stack
—_———— Accumulator stack
after 2nd LDD
ouTD Copy the value in the l l Levell |0 0 3 9 5 0 2 6
— accumulator to V1500 level2 | X X X X X X X X
V1500 and V1501 L —— ——
nnﬂ Level3 |X X X X X X X X
Handheld Programmer Keystrokes V1501 Level4 | X X X X X X X X
s 5 Level5 |X X X X X X X X
‘STRH%H1‘ENT‘ Level6 |X X X X X X X X
Level7 |X X X X X X X X
e = e O I P G D 2
ANDST 3 3 1 4 0 o) Level8 [X X X X X X X X
L D D B E [¢] A
[ oper]® s [P0 [ > 20 5 ] %0 Jlow]
A D D S
HFT ENT
S 0 3 3 RST
GX D B F A A
2 EX1 DN N O N B 2
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Chapter 5: Standard RLL Instructions - Math

Subtract Top of Stack (SUBS)

Subtract Top of Stack is a 32 bit instruction that subtracts the
BCD value in the first level of the accumulator stack from SUBS
the BCD value in the accumulator. The result resides in the
accumulator. The value in the first level of the accumulator

stack is removed and all stack values are moved up one level.

Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow
SP65 On when the 32 bit subtraction instruction results in a borrow
SP70 On any time the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The value in V1420 and V1421 is
loaded into the accumulator using the Load Double instruction, pushing the value previously
loaded into the accumulator onto the accumulator stack. The BCD value in the first level of
the accumulator stack is subtracted from the BCD value in the accumulator using the
Subtract Stack instruction. The value in the accumulator is copied to V1500 and V1501
using the Out Double instruction.

Direct SOFT32 Display V1401
X1 oD Load the value in V1400 and [ofo]1]7] lﬂlﬂ Accumulator stack
_| I V1401 into the accumulator | | after 1stLDD
V1400
—— Level1 [ X X X X X X X X
acc. (o] o1 ]7][2]o s ]6] X X X X X X X X
X X X X X X X X
LDD Load the value in V1420 and V1421 V1420 X X X X X X X X
—o V1421 into the accumulator
i Lo o[ [5To 2 [¢] EEEEEEE
l 1 X X X X X X X X
—— ——— X X X X X X X X
_ nee. [0 03[0 ][5 [o]2]e] X X X X X X X X
Subtract the value in the first
SUBS
— level of the accumulator
stack from the value in the
accumulator
nec.[0] o]z [2][2]s7]0]
—_— Accumulator stack
after 2nd LDD
TD Copy the value inthe
—OLJ accumulator to V1500 Level 1 00172056
V1500 and V1501 e — Level2 [X X X X X X X X
[ofo]2]2][2]e]7]o] Levela [X X X X X X X X
V1501 V1500 Level 4 X X X X X X X X
Handheld Programmer Keystrokes Level 5 X X X X X X X X
X X X X X X X X
I EI -
Level 7 X X X X X X X X
D B E A A X X X X X X X X
e P O e I (P G P P o
D B E C A
e 9 O N I (P G G P 2
S u B S
‘S” ‘ RST ‘S“FTH IsG H 1 H RST H ) ‘
e} D B F A A
(Lo o > o 7 %0 %0 JLow]
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Chapter 5: Standard RLL Instructions - Math

Multiply Top of Stack (MULS)

Multiply Top of Stack is a 16 bit instruction that multiplies a 4-
digit BCD value in the first level of the accumulator stack by a

4-digit BCD value in the accumulator. The result resides in the

accumulator. The value in the first level of the accumulator stack
is is removed and all stack values are moved up one level.

MULS

Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On any time the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 will be loaded into the

accumulator using the Load instruction. The value in V1420 is loaded into the accumulator
using the Load instruction, pushing the value previously loaded in the accumulator onto the

accumulator stack. The BCD value in the first level of the accumulator stack is multiplied by
the BCD value in the accumulator using the Multiply Stack instruction. The value in the
accumulator is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 Display V1400
X1 LD Load the value in V1400 into nnn
| the accumulator The unused accumulator
I V1400 bits are set to zero l
—— Level 1
aco. [0J0 JoJo][sTo o] o] Level 2
V1420
D Load the value in V1420 into [o]2]0]0]
— V1420 the accumulator The unused accumulator
bits are set to zero l
P——
nee [0] 0 Jo] o] ] 2] 0] o]
Multiply the value in the
— MULS accumulator with the value
in the first level of the
so. Lo To][oTo o] 0]
—_—
outo otmgeor 1560 [ l e
— umul
V1500 and V1501 - Level 2
o] Jofo][o] o] o] ] Lovel
V1501 V1500 Level 4
Level 5
Handheld Programmer Keystrokes Level 6
evel
$ B
‘ sR || 2 1 || BNT Level 7
Level 8
L D B E A A
e P G P S S P
L D B E C A
[ o] ® | > 0 J7 [ %o JLow ]
M U L S
‘SHFT H ORST H ISG HANDSTH RST H ENT ‘
GX D B F A A
IEP EXL0 GO G P O P 2
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Accumulator stack
after 1st LDD

X X X

X X

XX X|X|X|X]|X]|Xx

X
X
X
X
X
X
X
X

X x| x|>x|>x|x]|x]|x
XXX |X]|X|Xx
Xx|x|x|x|x
XX X|X]|X|Xx]|Xx
XX X|X|X|X]|X]|Xx

X x| x x| x|x]|x]|x

Accumulator stack
after 2nd LDD

0 0 5

X|x|x|x|x|x]|x|o
X|x|x|x|x|x]|x|o
XX X|X|X|Xx]|Xx
X x|x|[x|x]|x|x
X x| x|[x|x]|x|x
X|IX|X|X|X|X]|X*x]|e
X|IX|X|X|X|X]|X]|©

x| x| x|x|x|x]|x|o




Chapter 5: Standard RLL Instructions - Math
|

Divide by Top of Stack (DIVS)
Divide Top of Stack is a 32 bit instruction that divides the
8-digit BCD value in the accumulator by a 4-digit BCD DIVS
value in the first level of the accumulator stack. The result ]
resides in the accumulator and the remainder resides in the
first level of the accumulator stack.

Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On any time the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the Load instruction loads the value in V1400 into
the accumulator. The value in V1420 is loaded into the accumulator using the Load Double
instruction, pushing the value previously loaded in the accumulator onto the accumulator
stack. The BCD value in the accumulator is divided by the BCD value in the first level of the
accumulator stack using the Divide Stack instruction. The Out Double instruction copies the
value in the accumulator to V1500 and V1501.

DirectSOFT32 Display V1400 Accumulator stack
after 1st LDD
X1 LD Load the value in V1400 into nnn
_| | the accumulator The unused accumulator Level 1 X X X X X X X X
| V1400 bits are set to zero l
—_— Level 2 X X X X X X X X
nec. [0 oo o][eJof2]o] lovels [X X X X X X X X
X X X X X X X X
V1421 V1420 XX X X X X X X
LDD Load the value in V1420 and nnﬂn nnnn XX X X XX XX
— V1421 into the accumulator
V1420 l l X X X X X X X X
X X X X X X X X

——
nce. [0 o] 5] o][ofofo]o]

Accumulator stack
after 2nd LDD

Divide the value in the

DIVS . Levelt |0 O 0O 0O 0 0 2 O
— accumulator by the value in _ _ vel
et love o the nce. [0 oo 2][5]ofo o] Loz [X X X X X X X X
accumulator stack R e ——
Level 3 X X X X X X X X
Level 4 X X X X X X X X
Copy the value in the
L__[outd accumulator to V1500 level5 | X X X X X X X X
V1500 and V1501 level6 [X X X X X X X X
Level 7 X X X X X X X X
Level 8 X X X X X X X X
Handheld Programmer Keystrokes
The remainder resides in the
first stack location
$ B
Com | > [°, o |
Levelt |O 0 O 0 O 0 0 O
[ s °o | > [P [Fa %0 %0 Jov ] o2 [V X
L 5 o 5 c c A Level3 [ X X X X X X X X
Lo o] ®s [P [ =2 P JIF J% %0 o] Los [OOX KX
Level5 | X X X X X X X X
ol I Y T
3 8 AND || RST Level6 |[X X X X X X X X
GX D B F A A Level 7 X X X X X X X X
i EL1 A S S L P P
Level 8 X X X X X X X X
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Chapter 5: Standard RLL Instructions - Math
B

Add Binary Top of Stack (ADDBS)

Add Binary Top of Stack instruction is a 32 bit instruction that

adds the binary value in the accumulator with the binary value

in the first level of the accumulator stack. The result resides in —_
the accumulator. The value in the first level of the accumulator

stack is removed and all stack values are moved up one level.

Discrete Bit Flags Description

ADDBS

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.

SP67 On when the 32 bit addition instruction results in a carry.

SP70 On anytime the value in the accumulator is negative.

SP73 On when a signed addition or subtraction results in an incorrect sign bit.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The value in V1420 and V1421 is
loaded into the accumulator using the Load Double instruction, pushing the value previously
loaded in the accumulator onto the accumulator stack. The binary value in the first level of
the accumulator stack is added with the binary value in the accumulator using the Add Stack
instruction. The value in the accumulator is copied to V1500 and V1501 using the Out
Double instruction.

DirectSOF T32 Display V1401 V1400
X1 0D Load the value in V1400 and ﬂﬂl ﬂﬂ Accumulator stack
_| | V1401 into the accumulator after 1stLDD
I V1400 | |
— ——— Level 1 |X X X X X X X X
ace. [T o 3] A][5]o]c 6] tevel2 [X X x x X X X X
Level3 |X X X X X X X X
Level4 |X X X X X X X X
Load the value in V1420 and Level5 [X X X X X X X X
LDD ¥
V1421 into the accumulator Level6 |X X X X X X X X
V1420
Level7 |X X X X X X X X
Level8 |X X X X X X X X
ADDBS Add the binary yalue in‘the
accumulator with the binary
value in the first level of the
accumulator stack Accumulator stack
after 2nd LDD
P Copy the value in the Levell O 0 3 A5 0 C 6
accumulator to V1500 Level2 |X X X X X X X X
V1500 and V1501
Level3 |X X X X X X X X
Level4 |X X X X X X X X
Handheld Programmer Keystrokes Level 5 X X X X X X X X
$ H - H ENT ‘ Level6 |X X X X X X X X
STR Level7 |X X X X X X X X
D B E A A X X X X X X X X
SHFTHANDSTH H 3 H - H 1 H 4 H 0 H 0 H ENT ‘ tevel®

A D D B s
e [ ] s [P0 [ |

D B F A A
ol e G I S G

ENT ‘

GX

D B E C A
e e P O I G P P

ENT
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Chapter 5: Standard RLL Instructions - Math

Subtract Binary Top of Stack (SUBBS)

Subtract Binary Top of Stack is a 32 bit instruction that
subtracts the binary value in the first level of the accumulator [ SUBBS
stack from the binary value in the accumulator. The result
resides in the accumulator. The value in the first level of the
accumulator stack is removed and all stack locations are
moved up one level.

Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow
SP65 On when the 32 bit subtraction instruction results in a borrow
SP70 On any time the value in the accumulator is negative.

‘E NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The value in V1420 and V1421 is
loaded into the accumulator using the Load Double instruction, pushing the value previously
loaded in the accumulator onto the accumulator stack. The binary value in the first level of
the accumulator stack is subtracted from the binary value in the accumulator using the
Subtract Stack instruction. The value in the accumulator is copied to V1500 and V1501
using the Out Double instruction.

Direct SOFT32 Display V1401 V1400
. DD Load the value in V1400 and [oJo ][z o] s8] Acoumuator stack
—| I Vid0 V1401 into the accumulator l l after 1
— —— Level 1 X X X X X X X X
acc. o]0l 1 JA][2]o]5 [ ] Levei2 [X X X X X X X X
X X X X X X X X
V1421 V1420 X X X X X X X X
oD Loag e value i V1420 g [eToT=TAls e cTe] X X X X X X X X
— V1420 1421 into the accumulator l 1 X X X X X X X X
———
X X X X X X X X
neo. [0Jo[ 2] a][so]c 6] XX X X X X x
SUBBS Subtract the binary value in
the first level of the
accumulator stack from the Acc. nnn nnﬂ
g::r::aurr);‘zzl(u;mthe —_— Accumulator stack
after 2nd LDD
ouTD Copy the value in the 1 1 Level 1 001 A2 0 5 B
accumulator to V1500 X X X X X X X X
T DDBBBne0 o
Level 3 X X X X X X X X
V1501 V1500 X X X X X X X X
Handheld Programmer Keystrokes Level 4
Level 5 X X X X X X X X
i ° Level 6 X X X X X X X X
‘STRH%H1 ENT‘ °
L ) B £ A A Level 7 X X X X X X X X
D
‘S”FTHANDSTH 2 % H9 H 1 H 4 H 0 H 0 HENT‘ levls | X X X X X X X X
L D D B E C A
Lo ipsr® s [P (> )70 [Fa JI7 %o Jo]
S U B B S
N R e
GX D B F A A
‘OUT‘SHFT s ‘§H 1 H 5 H 0 H 0 HENT‘
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Chapter 5: Standard RLL Instructions - Math
B

Multiply Binary Top of Stack (MULBS)

Multiply Binary Top of Stack is a 16 bit instruction that
multiplies the 16 bit binary value in the first level of the
accumulator stack by the 16 bit binary value in the S
accumulator. The result resides in the accumulator and can
be 32 bits (8 digits max.). The value in the first level of the
accumulator stack is removed and all stack locations are
moved up one level.

MULBS

Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On any time the value in the accumulator is negative.

NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the Load instruction moves the value in V1400 into
the accumulator. The value in V1420 is loaded into the accumulator using the Load
instruction, pushing the value previously loaded in the accumulator onto the stack. The
binary value in the accumulator stack’s first level is multiplied by the binary value in the
accumulator using the Multiply Binary Stack instruction. The Out Double instruction copies
the value in the accumulator to V1500 and V1501.

Direct SOFT32 Display V1400 Accumulator stack
fier 1st LDD
X I Load the value in V4400 info The unused accumuiator [c[3]5]°] ater 1s
the lat
—| f iaoo e accumulator e unused acoun l Level1 [X X X X X X X X
_ level2 |[X X X X X X X X
MooonEann EEEEEEE
X X X X X X X X
oTe [ T7] EEREREE
1[4
. ) X X X X X X X X
LD Load the value in V1420 into The unused accumulator
V1420 the accumulator bits are set to zero l. X X X X X X X X
—_—
X X X X X X X X
nco. [0 0o Jo][o0]

MULBS Multiply the binary value in

binry vaue 1 rstovel nco.[0] o]0 ]F]
N ————

of the accumulator stack

Accumulator stack
after 2nd LDD

Levelt [0 0 0 0 C 3 5 0
.l l Level2 [X X X X X X X X
S et — —— Lovis XK KX X X
— umul

ViS00 and V1501 [ooo F][«]2]4]o] Level4 [X X X X X X X X
V1801 V1500 level5 [X X X X X X X X
X X X X X X X X

Handheld Programmer Keystrokes Level 6
Level7 [X X X X X X X X

B

‘$STHH%H1‘ENT‘ level8 [X X X X X X X X

L D B E A A
[ [hvosr®s [ > ] [5a [*o %o o]

L D B E [¢] A
(= Jhwosr® J[ > 0 ][0 02 %o J[o ]

M U L B S
SHFT ORST ISG_ || ANDST 1 ‘ RST ‘ ENT

B F
R N CR P

o

>
>

ENT ‘

GX
out 0
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Chapter 5: Standard RLL Instructions - Math

Divide Binary by Top OF Stack (DIVBS)
Divide Binary Top of Stack is a 32 bit instruction that
divides the 32 bit binary value in the accumulator by the DIVBS
16 bit binary value in the first level of the accumulator
stack. The result resides in the accumulator and the
remainder resides in the first level of the accumulator

stack.
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On any time the value in the accumulator is negative.

‘E NOTE: Status flags are valid only until another instruction uses the same flag.

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in V1420 and V1421 is loaded into the
accumulator using the Load Double instruction also, pushing the value previously loaded in
the accumulator onto the accumulator stack. The binary value in the accumulator is divided
by the binary value in the first level of the accumulator stack using the Divide Binary Stack
instruction. The value in the accumulator is copied to V1500 and V1501 using the Out
Double instruction.

Direct SOFT32 Display V1400 Accumulator stack
after 1st LDD
X1 LD Load the value in V1400 into nnn
_| | the accumulator The unused accumulator Level1 [X X X X X X X X
I V1400 bits are set to zero l
— Level 2 X X X X X X X X
nce. [0]oJoJo][of o] +1T+] Leveld [X X X X X X X X
Level 4 X X X X X X X X
V1421 V1420 Level 5 X X X X X X X X
5 Level 6 X X X X X X X X
LDD Load the value in V1420 and nnnn . .n
— V1420 V1421 into the accumulator Level7 [X X X X X X X X
Level 8 X X X X X X X X
Ace. ﬂﬂﬂﬂ Illﬂ
Accumulator stack
after 2nd LDD
DIVBS Divide the binary value in
the accumulator by the Level1 JO 0 0 00 0 1 4
binary value in the first level Acc. nnnn nn Level 2 X X X X X X
of the accumulator stack
Level 3 X X X X X X
Level4 |X X X X X X
c Level 5 X X X X X X
opy the value in the
— OUTD\” accumulator to V1500 Level6 [X X X X X X
% and V1501 Level7 [X X X X X X
Level8 |X X X X X X
Handheld Programmer Keystrokes
The remainder resides in the
B first stack location
o | > [°, Jlo |
Level 1 0 00 0OO0OO0OOTO
B E A A
‘SHFF HANDSTH H - H 1 H 4 H 0 H o H ENT‘ levelz2 [X X X X X X
| X X X X X X
e T O O RGP P O 52 o
s 3 1 4 2 0 Level4 [X X X X X X
! v B S Level5 [X X X X X X
il G O Y P P 2
Level 6 X X X X X X
D B F A A
‘OUTHS”FTHa‘é‘1H5H0H0HENT‘ Level 7 |X X X X X X
Level 8 X X X X X X
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Chapter 5: Standard RLL Instructions - Transcendental Functions

Transcendental Functions

The DL06 CPU features special numerical functions to complement its real number
capability. The transcendental functions include the trigonometric sine, cosine, and tangent,
and also their inverses (arc sine, arc cosine, and arc tangent). The square root function is also
grouped with these other functions.

The transcendental math instructions operate on a real number in the accumulator (it cannot
be BCD or binary). The real number result resides in the accumulator. The square root
function operates on the full range of positive real numbers. The sine, cosine and tangent
functions require numbers expressed in radians. You can work with angles expressed in
degrees by first converting them to radians with the Radian (RAD) instruction, then

ﬂ performing the trig function. All transcendental functions utilize the following flag bits.

Discrete Bit Flags Description

SP53 On when the value of the operand is larger than the accumulator can work with.

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

SP72 On anytime the value in the accumulator is an invalid floating point number

SP73 On anytime the value in the accumulator is negative.

SP75 On when a real number instruction is executed and a non-real number was encountered.

Sine Real (SINR)

The Sine Real instruction takes the sine of the real number stored in the accumulator. The
result resides in the accumulator. Both the original number and the result are in IEEE 32-bit
format.

Cosine Real (COSR) —

The Cosine Real instruction takes the cosine of the real number
stored in the accumulator. The result resides in the accumulator.
Both the original number and the result are in IEEE 32-bit format.

Tangent Real (TANR) __ |ACOSR

The Tangent Real instruction takes the tangent of the real number
stored in the accumulator. The result resides in the accumulator.
Both the original number and the result are in IEEE 32-bit format.

Arc Sine Real (ASINR) TANR

The Arc Sine Real instruction takes the inverse sine of the real
number stored in the accumulator. The result resides in the
accumulator. Both the original number and the result are in IEEE
32-bit format. ASINR

SINR
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Chapter 5: Standard RLL Instructions - Transcendental Functions

Arc Cosine Real (ACOSR)

Arc Tangent Real (ATANR)

Square Root Real (SQRTR)

X1

_|

The Arc Cosine Real instruction takes the inverse cosine of the
real number stored in the accumulator. The result resides in the ———

accumulator. Both the original number and the result are in
IEEE 32-bit format.

ACOSR

The Arc Tangent Real instruction takes the inverse tangent of ATANR
the real number stored in the accumulator. The result resides in

the accumulator. Both the original number and the result are in
IEEE 32-bit format.

The Square Root Real instruction takes the square root of the SQRTR E
real number stored in the accumulator. The result resides in the

accumulator. Both the original number and the result are in
IEEE 32-bit format.

NOTE: The square root function can be useful in several situations. However, if you are trying to do the
square-root extract function for an orifice flow meter measurement as the PV to a PID loop, note that the
PID loop already has the square-root extract function built in.

The following example takes the sine of 45 degrees. Since these transcendental functions
operate only on real numbers, we do a LDR (load real) 45. The trig functions operate only in
radians, so we must convert the degrees to radians by using the RADR command. After using
the SINR (Sine Real) instruction, we use an OUTD (Out Double) instruction to move the
result from the accumulator to V-memory. The result is 32-bits wide, requiring the Out
Double to move it.

Accumulator contents

DirectSOFT32 Display (viewed as real number)
LDR Load the real number 45 into
I R4 the accumulator. 45.000000

Convert the degrees into radians

RADR 9 '
leaving the resultin the | 0.7358981 |
accumulator.

SINR Take the sine of the number in
the accumulator, which is in 07071 067
radians.

ouUTD Copy the value in the
accumulator to V2000 0.7071067

V2000 and V2001.

NOTE: The current HPP does not support real number entry with automatic conversion to the 32-bit IEEE
format. You must use DirectSOFT32 for entering real numbers, using the LDR (Load Real) instruction.
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Chapter 5: Standard RLL Instructions - Bit Operation

Bit Operation Instructions

Sum (SUM)

The Sum instruction counts number of bits that are set
to “1” in the accumulator. The HEX result resides in

the accumulator.

Discrete Bit Flags

SP63

SUM

Description
On when the result of the instruction causes the value in the accumulator to be zero.

In the following example, when X1 is on, the value formed by discrete locations X10-X17 is
loaded into the accumulator using the Load Formatted instruction. The number of bits in the
accumulator set to “1” is counted using the Sum instruction. The value in the accumulator is
copied to V1500 using the Out instruction.

Direct SOFT32 Display

X1

4{

LDF

X10

[x17] x16] x15[ x1a] x13] x12] x11] 0]

[ on] on|orr|orr| on|orF| on] o]

K8 The unused accumulator
bits are set to zero \
Load the value represented by
discrete locations X10-X17
into the accumulator 31 30 29 28|27 26 25 24|23 22 21 20[19 18 17 ]6‘ 1514 1312|1110 9 8|7 6 5 4|3 2 1 o‘
Acc. OIO‘O‘O O‘O‘OIO 0‘0[0‘0 0[0‘0‘0‘ OIO‘O‘O OIO‘OIO 1‘1|0‘O 1|O‘1‘1‘
<1000 ]O[|O]|O]O|5
SuMm Au_.‘ ‘ ‘ ‘ H ‘ ‘ >
Sum the number of bits in
the accumulator set to “1”
our [ofo]o]s]
V1500 V1500
Copy the value in the lower
16 bits of the accumulator
to V1500
Handheld Programmer Keystrokes
$ B
om | > °) o]

S V] M
o7 P ]| 7 ][V | e | > | & |

GX

ouTt

B F A
| > [[emev][omev]fenev o 7o %

L D F B A |
e T N G P P I I 2

A
0

ENT ‘
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Chapter 5: Standard RLL Instructions - Bit Operation

Shift Left (SHFL)

Shift Left is a 32 bit instruction that shifts the bits in the

accumulator a specified number (Aaaa) of places to the left.
The vacant positions are filled with zeros and the bits shifted Aaaa
out of the accumulator are discarded.

Operand Data Type DLO6 Range

SHFL

.................................... A aaa
VMemory ... v See memory map
Constant ............ ...l K 1-32

SP63

Discrete Bit Flags Description H

On when the result of the instruction causes the value in the accumulator to be zero.

SP70

On anytime the value in the accumulator is negative.

In the following example, when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The bit pattern in the accumulator is
shifted 2 bits to the left using the Shift Left instruction. The value in the accumulator is
copied to V2010 and V2011 using the Out Double instruction.

Direct SOFT32

X1

| LDD
I V2000

Load the value in V2000 and
V2001 into the accumulator

SHFL
K2

The bit pattern in the
accumulator is shifted 2 bit
positions to the left

OuTD
V2010

V2001 V2000

s fels e o]

)

— — — —
31 30 29 28|27 26 25 24/23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
Acc. 0Ill1l0 Ol]l1|lol0|0l0 0[1[0[1 Ol0l1l10l0l0l10l0l0l0 0I0l0l1

Shifted out of the PR
accumulator

313029 28 27 26 2524 2322212019 181716 15141312 1110 9 8 7 6 5 4 3 2 1 0

Copy thevalueinthe ace.[1] o[ o[ 1] 1] 1ol o[ o] oJ o[ 1]o[Jo]o][1[]o]o] o[ 1]o[ o] o[ o] o] o o] 1] o]0
Il 4] [clfofd]
EYEYNEN
R O N G I P P O
N P N P P e I G
P O A S G
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Chapter 5: Standard RLL Instructions - Bit Operation
B

Shift Right (SHER)
Shift Right is a 32 bit instruction that shifts the bits i

accumulator a specified number (Aaaa) of places to the right.

The vacant positions are filled with zeros and the bits
of the accumulator are lost.

n the SHFR

Aaaa

shifted out

Operand Data Type DLO6Range
.................................... A aaa
VMemory .....oooiiiiiii v See memory map
Constant ..............c.oiiiiiiiiit, K 1-32
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

In the following example, when X1 is on, the value in

V2000 and V2001 will be loaded into

the accumulator using the Load Double instruction. The bit pattern in the accumulator is
shifted 2 bits to the right using the Shift Right instruction. The value in the accumulator is
copied to V2010 and V2011 using the Out Double instruction.

Direct SOFT32

V2001

V2000

X1 oD Constant n.
—{ }7‘ V2000 % \\\\
Load the value in V2000 and
V2001 into the accumulator —
31 30292827262524232221 2019181716 151413 12{11°10 9 8|7 6 5 4|3 2 1 0
SHFR Acc. o 1 1‘0 0 1‘1‘1 o‘o]o‘ 0]1‘0]1‘ 0]0‘1]1 0‘0]0]1 0]0‘0‘0 U‘UIUI
K2

The bit pattern in the
accumulator is shifted 2 bit
positions to the right

OuUTD
V2010

W

31 30 29 28 27 26 25 24 23 22 21 2019 18

J

Shifted out of the
accumulator

1716 15141312 11109 8 7 6 5 4 3 2 1 0

Copy the value in the Acc. o 0 o‘ 1 0‘0‘ 1‘1|0‘ 0]0‘0]1‘ o]l‘o]o 1‘1]0]0 0]1‘0‘0 0‘0]0[0
accumulator to V2010 and
V2011 R O At Nt | PO D N
1 4 C 4
V2011 V2010
Handheld Programmer Keystrokes
N EI N
L D D C A A A
A T GO O P P 3
S H F R C
Lo e [l 5 75 o [ > [0 [ ]
[P0 ELN GO IS G P N L

5— 122 I DL06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03




Chapter 5: Standard RLL Instructions - Bit Operation

|
Rotate Left (ROTL)
Rotate Left is a 32 bit instruction that rotates the ROTL
bits in the accumulator a specified number (Aaaa) — Aaaa

of places to the left.

Operand Data Type DL06 Range

.................................... A daaa
Vmemory ... Vv See memory map
Constant ...............ciiiiiil, K 1-32

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The bit pattern in the accumulator is
rotated 2 bit positions to the left using the Rotate Left instruction. The value in the

accumulator is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 Display

X1

—]

LDD

V1400

Load the value in V1400 and
V1401 into the accumulator

ROTL

K2

The bit pattern in the
accumulator is rotated 2

bit positions to the left

OuTD

V1500

Copy the value in the

accumulator to V1500

and V1501

V1401 V1400

[e[7To[s][s]]o]"]

P N

31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16{|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
ace. [o[1][1]o]o[1]1]1]o]o]o]o o [1]o]1][o]o][1]1]o o]0 1][o]o]0]o]o0]0]0]1
—

DECEEE

3130202827 262524 2322212019181716 151413121110 9 8 7 6 5 4 3 2 1 0
Acc. 1‘0‘0‘1 1‘1|0‘0 0‘0‘0‘1 0‘1|0‘0 1|1‘0‘0 0‘1‘0‘0 0”0‘0‘0 0‘1‘0‘1

e

RNV S

Handheld Programmer Keystrokes V1501 V1500
Pom | > |° | o]

st awost)| " s J[%a [ 2 1% |5 | ‘AO HENT‘

SHFT F‘OF{N CI)NST# TMLFK IA_NDST % © 2 ENT

(e ][ > o0 7 [t [ [l ]
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Chapter 5: Standard RLL Instructions- - Bit Operation

|
Rotate Right (ROTR)
Rotate Right is a 32 bit instruction that rotates the bits in ROTR
the accumulator a specified number (Aaaa) of places to the Aaaa
right.

Operand Data Type DL06 Range
.................................... A aaa

Vmemory ... v See memory map
Constant ......... ... K 1-32

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded into
the accumulator using the Load Double instruction. The bit pattern in the accumulator is
rotated 2 bit positions to the right using the Rotate Right instruction. The value in the
accumulator is copied to V1500 and V1501 using the Out Double instruction

Direct SOFT Display

X1

V1401 V1400
L LoD [e]7[o]s 3] ]o] "]
[ V1400
Load the value in V1400 and //// \\‘\\,
V1401 into the accumulator . _ . . = —_ . S
31 30 29 28(27 26 25 24(23 22 21 2019 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0‘
— 2 ace.| o] 1] 1] o] o] 1[1] [ o] o[ o] o] o] 1] o] 1][ o[ o] 1[ 1] 0] o] o]

1 0‘0‘0‘0 OHO‘O‘ 1‘
The bit pattern in the
accumulator is rotated 2
bit positions to the right

ouTD
V@U 3130202827 2625242322 212019181716 1514131211109 8 7 6 5 4 3 2 1 0
Copy the valu n the ace.[ o] 1] o] 1[1] o[ o] 1[1] 1] o] o[ o] o[ o] ][ o[ 1] o[ o] 1] 1] 0] o] o] 1] 0] o] o] o[ o] o]
and V1501

- - . - - . - . -

NV

Handheld Programmer Keystrokes V1501

V1500
o | > 2 Jlo ]
il PP N N Y P G S O 53
‘S“” H ORN H?NST#HTMLR HHORN H - ch H ENT ‘
N E N N P P P O 2
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Chapter 5: Standard RLL Instructions - Bit Operation
|

Encode (ENCO)

The Encode instruction encodes the bit position in the

accumulator having a value of 1, and returns the
appropriate binary representation. If the most significant ENCO
bit is set to 1 (Bit 31), the Encode instruction would place
the value HEX 1F (decimal 31) in the accumulator. If the

value to be encoded is 0000 or 0001, the instruction will
place a zero in the accumulator. If the value to be encoded
has more than one bit position set to a “17, the least
significant “1” will be encoded and SP53 will be set on.

Discrete Bit Flags Description

SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

‘E NOTE: The status flags are only valid until another instruction that uses the same flags is executed.

In the following example, when X1 is on, The value in V2000 is loaded into the accumulator
using the Load instruction. The bit position set to a “1” in the accumulator is encoded to the
corresponding 5 bit binary value using the Encode instruction. The value in the lower 16 bits
of the accumulator is copied to V2010 using the Out instruction.

Direct SOFT32

LD

4‘ I V2000

Load the value in V2000 into
the lower 16 bits of the
accumulator

ENCO

Encode the bit position set

V2000

— N T

= S S S S—

31 30 29 28|27 26 25 24|23 22 21 20(19 18 17 16||15 14 13 12(11 10 9 8|7 6 5 4|3 2 1 0
. O‘U‘U‘O 0‘0]0]0 U‘U]UIO O‘OIOIU 0‘0]0‘1 O‘UIUIO 0‘0]0]0 UlUIUIO

z

Bit postion 12 is

converted
to binary \

—_—

31 30 29 28|27 26 25 24|23 22 21 20(19 18 17 16||15 14 13 12(11 10 9 8|7 6 5 4|3 2 1 0

to“1” in the accumulator to a Acc. o‘n‘n‘o 0‘0]0]0 o‘nlolo 0‘0]0]0 0‘0]0‘0 o‘n]n]o 0‘0]0]0 1[1]0]0
5 bit binary value -
ouT /
V2010 —
Copy the value in the lower 16 bits nnn
of the accumulator to V2010
V2010 Binary value
for12.
Handheld Programmer Keystrokes
$ B
Cor | > ]* s [ o]
L D C A A A
L P N I G N N P
E N C o
ECl N Y P N
GX v C A B A
(Bur [ Sl [ [ 0 70 % [l ]
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Chapter 5: Standard RLL Instructions - Bit Operation

Decode (DECO)

The Decode instruction decodes a 5 bit binary value of 0-31

(0—.1!3 HEX) in the accumulator by setting the appropriate bit DECO
position to a 1. If the accumulator contains the value F (HEX), ——
bit 15 will be set in the accumulator. If the value to be decoded
is greater than 31, the number is divided by 32 until the value
is less than 32 and then the value is decoded.

In the following example when X1 is on, the value formed by discrete locations X10-X14 is
loaded into the accumulator using the Load Formatted instruction. The five bit binary
pattern in the accumulator is decoded by setting the corresponding bit position to a “1” using
the Decode instruction.

Direct SOFT32

Load the value in
represented by discrete

locations X10-X14 into the 31 30 29 28|27 26 25 24/23 22 21 20|19 18 17 16/[15 14 13 12|11 10 9 8
ace.[ o] o[ o[ o[ o o[ 0] o] o[ o[ o[ o] o[ 0] o[ o[ o[ 0] 0] o[ 0] 0] 0] 0

The binary viaue
is converted to
bit position 11.

31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
0]0]0]0 0]0]0]0 0]0]0]0 0]0]0]0 OIOIOIO IIOIOIO 0]0]0]0 OIOIOIO

Decode the five bit binary Acc.
pattern in the accumulator

and set the corresponding

bit position to a “1”

3

Handheld Programmer Keystrokes

$ B
EEY e
L D B A F
[ Jivesr®s [ [ ° "o [ 75 o]

F
C

5— 126 I DL06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03



Chapter 5: Standard RLL Instructions - Number Conversion
i

Number Conversion Instructions (Accumulator)

Binary (BIN) BIN
The Binary instruction converts a BCD value in the

accumulator to the equivalent binary value. The result
resides in the accumulator.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

In the following example, when X1 is on, the value in V2000 and V2001 is loaded into the
accumulator using the Load Double instruction. The BCD value in the accumulator is
converted to the binary (HEX) equivalent using the BIN instruction. The binary value in the
accumulator is copied to V2010 and V2011 using the Out Double instruction. (The
handheld programmer will display the binary value in V2010 and V2011 as a HEX value.)

DirectSOFT32 V2001 V2000
« w00 [e]oToT2][s]5]2]°]
= AN
Load the value in V2000 and
V2001 into the accumulator —_—
8 4 2 118 4 2 1|18 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1
Acc. ololclo olololo olololo ololwlo wlololo o|1|0|1 o|o|1|o 1|c|0|1
BCD Value
28529 = 16384 + 8192 + 2048 + 1024 + 512+ 256 + 64 + 32+ 16 + 1

Binary Equivalent Value

E
w
&
N
B
N
&

27 26 25 24|23 22 21 20[19 18 17 16||15 14 13 12| 10 9 8|7 6 5 4|3 2 1 0
Convertthe BCD value in Acc. | ol o] ofofo]ofofo]o]olo]o]o]ofofo]lof1fr]ofr]1]1fr]o]1f1]1]ofo]o]
the accumulator to the
binary equivalent value 2| fs| 2| s |38l al2f1]s|2]1]6|l 3| 1] 8]4]2|1|s5]2]1]6|3] 1| &|4]>2f
1lol3|e|3]7[3]6]3]1|o]o]2]6|3]5]||2]|s6] 1|ofofo]|s]2]s]2]s
al7)e|sfali]s|7|elo]|of4ala]2|1]5]] 7|3 o 2| 4|2[2]¢c|8
73|84 2fo|s|7|8]4a]|7|8|2|1]o]3|| 6| 8| 2| 6] 8]
al7)7)3)1]|8|4|7)6|3|1]|5]|8]4]|7]6]]s8]4
4l4]lofls5|7]|8|4|2]0]|o|5]|7]|8]|4]|2
sl1|o]2]7]e|3|1]8]4|2]6
slef1]s]|2[a]2]6
6|2[2]6|s
4|4
8
ouTD |
v2010 !
The Binary (HEX)
AEE i
Copy the binary data in the [oTooo][er 7]7] \vle;lg;aocopledlo
accumulatorto V2010 and V2011 v2om V2010
Handheld Programmer Keystrokes
$ B
STR -2 1 ENT
L D D c A A A
O O G P O
B | N
SHFT , s e Il ENT
6X D c A 8 A
our [T L2 [ ‘ 0 H : ” 0 ”ENT‘
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Chapter 5: Standard RLL Instructions - Number Conversion

Binary Coded Decimal (BCD)
The Binary Coded Decimal instruction converts a binary value BCD
in the accumulator to the equivalent BCD value. The result
resides in the accumulator.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

In the following example, when X1 is on, the binary (HEX) value in V2000 and V2001 is
loaded into the accumulator using the Load Double instruction. The binary value in the
accumulator is converted to the BCD equivalent value using the BCD instruction. The BCD
value in the accumulator is copied to V2010 and V2011 using the Out Double instruction.

DirectSOFT32 V2001 V2000

(" LoD
_| I V2000 Binary Value

Load the value in V2000 and

V2001 into the accumulator
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16||15 14 13 12|11 10 9 8|7 6 5 4 10

Acc.]o)ojojofofjofofofofjojojofojofojolfofijrjojrfrgifi]ojr]i]r]ojojof1
2115 2)1|6 |3 1|84|2f1]5]211]6]| 31|84 2|1]|5]2|1)6]3| 148 4 1
T{o)3]6|3]|7|3|6]3]1]0)0f2|6]|3|5]||2]6]1|o]ojofj1]5]2]4]2]| 6
417168411 |5|7|89|94]4]2]1]5]| 73|99 42]|2]|¢6]|38
713|8|4|2|o|5]17|8|4|7]|8|2|1]0|3||] 6|8]2]¢6|38|4
4171713118 |4|7]|6|3|1]5]|8]|4]7]6|| 8|4
41410]5])7]|8|4|2|0|0|5]7]8]4]2
8l1|9f4]7|6|3]1]8]4]2]|6
31811]5]2]4]2]¢6
6l2]12]6]8
44
8
BCD
— 16384 + 8192 + 2048 + 1024 + 512 + 256 + 64 + 32 + 16 + 1 = 28529

Convert the binary value in BCD Equivalent Value

the accumulator to the BCD

equivalent value 8 42 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1

Acc. 0|0|0|0 0|0|0|0 0|0|0|0 0|0|1|0 1|0|0|0 0|'\|0|1 0|0|1|01|0|0|1
ouTD |
V2010
[ofofofz][a]s]2]o] Tresce

accumulator to V2010 and V2011
V201 V2010 V2010 and V2011

Handheld Programmer Keystrokes

st || > || B

i | S P
set 18 (1S, P, ENT

Sor 1% | 2 s |Ao ”81 "Ao ” ENT|
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Chapter 5: Standard RLL Instructions - Number Conversion
i

Invert (INV)
The Invert instruction inverts or takes the one’s INV
complement of the 32 bit value in the accumulator. The
result resides in the accumulator.
In the following example, when X1 is on, the value in V2000 and V2001 will be loaded into
the accumulator using the Load Double instruction. The value in the accumulator is inverted
using the Invert instruction. The value in the accumulator is copied to V2010 and V2011
using the Out Double instruction.

Direct SOFT32 V2001 V2000
xi [o[+Tols][o]2]5 0]
| — oo V2000 % \\\\
Load the value in V2000 and

V2001 into the accumulator —_—— - = =

31 30 29 28|27 26 25 24|23 22 21 20[19 18 17 16{[15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0‘

ace.[ 0] o] o] o[ o] 1] o] o[ 0 o[ o] o] o[ 1T o] 1]l 0] o o] o] o] o[ [ o] o] 1]o] 1 ]0] 0] 0] 0]

INV 31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|[15 14 1312|1110 9 8|7 6 5 4|3 2 1 0‘

ace. e[ [T Te[ i Jol AT [ [T fa To[ A [T ol 1] o[ 4] ] 1] 1]

Invert the binary bit pattern
in the accumulator l

oum ADENENE
V2010 V2011 V2010

Copy the value in the
accumulator to V2010 and
V2011

Handheld Programmer Keystrokes
‘kNDSTHDJ Hns H 2 ch HAU “Ao H N ‘
E e P

0 N I P P A
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Chapter 5: Standard RLL Instructions - Number Conversion
L

Ten’s Complement (BCDCPL)
The Ten’s Complement instruction takes the 10’s complement BCDCPL
(BCD) of the 8 digit accumulator. The result resides in the
accumulator. The calculation for this instruction is :

100000000

— accumulator value

10’s complement value

In the following example when X1 is on, the value in V2000 and V2001 is loaded into the
accumulator. The 10’s complement is taken for the 8 digit accumulator using the Ten’s
Complement instruction. The value in the accumulator is copied to V2010 and V2011 using
the Out Double instruction.

DirectSOFT32

V2001 V2000
[ o lo[o]oTe [+ [7]
_| I V2000 | |
Load the value in V2000 and Acc. |0 | 0 | 0 | 0 ” 0 | 0 | 8 |7 |
V2001 into the accumulator
e LD IELETE]
—_— ——
Takes a 10's complement of l l
the value in the accumulator
OuUTD
CELEEELT]
V2011 V2010

Copy the value in the
accumulator to V2010 and
V2011

Handheld Programmer Keystrokes

SSTR -2 |° ENT

Lo foosrl® P 2015 [ [0 *o o |
sheT | ° 1 c 2 ° 3 c 2 Pcv /L\NDST ENT

GC))(UT SHFT D3 - Cz Ao B1 Ao |ENT|
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Chapter 5: Standard RLL Instructions - Number Conversion

Binary to Real Conversion (BTOR)

The Binary-to-Real instruction converts a binary value in
the accumulator to its equivalent real number (floating
point) format. The result resides in the accumulator. Both
the binary and the real number may use all 32 bits of the
accumulator.

BTOR

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.

SP70 On anytime the value in the accumulator is negative.

In the following example, when X1 is on, the value in V1400 and V1401 is loaded into the
accumulator using the Load Double instruction. The BTOR instruction converts the binary
value in the accumulator the equivalent real number format. The binary weight of the MSB is

converted to the real number exponent by adding it to 127 (decimal). Then the remaining
bits are copied to the mantissa as shown. The value in the accumulator is copied to V1500
and V1501 using the Out Double instruction. The handheld programmer would display the

binary value in V1500 and V1501 as a HEX value.

DirectSOFT32 Display V1401 V1400
N LoD [ofoTols 7 T241"]
_| V1400 -
Load the value in V1400 and
V1401 into the accumulator —_— —
8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1
Acc. 0|0|o|0 0|o|0|0 olololo 0|1|0|1 o|1|1|1 0|0|1|0 0|0|1|0 o|0|0|1
2(exp18)/ Binary Value
127 + 18 =145
145=128+16 +1
Convert the binary value in
the accumulator to the real
b equivalentformat ace. [o] 1JoJ o] 1] oJ o o[ 1Jo] 1Jo [+ o][o o] 1T o] 1[o] o] o]0 o] 1Jo o]0 o]0
Sign Bit Exponent (8 bits) Mantissa (23 bits)
Real Number Format
l
V1500
Copy the real value in the nnn l‘z;i:fl'g%n;?%(HEx)value

accumulator to V1500 and V1501 V1501
Handheld Programmer Keystrokes

> [P TP
ol s T 0B 17 1% [0 [Tow

3

V1500
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Chapter 5: Standard RLL Instructions - Number Conversion

B
Real to Binary Conversion (RTOB)
The Real-to-Binary instruction converts the real number in the RTOB
accumulator to a binary value. The result resides in the
accumulator. Both the binary and the real number may use all
32 bits of the accumulator.
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP72 On anytime the value in the accumulator is an invalid floating point number.
SP73 On when a signed addition or subtraction results in an incorrect sign bit.
ﬂ SP75 On when a number cannot be converted to binary
In the following example, when X1 is on, the value in V1400 and V1401 is loaded into the

accumulator using the Load Double instruction. The RTOB instruction converts the real
value in the accumulator the equivalent binary number format. The value in the accumulator
is copied to V1500 and V1501 using the Out Double instruction. The handheld programmer
would display the binary value in V1500 and V1501 as a HEX value.

Direct SOFT32 Display

>(1| LDD EE Bn Real Number Format
_| I V1400 V1401 V1400
e o Sign Bit  Exponent (8 bits) Mantissa (23 bits)
\
Acc. o| | | 1| | |01| | |°1| | |0 °| | |°1|0|0|0 0|0|1|0 0|o|0|o

Convert the real number in
the accumulator to binary 128 +16+1 =145
format. 127 + 18 =145
Binary Value
2 (exp 18

8 4 2 18 42 1|8 4 2 1|8 4 2 1|8 4 2 1|8 42 1|8 4 2 1|8 4 2 1

o[ o] o] o of o000 o o]0 +]o]1|[o[ 1] ]o]ol]olo]o][olo]o o]

T\ L

Copy the real value in the
V1501 V1500

accumulator to V1500 and V1501
nnn meag(\)nary number copied to

Acc.

3]

Handheld Programmer Keystrokes

’$STR H 4 HB1 ‘ T ‘

[ o] %5 [°6 | > [0 5 %o %o [lo]
el P P S G

o K N N GO G P P
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Radian Real Conversion (RADR)

The Radian Real Conversion instruction converts the real S
degree value stored in the accumulator to the equivalent

real number in radians. The result resides in the

accumulator.

Degree Real Conversion (DEGR) DEGR

The Degree Real instruction converts the degree real
radian value stored in the accumulator to the equivalent
real number in degrees. The result resides in the
accumulator.

RADR

The two instructions described above convert real numbers into the accumulator from degree
format to radian format, and visa-versa. In degree format, a circle contains 360 degrees. In

radian format, a circle contains about 6.28 radians. These convert between both positive and

negative real numbers, and for angles greater than a full circle. These functions are very useful

when combined with the transcendental trigonometric functions (see the section on math

instructions).
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP71 On anytime the V-memory specified by a pointer (P) is not valid.
SP72 On anytime the value in the accumulator is an invalid floating point number.
SP74 On anytime a floating point math operation results in an underflow error.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

— NOTE: The current HPP does not support real number entry with automatic conversion to the 32-bit IEEE
—\ format. You must use DirectSOFT32 for entering real numbers, using the LDR (Load Real) instruction.

The following example takes the sine of 45 degrees. Since transcendental functions operate
only on real numbers, we do a LDR (load real) 45. The trig functions operate only in radians,
so we must convert the degrees to radians by using the RADR command. After using the
SINR (Sine Real) instruction, we use an OUTD (Out Double) instruction to move the result
from the accumulator to V-memory. The result is 32-bits wide, requiring the Out Double to

move it.
Accumulator contents
Direct SOFTa2 Display (viewed as real number)
X1 LDR Load the real number 45 into
—| I Ras the accumulator. 45.000000
Convert the degrees into radians,
— RADR leaving the result in the 0 7853982
accumulator.
Take the sine of the number in
e SINR the accumulator, which is in 07071 067
radians.
oute Seamuir V200 0.7071067
— accumulator to
V2000 and V2001. .
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ASCII to HEX (ATH)
The ASCII TO HEX instruction converts a table of ASCII values to
a specified table of HEX values. ASCII values are two digits and
their HEX equivalents are one digit. This means an ASCII table of
four V memory locations would only require two V memory
locations for the equivalent HEX table. The function parameters are
loaded into the accumulator stack and the accumulator by two
additional instructions. Listed below are the steps necessary to
program an ASCII to HEX table function. The example on the
following page shows a program for the ASCII to HEX table function.

H Step 1: — Load the number of V memory locations for the ASCII table into the first level of

ATH

Vaaa

the accumulator stack.

Step 2: — Load the starting V memory location for the ASCII table into the accumulator.
This parameter must be a HEX value.

Step 3: — Specify the starting V memory location (Vaaa) for the HEX table in the ATH
instruction.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Operand Data Type DL06 Range

aaa
Vmemory ... V See memory map
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.

In the example on the following page, when X1 is ON the constant (K4) is loaded into the
accumulator using the Load instruction and will be placed in the first level of the accumulator
stack when the next Load instruction is executed. The starting location for the ASCII table
(V1400) is loaded into the accumulator using the Load Address instruction. The starting
location for the HEX table (V1600) is specified in the ASCII to HEX instruction. The table
below lists valid ASCII values for ATH conversion.

ASCII Values Valid for ATH Conversion

ASCII Value Hex Value ASCII Value Hex Value
30 0 38 8
31 1 39 9
32 2 41 A
33 3 42 B
34 4 43 C
35 5 44 D
36 6 45 E
37 7 46 F
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Direct SOFT32 Hexadecimal
ASCII T ABLE Equivalents
Load the constant value
into the lower 16 bits of the
accumulator. This value ‘
defines the number of V
memory location in the
ASClI table

V1400 33 34
Convert octal 1400 to HEX

300 and load the value into 1234 V1600

the accumulator

V1401 31 32

V1600 is the starting e—r—
location for the HEX table ‘ |

Handheld Programmer Keystrokes

N
ST ° 3 - 5678 V1601

L
ANDST

SHFT V1403 35 3 6

L
ANDST

HEX to ASCII (HTA)
The HEX to ASCII instruction converts a table of
HEX values to a specified table of ASCII values. HTA
HEX values are one digit and their ASCII Vaaa
equivalents are two digits.

This means a HEX table of two V memory locations would require four V memory locations
for the equivalent ASCII table. The function parameters are loaded into the accumulator
stack and the accumulator by two additional instructions. Listed below are the steps necessary
to program a HEX to ASCII table function. The example on the following page shows a
program for the HEX to ASCII table function.

Step 1: Load the number of V memory locations in the HEX table into the first level
of the accumulator stack.

Step 2: Load the starting V memory location for the HEX table into the accumulator.
This parameter must be a HEX value.

Step 3:Specify the starting V memory location (Vaaa) for the ASCII table in the HTA

instruction.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.
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Operand Data Type DL06 Range

aaa
Vmemory ......oiiiii v See memory map
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.

In the following example, when X1 is ON the constant (K2) is loaded into the accumulator
using the Load instruction. The starting location for the HEX table (V1500) is loaded into
the accumulator using the Load Address instruction. The starting location for the ASCII table
(V1400) is specified in the HEX to ASCII instruction.

Direct SOFT32
Hexadecimal
XT\ D Equivalents ASCII T ABLE
I

K2

Load the constant value into 1 ‘

the lower 16 bits of the —
accumulator. This value
defines the number of V 3334
locations in the HEX table.

V1400

V1500 1234

01500

Convert octal 1500 to HEX J ‘
340 and load the value into
the accumulator

HTA 37 38 V1402
V1400 is the starting

V1400
V1501 5678
location for the ASCII table.

The conversion is executed 35 36
by this instruction.

V1403

Handheld Progammer Keysokes ]
e
I P G S 0 P O

; s [t 2 0 s [ro P o ]

Sl N P P A P N N 2

ENT ‘

The table below lists valid ASCII values for HTA conversion.

ASCII Values Valid for HTA Conversion

Hex Value ASCII Value Hex Value ASCII Value

0 30 8 38

31 9 39
2 32 A 4
3 33 B 42
4 34 C 43
5 35 D 44
6 36 E 45
7 37 F 46
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Segment (SEG)
The BCD / Segment instruction converts a four digit HEX | sEG
value in the accumulator to seven segment display format.
The result resides in the accumulator.

In the following example, when X1 is on, the value in V1400 is loaded into the lower 16 bits
of the accumulator using the Load instruction. The binary (HEX) value in the accumulator is
converted to seven segment format using the Segment instruction. The bit pattern in the
accumulator is copied to Y20-Y57 using the Out Formatted instruction.

DirectSOFT32 Display

X1

" Lofr]7]]
B o \\\\
Load the value in V1400 nto the
lower 16 bits of the accumulator
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16 15141312 110 9 8|7 6 5 4|3 2 1 0
Acc. o|o|o| 0|o|0| 0| 0|0| o|0| 0| 1|1|1|1 0|1|1|1 0|0| 0|1
SEG
Convert the binary (HEX) /
value in the accumulator to
seven segment display
format
OUTF Y20
K32
Copy the value in the 31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16||15 14 13 12| 11 10 9 8|7 6 5 4|3 2 1 0
accumulator to Y20-Y57 ace. [o[ 1 [ T] [T ol 1T o] [T Tol o] o[ ][0T o] of o] ol 1] +] 1T 0] o o o] o] 1] 1]0
- gf edcba-gf edcba »gfedcba-gfedcbaseﬁgnbglm
S

Bl

(AN

Seqment [ves]vsa ves]
* *** [ordord onlonfore

e

Handheld Programmer Keystrokes ' ' '—| | | |—. | | '

Corm | > ], |/ o]

kNDSTDa - B1 E4 A0 ‘AO HENT‘

SHFT || Sagr || SHFT (1B, || || BnT

(S o s >0 7 T o o]
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Gray Code (GRAY)

The Gray code instruction converts a 16 bit gray code
value to a BCD value. The BCD conversion requires 10
bits of the accumulator. The upper 22 bits are set to “0”.
This instruction is designed for use with devices
(typically encoders) that use the grey code numbering
scheme. The Gray Code instruction will directly convert GRAY
a gray code number to a BCD number for devices
having a resolution of 512 or 1024 counts per
revolution. If a device having a resolution of 360 counts
per revolution is to be used you must subtract a BCD
value of 76 from the converted value to obtain the
proper result. For a device having a resolution of 720
counts per revolution you must subtract a BCD value of
152.

In the following example, when X1 is ON the binary value represented by X10-X27 is loaded
into the accumulator using the Load Formatted instruction. The gray code value in the
accumulator is converted to BCD using the Gray Code instruction. The value in the lower 16
bits of the accumulator is copied to V2010.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

Direct SOFT32

X1

LDF K16
4{ X10

Load the value represented
by X10-X27 into the lower
16 bits of the accumulator

31 30 29 28|27 26 25 24(23 22 21 20|19 18 17 16|15 14 13 12{11 10 9 8|7 6 5 4(3 2 1 0

Acc. 0‘0‘0‘0 0‘0‘0|0 O‘O‘O‘O 0‘0‘0‘0 0‘0‘0‘0 0‘0‘0‘0 0‘0‘0‘0 0‘1‘0‘1

Convert the 16 bit grey code
value in the accumulator to a

BCD value 3130 29 2827 26 25 24|23 22 21 2019 18 17 16||15 14 13 12{11 10 9 8|7 6 5 4|3 2 1 0
Acc. o‘ u‘ u‘ 0 o‘ o‘ o| 0 0‘ o‘ o‘ 0 o‘ o‘ o‘ 0 0‘ o‘ o‘ 0 o‘ o‘ o‘ 0 u‘ o‘ o‘ 0 o‘ 1‘ 1‘0
out
V2010 L
Copy the value in the lower
16 bits of the accumulator to Gray Code BCD —
V2010
0000000000 0000
Handheld Programmer Keystrokes 0000000001 0001 V2010
S 5 0000000011 0002
‘ STR H 4 H 1 N ‘ 0000000010 0003
L D F B A B G 0000000110 0004
P P G I G P N G G ;
0000000111 0005
G R A Y
‘SHFT H 6 H ORN H 0 H MLS H ENT ‘ 0000000101 0006
0000000100 0007
aX v c A B A
[ L2 Lo e 7 %0 o0 20 Lo ]
1000000001 1022
1000000000 1023
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Shuffle Digits (SFLDGT)

The Shuffle Digits instruction shuffles a maximum of 8
digits rearranging them in a specified order. This function SFLDGT
requires parameters to be loaded into the first level of the
accumulator stack and the accumulator with two additional
instructions. Listed below are the steps necessary to use the shuffle digit function. The
example on the following page shows a program for the Shuffle Digits function.

Step 1: Load the value (digits) to be shuffled into the first level of the accumulator
stack.

Step 2: Load the order that the digits will be shuffled to into the accumulator.

Step 3: Insert the SFLDGT instruction. E
— Note: If the number used to specify the order contains a 0 or 9—F, the corresponding position

— will be set to 0.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

Shuﬂ]e Digits BlOCk Diagram Digits to be )
There are a maximum of 8 digits that can be shuffled (frst sack location)
shuffled. The bit positions in the first level of 9 ABCDETF O
the accumulator stack defines the digits to be
shuffled. They correspond to the bit positions in EEREEER
the accumulator that define the order the digits e s s 6 s 4
will be shuffled. The digits are shuffled and the
result resides in the accumulator. Specified order (accumulator)

BitPositons 8 7 6 5 4 3 2 1
BCEFODA?9

Result (accumulator)
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In the following example when X1 is on, The value in the first level of the accumulator stack
will be reorganized in the order specified by the value in the accumulator.

Example A shows how the shuffle digits works when 0 or 9 —F is not used when specifying
the order the digits are to be shuffled. Also, there are no duplicate numbers in the specified
order.

Example B shows how the shuffle digits works when a 0 or 9-F is used when specifying the
order the digits are to be shuffled. Notice when the Shuffle Digits instruction is executed, the
bit positions in the first stack location that had a corresponding 0 or 9-F in the accumulator
(order specified) are set to “0”.

Example C shows how the shuffle digits works when duplicate numbers are used specifying
the order the digits are to be shuffled. Notice when the Shuffle Digits instruction is executed,
the most significant duplicate number in the order specified is used in the result.

Direct SOFT32 A B C
LDD V2001 V2000 V2001 V2000 V2001 V2000
1 T [e [JoTe [ [9] LR Ehle[pkl ]

Load the value in V2000 and

V2001 into the accumulator S S . T
1(Jlrlgmd\87b54521 8 7 6 5 3 2 1 7 5 4 3 2 1
[Z‘osilmns“"A‘R‘CHD‘E‘F‘O‘A(Q ‘U‘F‘E‘DHC‘B‘A 9 | Acc. 9A‘B‘CHD‘E‘F‘U‘ACL

DD V2007 V2006 V2007 V2006 V2007 V2006
1 vaoos [lee 7] e]s]4] NN ENEN [ X EX KN S £ EN EN KN EXENENEN

Load the value in V2006 and —_— —_— —_—

V2007 into the accumulator Spdw,',ed 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
SN KN S ) E2 N 3 3 PSS 3 KN 8 | 0 ) KPS 1 E X K [ EN N EN K s

SFLDGT Newbit - 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
e 1 3 3 Y PP 3 3 3 3 3 Y S K P E X X ) X B EA P
- —— —— - ——— - ———

Shuffle the digits in the first

level of the accumulator

_slack based on the pattern ‘ ‘ ‘ ‘ ‘ ‘

in the accumulator. The

result is in the accumulator .

L oo [e]cTe [F]fofo]A o] [ofoJofo]fe[o]a]o]  [ofofofo][s]aTe]c]
V2011 V2010 V2011 V2010 V2011 V2010

Copy the value in the

accumulator to V2010 and

V2011

Handheld Programmer Keystrokes

S EIN S

w1 Jhsow®s %0 2 [ J*0 r0 J*o J[or ]
w1 o [°0 [ 2 [ *0 r0 J00 o]

N F L D G T
[ P P O P P D

CX D c A B A
Bor o [P >0 [P o0 I o]
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Table Instructions

Move (MOV)

The Move instruction moves the values from a V

memory table to another V memory table the same

length. The function parameters are loaded into the first ~— ——
level of the accumulator stack and the accumulator by

two additional instructions. Listed below are the steps

necessary to program the Move function.

MOV
V aaa

* Step 1 Load the number of V memory locations to be moved into the first level of the accumulator
stack. This parameter is a HEX value (K40 max, 100 octal).

* Step 2 Load the starting V memory location for the locations to be moved into the accumulator.
This parameter is a HEX value.

* Step 3 Insert the MOVE instruction which specifies starting V memory location (Vaaa) for the
destination table.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Operand Data Type Range

daaa
VMemory .....oooviiiiii i v See memory map
Pointer ... P See memory map
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table and is
placed in the first stack location after the Load Address instruction is executed. The octal
address 2000 (V2000), the starting location for the source table is loaded into the
accumulator. The destination table location (V2030) is specified in the Move instruction.

Direct SOFT32

X1 Load the constant value 6
Lo (HEX) into the lower 16 bits . XIX X X [v2026
K6 of the accumulator
. X[ X [x [x [v2027
Convert octal 2000 to HEX ol 1213 o213
LDA 400 and load the value into V2000 V2030
0 2000 the accumulator 0]5[0]0[v2001 ————————>|0[5|0]0|v2031
: 9l9f9f9 —— 9|99 |9
v Copy the specified table V2002 V2032
locations to a table 310|174 ([v2003 ———— > |3 [0 [7 |4 [V2033
V2030 beginning at location V2030
89|89 |va004 ———————|8|9|8|9|v2034
[N
Handheld Programmer Keystrokes TOJT |0 [v2005 T[0T |0 ][v2035
X | X | X | X [v2006 XX [X|X [v2036
$ B
| STR " - " i | ENT | X [ X | X |X [v2007 X[ X | X | X [v2037
- L D - K G . *
[ O I 2 S G S :
L D A ¢ A A A
Lo o] [0 201 0o [ %0 o ]
M o v ¢ A D A
AN O O P O R P P
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Move Memory Cartridge (MOVMC)
Load Label (LDLBL)

The Move Memory Cartridge and the Load Label instructions are
used to copy data from program ladder memory to V memory. The
Load Label instruction is used with the MOVMC instruction when
copying data from program ladder memory to V memory.

MOVMC
V aaa

To copy data from the program ladder memory to V memory, the
function parameters are loaded into the first two levels of the
accumulator stack and the accumulator by two additional LDLBL

E instructions. Listed below are the steps necessary to program the Kaaa

Move Memory Cartridge and Load Label functions.
* Step 1: Load the number of words to be copied into the second level of the accumulator stack.

* Step 2: Load the offset for the data label area in ladder memory and the beginning of the V memory
block into the first level of the stack.

* Step 3: Load the source data label (LDLBL Kaaa) into the accumulator when copying data from
ladder memory to V memory. This is the source location of the value.

* Step 4: Insert the MOVMC instruction which specifies destination in V-memory (Vaaa). This is the
copy destination.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... % See memory map
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Copy Data From a Data Label Area to V Memory
In the example below, data is copied from a Data Label Area to V memory. When X1 is on,
the constant value (K4) is loaded into the accumulator using the Load instruction. This value
specifies the length of the table and is placed in the second stack location after the next Load
and Load Label (LDLBL) instructions are executed. The constant value (KO0) is loaded into
the accumulator, specifying the offset for the source and destination data. It is placed in the
first stack location after the LDLBL instruction is executed. The source address where data is
being copied from is loaded into the accumulator using the LDLBL instruction. The
MOVMC instruction specifies the destination starting location and executes the copying of
data from the Data Label Area to V memory.

Direct SOFT32

Data label area X1 D
programmed after |
the END instruction [ K4
DLBL K1 . Load the value 4 into the
accumulator specifying the
N C O N —> [ 1 [2 3[4 |V2000 number of locations to be
K 1 2 3 4 copied.
N C O N —— |4 |5(3 ]2 |v2001 D
K 4 5 3 2 KO
N C O N 6T |5 |1 [v2002 Load the value 0 into the
K 6 1 5 1 accumulator specifying the
offset for source and
N C O N — > (8 |8 4|5 |Vv2003 destination locations
K 8 8 4 5
LDLBL
X [ X | X | X | V2004 K1
Load the value 1 into the
accumulator specifying the
Data Label Area K1 as the
starting address of the data
to be copied.
Handheld Programmer Keystrokes
s B MOVMC
Poe | > J° | o |
L D K E i inati
SHFT || || || || SHFT || || || ENT | V2000 is the destination
| ANDST 3 % JMP 4 starting address for the data
to be copied.
L D K A
L e O S E8 W N 2
L D L B L B
X P P T O S B
M O \Y% M C C A A A
A 1 N P %1 G I G P P 2
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B
SETBIT
The Set Bit instruction sets a single bit to one SETBIT
within a range of V-memory locations. A aaa
RSTBIT L X . . RSTBIT
The Reset Bit instruction resets a single bit to zero — A aaa
within a range of V-memory locations.

The following description applies to both the Set Bit and Reset Bit table instructions.

Step 1: Load the length of the table (number of V memory locations) into the first level of the
accumulator stack. This parameter must be a HEX value, 0 to FE

Step 2: Load the starting V memory location for the table into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert an octal
address to hex.

Step 3: Insert the Set Bit or Reset Bit instruction. This specifies the reference for the bit
number of the bit you want to set or reset. The bit number is in octal, and the first bit
in the table is number “0”.

Helpful hint: — Remember that each V memory location contains 16 bits. So, the bits of the
first word of the table are numbered from 0 to 17 octal. For example, if the table length is six
words, then 6 words = (6 x 16) bits, = 96 bits (decimal), or 140 octal. The permissible range
of bit reference numbers would be 0 to 137 octal. SP 53 will be set if the bit specified is
outside the range of the table.

Operand Data Type DL06 Range

aaa
Vmemory ... V See Memory Map

Discrete Bit Flags Description

On when the bit number which is referenced in the Set Bit or Reset Bit exceeds the range of the
SP53 table

—_— NOTE: Status flags are only valid until the end of the scan or until another instruction that uses the same
— flag is executed.

For example, suppose we have a table V3000

starting at V3000 that is two words MSB LSB
long, as shown to the right. Each word (TT I I T T T ITITITTT11]
in the table contains 16 bits, or 0 to 17
in octal. To set bit 12 in the second le———— 16bits ——
word, we use its octal reference (bit

14). Then we compute the bit’s octal

a;c;dress from the start of the table, so MSB V3001 LSB

+ 14 = 34 octal. The following

program shows how to set the bit as LT TPl

shown to a “17. 1111111176543210
76543210
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In this ladder example, we will use input X0 to trigger the Set Bit operation. First, we will
load the table length (2 words) into the accumulator stack. Next, we load the starting address
into the accumulator. Since V3000 is an octal number we have to convert it to hex by using
the LDA command. Finally, we use the Set Bit (or Reset Bit) instruction and specify the octal
address of the bit (bit 34), referenced from the table.

Direct SOFT Display32

X0 LD Load the constant value 2
|

_| (Hex.) into the lower 16 bits
I K2 of the accumulator.

LDA Convert octal 3000 to HEX
and load the value into the
O 3000 accumulator. This is the
table beginning.

SETBIT Set ?itﬂ34 (octal) in the table
toa”™”.
034

Handheld Programmer Keystrokes

|$sm ” - ”Ao |ENT |

BRI El

Bl R Y Y
Dser 59 [0 "o [wa fve [P0 [[=4 e |
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Fill (FILL)

The Fill instruction fills a table of up to 255 V memory locations with

a value (Aaaa), which is either a V- memory location or a 4-digit

constant. The function parameters are loaded into the first level of the
accumulator stack and the accumulator by two additional instructions.
Listed below are the steps necessary to program the Fill function.

FILL
Aaaa

Step 1:— Load the number of V memory locations to be filled into the first level of the
accumulator stack. This parameter must be a HEX value, 0-FE

Step 2:— Load the starting V memory location for the table into the accumulator. This

parameter must be a HEX value.

Step 3:— Insert the Fill instructions which specifies the value to fill the table with. Helpful

Hint: — For parameters that require HEX values when referencing memory locations, the

LDA instruction can be used to convert an octal address to the HEX equivalent and load the

value into the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... V See memory map
Pointer ......... ... ... P See memory map
Constant ... K 0-FF

In the following example, when X1 is on, the constant value (K4) is loaded into the

accumulator using the Load instruction. This value specifies the length of the table and is

placed on the first level of the accumulator stack when the Load Address instruction is
executed. The octal address 1600 (V1600) is the starting location for the table and is loaded
into the accumulator using the Load Address instruction. The value to fill the table with
(V1400) is specified in the Fill instruction.

DirectSOFT32 Display

X1

LD
— | K4

Load the constant value 4
(HEX) into the lower 16 bits
of the accumulator

Convert the octal address

LDA 1600 to HE X 380 and load the
0 1600 value into the accumulator V1400
2 5 0 0
FILL Fill the table with the value
in V1400
V1400
Handheld Programmer Keystrokes
$ B
st || 7 1 ENT ‘
L D E
SHFT || sostll— 3 —> HPREV H 4 H ENT‘
L D A B G A A
e T G P /G P P P 22
F l L L B E A A
[ 75 1o Diwsrllivosel = %0 74 %0 [0 o]
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Chapter 5: Standard RLL Instructions - Table Instructions
i

Find (FIND)

The Find instruction is used to search for a specified value in a
V memory table of up to 255 locations. The function FIND
parameters are loaded into the first and second levels of the Aaaa
accumulator stack and the accumulator by three additional
instructions. Listed below are the steps necessary to program
the Find function.

Step 1: Load the length of the table (number of V memory locations) into the second level of
the accumulator stack. This parameter must be a HEX value, 0-FE

Step 2: Load the starting V memory location for the table into the first level of the
accumulator stack. This parameter must be a HEX value.

Step 3: Load the offset from the starting location to begin the search. This parameter must be
a HEX value.

Step 4: Insert the Find instruction which specifies the first value to be found in the table.

Results:— The offset from the starting address to the first V- memory location which contains
the search value is returned to the accumulator. SP53 will be set on if an address outside the
table is specified in the offset or the value is not found. If the value is not found 0 will be
returned in the accumulator.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ..o V See memory map
Constant ......... ... K 0-FFFF

Discrete Bit Flags Description
SP53 On if there is no value in the table that is equal to the search value.

NOTE: Status flags are only valid until another instruction that uses the same flags is executed. The pointer
for this instruction starts at 0 and resides in the accumulator.

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table and is
placed in the second stack location when the following Load Address and Load instruction is
executed. The octal address 1400 (V1400) is the starting location for the table and is loaded
into the accumulator. This value is placed in the first level of the accumulator stack when the
following Load instruction is executed. The offset (K2) is loaded into the lower 16 bits of the
accumulator using the Load instruction. The value to be found in the table is specified in the
Find instruction. If a value is found equal to the search value, the offset (from the starting
location of the table) where the value is located will reside in the accumulator.
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B

DirectSOFT32 Display .
X1 .
LD
I ‘e o123 viaca o] Teblelength
Offset
05)0|0]|vi401 1
Load the constant value 6 .
(HEX) into the lower 16 bits Beginhere—=19 | 9| 9 | 9 [vi402 2
of the accumulator 3(o|7]4]|visoz 3 Accumulator
LDA 8|9|8|9|viaos 4| — 00000004
— V1404 contains the location
1T]1]011]0
0 1400 Vid0s 5 where the match was found.
XX | X]|X]|vi406 The value 8989 was the 4th
Convertoctal 1400 to HEX location after the start of the
300 and load the value into X | X[ X ] X |via07 specified table.
the accumulator.
.
.
LD
K2 Handheld Programmer Keystrokes
$ B
andlheconsiantvallue ‘ STR H 9 H 1 ‘ ENT ‘
2 into the lower 16 bits
of the accumulator L D G
‘ SHFT HANDSTH 3 = ||PReV [|® 6 ENT
L D A B E A
L__[Fe ‘SHFT HANDSTH s H 0 H 4 H 1 H 4 H 0 ‘
K8989
L D c H ‘
SHFT PREV ENT
Find the location in the table ‘ HANDSTH 3 H H 2
where the value 8989 resides = . N o . ] I x
s e e P > Trer]lte [0 [ 70 JLow ]
.
Find Greater Than (FDGT)

The Find Greater Than instruction is used to search for the

first occurrence of a value in a V memory table that is greater

than the specified value (Aaaa), which can be eithera V FDGT
memory location or a 4-digit constant. The function Aaaa
parameters are loaded into the first level of the accumulator
stack and the accumulator by two additional instructions.
Listed below are the steps necessary to program the Find
Greater Than function.

Step 1: Load the length of the table (up to 255 locations) into the first level of the
accumulator stack. This parameter must be a HEX value, 0-FE

Step 2: Load the starting V memory location for the table into the accumulator. This
parameter must be a HEX value.

Step 3: Insert the FDGT instructions which specifies the greater than search value.
Results:— The offset from the starting address to the first V memory location
which contains the greater than search value is returned to the accumulator.
SP53 will be set on if the value is not found and 0 will be returned in the
accumulator.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Note: This instruction does not have an offset, such as the one required for the FIND instruction.
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Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... V See memory map
Constant ......... ... K O-FFFF

Discrete Bit Flags Description

SP53 On if there is no value in the table that is greater than the search value.

NOTE: Status flags are only valid until another instruction that uses the same flags is executed. The pointer
for this instruction starts at 0 and resides in the accumulator.

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table and is
placed in the first stack location after the Load Address instruction is executed. The octal
address 1400 (V1400) is the starting location for the table and is loaded into the accumulator.
The greater than search value is specified in the Find Greater Than instruction. If a value is
found greater than the search value, the offset (from the starting location of the table) where
the value is located will reside in the accumulator. If there is no value in the table that is
greater than the search value, a zero is stored in the accumulator and SP53 will come ON.

DirectSOFT32 Display

X1I LD
[ K6
Load the constant value 6 *
(HEX) into the lower 16 bits .
of the accumulator Table length
Beginhere—>| 0 [1 {2 |3 |Vv1400 o
LDA 0|5]0]0]vi401 1 Accumulator
0 1400 9l9]9]9|via02 2 |— 0000000 2
Convertoctal 1400 to HEX 310f7[4]|vi403 3 V1402 contains the location
iooandloarliﬂqevalueinto 8lo]|s|9o|visos 4 where the first value greater
e accumulator. than the search value was
1[0 f1]0](vig05 5 found. 9999 was the 2nd
location after the start of the
FDGT X | X | X | X [Vv1406 specified table.
K8989 X | X | X | X |vi407
Find the value in the table .
greater than the s pecified value
Handheld Programmer Keystrokes
$ B
|STR = 1 ENT
L D G
el PP N I A
L D A B E A A
el PP N LN I PO GO P P S
F D G T | J | J
o7 [P )% s [T Jer [0 70 o 7 Jow
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Table to Destination (TTD)

The Table To Destination instruction moves a value from a
V memory table to a V memory location and increments
the table pointer by 1. The first V memory location in the
table contains the table pointer which indicates the next
location in the table to be moved. The instruction will be —
executed once per scan provided the input remains on. The
table pointer will reset to 1 when the value equals the last
location in the table. The function parameters are loaded
into the first level of the accumulator stack and the
accumulator by two additional instructions. Listed below
are the steps necessary to program the Table To Destination
function.

TTD
Aaaa

Step 1: Load the length of the data table (number of V memory locations) into the
first level of the accumulator stack. This parameter must be a HEX value, 0 to
FE

Step 2: Load the starting V memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table pointer.) This
parameter must be a HEX value.

Step 3: Insert the TTD instruction which specifies destination V memory location
(Vaaa).

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If you do
not want the instruction to execute for more than one scan, a one shot (PD) should be used
in the input logic.

Helpful Hint: — The pointer location should be set to the value where the table operation
will begin. The special relay SPO or a one shot (PD) should be used so the value will only be
set in one scan and will not affect the instruction operation.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ... v See memory map
Discrete Bit Flags Description
SP56 On when the table pointer equals the table length.

NOTE: Status flags (SPs) are only valid until: — another instruction that uses the same flag is executed, or
— the end of the scan The pointer for this instruction starts at 0 and resets when the table length is
reached. At first glance it may appear that the pointer should reset to 0. However, it resets to 1, not 0.
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In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table and is
placed in the first stack location after the Load Address instruction is executed. The octal
address 1400 (V1400) is the starting location for the source table and is loaded into the
accumulator. Remember, V1400 is used as the pointer location, and is not actually part of the
table data source. The destination location (V1500) is specified in the Table to Destination
instruction. The table pointer (V1400 in this case) will be increased by “1” after each

execution of the TTD instruction.

DirectSOFT32

Handheld Programmer Keystrokes

$ B
HNER

‘ENT‘

X1 LD Load the constant value 6

(HEX) into the lower 16 bits
Ke of the accumulator

DA Convert octal 1400 to HEX
300 and load the value into
01400 the accumulator. This is the
table pointer location

Copy the specified value from
the table to the specified
V1500 destination (V1500)

L D G
el o O I ) G

A A
e

L D A B E
[ Jivesr]®s %0 [ > °0 %

ad 1 P Y O e e e
It is important to understand how the table
locations are numbered. If you examine the Teble Table Pointer
example table, you'll notice that the first data z::z; : Z Z Z 016 Lofofo o]y
location, V1401, will be used when the vios 317171 2 Destination
pointer is equal to zero, and again when the s Tl 5 DXIXIxTx]visce
pointer is equal to six. Why? Because the viaos [1]o[1]o]| 4
pointer is only equal to zero before the very viaos [2]0]4]6 ] 5
first execution. From then on, it increments viaor | XXX X
from one to six, and then resets to one. .
Also, our example uses a normal input contact Drectsopra  (optionallatch example eing SP56)

(X1) to control the execution. Since the CPU
scan is extremely fast, and the pointer
increments automatically, the table would
cycle through the locations very quickly. If this
is a problem, you have an option of using
SP56 in conjunction with a one-shot (PD)
and a latch (C1 for example) to allow the table
to cycle through all locations one time and
then stop. The logic shown here is not
required, it’s just an optional method.

SP56

W
"

Load the constant value 6
(HEX) into the lower 16 bits
of the accumulator

_|C0|—( SCE1T )

C1

— )

Since Special Relays are
reset at the end of the scan,
this latch must follow the TTD
instruction in the program
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The following diagram shows the scan-by-scan results of the execution for our example
program. Notice how the pointer automatically cycles from 0 — 6, and then starts over at 1
instead of 0. Also, notice how SP56 is only on until the end of the scan.

Scan N Before TTD Execution After TTD Execution
able e Pointer e e Pointer (Automatically Incremente
Tabl Table Poi Tabl Table Poi A lly | ted)
viaot [o]s]oJo]oe [o]oJo]o]vio viaot [o]sJoJo] o6 [ofoJo]1]via00
vido2 |9 9|99 | 1 vidoe |9 |99 ]9| 1
vi403 |31 0]714] 2 viaes [3 o7 [4] 2 n
5 V1500
viaoa [a[5]8[0] vioa [s s[5 s] o [eLoIele]
vi405 | 1|01 |o]| 4 vido5 |1 |0 [1 (o] 4
SP56 SP56
V1406 | 2| 0|4 |6]| 5 V1406 |2 |0 |4 6| 5
}— spss=oFF |[— spss=oFF
V1407 | X| X[ X | X V1407 | X | X | X | X
S )
S S
Scan N+1 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [o]s]ofo]oe [ofoJo]1]via00 vigot [o]s5[ofo]oe [ofoJo]2]vta00
V1402 | 9| 9|9 |9 | 1 vido2 |9 |9 |9 |9| 1
viaos [3]0l7 |2 > Destination viaos [3 107 |4 2\ Destination
vica [8]0]e o] 3 Lels[ofo]viswo vioa [8[o s 0| 5 Lelele]e]viso
V1405 | 1| 0|1 |o]| 4 V1405 |1 |o |1 |o| 4
SP56 SP56
V1406 | 2| 0|4 |6 5 V1406 |2 |0 |4 |6 5
—| |— SP56= OFF |— SP56 = OFF
V1407 | X| X[ X | X vi4o7 | X | X | X | X
S S
S S
S
S
S
Scan N+5 Before TTD Execution After TTD Execution
able e Pointer e e Pointer (Automatically Increment
Tabl Table Poi Tabl Table Poi Al lly | ted)
viaot [o]s]ofo]oe [o]oJo]s]via0o visot [o]s5[ofo]oe [o]oJo[eviao0
V1402 | 9199 |9 1 V1402 |19 19|19 |9 1
Destination Destination
vi403 | 3|07 4] 2 vi403 |3 |0 |7 4] 2
vido4 | 8|98 ]9 3 V150° V{404 |8 |9 |8 |9 3 V1500
V1405 | 1] 0|1 |0 4 V1405 |1 |0 |1 |0 4
vid06 |2| 0|4 |6] 5 SP56 vi406 |2 |0 |4 |6| 5 SP56
vidor | X] XX | X SPE6=0rF viaor [X[X|X|X | SP5G:OEm” end of scan
S S or next instruction
s s that uses SP56
Scan N+6 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Resets to 1, not 0)
viaot [0]5]0]0o]o6 [0]0]0]6 v viao1 [0 [5 [0 o] o 6 [o]oJo[1|via0
V1402 | 9199 |9 1 V1402 1919 |9 |9 1
Destination Destination
vi403 | 3|0 |7 4| 2 V1403 |3 |0 |7 [4]| 2
V1404 | 89|18 |9 3 V150° vido4 [8 |9 |8 |9 3 V1500
V1405 | 1] 0|1 |0 4 V1405 |1 |0 |1 |0 4
V1406 [ 2| 0|4 |6 5 SP56 V1406 |2 |0 |4 |6 5 SP56
vigor | x| x| x[x SPS56 = OFF vigor [ x [x[x[x | SPS6= OFF
S S
S S
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Remove from Bottom (RFB)

The Remove From Bottom instruction moves a value from the

bottom of a V memory table to a V memory location and

decrements a table pointer by 1. The first V memory location in

the table contains the table pointer which indicates the next —
location in the table to be moved. The instruction will be executed

once per scan provided the input remains on. The instruction will

stop operation when the pointer equals 0. The function

parameters are loaded into the first level of the accumulator stack

and the accumulator by two additional instructions. Listed below

are the steps necessary to program the Remove From Bottom

Aaaa

function. E
Step 1:— Load the length of the table (number of V memory locations) into the first level of
the accumulator stack. This parameter must be a HEX value, 0 to FE

Step 2:— Load the starting V memory location for the table into the accumulator.
(Remember, the starting location of the table blank is used as the table pointer.) This
parameter must be a HEX value.

Step 3:— Insert the RFB instructions which specifies destination V- memory location (Vaaa).

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If you do
not want the instruction to execute for more than one scan, a one shot (PD) should be used
in the input logic.

Helpful Hint: — The pointer location should be set to the value where the table operation
will begin. The special relay SPO or a one shot (PD) should be used so the value will only be
set in one scan and will not affect the instruction operation.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory .....oooviii v See memory map
Discrete Bit Flags Description
SP56 On when the table pointer equals 0.

— NOTE: Status flags (SPs) are only valid until another instruction that uses the same flag is executed, or the
end of the scan The pointer for this instruction can be set to start anywhere in the table. It is not set
automatically. You have to load a value into the pointer somewhere in your program.
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5-154 |

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table and is
placed in the first stack location after the Load Address instruction is executed. The octal
address 1400 (V1400) is the starting location for the source table and is loaded into the
accumulator. Remember, V1400 is used as the pointer location, and is not actually part of the
table data source. The destination location (V1500) is specified in the Remove From Bottom.
The table pointer (V1400 in this case) will be decremented by “1” after each execution of the

RFB instruction.
DirectSOFT32

X1 LD
_| I K6

Load the constant value 6
HEX) into the lower 16 bits
of the accumulator

LDA
01400

Convert octal 1400 to HEX
300 and load the value into
the accumulator. This is the
table pointer location

RFB
V1500

Copy the specified value from
the table to the specified
destination (V1500)

Handheld Programmer Keystrokes
% B
1

L D G
[ s || > ][ | o |

$
STR

ENT ‘

L D A B E A A
o Jhvosr® %6 | > %0 5 a 2o 2o Jlo ]

o o " [P0 o 7 7 %0 %o Jo]
It is important to understand how the table Table Table Pointer
locations are numbered. If you examine the z:g; Z Z Z Z l Lolofo [oJveo
example table, you'll notice that the first data viaos 31017171 Destination
location, V1401, will be used when the pointer is vis e Te o ls DXIXIxTx]visoo
equal to one. The second data location, V1402, viaos [1]o1]o]s
will be used when the pointer is equal to two, etc. V1406 i i :‘( i 6

V1407

.

Direct SOFT32 Display (optional one-shot method)

Also, our example uses a normal input contact 1 co
(X1) to control the execution. Since the CPU scan — (P0)
is extremely fast, and the pointer decrements _|°° D

automatically, the table would cycle through the Ke
locations very quickly. If this is a problem for your o it
application, you have an option of using a one- of the accumuator

shot (PD) to remove one value each time the LDA

input contact transitions from low to high. | 0140

| Convert octal 1400 to HEX
300 and load the value into
| the accumulator. This is the
table pointer location.
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The following diagram shows the scan-by-scan results of the execution for our example
program. Notice how the pointer automatically decrements from 6 — 0. Also, notice how

SP56 is only on until the end of the scan.

Example of Execution
ScanN

Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
visot [o]5]0]o] 1+ [o]o]o]6]via0 vt [o[s[o]o] 1 [o]o]o]s |viao0
V1402 (9|99 |9 2 V1402 (9|19 |9 |9 2
via03 | 3|07 |4 3 Destination viaos |3 |0 |7 |4 3 Destination
vidoa (8|98 9| 4 V1500 vigos [8 (9 [8 [o] 4 ﬂﬂ V1500
viq05 |1|0f1]o| 5 vi405 |1 [0 |1 |0 5/
SP56 SP56
V1406 (2| 0|4 |6 6 V1406 |2 [0 |4 |6 6
— |— spse=oFF |[— spss=orr
V1407 | X | X| X | X V1407 | X | X | X | X
S S
S S
Scan N+1 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
visor [o]s5]oJo] 1 [o]oJo]5]via00 viaor [o]sJoJo] 1+ [ofoJo]4]vrac0
V1402 [ 9199 |9 2 V1402 |9 |9 ]9 |9 2
Destination Destination
V1403 | 3| 0|7 |4 3 V1403 (3 |0 (7 |4 3
vidos |8|o8 o] 2 [2] o4 6]vis00 vidos |8 |98 ]| 4 [1To ] o]vis0
V1405 [ 1|01 |0 5 V1405 |1 |0 |1 |0 5
SP56 SP56
V1406 (2| 0|4 |6 6 V1406 (2 [0 [4 |6 6
—| |— SP56= OFF —| |— SP56.= OFF
V1407 | X[ X[ X [ X V1407 | X | X | X | X
) S
S S
S
S
S
sCan N+4 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
viaot [o]s]ofo] 1+ [o]oJo]2]vi40 vigor [o]sfofo] +  [oJoJo]1]viac0
V1402 9|99 |9 2 V1402 191919 |9 2
vidos (3107 |2 3 Destination vidos (3107 |4 3\ Destination
visos [8]ofs o] « [elof7]e]viswo viaa [s]o e [o] « Lelofefo]viso
V1405 [ 1|01 |0 5 V1405 (1 [0 [1 |0 5
V1406 [ 2| 0|4 |6 6 SP56 V1406 |2 |0 |4 |6 6 SP56
viaor [T X —] — speo=orr viaor T TxTx — |— spss=orF
S S
S S
Scan N+5 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer
viaot [o]s]ofo] +  [oJoJo]1]via0 viaot [o[sJoJo| 1 [o]oJoJo]via0
V1402 |9 9|9 |9 2 V1402 (9 |9 9 |9 2
Destination Destination
V1403 [ 3| 0|7 |4 3 V1403 |3 |0 |7 |4 3
V1404 | 8198 |9 4 BBHE V1500 vidos [8 ]9 ]8 |9 4 nnn V1500
V1405 | 1|01 |0 5 V1405 (1|0 1|0 5
V1406 2| 0|4 |6 6 SP56 V1406 (2 |0 4 |6 6 SP56
vigor | x| x[x[x SPS6=OFF vigor [x [x[x[x | SP56=ON T
until end of scan
S S or next instruction
S s that uses SP56
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B

Source to Table (STT)

The Source To Table instruction moves a value from a V'
memory location into a V memory table and increments a
table pointer by 1. When the table pointer reaches the end
of the table, it resets to 1. The first V. memory location in STT
the table contains the table pointer which indicates the
next location in the table to store a value. The instruction
will be executed once per scan provided the input remains
on. The function parameters are loaded into the first level
of the accumulator stack and the accumulator with two

E additional instructions. Listed below are the steps

Vaaa

necessary to program the Source To Table function.

Step 1: Load the length of the table (number of V memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FE

Step 2: Load the starting V memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table pointer.) This
parameter must be a HEX value.

Step 3: Insert the STT instruction which specifies the source V memory location
(Vaaa). This is where the value will be moved from.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If you do
not want the instruction to execute for more than one scan, a one shot (PD) should be used
in the input logic.

Helpful Hint: — The table counter value should be set to indicate the starting point for the
operation. Also, it must be set to a value that is within the length of the table. For example, if
the table is 6 words long, then the allowable range of values that could be in the pointer
should be between 0 and 6. If the value is outside of this range, the data will not be moved.
Also, a one shot (PD) should be used so the value will only be set in one scan and will not
affect the instruction operation.

Operand Data Type DL06 Range

aaa
Vmemory ... V See memory map
Discrete Bit Flags Description
SP56 On when the table pointer equals the table length.

— the end of the scan The pointer for this instruction starts at 0 and resets to 1 automatically when

iy NOTE: Status flags (SPs) are only valid until: — another instruction that uses the same flag is executed, or
‘E the table length is reached.
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In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table and is
placed in the first stack location after the Load Address instruction is executed. The octal
address 1400 (V1400), which is the starting location for the destination table and table
pointer, is loaded into the accumulator. The data source location (V1500) is specified in the
Source to Table instruction. The table pointer will be increased by “1” after each time the

instruction is executed.
DirectSOFT32

X1 LD
—

Load the constant value 6
HEX) into the the lower 16 bits
of the accumulator

Ké

LDA
01400

Convert octal 1400 to HEX
300 and load the value into
the accumulator

STT
V1500

Copy the specified value
from the source location
(V1500) to the table

Handheld Programmer Keystrokes

o] > [° [ o |
G
Lo iper* o || > [l [0 ] v |
B E A A
el PP O RN I P G P P 3
F A A

[ 9% 7 W Y 3 O P DN G
It is important to understand how the table locations Table Table Poiter
are numbered. If you examine the example table, viaor [x[x[x[x]os [o]oJoJo]viao
you'll notice that the first data storage location, viaoz | X[ XX x| 1 Dot Souce
V1401, will be used when the pointer is equal to V1403 [ XXX )X | 2 (o5 o [ovisoo
zero, and again when the pointer is equal to six. viaod | X XXX 3

. . \ X[X|[X|X
Why? Because the pointer is only equal to zero before ' T :
. .« V1406

the very first execution. From then on, it increments " ——1-1
from one to six, and then resets to one. -
Also, our example uses a normal input contact (X1) :
to control the execution. Since the CPU scan is oo (e
extremely fast, and the pointer increments (™)

automatically, the source data would be moved into
all the table locations very quickly. If this is a problem
for your application, you have an option of using a
one-shot (PD) to move one value each time the input
contact transitions from low to high.

co

Load the constant value 6
(HEX) into the lower 16 bits
of the accumulator

Convert octal 1400 to HEX
300 and load the value into
the accumulator. This is the
starting table location.
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The following diagram shows the scan-by-scan results of the execution for our example
program. Notice how the pointer automatically cycles from 0 — 6, and then starts over at 1
instead of 0. Also, notice how SP56 is affected by the execution. Although our example does
not show it, we are assuming that there is another part of the program that changes the value
in V1500 (data source) prior to the execution of the STT instruction. This is not required,

but it makes it easier to see how the data source is copied into the table.

Scan N Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
V1401 | X| X[ X| X| 0 6 |0|0|0|0|V1400 V1401 |0 |5 |0 |O| O 6 |0|0|0|1|V1400
V1402 | X| X[ X | X 1 V1402 | X | X | X | X 1
Source Source
V1403 | X | X | X | X 2 V1403 [ X [ X [ X [ X 2
viaos [X[x[x[x]| 3 [o] 5o Jo]viseo vidos [X [ X [x[x] 3 [o]5]o]o]vis0
V1405 [ X| X | X[ X 4 V1405 [ X | X [ X | X 4
SP56 SPs6
V1406 | X | X| X | X V1406 | X | X | X | X 5
8 —| |— spse=oFF |[— spss=oFF
V1407 [ X| X | X[ X V1407 [ X [ X [ X [X
S S
S S
Scan N+1 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vidor [0]5]0Jo]oe [ofoJo[1]vido0 vido1 [0 [5[o]o]os [ofoJo]2]vi400
vigoz | X[ x| x| x| 1 viaoe [9 |9 [9[o] 1~
vias [x| x| x| x| 2 Source viaos | XX 1x|x] 2 Source
visor [X[X[x[x] a  [ele]e]o]viseo viaos [xxx[x] & Lelofo]o]viso
V1405 [ X | X | X | X| 4 V1405 | X [ X [ X [X]| 4
SPs6 §Pss
V1406 | X | X| X | X 5 X|X|X]|X 5
—| |— SP56= OFF V1406 —| |— SP56=OFF
V1407 | X | X[ X | X V1407 | X | X | X | X
s S
S S
S
S
S
SCan N+5 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
visor [o]s]oJo]oe [o]oo]s]via00 visot [o]s5JoJo]oe [o]o]o[s]via0
V1402 |91 99 |9 1 V1402 |9 |9 |9 |9 1
Source Source
V1403 | 3| 0|7 |4 2 V1403 |3 |0 |7 |4 2
vioa [a[ofs o] a Lzlels[e]viso vios [ o e fo] a L2lofa]e]vis0
V1405 [ 1|01 |0 4 V1405 [1 [0 |1 |0 4
V1406 | X | X| X [ X 5 SP56 V1406 (2 |0 |4 |6 5 SP56
—| |— SP56 = OFF —| —— SP56=0ON
V1407 | X| X| X | X V1407 | X | XXX | until end of scan
S s or next instruction
s s that uses SP56
ore xecution er xecution
Scan N+6 Before STT Execi After STT Exec
Table Table Pointer Table Table Pointer (Resets to 1, not 0)
visor [o]soJo]oe [o]oJo]6]via0n vigor [1]2]3 4]0 6 [o]o o1 ]via0
V1402 |9]9]9 |9 1 V1402 |9 |9 |9 |9 1
Source Source
V1403 |3 0|7 |4 2 V1403 |3 |0 |7 |4 2
V1404 | 8|98 |9 3 n V1500 visos [8 9|8 |o 3 V1500
vidos | 1]0]T]0 ) 4 vigos [1]0 10| 4
V1406 |2 | 0|4 |6 5 SP56 V1406 (2|0 4|6 5 SP56
vuaor [x[x[x]x SPS6= OFF vidor [x [x[x[x | SPS6= OFF
S S
S S
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Remove from Table (RFT)

The Remove From Table instruction pops a value off of a table and

stores it in a V memory location. When a value is removed from

the table all other values are shifted up 1 location. The first V RFT
memory location in the table contains the table length counter. The — | Vaaa
table counter decrements by 1 each time the instruction is
executed. If the length counter is zero or greater than the maximum
table length (specified in the first level of the accumulator stack)
the instruction will not execute and SP56 will be on.

The instruction will be executed once per scan provided the input remains on. The function
parameters are loaded into the first level of the accumulator stack and the accumulator by two
additional instructions. Listed below are the steps necessary to program the Remove From E
Table function.

Step 1: Load the length of the table (number of V memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FE

Step 2: Load the starting V memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table length
counter.) This parameter must be a HEX value.

Step 3: Insert the RFT instructions which specifies destination V memory location
(Vaaa). This is where the value will be moved to.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If you do
not want the instruction to execute for more than one scan, a one shot (PD) should be used
in the input logic.

Helpful Hint: — The table counter value should be set to indicate the starting point for the
operation. Also, it must be set to a value that is within the length of the table. For example, if
the table is 6 words long, then the allowable range of values that could be in the table counter
should be between 1 and 6. If the value is outside of this range or zero, the data will not be
moved from the table. Also, a one shot (PD) should be used so the value will only be set in
one scan and will not affect the instruction operation.

Operand Data Type DLO06 Range

aaa
Vmemory ... V See memory map
Discrete Bit Flags Description
SP56 On when the table counter equals 0.

paneee NOTE: Status flags (SPs) are only valid until another instruction that uses the same flag is executed, or the

—_— end of the scan The pointer for this instruction can be set to start anywhere in the table. It is not set
— automatically. You have to load a value into the pointer somewhere in your program.
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5—160'

In the following example, when X1 is on, the constant value (K6) is loaded into the

accumulator using the Load instruction. This value specifies the length of the table and is
placed in the first stack location after the Load Address instruction is executed. The octal
address 1400 (V1400) is the starting location for the source table and is loaded into the
accumulator. The destination location (V1500) is specified in the Remove from Table
instruction. The table counter will be decreased by “1” after the instruction is executed.

Direct SOFT32 Display

X1 D Load the constant value 6
_| | (Hex.) into the lower 16 bits
l K6 of the accumulator

LDA Convert octal 1400 to HEX
300 and load the value into
O 1400 the accumulator

RFT Copy the specified value
from the table to the
V1500 specified location (V1500)

Handheld Programmer Keystrokes

M EIE]

(97 [fnost]|°s | > Jlrev][® s [ o]

Ell P N B N N N e

Rl B P Y S G O N 2
Since the table counter specifies the range of data e
dhat il b removedfom the bl 1Mty [GTToTe] + [elsLoleboe
numbered. If you examine the example table, you'll e j z j j 2 Destination
notice that the data locations are numbered from Ve TeTs1s [x [ x]x [ x]vasoo
the top of the table. For example, if the table Xijﬁ: ToTols
counter started at 6, then all six of the locations visos 2 1o T2 151 6
would be affected during the instruction execution.

vigo7 | X | x| x [ x

.
DirectSOFT32 Display (optional one-shot method)

Also, our example uses a normal input contact (X1)
to control the execution. Since the CPU scan is
extremely fast, and the pointer decrements
automatically, the data would be removed from the
table very quickly. If this is a problem for your
application, you have an option of using a one-shot
(PD) to remove one value each time the input
contact transitions from low to high.
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X1

co

)

Cco

LD

G}

LDA

O 1400

Convert octal 1400 to HEX
300 and load the value into

Load the constant value 6
(HEX) into the lower 16 bits
of the accumulator

the accumulator. This is the
table pointer location.
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The following diagram shows the scan-by-scan results of the execution for our example
program. In our example we're showing the table counter set to 4 initially. (Remember, you
can set the table counter to any value that is within the range of the table.) The table counter
automatically decrements from 4-0 as the instruction is executed. Notice how the last two
table positions, 5 and 6, are not moved up through the table. Also, notice how SP56, which
comes on when the table counter is zero, is only on until the end of the scan.

Scan N
Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically d ecremented)
Table Counter vior [0]5]0 o] 1 [o] oo 4]v1a00 viaor [oJoTo o] 14 ¢ [o] o o] 3]via0
indicates that vidoe [99fo o] 2 vidoe |4 |07 |9 2 S 0
::h;ssileio‘:\swill vi403 [ 3|07 |4 | 3 Destinat visos |8 98 |9 35 0 Destination
B:ed V1404 [ 8|9 |8 |9 | 4 _ \”500 Starthere vi404 [8 9|8 |9 45 nnn V1500
V1405 [1[0]|1 |0 | 5 V1405 |1 |0 |1 ]|0| 5
SP56 SPS6
V1406 (2|04 6| 6 vi406 [2 |0 |4 |66
— — spss=oFF — |— spse=oFF
V1407 | X| X| X [ X V1407 | X [ X[ X | X
Scan N+1 Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically decremented)
vidor [9]9]9o9] 1 [o] oo 3]vt400 viaot [4 o7 e 15 2, [o]o[o]2]vt400
vigo2 [4|0|7|9]| 2 vidoz |8 |9 |8 |92 9
Destination 9 Destination
V1403 (8|9 [8|9| 3 Starthere V1403 |8 |9 |8 (9| 3
viaos [8]o]slo] «  Lolslofo]vise viaos [8 o8 o] « [o]o]oo]vise0
V405 [1|0|1]0]| 5 V1405 |1 |0 |1 |05
viaos [2]o]4]6] 6 SPss vi4o6 |2 [0 |4 [6] 6 SPss
— — spso-orr — — sess-orF
V1407 | X| X | X| X V1407 | X | X [ X [ X
efore xecution ter xecution
Scan N+2 Before RFT Executi After RFT Executi
Table Count Table Counter
Table able Counter Table (Automatically decremented)
viaor [afo[7 o] 1 [o] oo ]2]v1a00 vidor [8]o]8 ]9 15 4, [oTo o] 1]viac0
vido2 [8|9|8 |9 2 et Starthere V1402 |8 [9[8|9] 2 \2
Destination
vi403 [8|9|8 |9 3 vi403 [8|9|8 |93
vids (898 [a] 4 [o] o [o]viseo vias (898 ]a] 4 [«]o]7]o]vise0
V1405 [1[0]|1 0] 5 V1405 | 1|0 1]|0| 5
V1406 (2|04 |6 6 SP56 vid06 [2]|0| 466 SP56
vigor | x| x[x[x — |— spse-oFF viaor [ x| x[ x| x — |— spse=oFF
Scan N+3 Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically decremented)
vior [8]o]8]9] 1 [oT oo 1]via0 serthere viot [8To[so] 1 g [o]oo]o]via0
vidoz |8 |9 |89 2 vido2 (8|98 |92 \g\
Destinatio A
vi403 |8 |9 8|9 3 vido3 |8|9[8 |93 Destination
visoa 8 [ofs]o] 4 [4]o]79]vis00 visos (89|89 4 [e]o]e]o]vise0
vidos |1|o|1|0| 5 vidos [1]|0| 1|05
vi406 |2 |0 |46 6 SP56 vid6 [2]|0| 4|66 SP56
viaor | x [x[x]x SP56.= OFF vidor | x| x| x| x SP56 = ON
until end of scan

or next instruction
that uses SP56
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Add to Top (ATT)

The Add To Top instruction pushes a value on toa V ATT
memory table from a V memory location. When the
value is added to the table all other values are pushed
down 1 location.

Vaaa

The instruction will be executed once per scan provided the input remains on. The function
parameters are loaded into the first level of the accumulator stack and the accumulator by two
additional instructions. Listed below are the steps necessary to program the Add To Top
function.

Step 1: Load the length of the table (number of V memory locations) into the first
E level of the accumulator stack. This parameter must be a HEX value, 0 to FE.

Step 2 Load the starting V memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table length
counter.) This parameter must be a HEX value.

Step 3: Insert the AT'T instructions which specifies source V- memory location (Vaaa).
This is where the value will be moved from.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If you do
not want the instruction to execute for more than one scan, a one shot (PD) should be used
in the input logic.

Helpful Hint: — For parameters that require HEX values when referencing memory

locations, the LDA instruction can be used to convert an octal address to the HEX equivalent
and load the value into the accumulator.

Helpful Hint: — The table counter value should be set to indicate the starting point for the
operation. Also, it must be set to a value that is within the length of the table. For example, if
the table is 6 words long, then the allowable range of values that could be in the table counter
should be between 1 and 6. If the value is outside of this range or zero, the data will not be
moved into the table. Also, a one shot (PD) should be used so the value will only be set in
one scan and will not affect the instruction operation.

Operand Data Type DLO06 Range

aaa
Vmemory ... V See memory map

Discrete Bit Flags Description
SP56 On when the table counter is equal to the table size.

NOTE: Status flags (SPs) are only valid until: — another instruction that uses the same flag is executed, or
E — the end of the scan The pointer for this instruction can be set to start anywhere in the table. It is not set
— automatically. You have to load a value into the pointer somewhere in your program.
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In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table and is
placed in the first stack location after the Load Address instruction is executed. The octal
address 1400 (V1400), which is the starting location for the destination table and table
counter, is loaded into the accumulator. The source location (V1500) is specified in the Add
to Top instruction. The table counter will be increased by “1” after the instruction is

executed.
DirectSOFT32 Display
X1

_| |_ . K6

Load the constant value 6
(Hex.) into the lower 16 bits
of the accumulator

LDA
01400
Convert octal 1400 to HEX

300 and load the value into
the accumulator

ATT
V1500

Copy the specified value
from V1500 to the table

Handheld Programmer Keystrokes

For the ATT instruction, the table counter
determines the number of additions that can be
made before the instruction will stop executing. So,
it is helpful to understand how the system uses this
counter to control the execution.

For example, if the table counter was set to 2, and
the table length was 6 words, then there could only
be 4 additions of data before the execution was
stopped. This can easily be calculated by:

Table length — table counter = number of executions

Also, our example uses a normal input contact (X1)
to control the execution. Since the CPU scan is
extremely fast, and the table counter increments
automatically, the data would be moved into the
table very quickly. If this is a problem for your
application, you have an option of using a one-shot
(PD) to add one value each time the input contact
transitions from low to high.

V1401
V1402
V1403
V1404
V1405
V1406
V1407

Table

Table Counter

-

X[V ]|o|lw|o| o

x|o|lo|lw]|o]o]|wn
X|s|=2|o|~N]o]|o

X|o|lo|lo|~|O]| O
o O B~ W N

[o] oo ]2]vi400
Data Source

s

(e.g.: 6 -2=4)

Direct SOFT32 Display (optional one-shot method)

_|
_|co

X1
|

co

()

LD
Ké

of the accumulator

Load the constant value 6
(HEX) into the lower 16 bits

LDA
O 1400

Convert octal 1400 to HEX
300 and load the value into
the accumulator. This is the

starting table location.
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The following diagram shows the scan-by-scan results of the execution for our example
program. The table counter is set to 2 initially, and it will automatically increment from 2 — 6
as the instruction is executed. Notice how SP56 comes on when the table counter is 6, which
is equal to the table length. Plus, although our example does not show it, we are assuming
that there is another part of the program that changes the value in V1500 (data source) prior

to the execution of the ATT instruction.

Example of Execution

Scan N Before ATT Execution After ATT Execution
Table counter
Table Table counter Table (Automatically Incremented)
vi4o1 |o[s5]o]o]|1 [oT oo 2]v1a00 vigor [1[2]3]4 1@ 1 [o]o]o]3]via00
viaee [9] 9o [9o] 2 viaee [0 [5 [0 [0] 2 ‘&
Data Source Data Source
V1403 3107 |4 3 V1403 |9 (91919 3
vidos (8|98 |9 |4 V15°° vido4 [3 |0 |7 |4 42 V1500
viaos | 1|01 o5 V1405 |8 [9 |8 |9 5;)
SP56 p SP56
vido6 [2[o]4]6]|6 viao6 |1 ]o[1]o] 6
—1 |— spse= oFF —] |— spss= oFF
V1407 | X | X| X [ X V1407 | X | X [X| X X]
Discard Bucket
2046
\/
Before ATT Execution After ATT Execution
Scan N+1 Table counter
Table Table counter Table (Automatically Incremented)
viaor [1]2]a]a] +  [o]oJo[3]vae0 vuor [sTeTrTal 15 s [o]o]o]4]vtam0
vidoe [o[5|0fo0] 2 visoe [1[2]3]4]2 7
V1403 [9[9]9]9]| 3 Data Source viao3 |05 [o]o 32 8 Data Source
5]6]7]8|vis0 [sTe]7e]viso0
vidos [3fo]7]4] 4 [s]e]7]e] vido4 [9 9] o 4D [s[e]7]e]
viao5 |8 |98 |9 5 vi405 |3 [0 |7 |4 5;)
SP56 SP56
1lo]1]of e EREIERE 6?
V1406 SP56= OFF V1406 _| |_ SPS6= OFF
viaor [ x| x| x| x viaor [ x [x|x]x X]
Discard Bucket
1010
~—
Scan N+2 Before ATT Execution After ATT Execution Table counter
_ Tabe Table counter _ Tabe (Automatically Incremented)
visor [5[6]7]8] 1 oo [4|viac0 viaor [4Ta[aTo] 1y 4 [o]o]o]5]via00
V1402 1121|342 V402 | 5| 6| 7|8 2 4
vi403 [0 |5 |0f0]3 vido3 [1]2[3]4 3P 8 Data Source
4| 3 [v1s00
vidos (9|9 ]o]o]4 visos [o[s5]o]o0 49 [4]
vidos (3|0 ]7]4]5 vidos | 9[99 ]9 58
vido6 (8|9 ]8]9]6 vidos [3]0[7[4] 6 SP56
— — spse=orF
V1407 [ X | X[ X]| X V1407 | X[ X[ X | X
Discard Bucket
8989
=
Scan N+3 Before ATT Execution After ATT Execution Table counter
Table Table counter Table (Automatically Incremented)
viaor [4afa]a]1 [oT oo ]5]vta00 vuaot [7[7]7]7 1) 7 [o]o]o]6]viac0
vide (5|67 ]8]2 vidoz |4 (343 29 7,
vi403 |1 2|3 4|3 visos [5[6]7]8 SQ
vido4 [o[|5]o]of4 viaos [1[2]3[4]4
vidos (9|9 ]9 |95 vidos [o[5] o]0 SD
vidos [3|o]7]4]e SP56 vidos [9]9fef9 6‘;) SP56
viaor [x [ x[x[x — |— spss-orF vigor [ X[ x| x]x X/ — = Ortend ofscan
Discard Bucket or next instruction
3074 that uses SP56
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|

Table Shift Left (TSHFL)

The Table Shift Left instruction shifts all the bits in a V- TSHFL

memory table to the left, the specified number of bit A aaa

positions.
Table Shift Right (TSHFR)

The Table Shift Right instruction shifts all the bits in a V- TSHFR

memory table to the right, a specified number of bit Aaaa

positions.

The following description applies to both the Table Shift Left and Table Shift Right
instructions. A table is just a range of V-memory locations. The Table Shift Left and Table
Shift Right instructions shift bits serially throughout the entire table. Bits are shifted out the
end of one word and into the opposite end of an adjacent word. At the ends of the table, bits
are either discarded, or zeros are shifted into the table. The example tables below are
arbitrarily four words long.

Table Shift Left Table Shift Right

— Shiftin zeros — Discard Bits

V-xox  [CITTTTTTITTITII] =— CCTIIIIIITIIIIIT] —»

- e
V-xox+1 [TTTITIIITIIIII] (T TITTIITITIITT]
4_\\\\\\.. \_>\\\\\\
V-x0x+2 [TTTTTTTITITTIITIT] LTI
Discard Bits -~ "= Shift in zeros — =
<« [JTTTTTTTTTTTITITIT] — [TTTITTITTTITTITITIT

Step 1: Load the length of the table (number of V memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FE

Step 2: Load the starting V memory location for the table into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert
an octal address to hex.

Step 3: Insert the Table Shift Left or Table shift Right instruction. This specifies the
number of bit positions you wish to shift the entire table. The number of bit
positions must be in octal.

Helpful hint: — Remember that each V memory location contains 16 bits. So, the bits of the
first word of the table are numbered from 0 to 17 octal. If you want to shift the entire table
by 20 bits, that is 24 octal. SP 53 will be set if the number of bits to be shifted is larger than
the total bits contained within the table. Flag 67 will be set if the last bit shifted (just before it
is discarded) isa “1”.

Operand Data Type DL06 Range

aaa
Vmemory ... V See memory map
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|
Discrete Bit Flags Description
SP53 On when the number of bits to be shifted is larger than the total bits contained within the table
SP67 On when the last bit shifted (just before it is discarded) is a “1.”

NOTE: Status flags are only valid until: — the end of the scan
— another instruction that uses the same flag is executed.

The example table to the right contains
BCD data as shown (for demonstration V3000 V3000

purposes). Suppose we want to do a table 5[ 3] a 7 1
i ight by 3 BCD digies (12 by 121314 HEon
Converting to octal, 12 bits is 14 octal.

Using the Table Shift Right instruction (5l 6] 7] 8]
and specifying a shift by octal 14, we have

the resulting table shown at the far right. nn -

Notice that the 2-3—4 sequence has been

discarde{d, an'd the 0—0-0 sequence has EE

been shifted in at the bottom.

The following ladder example assumes the EE Emn

data at V3000 to V3004 already exists as

shown above. We will use input X0 to trigger the Table Shift Right operation. First, we will
load the table length (5 words) into the accumulator stack. Next, we load the starting address
into the accumulator. Since V3000 is an octal number we have to convert it to hex by using
the LDA command. Finally, we use the Table Shift Right instruction and specify the number
of bits to be shifted (12 decimal), which is 14 octal.

DirectSOFT 32
X0 D Load the constant value 5
1 (Hex.) into the lower 16 bits
I K5 of the accumulator.
Convert octal 3000 to HEX
LDA and load the value into the
03000 accumulator. This is the
table beginning.
Do a table shift right by 12
TSHFR bits, which s 14 octal.
014
Handheld Programmer Keystrokes
A
| > |0 o]
D F
oo el [ o] o]
A D A A A
‘SHFT ”ANDST” ” 0 " 2 ” 8 ” 0 ” 0 ” 0 ” ENT|
S H F R B E
el v B P G G P N ) A A 2
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|
AND Move (ANDMOYV)
The AND Move instruction copies data from a table to the ANDMOV
specified memory location, ANDing each word with the A aaa
accumulator data as it is written.
OR Move (ORMOYV)
The Or Move instruction copies data from a table to the specified ORMOV
memory location, ORing each word with the accumulator contents A aaa
as it is written.
Exclusive OR Move (XORMOY)
The Exclusive OR Move instruction copies data from a table to the XORMOV
specified memory location, XORing each word with the A aaa

accumulator value as it is written.

The following description applies to the AND Move, OR Move, and Exclusive OR Move
instructions. A table is just a range of V-memory locations. These instructions copy the data
of a table to another specified location, preforming a logical operation on each word with the
accumulator contents as the new table is written.

Step 1: Load the length of the table (number of V memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FE

Step 2: Load the starting V memory location for the table into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert
an octal address to hex.

Step 3: Load the BCD/hex bit pattern into the accumulator which will be logically
combined with the table contents as they are copied.
Step 4: Insert the AND Move, OR Move, or XOR Move instruction. This specifies

the starting location of the copy of the original table. This new table will
automatically be the same length as the original table.

Operand Data Type DL06 Range

aaa
Vmemory ... V See memory map

ElCl:eDe)((iartnple tﬁble to( fthe (;ight rTotnt;:iinrs1 V3000 V3100

ata as shown (for demonstratio

purposes). Suppose we want to move a ANDMOV
. K6666

table of two words at V3000 and AND it

with K6666. The copy of the table at EEEH

V3100 shows the result of the AND

operation for each word.

The program on the next page performs the ANDMOV operation example above. It assumes
that the data in the table at V3000 — V3001 already exists. First we load the table length (two
words) into the accumulator. Next we load the starting address of the source table, using the

LDA instruction. Then we load the data into the accumulator to be ANDed with the table.
In the ANDMOV command, we specify the table destination, V3100.
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DirectSOFT 32
Handheld Programmer Keystrokes X0 5 Load the constant value 2
e — | s
’S“FT HANDSTHD H - H PREV HC 2 H ENT ‘
Lo linost] s "0 1> 1% J[*0 [0 %o J[=] Loa o o o e
[ Jisost]® s || > Jlemev][®6 J[°6 %6 J°s (=] = oo
P 2 P £ Y X P P P . J—
K6666 16 bits of the accumulator.

The example to the right shows a table of two ooy e et e

words at V3000 and logically ORs it with 03100 acoumulator as itis writen.

K8888. The copy of the table at V3100 shows

the result of the OR operation for each word.

V3000 V3100

The program to the right performs the ORMOV

ORMOV
example above. It assumes that the data in the table L] K8888 Lololofo]
at V3000 — V3001 already exists. First we load the (1] 1] [o] o] 9] 9]
table length (two words) into the accumulator. Next
we load the starting address of the source table, using  biectsorT 32
the LDA instruction. Then we load the data into the x D
accumulator to be ORed with the table. In the f ke
ORMOYV command, we specify the table destination, Load the constant value 2
V3 100. (l;i;x) into the I|0\1Ner 16 bits
Handheld Programmer Keystrokes LDA
s || > %0 | o] i
Convert octal 3000 to HEX
’ SHFT HANDSTH H 9 H PREV Hc > H ENT ‘ and load the value into the
accumula?or._This isthe
oiul™, T o I T T ]
D
Lo inost] s | = Jlemev [ I e s ' | ] Kooes
’Q HSHFT H OHSTH%ST#HVAND H - HD 3 HB 1 HA 0 HA 0 H ENT ‘ Load the constant value
8888 (Hex.) into the lower
16 bits of the accumulator.
GRMOV
The example to the right shows a table of two words 03100
at V3000 and logically XORs it with K3333. The Copy the table to V3100,
copy of the table at V3100 shows the result of the e oS Wi e
XOR operation for each word.
The ladder program example for the XORMOV is V3000 V3100

similar to the one above for the ORMOV. Just use
the XORMOV instruction. On the handheld
programmer, you must use the SHFT key and spell
“XORMOV” explicitly.

X

EIEER

ORMOV ....

1T[1f1]1
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Find Block (FINDB)

The Find Block instruction searches for an occurrence of a
specified block of values in a V memory table. The function

parameters are loaded into the first and second levels of the FINDB
accumulator stack and the accumulator by three additional Aaaa
instructions. If the block is found, its starting address will be
stored in the accumulator. If the block is not found, flag SP53

will be set.
Operand Data Type DL06 Range
aaa
Vmemory .....oooiii V See memory map
Vmemory ... P See memory map

Description

SP53 On when the Find Block instruction was executed but did not find the block of data in
table specified

The steps listed below are the steps necessary to program the Find Block function.

Step 1: Load the number of bytes in the block to be located. This parameter must be a
HEX value, 0 to FE

Step 2: Load the length of a table (number of words) to be searched. The Find Block
will search multiple tables that are adjacent in V memory. This parameter
must be a HEX value, 0 to FE.

Step 3: Load the ending location for all the tables into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert
an octal address to hex.

Step 4: Load the table starting location for all the tables into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert
an octal address to hex.

Step 5: Insert the Find Block instruction. This specifies the starting location of the
block of data you are trying to locate.

S tart Addr.
Table 1 Number
of words
Table 2 Start Addr.
Table 3
Block Number
of bytes
Table n
End Addr.
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[ |
Swap (SWAP)
. . SWAP
The Swap instruction exchanges the — A aaa
data in two tables of equal length.

The following description applies to both the Set Bit and Reset Bit table instructions.

Step 1: Load the length of the tables (number of V memory locations) into the first level of
the accumulator stack. This parameter must be a HEX value, 0 to FE Remember that
the tables must be of equal length.

Step 2: Load the starting V memory location for the first table into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert an octal
address to hex.

Step 3: Insert the Swap instruction. This specifies the starting address of the second table.
This parameter must be a HEX value. You can use the LDA instruction to convert an
octal address to hex.

Helpful hint: — The data swap occurs within a single scan. If the instruction executes on
multiple consecutive scans, it will be difficult to know the actual contents of either table at
any particular time. So, remember to swap just on a single scan.

Operand Data Type DLO06 Range

aaa
Vmemory ..o % See memory map

The example to the right shows a table of V3000 V3100
two words at V3000. We will swap its

contents with another table of two words at swap [Als[c]o]
3100 by using the Swap instruction. The

required ladder program is given below. [slel7]s] Lol o[ o]0l

The example program below uses a PD contact (triggers for one scan for off-to-on transition).
First, we load the length of the tables (two words) into the accumulator. Then we load the
address of the first table (V3000) into the accumulator using the LDA instruction, converting
the octal address to hex. Note that it does not matter which table we declare “first”, because
the swap results will be the same.

DirectSOFT 32
X0 Load the constant value 2
| LD (Hex.) into the lower 16 bits
J | K2 of the accumulator.

Handheld Programmer Keystrokes

$ P D
Convert octal 3000 to HEX |_sTr || SHFT =

and load the value into the L
03000 accumulator. This is the ANDST

table beginning. L b A
[ [Svoer]® [[*6 [ ]

LDA

SHFT ‘

Swap the contents of the
SWAP s w A D B A A
table in the previous SHFT H RST “ ANDN H 0 “ - H 3 ‘ 1 H 0 ‘
03100 instruction with the one
atV3100.
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|
Clock / Calendar Instructions

Date (DATE)

The Date instruction can be used to set the date in the CPU.
The instruction requires two consecutive V memory locations DATE
(Vaaa) to set the date. If the values in the specified locations V aaa
are not valid, the date will not be set. The current date can be
read from 4 consecutive V memory locations

(V7771-N7774).

In the following example, when CO is on, the constant value (K94010301) is loaded into the
accumulator using the Load Double instruction (CO should be a contact from a one shot
(PD) instruction). The value in the accumulator is output to V2000 using the Out Double
instruction. The Date instruction uses the value in V2000 to set the date in the CPU.

V Memory Location (BCD
Date Range (FI{¥AD only) (BCD)
Year 0-99 V7774
Month 1-12 V7773
Day 1-31 V7772
Day of Week 0-06 V7771
The values entered for the day of week are:

0=Sunday, 1=Monday, 2=Tuesday, 3=Wednesday, 4=Thursday, 5=Friday, 6=Saturday

Operand Data Type DL06 Range

A aaa
Vmemory. ... V See memory map
DirectSOFT 32 Constant (K)
co LoD [e]eot][o]s o] ] In this example, the Date
_| I K94010301 | | instruction uses the value setin
Load the constant ace. [9]4 Jo [1][o] 3] 0] 1] V2000 and V2001 to set the date
::EELK::C‘L‘rgi&' in the appropriate V. memory
locations (V7771-V7774).
V2000 | |
e sccumitorto elefo]t]lofs o] ]
V2000 and V2001 V2001 V2000
Format
DATE V2001 V2000
V2000
e 9]« fo[1][o[s [o 1]
using the value in V2000 S I N S N—
and 2001
Handheld Programmer Keystrokes l J. J. l.

Year Month  Day Day of Week

$ A
‘STH —> || NEXT || NEXT || NEXT || NEXT o ENT

[ P P O N [ [ [ 2
POR COR PO I

CXr | sHFT 1P g - |, ‘Ao HAo HAo H ENT‘

o] %0 e J 2 %2 %0 126 %6 Jlo ]

DL06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03 I 5— 171



Chapter 5: Standard RLL Instructions - Clock/Calendar Instructions

[ |
Time (TIME)
The Time instruction can be used to set the time (24 hour
clock) in the CPU. The instruction requires two consecutive TIME
V memory locations (Vaaa) which are used to set the time. If V aaa
the values in the specified locations are not valid, the time
will not be set. The current time can be read from memory
locations V7747 and V7766-V7770.
VMemory Location (BCD
Date Range (R‘I’EAD only) (BCD)
1/100 seconds (10ms) 0-99 V7747
Seconds 0-59 V7766
Minutes 0-59 /7767
Hour 0-23 V7770

Operand Data Type DL06 Range

A aaa
Vmemory ..ot V See memory map

In the following example, when CO is on, the constant value (K73000) is loaded into the
accumulator using the Load Double instruction (CO should be a contact from a one shot
(PD) instruction). The value in the accumulator is output to V2000 using the Out Double
instruction. The Time instruction uses the value in V2000 to set the time in the CPU.

DirectSOFT 32 Constant (K)
o [0JoJo]7][a]oJeo] [ The TIME instruction uses the

—} 0P _— | | value set in V2000 and V2001 to

set the time in the appropriate V
sec[0folo]7]{s[o]o]o] memory locations (V7766-V7770)
V2000 | |
[oJoJo[7][e]o o] o]
V2001 V2000 Format
V2001 V2000
TIME
— loJoo]7][s]o]o]o]
V2000

Handheld Programmer Keystrokes Not Hour Minutes Seconds
‘$STR H % HNEXT ‘NEXT HNEXT H NEXT HA 0 H ENT ‘ Used

P S T P G P O N

fo P [*o [P0 [low]

o o [P0 > [0 10 %o [0 [o]

Lo o Lo [ 6 Jnsr =0 [ > %2 [0 %0 2o [ ]
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|

CPU Control Instructions

No Operation (NOP)

The No Operation is an empty (not programmed) memory location. ( Nop )
Direct SOFT32 Handheld Programmer Keystrokes
5177 | | Rt v || o7 |
i ( NOP ) | TMR || INST# || cv
End (END)
The End instruction marks the termination point of the normal _( END >

program scan. An End instruction is required at the end of the main

program body. If the End instruction is omitted an error will occur

and the CPU will not enter the Run Mode. Data labels, subroutines

and interrupt routines are placed after the End instruction. The End instruction is not
conditional; therefore, no input contact is allowed.

Direct SOFT32 Handheld Programmer Keystrokes

D
| El

| (

E N
ELN G £
END ) 4 TMR

Stop (STOP)
The Stop instruction changes the operational mode of the CPU
from Run to Program (Stop) mode. This instruction is typically _< STOP >
used to stop PLC operation in an error condition.

In the following example, when CO turns on, the CPU will stop
operation and switch to the program mode.

DirectSOFT32 Handheld Programmer Keystrokes
L o ][> o] |, o]
{ } < STOP ) s T ) P
| Kl = ELl P e R
Discrete Bit Flags Description
SP16 On when the DLO6 goes into the TERM_PRG mode.
SP53 On when the DLO6 goes into the PRG mode.
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B

Reset Watch Dog Timer (RSTWT)

The Reset Watch Dog Timer instruction resets the CPU scan

timer. The default setting for the watch dog timer is 200ms. —(RSTWT)
Scan times very seldom exceed 200ms, but it is possible.

For/next loops, subroutines, interrupt routines, and table

instructions can be programmed such that the scan becomes

longer than 200ms. When instructions are used in a manner

that could exceed the watch dog timer setting, this instruction

can be used to reset the timer.

A software timeout error (E003) will occur and the CPU will enter the program mode if the
scan time exceeds the watch dog timer setting. Placement of the RSTWT instruction in the

ﬂ program is very important. The instruction has to be executed before the scan time exceeds
the watch dog timer’s setting.

If the scan time is consistently longer than the watch dog timer’s setting, the timeout value
may be permanently increased from the default value of 200ms by AUX 55 on the HPP or
the appropriate auxiliary function in your programming package. This eliminates the need for
the RSTWT instruction.

In the following example the CPU scan timer will be reset to 0 when the RSTWT instruction
is executed. See the For/Next instruction for a detailed example.

Direct SOFT 32 Handheld Programmer Keystrokes

R S T w T
’ / |SHFT ” ORN ” RST ” MLR ” ANDN” MLR ” ENT ‘
‘ { RsTwr )
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Program Control Instructions

Goto Label (GOTO) (LBL)

The Goto / Label skips all instructions between the Goto and
the corresponding LBL instruction. The operand value for _( GOTO)
the Goto and the corresponding LBL instruction are the

same. The logic between Goto and LBL instruction is not
executed when the Goto instruction is enabled. Up to 256
Goto instructions and 256 LBL instructions can be used in

the program.

Operand Data Type DL06 Range E

K aaa

LBL K aaa

Constant

1-FFFF

In the following example, when C7 is on, all the program logic between the GOTO and the
corresponding LBL instruction (designated with the same constant Kaaa value) will be

skipped. The instructions being skipped will not be executed by the CPU.

DirectSOFT32

N

LBL

~—~

N

K5
GOTO )

C2

ouT )

Y2

ouT )

Handheld Programmer Keystrokes

$ C H
Cone J > Jlsrr [, |, o]
G [¢) T [¢) F
SHET 6 INST# || MLR |INST# " 9 “ 5 “ ENT |
$ B
STR > 1 ENT
GX C C
(S L2 s [ [ o]
L B L F
Lot Jhsost][® o Lo > |75 Lo |

$ F
Con J > s o |
GX c
o ]2 ] Jov ]
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W

For / Next (FOR) (NEXT)

The For and Next instructions are used to execute a section of ladder logic between the For
and Next instruction a specified numbers of times. When the For instruction is enabled, the
program will loop the specified number of times. If the For
instruction is not energized the section of ladder logic between the
For and Next instructions is not executed. Aaaa
For / Next instructions cannot be nested. The normal I/O update _< FOR )
and CPU housekeeping is suspended while executing the For /
Next loop. The program scan can increase significantly, depending
on the amount of times the logic between the For and Next

instruction is executed. With the exception of immediate I/O
ﬂ instructions, I/O will not be updated until the program execution

is completed for that scan. Depending on the length of time
required to complete the program execution, it may be necessary _( NEXT )
to reset the watch dog timer inside of the For / Next loop using
the RSTWT instruction.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ......ooiiiiii v See memory map
Constant ... K 1-9999
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il

In the following example, when X1 is on, the application program inside the For / Next loop
will be executed three times. If X1 is off the program inside the loop will not be executed.
The immediate instructions may or may not be necessary depending on your application.
Also, The RSTWT instruction is not necessary if the For / Next loop does not extend the
scan time larger the Watch Dog Timer setting. For more information on the Watch Dog
Timer, refer to the RSTWT instruction.

Direct SOFT32

S
()
T o)
(o) —
PN E S
oo |7 e o [ 5 7 ]
1 P P P P P
P P X P B
MEIE
£ P e P P
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W

Goto Subroutine (GTS) (SBR)

The Goto Subroutine instruction allows a section of ladder
logic to be placed outside the main body of the program
execute only when needed. There can be a maximum of 256 _< GTS )
GTS instructions and 256 SBR instructions used in a
program. The GTS instructions can be nested up to 8 levels.
An error E412 will occur if the maximum limits are exceeded.
Typically this will be used in an application where a block of
program logic may be slow to execute and is not required to
execute every scan. The subroutine label and all associated SBR K aaa

ﬂ logic is placed after the End statement in the program. When

the subroutine is called from the main program, the CPU will
execute the subroutine (SBR) with the same constant number
(K) as the GTS instruction which called the subroutine.

By placing code in a subroutine it is only scanned and executed when needed since it resides
after the End instruction. Code which is not scanned does not impact the overall scan time of
the program.

Subroutine Return (RT)

Operand Data Type DL06 Range

aaa
Constant ............... ... ...l K 1-FFFF

When a Subroutine Return is executed in the subroutine the

CPU will return to the point in the main body of the program _( AT >
from which it was called. The Subroutine Return is used as

termination of the subroutine which must be the last instruction

in the subroutine and is a stand alone instruction (no input

contact on the rung).

Subroutine Return Conditional (RTC)

The Subroutine Return Conditional instruction is a optional _< RTC >
instruction used with a input contact to implement a

conditional return from the subroutine. The Subroutine Return

(RT) is still required for termination of the Subroutine.
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In the following example, when X1 is on, Subroutine K3 will be called. The CPU will jump
to the Subroutine Label K3 and the ladder logic in the subroutine will be executed. If X35 is
on the CPU will return to the main program at the RTC instruction. If X35 is not on
YO0-Y17 will be reset to off and then the CPU will return to the main body of the program.

Direct SOFT32 Display X1 K3
4{ }—( Grs ) - -
co
LD
K10

—(END)

X20 Y5

|
- S
|
‘ \
L

X35
4{1}—( RTC )
T X35 YO Y17
| —dr——( &1 )
L R )
Handheld Programmer Keystrokes
$ B
s || 1 ENT
G T S D
‘SHFT H 6 H MLR H RST H % H 3 H T ‘
E N D
‘ SH H 4 H TMR H 3 H N ‘
‘SHFT HSRST H SHT HB 1 HRORN H % HD 3 H T ‘
$ 3 I C A
‘ STR HSHFT H 8 H % H 2 H 0 H T ‘
GX I F
‘ OoutT HSHFT H 8 H 2 H 5 H o ‘
$ 1 C B
‘ str || SHFT 5 - ) ] ENT
GX I B A
‘ outr HSHFT H 8 H % H 1 H 0 H N ‘
$ < I D F
‘ STR HSHFT H 8 H % H 3 H 5 H T ‘
R T C
Kl P Y G 2
SP ! D F
‘STRN HSHFT H 8 H % H 3 H 5 H N ‘
S I A B H
‘ RST HSHFT H 8 H % H 0 H % H 1 H 7 H T ‘
9 R T
‘ SHT H ORN H MLR H ENT ‘
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W

In the following example, when X1 is on, Subroutine K3 will be called. The CPU will jump
to the Subroutine Label K3 and the ladder logic in the subroutine will be executed. The CPU
will return to the main body of the program after the RT instruction is executed.

Direct SOFT32
‘ X1 K3
| ( ars ) .
S [ \
T
|
g '
|
| SBR K3
|
| X20 Y5
| 1| (‘o)
| X21 Y10
| III (our)
L (o)

Handheld Programmer Keystrokes
$ B
Com | > °

G T S D
%6 e [osr | = [P JL oo |

|ENT|

E N D
el G Y S

S B R D
a0 0 00 N P S N S

o | e | > 2 |6 Jlov ]
GC))(UT - F5 ENT
HEINEIRA e
G())(UT 4 B1 Ao ENT

SHFT ROHN TMLR ENT
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i

Master Line Set (MLS)

The Master Line Set instruction allows the program to control
sections of ladder logic by forming a new power rail controlled
by the main left power rail. The main left rail is always master
line 0. When a MLS K1 instruction is used, a new power rail is
created at level 1. Master Line Sets and Master Line Resets can
be used to nest power rails up to seven levels deep.

Operand Data Type DL06 Range

aaa
Constant ................ccoiiiiiiit. K 1-7

Master Line Reset (MLR) H

The Master Line Reset instruction marks the end of control

K aaa
—( MLS )

for the corresponding MLS instruction. The MLR reference K aaa
is one less than the corresponding MLS. _( MLR )
Operand Data Type DL06 Range
aaa
Constant .............................. K 0-7

Understanding Master Control Relays
The Master Line Set (MLS) and Master Line Reset (MLR) instructions allow you to quickly
enable (or disable) sections of the RLL program. This provides program control flexibility.
The following example shows how the MLS and MLR instructions operate by creating a sub
power rail for control logic.

X0 — MLS
When contact XO is on, logic under the first MLS
_| K1 will be executed .
X1 Y7
— | (o)
X2 MLS
_| When contacts X2 and X0 are on, logic
K2 under the second MLS will be
executed.
X3

MLR MLR
The MLR instructions note the end of the Master Control area.
KO K1 (They will be entered in adjacent addresses.)
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W

MLS/MLR Example
In the following MLS/MLR example logic between the first MLS K1 (A) and MLR KO (B)
will function only if input X0 is on. The logic between the MLS K2 (C) and MLR K1 (D)
will function only if input X10 and X0 is on. The last rung is not controlled by either of the

MLS coils.
Direct SOFT 32 Handheld Programmer Keystrokes
| X0 K1 s A
A
| II (MLS) STR % 0 ENT
Y B
: X1 co MLS % 1 ENT
| ( ) 5
H | || { our s || = ENT
1 (B | || ]
| e Cl Sut || = || SHET o ENT
( OUT)
i \ P o ]
| X3 Y0
B
|- (o ) o o I )
| e P o ]
C
| | ( [Bur || > %o o |
: | ] { MLS) 2ot |l = ENT
$
. e e = O O B
| L ( our .
HEa \ MBI
. ) Lo > s o |
|: II (OUT s || 2
| [Bor | > [0 o |
| - Ds
| (e ) Lo | > | o |
I
e P ¥ 3 N
) (o) L5 Jor]
X6 \&
| N EY e
(
| || \ o c
| MBI e
| KO B
$
| (e ) Lo > | | =
GX
o W (Bu > P e |
| ( )
o Cor) T [ |7 [ov]
Co || > |"7 o |
(Bur ] > [ %2 o |
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Interrupt Instructions

Interrupt (INT)

The Interrupt instruction allows a section of ladder logic INT 0O aaa
to be placed below the main body of the program and
executed only when needed. High-Speed I/0O Modes 10,
20, and 40 can generate an interrupt. With Mode 40,
you may select an external interrupt (input X0), or a
time-based interrupt (3-999 ms).

Typically, interrupts are used in an application when a fast response to an input is needed or a
program section must execute faster than the normal CPU scan. The interrupt label and all
associated logic must be placed after the End statement in the program. When an interrupt
occurs, the CPU will complete execution of the current instruction it is processing in ladder
logic, then execute the interrupt routine. After interrupt routine execution, the ladder
program resumes from the point at which it was interrupted.

See Chapter 3, the section on Mode 40 (Interrupt) Operation for more details on interrupt
configuration. In the DL06, only one software interrupt is available. The software interrupt
uses interrupt #00 (INT 0), which means the hardware interrupt #0 and the software
interrupt cannot be used together. Hardware interrupts are labeled in octal to correspond
with the hardware input signal (e.g. X1 will initiate INT 1).

Operand Data Type DL06 Range

aaa
Constant ................ .. ... ... 0 0-3

Interrupt Return (IRT)
An Interrupt Return is normally executed as the last instruction
in the interrupt routine. It returns the CPU to the point in the —( IRT )
main program from which it was called. The Interrupt Return is
a stand-alone instruction (no input contact on the rung).

Interrupt Return Conditional (IRTC)

The Interrupt Return Conditional instruction is a optional

instruction used with an input contact to implement a _< IRTC >
conditional return from the interrupt routine. The Interrupt

Return is required to terminate the interrupt routine.

Enable Interrupts (ENI)
The Enable Interrupt instruction is placed in the main ladder
program (before the End instruction), enabling the interrupt. _< ENI >
The interrupt remains enabled until the program executes a
Disable Interrupt instruction.
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B

Disable Interrupts (DISI)
A Disable Interrupt instruction in the main body of the
application program (before the End instruction) will disable
the interrupt (either external or timed). The interrupt remains _< DISI )
disabled until the program executes an Enable Interrupt
instruction.

External Interrupt Program Example
In the following example, we do some initialization on the first scan, using the first-scan
contact SPO. The interrupt feature is the HSIO Mode 40. Then we configure X0 as the
external interrupt by writing to its configuration register, V7634. See Chapter 3, Mode 40
Operation for more details
During program execution, when X2 is on the interrupt is enabled. When X2 is off the

interrupt will be disabled. When an interrupt signal (X0) occurs the CPU will jump to the
interrupt label INT O 0. The application ladder logic in the interrupt routine will be
performed. The CPU will return to the main body of the program after the IRT instruction is
executed.

Direct SOFT32 Handheld Programmer Keyst trokm
Load the constant value -
(K40) into the lower 16 bits
= STRN H ‘n
N e P H N H Nl
o bis of the )

of the accumulator ‘
V7633 v
\ N I N ) P P O

SHFT

Load the constant value (K4)
into the lower 16 bits of the
Sl N I U H H all
Copy the value in the lower
n L B H > H H H o o]

accumulator
V7634
STR 2

‘ SHFT H £

N I
4 H T™MR H 8 H EM‘

sp C
STRN - 2 ENT

D 1 S |
ST s || kst ‘ 8 ‘

E N D
SHFT
END ) 4 TMR 3

N I N T A
SHFT - ‘ H ENT ‘
INT 00 8 TMR MLR 0
I B
[ O
X1 Y5 X |
T ——— ) P O G S

‘ENT‘

© 2 E2 I I D
T ) .
o X O Y G
L ( w1 )

SHFT H

X

R T
o s L |
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Timed Interrupt Program Example
In the following example, we do some initialization on the first scan, using the first-scan
contact SPO. The interrupt feature is the HSIO Mode 40. Then we configure the HSIO timer
as a 10 mS interrupt by writing K104 to the configuration register for X0 (V7634). See
Chapter 3, Mode 40 Operation for more details.
When X4 turns on, the interrupt will be enabled. When X4 turns off, the interrupt will be
disabled. Every 10 mS the CPU will jump to the interrupt label INT O 0. The application

ladder logic in the interrupt routine will be performed. If X3 is not on YO-Y7 will be reset to
off and then the CPU will return to the main body of the program.

Direct SOFT32 Handheld Programmer Keystrokes
5PO Load th val
D oad the constant value B
— (K40) into the lower 16 bits = 1 ENT
K40 of the accumulator
L D K E A
SHET || X \psT N - ‘SHFT H M H 4 H o H ENT ‘
out Copy the value in the lower X v H G D D
~ 16 bits of the accumulator to ouT —> || ster AND 7 6 3 3 ENT
633 V7633 —/
. L D K B A 3
SHFT || Anpst 3 | s IMP 1 0 4 ENT
D Load the constant value GX v H G D E
(K10) into the lower 16 bits our |2 |15 | Yo 7 6 3 4 ENT
L of the accumulator 7\5 .
STR - 4 ENT
out Copy the value in the lower | ger || E N 1 ‘ T ‘
16 bits of the accumulator to 4 TMR 8
V7634 V7634
P E
sren || 4 ENT
D [ s 1 ;
) P e I
) E ‘ D
SHFT 4 MR 5 ‘ ENT ‘
| N T A
SHIT 8 TMR || MLR - 0 ‘ ENT ‘
$ | C ¢
st || SHFT s - ) ENT
X [ F !
ser || SHFT B - 5 ENT
sP ! D 0
o || SHET B - 3 ENT
X [ A H
) ser || SHT s - o ‘% ‘ R H ENT ‘
~ | R T
N SHFT 8 orn || mir || ENT
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Message Instructions

Fault (FAULT)
The Fault instruction is used to display a message on the handheld
programmer, the optional LCD display or in the DirectSOFT __|FAULT
status bar. The message has a maximum of 23 characters and can Aaaa

be either V memory data, numerical constant data or ASCII text.

To display the value in a V memory location, specify the V memory location in the
instruction. To display the data in ACON (ASCII constant) or NCON (Numerical constant)
ﬂ instructions, specify the constant (K) value for the corresponding data label area.

Operand Data Type DL06 Range

.................................... A aaa

Vmemory ... V See memory map
Constant ... K 1-FFFF

Discrete Bit Flags Description
SP50 On when the FAULT instruction is executed

Fault Example

In the following example when X1 is on, the message SW 146 will display on the handheld
programmer. The NCONs use the HEX ASCII equivalent of the text to be displayed. (The
HEX ASCII for a blank is 20, a 1 is 31, 4 is 34 ...)

[ e e Y

Jaaaaai

Direct SOFT32 Handheld Programmer Keystrokes

Xi FAULT $ B

. F A U L T B

EH PN PR % PO VY N O
E N D

aad L Y N E0Y
D L B L B

07 1% Jlhsost]|® 1 Jhsos]| > [*1 [ o |

N C A D B
e | > [ [P 0 o ]

N C O N D E D G
Al Y P Y Y I G G N P

N C O
TMR 2 INST#

A C (0] N S w
N S GO [ Y I P PN
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Data Label (DLBL)

The Data Label instruction marks the

beginning of an ASCII / numeric data area.

DLBLs are programmed after the End
statement. A maximum of 64 DLBL
instructions can be used in a program.

Multiple NCONs and ACONSs can be used

in a DLBL area.

Operand Data Type DL06 Range

DLBL

K aaa

daa
Constant ............... ... ............ K 1-FFFF
ASCII Constant (ACON)
The ASCII Constant instruction is used ACON
with the DLBL instruction to store A aaa

ASCII text for use with other
instructions. Two ASCII characters can
be stored in an ACON instruction. If
only one character is stored in a ACON
a leading space will be inserted.

Operand Data Type DL06 Range

aaa
ASCIl . A 0-9 A-Z
Numerical Constant (NCON)
The Numerical Constant instruction is
used with the DLBL instruction to store
the HEX ASCII equivalent of numerical NCON
data for use with other instructions. Two K aaa

digits can be stored in an NCON
instruction.

Operand Data Type DLO06 Range

aaa

Constant ...............ccoiiiiii.. K

0-FFFF
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Data Label Example
In the following example, an ACON and two NCON instructions are used within a DLBL
instruction to build a text message. See the FAULT instruction for information on displaying
messages. The DV-1000 Manual also has information on displaying messages.

Direct SOFT32

(o)
END
\
DLBL
K1
ACON
ASW
NCON
K 2031
NCON
K 3436
Handheld Programmer Keystrokes
E N D
ad i Y G 3
D L B L B
%o Jlivos)|® 1 [fwsr]| > [[°1 | = |

N C (o] N C A D B
SHFT ” ™R ” 2 ” INST#” ™R ” =4 ” 2 ” 0 ” 3 ” 1 ” ENT‘

N C (o] N D E D G
SHFT ” ™R ” 2 ” INST#” ™R ” =4 ” 3 ” 4 ” 3 ” 6 ” ENT‘

A C o} N S W
Il P G A Y 8 % P 8
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Print Message (PRINT)

The Print Message instruction prints the embedded PRINT A aaa
text or text/data variable message to the specified ]
communications port (Port 2 on the DL06 CPU),

which must have the communications port

“Hello, this is a PLC message”

configured.
Operand Data Type DLO6 Range
A aaa
Constant . ............. ..., K 2

several protocols. Port 1 cannot be configured for the non-sequence protocol. To configure
port 2 using the Handheld Programmer, use AUX 56 and follow the prompts, making the
same choices as indicated below on this page. To configure a port in DirectSOFT32, choose
the PLC menu, then Setup, then Setup Secondary Comm Port.

You may recall from the CPU specifications in Chapter 3 that the DL06’s ports are capable of E

* Port: From the port number list box at the top, choose “Port 2”.

* Protocol: Click the check box to the left of “Non-sequence”, and then you'll see the dialog box
shown below.

Setup Communication Ports
Fart: F'u:urt 2 'I Cloze |
Pratacal [T K-Sequence & .&
™ DirectMET —I—I

[~ MODBUS Help |

¥ MNonSequence

Time-out: IBDD ms 'I

RTS on delay time:m
RITS of deley tine 0 ms =1 I XONXOFF flow conbe

Data bits:m [~ RTS flow control

Baud rate:lm

Stop bits:m

Parity:lm

emory Address: IV2DDD—'

|F'0rt 2: B Pin Modular |

* Baud Rate: Choose the baud rate that matches your printer.
* Stop Bits, Parity: Choose number of stop bits and parity setting to match your printer.

* Memory Address: Choose a V-memory address for DirectSOFT32 to use to store the port setup
information. You will need to reserve 9 words in V-memory for this purpose. Select “Always use for
printing” if it applies.

Then click the button indicated to send the Port 2 configuration to the CPU,
% and click Close. Then see Chapter 3 for port wiring information, in order to
connect your printer to the DL06.
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Port 2 on the DL06 has standard RS232 levels, and should work with most printer serial
input connections.

Text element — this is used for printing character strings. The character strings are defined as
the character (more than 0) ranged by the double quotation marks. Two hex numbers
preceded by the dollar sign means an 8-bit ASCII character code. Also, two characters
preceded by the dollar sign is interpreted according to the following table:

1 $$ Dollar sign ($)
2 $” Double quotation (*)
3 SLor 8l Line feed (LF)
ﬂ 4 $N or $n Carriage return line feed (CRLF)
5 $Por $p Form feed
6 $R or $r Carriage return (CR)
7 8T or §t Tab
The following examples show various syntax conventions and the length of the output to the
printer.
Example:

» »

Length 0 without character

”A” Length 1 with character A

”” Length 1 with blank

”'$”” Length 1 with double quotation mark

”$ R $ L7 Length 2 with one CR and one LF
”$0D $0A” Length 2 with one CR and one LF
”$$” Length 1 with one $ mark

In printing an ordinary line of text, you will need to include double quotation marks before
and after the text string. Error code 499 will occur in the CPU when the print instruction
contains invalid text or no quotations. It is important to test your PRINT instruction data
during the application development.

The following example prints the message to port 2. We use a PD contact, which causes the
message instruction to be active for just one scan. Note the $N at the end of the message,
which produces a carriage return / line feed on the printer. This prepares the printer to print
the next line, starting from the left margin.

Xﬂi PRINT K2 Print the message to Port 2 when
“Hello, this is a PLC message.$N” X1 makes an off-to-on transition.
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V-memory element - this is used for printing V-memory contents in the integer format or
real format. Use V-memory number or V-memory number with “:” and data type. The data
types are shown in the table below. The Character code must be capital letters.

NOTE: There must be a space entered before and after the V-memory address to separate it from the text
string. Failure to do this will result in an error code 499.

# Character code Description

1 none 16-bit binary (decimal number)
2 :B 4 digit BCD

3 :D 32-bit binary (decimal number)
4 :DB 8 digit BCD

Example:

V2000 Print binary data in V2000 for decimal number

V2000 : B Print BCD data in V2000

V2000 : D Print binary number in V2000 and V2001 for decimal number
V2000 : D B Print BCD data in V2000 and V2001

Example: The following example prints a message containing text and a variable. The “reactor
temperature” labels the data, which is at V2000. You can use the : B qualifier after the V2000
if the data is in BCD format, for example. The final string adds the units of degrees to the
line of text, and the $N adds a carriage return / line feed.

X1 PRINT K2 i
T— Print the message to Port 2

“Reactor temperature =" V2000 ‘deg. $N” when X1 makes an off-to-on
transition.

L represents a space

Message will read:
Reactor temperature = 0156 deg

V-memory text element “This is used for printing text stored in V-memory. Use the %
followed by the number of characters after V-memory number for representing the text. If
you assign “0” as the number of characters, the print function will read the character count
from the first location. Then it will start at the next V-memory location and read that number
of ASCII codes for the text from memory.

Example:
V2000 % 16 16 characters in V2000 to V2007 are printed.

V2000 % 0 The characters in V2001 to Vxxxx (determined by the number in V2000)
will be printed.
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Bit element

This is used for printing the state of the designated bit in V-memory or a relay bit. The bit
element can be assigned by the designating point (.) and bit number preceded by the V-
memory number or relay number. The output type is described as shown in the table below.

# Data Format Description

1 none Print 1 for an OFI\é 2}3}2’ and 0 for an
z
; onors P, 0 foan Qi and

E Example:

V2000 . 15 Prints the status of bit 15 in V2000, in 1/0 format

C100 Prints the status of C100 in 1/0 format

C100 : BOOL Prints the status of C100 in TRUE/FALSE format

C100 : ON/OFF Prints the status of C100 in ON/OFF format

V2000.15 : BOOL Prints the status of bit 15 in V2000 in TRUE/FALSE format

The maximum numbers of characters you can print is 128. The number of characters for
each element is listed in the table below:

Element Type Maximum Characters

Text, 1 character 1

16 bit binary 6

32 hit binary 11

4 digit BCD 4

8 digit BCD 8
Floating point (real number) 12
Floating point (real with exponent) 12
V-memory/text 2

Bit (1/0 format) 1

Bit (TRUE/FALSE format) 5
Bit (ON/OFF format) 3

The handheld programmer’s mnemonic is “PRINT” followed by the DEF field.

Special relay flags SP116 and SP117 indicate the status of the DL06 CPU ports (busy, or
communications error). See the appendix on special relays for a description.

ks NOTE: You must use the appropriate special relay in conjunction with the PRINT command to ensure the
[_ ladder program does not try to PRINT to a port that is still busy from a previous PRINT or WX or
— RX instruction.
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|
Read from Network (RX)
The Read from Network instruction is used by the master device RX
on a network to read a block of data from a slave device on the A aaa
same network. The function parameters are loaded into the first
and second level of the accumulator stack and the accumulator by
three additional instructions. Listed below are the steps necessary to program the Read from Network
function.
* Step 1: Load the slave address (0-- 90 BCD) into the first byte and the PLC internal port (KF2) or
slot number of the master DCM or ECOM (0-- 7) into the second byte of the second level
of the accumulator stack.
* Step 2: Load the number of bytes to be transferred into the first level of the accumulator stack.
* Step 3: Load the address of the data to be read into the accumulator. This parameter requires a HEX E
value.

e Step 4: Insert the RX instruction which specifies the starting Vmemory location (Aaaa) where the
data will be read from in the slave.

Helpful Hint: — For parameters that require HEX values, the LDA instruction can be used
to convert an octal address to the HEX equivalent and load the value into the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
VmMemory ... v See memory map
Pointer . ... P See memory map
Inputs ... X 0-777
Outputs ... Y 0-777
Control Relays ...t C 01777
Stage ... S 01777
TImer .. T 0-377
Counter ... ..o CT 0177
Special Relay . ...l SP 0-777
Program Memory .............. ... ..., $ 0-7680 (2K program mem.)
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In the following example, when X1 is on and the port busy relay SP116 (see special relays) is
not on, the RX instruction will access port 2 operating as a master. Ten consecutive bytes of
data (V2000 — V2004) will be read from a CPU at station address 5 and copied into V
memory locations V2300-V2304 in the CPU with the master port.

Direct SOFT32
X1 SP116
| j/" LD
[ [ KF205
B esmr—— Master Slave
e constant value
specifies the port number (2) CP U C PU
and the slave address (5)
LD .
K10
V2277 | X | X | X | X X[ X | X |X|Vvi777
The constant value K10 V2300 [3 |4 |5|7|¢«—— [3|4]|5]|7]|Vv2000
specifies the number of
bytes to be read V2301 (8 |5 |3 |4 |¢—— |8|5]|3 |4 V2001
DA v2302 (1|9 |3 |6 |«—— |1[9]3]|6 V2002
0 2300 V2303 (9 (5|7 |1 |¢«—— 9|57 |1|V2003
V2304 (1|4 |2 |3 |¢«—— [1[4]2]|3|V2004
Octal address 2300 is
converted to 4C0 HEX and V2305 | X | X | X | X X | X | X | X | V2005
loaded into the accumulator. . .
V2300 is the starting . .
location for the Master CPU
where the specified data will
be read into
RX
V2000
V2000 is the starting
location in the for the Slave
CPU where the specified
data will be read from
Handheld Programmer Keystrokes
Com || > |1 ] o]
B B G
|ANDN” 4 ” ST ” STRN ” 1 ” 1 ” 6 ” ENT|
K F C A F
Lo o] ® o || > [[ooer | S [ |5 JJowmr [0, %o |75 [l
K B A
|S”FT ”ANDST” ” 2 ” ST ” JMP ” 1 ” 0 ” T |
A C D A A
|S”FT ”ANDST” ” ” 4 ” 2 ” 3 ” 0 ” 0 ” ENT|
A A A
Rl P 61 I O S P O
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Write to Network (WX)

The Write to Network instruction is used to write a
block of data from the master device to a slave device
on the same network. The function parameters are WX
loaded into the accumulator and the first and second
level of the stack. Listed below are the program steps
necessary to execute the Write to Network function.

Step 1: Load the slave address (0-90 BCD) into the low byte and “F2” into the high
byte of the accumulator (the next two instructions push this word down to the
second layer of the stack).

Step 2: Load the number of bytes to be transferred into the accumulator (the next E

A aaa

instruction pushes this word onto the top of the stack).

Step 3: Load the starting Master CPU address into the accumulator. This is the
memory location where the data will be written from. This parameter requires

a HEX value.

Step 4: Insert the WX instruction which specifies the starting V memory location
(Aaaa) where the data will be written to in the slave.

Helpful Hint: — For parameters that require HEX values, the LDA instruction can be used
to convert an octal address to the HEX equivalent and load the value into the accumulator.

Operand Data Type DL06 Range

.................................... A aaa
Vmemory ..o v See memory map
Pointer ... P See memory map
Inputs ... X 0-777
Outputs ... ... Y 0-777
Control Relays .................cooiiit. C 01777
Stage ... S 01777
Timer ..o T 0-377
Counter .....ovvi CT 0177
Special Relay ...l SP 0-777
Program Memory ....................... $ 0-7680 (2K program mem.)
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In the following example when X1 is on and the module busy relay SP116 (see special relays)
is not on, the WX instruction will access port 2 operating as a master. Ten consecutive bytes
of data is read from the Master CPU and copied to V memory locations V2000-V2004 in
the slave CPU at station address 5.

Direct SOFT32
X1I SFI’116 LD
I I KF205
B s ——— Master Slave
e constant value
specifies the port number (2) CP U C P U
and the slave address (5)
LD . .
K10
V2277 [ X [ X | X | X X[ X[ X|X|Vvi1777
The constant value K10 v2300 |3 |4 |5|7|—— |3 |4 |57 |v2000
specifies the number of
bytes to be written V2301 (8 |5 |3 |4 |— |8 |53 |4 |V2001
LDA v2302 (1|9 |3 |6 |— |1]9 |3 |6 |V2002
0 2300 V2303 (9 |5 |7 |1 |— |9|5 |7 |1 |V2003
V2304 (1 |4 |2 |3 |— |1]|4|2 |3 |V2004
Octal address 2300 is
converted to 4C0 HEX and ~ V2305 [ X | X | X | X X | X | X | X | v2005
loaded into the accumulator.
V2300 is the starting : °
location for the Master CPU * ®
where the specified data will
be read from.
WX
V2000
V2000 is the starting
location in the for the Slave
CPU where the specified
data will be written to
Handheld Programmer Keystrokes
Com || > |20 | = |
W B C E
|ADN” 4 ”SHFTHSTRN” 1 ” 1 ” 6 ” ENT|
K F C A F
Lo oo ® o || > |5 || e [[oorr 7 Jor ][, % 75 [o |
L D K B A
Lo oo ® o || > |5 e 4 [[*o | o
L D A C D A A
Lo oo ® s %0 | > [ [°s [0 "0 /o]

w X C A A A
SHFT ” ANDN” SET ” =4 ” 2 ” 0 ” 0 ” 0 ” ENT|
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a
LCD

When enabled, the LCD instruction causes a user-defined

text message to be displayed on the LCD Display Panel. —
The display is 16 characters wide by 2 rows high so a total

of 32 characters can be displayed. Each row is addressed
separately; the maximum number of characters the

instruction will accept is 16.

LCD

Line Number: Kn
"text message"

The text message can be entered directly into the message field of the instruction set-up
dialog, or it can be located anywhere in user V-memory. If the text is located in V-memory,
the LCD instruction is used to point to the memory location where the desired text
originates. The length of the text string is also required.

From the DirectSOFT32 project folder, use the Instruction Browser to locate the LCD E
instruction. When you select the LCD instruction and click OK, the LCD dialog will appear,

as shown in the examples. The LCD instruction is inserted into the ladder program via this

set-up dialog box.

Display text strings can include embedded variables. Date and time settings and V-memory
values can be embedded in the displayed text. Examples of each are shown.

Direct Text Entry RaE e
The two dialogs to the right show the LCD
selections necessary to create the two ladder Line Mumber - K1 .
instructions below. Double quotation marks —
are required to delineate the text string. In * LCD message
the first dialog, the text “Sludge Pit Alarm® Meszage :
uses sixteen character spaces and will appear "Sludge Pit Alarr)
on line 1 when the instruction is enabled.
Note, the line number is K1. Clicking the ¢ From Y-memany

“check” button causes the instruction to be
inserted into the ladder program.

1IN

LCD

Line Number: K1

"Sludge Pit Alarm" M 2

LCD LCD

Line Number: K2 . . k2 *
"Effluent Overflo" Hire v

¥ | CD message

By identifying the second Line Number as Messzage
K2, the text string “Effluent Overflow” will "Effluent Overfla" .
appear on the second line of the display
when the second instruction is enabled. ™ From ¥-memary
S |1 udge Pit Al arm
E f fl uent Over flo I:I
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Embedding date and/or time variables

The date and/or time can be embedded in
the displayed text by using the variables
listed in the table below. These variables
can be included in the “LCD message”
field of the LCD dialog. In the example
the time variable (12 hour format) is
embedded by adding _time:12. This time
format uses a maximum of seven character
spaces. The second dialog creates an
instruction that prints the date on the
second line of the display, when enabled.

Date and Time Variables and Formats

ol Ead
LCD

Line Murnber ;

v |CD message

Meszage

K1 *

"Alarm 1" _time:12]

" From Y-memaory

_date:us US format MM/DD/YY
_date:e European format DD/MM/YY
_date:a Asian format YY/MM/DD
_time:12 12 hour format HH:MMAM/PM
_time:24 24 hour format HH:MM:SS
LCD
Line Number: K1
"Alarm 1" _time:12
LCD
Line Number: K2
_date:us
Al arm 1 11 21 PM
05 -08 -0 2
Embedding V-memory data

5—198|

Any V-memory data can be displayed in
any one of six available data formats. An
example appears to the right. A list of data
formats and modifiers is on the next page.
Note that different data formats require
differing numbers of character positions
on the display.

LCD

Line Number: K1
"Count =" V2500:B

0412

ol Ead
LCD

Line Murnber :

* | CD message

Meszage

|_date:us|

" From %-memaory

SRR

LCD

Lire Humber :

¢ | CD message

Meszage

K1 *

"Count="Y2500:H|

" From W-memon

1IN
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Data Format Suffixes for Embedded V-memory Data

Several data formats are available for displaying V-memory data on the LCD. The choices are
shown in the table below. A colon is used to separate the embedded V-memory location from
the data formar suffix and modifier. An example appears on the previous page.

Data Format Modifier Example Displayed Characters
V2000 = 0000 000000010010 |12 [3 |4
Hone V2000
" [:S] V2000:S 1]8
(16-bit format) | -0, V2000.C0 0018
[0] V2000:0 18
V2000 = 0000 000000010010 |1 |2 |3 | 4 E
. [:B] V2000:B 0j01]2
L [:BS] V2000:BS 12
(4 digit BCD) [:BCO] V2000:BCO 0012
[:B0] V2000:B0 1]2
V2000 = 0000 0000 0000 0000 Double Word
V2001 = 0000 000000000001 |12 |3 [4[5[6]7 8]9][10][11
:D [:D] V2000:D 6|5|5/3|6
(32-bit decimal) [ [:DS] V2000:DS 6|5|5/3|6
[:DCO] V2000:DC0 o/ojo|ojo|0|6|5|5|3]|6
[:D0] V2000:00 6|5|5/3|6
V2000 = 0000 0000 0000 0000 Double Word
V2001 = 0000 000000000011 |12 [3[4[5[6]7]8
:DB [:DB] V2000:DB 0/0[0|3]0 0
(8 digit BCD) | [:DBS] V2000:DBS 3/0f0]0]0
[:DBCO] | V2000:DBCO ojlofo|3fofo[0]0O
[:DBO] V2000:DB0 3/0/0/0]0
V2001/V2000 = 222.11111 Double Word
R (real number) 1/2/3(4/5/6|7/|8,9/|1011/12/13
A TR V2000:R fl2l2 /2. [1][1]1]1]1
(Eﬂ,ﬂrﬂl}mgg?f [RS] V2000:RS flal2]2 AERERERE
[:RCO] V2000:RCO flofolol2]2]2 INEEERERE
[:RO] V2000:R0 f 22 . (T[T [1 11
V2001/V2000 = 222.1 Double Word
‘E (real number) 1/2/3(4|5/6 7|89 10/11/12 |13
(DWord floating | [E] V2000:E fl2]. 22100 |E|[+]0]2
point number [ [ES] V2000:ES ]2 2|21 ]0[0|E|+|0]2
with exponent) |"[-co] V2000:ECO fl2].|2[2]1]0o][0|E[+]0]2
[EO] V2000:E0 fl2 2/ 2[1]0|0E|+|0]2

f = plus/minus flag (plus = no symbol, minus = -)

The S, CO0, and 0 modifiers alter the presentation of leading zeros and spaces. S removes
leading spaces and left justifies the result. CO replaces leading spaces with leading zeros.
0 is a modification of CO. 0 eliminates any leading zeros in the CO format version and
converts them to spaces.
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[ |
Text Entry from V-memory
Alternatively, text that resides in V-memory can be displayed on the LCD following the
example on this page. The LCD dialog is used twice, once for each line on the display. The
dialog requires the address of the first character to be displayed and the number of characters
to be displayed.
For example, the two dialogs shown on this page would create the two LCD instructions
below. When enabled, these instructions would cause the ASCII characters in V10000 -
V10020 to be displayed. The ASCII characters and their corresponding memory locations are
shown in the table below.
E G o VE= o
LCD LCD
Line Murnber ; K1 ‘ Line Murnber : K2 ‘
" LCD meszage " LCD message
(% From Y-memary (¥ r_l,f
Starting Y-memary address Starting *-memary address
Mumber of characters : K16 * Mumber of characters : K16 *
V10000 d A
V10001 i m
LCD V10002 n
- Line Number: K1 V1 0003 f 0
Starting V Memory Address: V10000 V10004 ! f
Number of Characters: K16 V10005 € ¢
V10006
—= o
. . i
';”i:“r:‘/b;"m Address: v1ofjo V10011 h g
arting V Memory . ess: Vi0012 T
Number of Characters: K16 V1 0013 m e
V10014 p
V10015 I A
. V10016 r a
Admin Of fice V10017 m
Hi gh Temp Al

5—200 I DL06 Micro PLC User Manual, 1st Ed., Rev. B, 6/03



Chapter 5: Standard RLL Instructions - MODBUS
i

MODBUS RTU Instructions

MODBUS Read from Network (MRX)
The MODBUS Read from Network (MRX) instruction is used by the DLO6 network master
to read a block of data from a connected slave device and to write the data into V-memory
addresses within the master. The instruction allows the user the to specify the MODBUS
Function Code, slave station address, starting master and slave memory addresses, number of
elements to transfer, MODBUS data format and the Exception Response Buffer.

[vIx]=] o

bR
Port Murnber : K2 *
Slave Address kA1 *

Eun%?ge: 071 - Read Coil Status j
Start Slave Memary Address : [ K1

Start Master Memory Address: |C200
Mumber of Elements : K3z

Iodbus Data Format
&+ 534/984 mode
484 mode
Exception Response Buffer . |¥4010  *
¢ Port Number: must be DL0O6 Port 2 (K2)

e Slave Address: specify a slave station address (0-247)
* Function Code: The following MODBUS function codes are supported by the MRX

instruction:

01 — Read a group of coils
02 — Read a group of inputs
03 — Read holding registers
04 — Read input registers
07 — Read Exception status

e Start Slave Memory Address: specifies the starting slave memory address of the data to be
read. See the table on the following page.

* Start Master Memory Address: specifies the starting memory address in the master where
the data will be placed. See the table on the following page.

* Number of Elements: specifies how many coils, inputs, holding registers or input register
will be read. See the table on the following page.

* MODBUS Data Format: specifies MODBUS 584/984 or 484 data format to be used

* Exception Response Buffer: specifies the master memory address where the Exception
Response will be placed. See the table on the following page.

D106 Micro PLC User Manual, 1st Ed., Rev. B, 6/03 I 5—201



Chapter 5: Standard RLL Instructions - MODBUS

[
MRX Slave Address Ranges
Function Code MODBUS Data Format Slave Address Range(s)
01 - Read Coil 484 Mode 1-999
01 - Read Coil 584/984 Mode 1-65535
02 — Read Input Status 484 Mode 1001-1999
02 - Read Input Status 584/984 Mode gg?,?git‘f 9999 (5 digit) or 100001165535
03 — Read Holding Register 484 Mode 4001-4999
03 - Read Holding Register 584/984 Mode jggggafﬂgggs(gsdég“gig{n
04 — Read Input Register 484 Mode 3001-3999
H 04 - Read Input Register 584/984 Mode 300000: 30235 & st
07 — Read Exception Status 484 and 584/984 Mode n/a

MRX Master Memory Address Ranges

Operand Data Type DL06 Range
Inputs ... X 01777
Outputs . ..o Y 01777
Control Relays. ......................... C 0-3777
StageBits ...l S 01777
TimerBits ......... . T 0-377
Counter Bits ......................o... CT 0-377
Special Relays . ...l SP 0-777
V=memory .........ooviiiiiiii V all
Global Inputs ......................... GX 0-3777
Global Qutputs ........................ GY 0-3777

Number of Elements

Operand Data Type DL06 Range

V=memory ... v all

Constant ...............ciiiiiiiiin., K Bits: 1-2000 Registers: 1-125
Operand Data Type DL06 Range

V—memory ............... ... V all
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MRX Example

DLO06 port 2 has two Special Relay contacts associated with it (see Appendix D for comm
port special relays). One indicates “Port busy”(SP116), and the other indicates "Port
Communication Error”(SP117). The “Port Busy” bit is on while the PLC communicates with
the slave. When the bit is off the program can initiate the next network request. The “Port
Communication Error” bit turns on when the PLC has detected an error. Use of this bit is
optional. When used, it should be ahead of any network instruction boxes since the error bit
is reset when an MRX or MWX instruction is executed. Typically network communications
will last longer than 1 CPU scan. The program must wait for the communications to finish
before starting the next transaction.

This rung does a MODBUS read from the first 32 coils of slave address number one.
It will place the values into 32 bits of the master starting at CO.

Port 2 busy bit Instruction Interlock bit

SP116 C100 MRX

T | | Port Number: K2
Slave Address: K1
Function Code: 01 - Read Coil Status
Start Slave Memory Address: 1
Start Master Memory Address co
Number of Elements 32
Modbus Data type 584/984 Mode
Exception Response buffer V400

Instruction Interlock bit
C100

(RsT)
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MODBUS Write to Network (MWX)
The MODBUS Write to Network (MWX) instruction is used to write a block of data from
the network masters’s (DL06) memory to MODBUS memory addresses within a slave device
on the network. The instruction allows the user the to specify the MODBUS Function Code,
slave station address, starting master and slave memory addresses, number of elements to

transfer, MODBUS data format and the Exception Response Buffer.

[Ix]=]

bl

Port Mumber : K2
Slave Address K1 *
Function j

Code - |17 - Force Multiple Coils

Start Slave Memory Address © | K1 *

Start Master Memary Address . |C10

Mumber of Elements : K16 *
Modbuz Data Format

484 mode
Exception Responze Buffer - |¥2500 %

¢ Port Number: must be DL0O6 Port 2 (K2)
e Slave Address: specify a slave station address (0-247)
e Function Code: The following MODBUS function codes are supported by the MWX

instruction:
05 — Force Single coil
06 — Preset Single Register
15 — Force Multiple Coils
16 — Preset Multiple Registers

e Start Slave Memory Address: specifies the starting slave memory address where the data will
be written.

* Start Master Memory Address: specifies the starting address of the data in the master that is
to written to the slave.

* Number of Elements: specifies how many consecutive coils or registers will be written to.
This field is only active when either function code 15 or 16 is selected.

* MODBUS Data Format: specifies MODBUS 584/984 or 484 data format to be used

* Exception Response Buffer: specifies the master memory address where the Exception
Response will be placed
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MWX Slave Address Ranges

MWX Slave Address Ranges
Function Code MODBUS Data Format Slave Address Range(s)
05 - Force Single Coil 484 Mode 1-999
05 - Force Single Coil 584/984 Mode 1-65535
06 — Preset Single Register 484 Mode 4001-4999
06 — Preset Single Register 584/984 Mode 40001-49999 (5 digit) or 400001-465535 (6 digit)
15 — Force Multiple Coils 484 Mode 1-999
15 — Force Multiple Coils 585/984 Mode 1-65535
16 — Preset Multiple Registers 484 Mode 4001-4999 H
16 — Preset Multiple Registers 584/984 Mode 40001-49999 (5 digit) or 4000001465535 (6 digit)

MWX Master MWX Master Memory Address Ranges

Memory Address Operand Data Type DLO06 Range
Ran. Inputs ... X 01777
ges OUtpUES - oo Y o177

Control Relays . ...t C 0-3777
Stage Bits ........... ...l S 01777
TimerBits ... i T 0-377
CounterBits ................ill CT 0-377
Special Relays. . ....................... SP 0-777
V-memory ..., V all
Global Inputs ...l GX 0-3777
Global Outputs ...............cooinint. GY 0-3777

MWX Number of Number of Elements

Flements Operand Data Type DLOG6 Range
V—memory ... V all
Constant ...............o il K Bits: 1-2000 Registers: 1-125

MWX Exception Number of Elements

Response Buffer Operand Data Type DL06 Range
V—-memory ..., v all
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MWX Example
DLO6 port 2 has two Special Relay contacts associated with it (see Appendix D for comm
port special relays). One indicates “Port busy”(SP116), and the other indicates "Port
Communication Error”(SP117). The “Port Busy” bit is on while the PLC communicates with
the slave. When the bit is off the program can initiate the next network request. The “Port
Communication Error” bit turns on when the PLC has detected an error. Use of this bit is
optional. When used, it should be ahead of any network instruction boxes since the error bit
is reset when an MRX or MW X instruction is executed.

Typically network communications will last longer than 1 CPU scan. The program must wait
for the communications to finish before starting the next transaction.

This rung does a MODBUS write to the first holding register 40001 of slave address
number one. It will write the values over that reside in V2000. This particular function
code only writes to 1 register. Use Function Code 16 to write to multiple registers.
Only one Network instruction (WX, RX, MWX, MRX) can be enabled in one scan.
That is the reason for the interlock bits. For using many network instructions on the
same port, look at using the Shift Register instruction.

Port 2 busy bit Instruction Interlock bit
SP116 C100 MWX
3 % % } Port Number: K2
Slave Address: K1
Function Code: 06-Preset Single Register
Start Slave Memory Address: 40001
Start Master Memory Address: V2000
Number of Elements: n/a
Modbus Data type: 584/984 Mode
Exception Response Buffer: V400
Instruction Interlock bit
C100

(sET)
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ASCII Instructions

The DL06 CPU supports several instructions and methods that allow ASCII strings to be
read into and written from the PLC communications ports. Specifically, port 2 on the DL06
can be used for either reading or writing raw ASCII strings, but cannot be used for both on
the same CPU. The DL06 can also decipher ASCII embedded within a supported protocol
(K—Sequence, DirectNet, Modbus) via the CPU port.

Reading ASCII Input Strings

There are several methods that the DLO6 can use to read ASCII input strings.

1) ASCII IN (AIN) — This instruction configures port 2 for raw ASCII input strings with
parameters such as fixed and variable length ASCII strings, termination characters, byte
swapping options, and instruction control bits. Use barcode scanners, weight scales, etc. to
write raw ASCII input strings into port 2 based on the (AIN) instruction’s parameters.

2) Write embedded ASCII strings directly to V—memory from an external HMI or similar
master device via a supported communications protocol using the CPU ports. The AIN
instruction is not used in this case. 3) If a DL06 PLC is a master on a network, the
Network Read instruction (RX) can be used to read embedded ASCII data from a slave
device via a supported communications protocol using port 2. The RX instruction places
the data directly into V-memory.

Writing ASCII Output Strings

The following instructions can be used to write ASCII output strings:

1) Print from V-memory (PRINTV) — Use this instruction to write raw ASCII strings out of
port 2 to a display panel or a serial printer, etc. The instruction features the starting
V-memory address, string length, byte swapping options, etc. When the instruction’s
permissive bit is enabled, the string is written to port 2.

2) Print to V-memory (VPRINT) — Use this instruction to create pre—coded ASCII strings in
the PLC (i.e. alarm messages). When the instruction’s permissive bit is enabled, the
message is loaded into a pre—defined V—memory address location. Then the (PRINTV)
instruction may be used to write the pre—coded ASCII string out of port 2. American,
European and Asian Time/Date stamps are supported.

Additionally, if a DLO6 PLC is a master on a network, the Network Write instruction (WX)
can be used to write embedded ASCII data to an HMI or slave device directly from
V-memory via a supported communications protocol using port 2.
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Managing the ASCII Strings
The following instructions can be helpful in managing the ASCII strings within the CPUs
V—memory:
* ASCII Find (AFIND) — Finds where a specific portion of the ASCII string is located in
continuous V-memory addresses. Forward and reverse searches are supported.

 ASCII Extract (AEX) — Extracts a specific portion (usually some data value) from the ASCII
find location or other known ASCII data location.

* Compare V-memory (CMPV) — This instruction is used to compare two blocks of
V—memory addresses and is usually used to detect a change in an ASCII string. Compared

ﬂ data types must be of the same format (i.e. BCD, ASCI]I, etc.).

* Swap Bytes (SWAPB) — usually used to swap V—memory bytes on ASCII data that was
written directly to V-memory from an external HMI or similar master device via a
communications protocol. The AIN and AEX instructions have a built-in byte swap
feature.
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ASCII Input (AIN)

The ASCII Input instruction allows the CPU to receive ASCII strings through the specified
communications port and places the string into a series of specified V-memory registers. The
ASCII data can be received as a fixed number of bytes or as a variable length string with a
specified termination character(s). Other features include, Byte Swap preferences, Character
Timeout, and user defined flag bits for Busy, Complete and Timeout Error.

AIN Fixed Length Configuration

* Length Type: select fixed length based on the [v]>]=| @
length of the ASCII string that will be sent to the
CPU port AN

* Data Destination: specifies where the ASCII @ T Ll
string will be placed in V—memory

e Port Number: must be DLO6 port 2 (K2) |7Length Tope

* Fixed Length: specifies the length, in bytes, of the Port Number : k2 *

fixed length ASCII string the port will receive Data Destination - wInon

¢ Inter—character Timeout: if the amount of time * D ata Diestination = Byte count

between incoming ASCII characters exceeds the o [t et et = 71 oo BTt it e

set time, the specified Timeout Error bit will be _

set. No data will be stored at the Data Fixed Length: K32 :

Destination V-memory location. The bit will i . Iﬁ'

reset when the AIN instruction permissive bits eistehet Tmeodt= {20 ms

are disabled. Oms selection disables this feature. First Char. Timeout : INone "I
e First Character Timeout: if the amount of time ~ Byte Swap

from when the AIN is enabled to the time the ™ Mone

first character is received exceeds the set time, the Al

specified First Character Timeout bit will be set. Al but rul

The bit will reset when the AIN instruction

permissive bits are disabled. Oms selection

: ) = Nemnitiation Code Length
disables this feature. & 1 Character
* Byte Swap: swaps the high-byte and low—byte " 2 Characters
within each V-memory register of the Fixed _
Length ASCII string. See the SWAPB instruction el HEAEEECE
for details. TemCade 2: hiexadecimal

Busy Bit: is ON while the AIN instruction is

receiving ASCII data Ovefowere: [

Complete Bit: is set once the ASCII data has

been received for the specified fixed length and By - co
reset when the AIN instruction permissive bits Camplete : 1 .
are disabled.
. L Interchar. T/0 Erar: (G2 *
¢ Inter—character Timeout Error Bit: is set when
the Character Timeout is exceeded. See First Char, TAD Error:

Character Timeout explanation above.
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Fixed Length example when the PLC is reading the port continuously and timin,

Timeout Error, Overflow

Data Destination All V-memory
Fixed Length K1-128
Bits: Busy, Complete, C0-3777

AIN Fixed Length Examples

is not critical

AIN Complete
C1 AIN Port Number: K2
1 |1 Data Destination: V2000
Fixed Length K32
Interchar. Timeout: None
First Char. Timeout: None
Byte Swap: None
Busy: Cco
Complete: C1
Interchar. Timeout Error: Cc2
First Char. Timeout Error: C3
AIN Complete
c Data Read
1 €100
|
2 /f/r kOU'D
Fixed Length example when character to character timing is critical
AIN Complete Intercharacter timeout
C1 Cc2 AIN Port Number: K2
5 % |1 Data Destination: V2000
Fixed Length K32
Interchar. Timeout: 20ms
First Char. Timeout: None
Byte Swap: All
Busy: Cco
Complete: C1
Interchar. Timeout Error: c2
First Char. Timeout Error: C3

AIN Complete
c Data Read
1 C100
61— (our)
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AIN Variable Length Configuration:
¢ Length Type: select Variable Length if the ASCII string
length followed by termination characters will vary in

length
* Port Number: must be DL06 port 2 (K2)

* Data Destination: specifies where the ASCII string will
be placed in V-memory Maximum Variable Length:
specifies, in bytes, the maximum length of a Variable
Length ASCII string the port will receive

e Inter—character Timeout: if the amount of time between
incoming ASCII characters exceeds the set time, the
Timeout Error bit will be set. No data will be stored at
the Data Destination V-memory location. The Timeout
Error bit will reset when the AIN instruction permissive
bits are disabled. Oms selection disables this feature.

e First Character Timeout: if the amount of time from
when the AIN is enabled to the time the first character is
received exceeds the set time, the specified First
Character Timeout bit will be set. The bit will reset when
the AIN instruction permissive bits are disabled. Oms
selection disables this feature.

* Byte Swap: swaps the high—byte and low—byte within
each V-memory register of the Variable Length ASCII
string. See the SWAPB instruction for details.

* Termination Code Length: consists of either 1 or 2
characters. Refer to the ASCII table on the following
page.

* Busy Bit: is ON while the AIN instruction is receiving
ASCII data

 Complete Bit: is set once the ASCII data has been
received up to the termination code characters. It will be
reset when the AIN instruction permissive bits are

disabled.

e Inter—character Timeout Error Bit: is set when the
Character Timeout is exceeded. See Character Timeout
explanation above.

e First Character Timeout Error Bit: is set when the First
Character Timeout is exceeded. See First Character
Timeout explanation above.

¢ Overflow Error Bit: is set when the ASCII data received
exceeds the Maximum Variable Length specified.

|

Al
Length Type

" Fix th
+ Yariable Length

Part Murnber :

w2000 ¢

I x
[on)
-

D ata Destination :

* Diata Destination = Byte count
* Data Destination + 1 = Start of data

b airmum W ariable PET r

ength
Interchar. Timeout : |1DD ms vl
Firzt Char. Timeaout |2DDD ms vl
— Bute Swap
" Mone
Al
& Al but rul

— Termination Code Length

& 1 Character
2 Characters

TemCode 1:| 00 * |hexadecimal

TemCode 2:( 00 |hexadecimal
Overflow Error ; z4 *
Buzy : (1] .
Complete : 1 *

Interchar. T40 Errar: | G2

Firzt Char. T/0 Errar
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12

AIN variable length example used to read barcodes on boxes (PE =

Box present PE

Timeout Error, Overflow

Data Destination All V-memory
Fixed Length K1-128
Bits: Busy, Complete, C0-3777

AIN Variable Length Example

hotoelectric sensor

Scan code
JC5I cé
i (sET)
C6 AIN Port Number: K2
| Data Destination: V2000
T Fixed Length K40
Interchar. Timeout: 100ms
First Char. Timeout: 2000ms
Byte Swap: All but Null
Termination Code(s): oD
Overflow Error: C4
Busy: co
Complete: C1
Interchar. Timeout Error: c2
First Char. Timeout Error: C3
AIN Complete
Scan code
C1 c6
| ]
1o (RsT)
Intercharacter Timeout
c2
||
1T
Firstcharacter Timeout
C3
||
1T
AIN Overflow error
C4
||
1T
AIN Complete Data Read
1C1l c100
1o (oum)
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ASCII Find (AFIND)

The ASCII Find instruction locates a specific ASCII string or portion of an ASCII string
within a range of V—memory registers and places the string’s Found Index number (byte
number where desired string is found), in Hex, into a specified V-memory register. Other
features include, Search Starting Index number for skipping over unnecessary bytes before
beginning the FIND operation, Forward or Reverse direction search, and From Beginning
and From End selections to reference the Found Index Value.

* Base Address: specifies the beginning V—memory register where the entire ASCII string is
stored in memory

* Total Number of Bytes: specifies the total number of bytes to search for the desired ASCII
string

* Search Starting Index: specifies which byte to skip to (with respect to the Base Address)
before beginning the search

* Direction: Forward begins the search from lower numbered V—memory registers to higher
numbered V-memory registers. Reverse does the search from higher numbered V-memory
registers to lower numbered V-memory registers.

¢ Found Index Value: specifies whether the Beginning or the End byte of the ASCII string
found will be loaded into the Found Index register

* Found Index: specifies the V—memory register where the Found Index Value will be stored.
A value of FFFF will result if the desired string is not located in the memory registers

specified. MSE )
® Search for String: up to 128 characters.

AFIND
Base Addiess
B aramEter AlLV. DLOG Range Total Mumber of Bytes ; K12 *
ase Address —memory _ _ =
Total Number of Bytes Al V-memory or K1-128 Search Statting Inde:
Search Starting Index All V-memory or K0-127 Direction: Found Inde: Value :
Found Index Al V-memory = Forward &' From Beginning
" Reverse ™ From End

EFound Index : Warooo ot

Search for Sting:
AltarmationDirect *=

I
!

‘E NOTE: Quotation marks are not required around the Search String
item. Quotes are valid characters that the AFIND can search for.
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AFIND Search Example

In the following example, the AFIND instruction is used to search for the “day” portion of
“Friday” in the ASCII string “Today is Friday.”, which had previously been loaded into
V-memory. Note that a Search Starting Index of constant (K) 5 combined with a Forward
Direction Search is used to prevent finding the “day” portion of the word “Today”. The
Found Index will be placed into V4000.

[T @
AFIND
Baze Address
Total Mumber of Bytes
Search Starting Index :
Drirection : Found Index YWalue :
' Fomward & From Beginring
" Reverse " From End
Found Index Notice that quotation marks
Search for Sting: — are not placed around the
day ‘= Search String. Only use
quotation marks if they’re
actually part of the Search
String.
ASCII Characters
" HEX Equivalent
Base Address 0| T | 54h | Low
1[0 | 6Fnh | High | Y3000
Reverse Direction Search 2 d | 64h | Low
3 a [61n | High V3001
41 Y | 79h | Low v
Search start Index Number———pp» 5 20h | High 3002
6| i |69 | Low
7 s [ 73n [ High V3003
8 20h | Low
irecti - V3004
Forward Direction Search 9 [ F [ 46h | High
10 r | 72h | Low
11| i | 69h | High Va0os
Beginning Index Number——p» 12 | d | 64h | Low V3006
13| 2@ | 61h | High
End Index Number 14
Y| 79h L Low | /5047
- High
Found Index Number = V4000
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AFIND Example Combined with AEX Instruction

When an AIN instruction has executed, its Complete bit can be used to trigger an AFIND
instruction to search for a desired portion of the ASCII string. Once the string is found, the

AEX instruction can be used to extract the located string.

AIN Complete AFIND
C1
15 |
b Base Address: V2001
Total Number of Bytes: K32)
Search Starting Index: KO
Direction: Forward
Found Index Value: From Beginning
Found Index: V2200
Code 39
Give delay time for
AFIND instruction
to complete
Give delay time for < SET >
AFIND instruction
to complete Search string not found Data not found with
in table
1| \ \ ( SET >
Give delay time for
AFIND instruction
to complete
7 RsT )
Give delay time for
AFIND instruction Data not found with TMR
to complete AFIND Delay for
C7 C10 AFIND to complete
17 |} — 0
K2
Delay time for
AFIND to complete AEX
TO
18 | Source Base Address: V2001
Extract at Index: KO
Number of Bytes: K4
Shift ASCII Option: None
Byte Swap: Al
Convert ASCII: To BCD (HEX)
Destination Base Address: V3000
Give delay time for
AFIND instruction
to complete
i( RST )
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ASCII Extract (AEX)

The ASCII Extract instruction extracts a specified number of bytes of ASCII data from one

series of V—memory registers and places it into another series of V—memory registers. Other

features include, Extract at Index for skipping over unnecessary bytes before beginning the

Extract operation, Shift ASCII Option, for One Byte Left or One Byte Right, Byte Swap and

Convert data to a BCD format number.

* Source Base Address: specifies the beginning V—memory register where the entire ASCII
string is stored in memory

e Extract at Index: specifies which byte to skip to (with respect to the Source Base Address)
before extracting the data

ﬂ * Number of Bytes: specifies the number of bytes to be extracted

* Shift ASCII Option: shifts all extracted data one byte left or one byte right to displace
“unwanted” characters if necessary

* Byte Swap: swaps the high-byte and the low—byte within each V-memory register of the
extracted data. See the SWAPB instruction for details.

e Convert BCD(Hex) ASCII to BCD (Hex): if enabled, this will convert ASCII numerical
characters to Hexadecimal numerical values

* Destination Base Address: specifies the V—memory register where the extracted data will be
stored

See the previous page for an example using the AEX instruction.

[#]>]3=) @
Parameter DL06 Range AEX

Source Base Address  |All V—=memory

Extract at Index All V=memory or K0-127 Source Base Address ; Y4500t

. H . -
e SES o K8 ™ G B | Evectat e
not checked 1-128 Mumber of Bytes - ki *
N omier 66D JHE%) ASCII Constant range: contaning BG value: Erft AeRIAplon 5 PR sieps
checked 14 * Maone ' Mone
Destination Base " One Byte Left Al
Address All V-memory " One Byte Right Al bk Bl

[T Convert BCD[HEXJASCI to BCD{HEX)

Destination Baze Address: |W4100  *
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ASCII Compare (CMPV)

The ASCII Compare instruction compares
two groups of V—memory registers. The
CMPV will compare any data type (ASCII to
ASCII, BCD to BCD, etc.) of one series
(group) of V—memory registers to another
series of V—memory registers for a specified

byte length.
* “Compare from” Starting Address: specifies AT °
the beginning V—memory register of the CMPY
first group of V—-memory registers to be
" M . . |Wad400 "
Compared from. Compare from’' Starting Address
« » . . " " i : W3a00 *
* “Compare to” Starting Address: specifies Compare fo" Starling Addiess -
the beginning V-memory register of the Murnber af Bytes ; K12 .
second group of V—memory registers to be
compared to.
e Number of Bytes: specifies the length of SP61 = 1, the result is equal
each V—memory group to be compared SP61 = 0, the result is not equal
Parameter DL06 Range
Compare from Starting Address |All V-=memory
Compare to Starting Address  |All V—=memory
Number of Bytes K0-127
CMPV Example

The CMPV instruction executes when the AIN instruction is complete. If the compared
V—memory tables are equal, SP61 will turn ON.

AIN Complete

c1

| CMPV
"Compare from" Starting Address: V2001
"Compare to" Starting Address: V10001
Number of Bytes: Ka:

Strings are equal
SP61 c11
I kOU‘D
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ASCII Print to V-memory (VPRINT)

The ASCII Print to V—memory
instruction will write a specified ASCII
string into a series of V—memory
registers. Other features include Byte
Swap, options to suppress or convert
leading zeros or spaces, and _Date and
_Time options for U.S., European, and
Asian date formats and 12 or 24 hour
time formats.

* Byte Swap: swaps the high-byte and
low—byte within each V-memory
register the ASCII string is printed to.
See the SWAPB instruction for details.

* Print to Starting V-memory Address:
specifies the beginning of a series of
V-memory addresses where the ASCII
string will be placed by the VPRINT

instruction.

e Starting V-memory Address: the first
V—memory register of the series of
registers specified will contain the
ASCII string’s length in bytes.

e Starting V-memory Address +1: the
2nd and subsequent registers will
contain the ASCII string printed to
V-memory.

Parameter DL06 Range

Print to Starting V-memory Address |All V-memory

L]

YERINT
Biybe Swap :

Al bt Aul

Print to gtating ¥-memory address : (V3000 ¢

Mezzage:

"Reactortermperature =" %3800 "degrees” * <«

VPRINT Time / Date Stamping— the codes in the table below can be used in the VPRINT
ASCII string message to “print to V—memory” the current time and/or date.

# Character code Date / Time Stamp Options
1 _Date:us American standard (month/day/2 digit year)
2 _Date:e European standard (day/month/2 digit year)
3 _Date:a Asian standard (2 digit year/month/day)
4 _Time:12 standard 12 hour clock (0-12 hour:min am/pm)
5 _Time:24 standard 24 hour clock (0-12 hour:min am/pm)
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VPRINT V-memory element — the following modifiers can be used in the VPRINT ASCII
string message to “print to V—memory” register contents in integer format or real format. Use

V-memory number or V-memory number with “:” and data type. The data types are shown
in the table below. The Character code must be capital letters.

NOTE: There must be a space entered before and after the V-memory address to separate it from the text
string. Failure to do this will result in an error code 499.

# Character code Description

1 none 16-bit binary (decimal number)

2 :B 4 digit BCD

3 :D 32-bit binary (decimal number)

4 :DB 8 digit BCD

5 ‘R Floating point number (real number)

6 E Floating point number (real number with exponent)
Examples:
V2000 Print binary data in V2000 for decimal number
V2000 : B Print BCD data in V2000
V2000 : D Print binary number in V2000 and V2001 for decimal number
V2000 : D B Print BCD data in V2000 and V2001

V2000
V2000

: R Print floating point number in V2000/V2001 as real number
: E Print floating point number in V2000/V2001 as real number with exponent

The following modifiers can be added to any of the modifies above to suppress or convert
leading zeros or spaces. The character code must be capital letters.

# Character code Description
1 S Suppresses leading spaces

2 Co Converts leading spaces to zeros

3 0 Suppresses leading zeros

Example with V2000 = 0018 (binary format)

V-memory Register

Number of Characters

with Modifier 1 2 3 4

V2000 0 0 1 8

\2000:B 0 0 1 2
V2000:B0 1 2

Example with V2000 = sp sp18 (binary format) where sp = space

V-memory Register

Number of Characters

with Modifier 1 2 3 4
V2000 sp sp 1 8
\V2000:B sp sp 1 2
\V2000:BS 1 2
\VV2000:BCO 0 0 1 2
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VPRINT V-memory text element — the following is used for “printing to V—memory” text
stored in registers. Use the % followed by the number of characters after V-memory number
for representing the text. If you assign “0” as the number of characters, the function will read
the character count from the first location. Then it will start at the next V-memory location
and read that number of ASCII codes for the text from memory.

Example:

V2000 % 16 16 characters in V2000 to V2007 are printed.

V2000 % 0 The characters in V2001 to Vxxxx (determined by the number in V2000) will be
printed.
VPRINT Bit element — the following is used for “printing to V—memory” the state of the
ﬂ designated bit in V-memory or a control relay bit. The bit element can be assigned by the
designating point (.) and bit number preceded by the V-memory number or relay number.
The output type is described as shown in the table below.

# Data format Description

1 none Print 1 for an ON state, and O for an OFF state

2 - BOOL Print “TRUE” for an ON state, and “FALSE” for an OFF state

3 - ONOFF Print “ON” for an ON state, and “OFF” for an OFF state
Example:

V2000 . 15 Prints the status of bit 15 in V2000, in 1/0 format

C100 Prints the status of C100 in 1/0 format

C100 : BOOL Prints the status of C100 in TRUE/FALSE format

C100 : ON/OFF Prints the status of C100 in ON/OFF format

V2000.15 : BOOL Prints the status of bit 15 in V2000 in TRUE/FALSE format

The maximum numbers of characters you can VPRINT is 128. The number of characters
required for each element, regardless of whether the :S, :CO or :0 modifiers are used, is listed
in the table below.

Maximum
Element type Characters
Text, 1 character 1
16 bit binary 6
32 hit binary 11
4 digit BCD 4
8 digit BCD 8
Floating point (real number) 3
Floating point (real with exponent) 13
V-memory/text 2
Bit (1/0 format) 1
Bit (TRUE/FALSE format) 5
Bit (ON/OFF format) 3
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Text element — the following is used for “printing to V—-memory” character strings. The
character strings are defined as the character (more than 0) ranged by the double quotation
marks. Two hex numbers preceded by the dollar sign means an 8-bit ASCII character code.
Also, two characters preceded by the dollar sign is interpreted according to the following
table:

1 $$ Dollar sign ($)

2 $” Double quotation (")

3 $Lor $I Line feed (LF)

4 $Nor $n Carriage return line feed (CRLF)
5 $P or $p Form feed

6 $R or $r Carriage return (CR)

7 $T or $t Tab

The following examples show various syntax conventions and the length of the output to the
printer.

v Length 0 without character

"A” Length 1 with character A

v Length 1 with blank

mg Length 1 with double quotation mark
"$R$L” Length 2 with one CR and one LF
"$0D$0OA” Length 2 with one CR and one LF
"$$” Length 1 with one $ mark

In printing an ordinary line of text, you will need to include double quotation marks before
and after the text string. Error code 499 will occur in the CPU when the print instruction
contains invalid text or no quotations. It is important to test your VPRINT instruction data
during the application development.
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VPRINT Example Combined with PRINTV Instruction

The VPRINT instruction is used to create a string in V—-memory. The PRINTV is used to print the string out
of port 2.

Create String Permissive
Cc12

VPRINT
28 { } Byte Swap: All
"Print to" Address V4000

"STX" V3000:B"$0D"

Delay permissive for
VPRINT

C13
Delay permissive for SET)

VPRINT
C13 TMR
29 ||
Delay for VPRINT
to complete
T
Delay for Vprint to K10
complete
T PRINTV
30 { l Port Number: K2
Start Address: V4001
Number of Bytes: V4000
Append: None
Byte Swap: None
Busy: C15
Complete: C16
Delay Permissive for
c13 VPRINT

— (msT)
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ASCII Print from V-memory (PRINTYV)

The ASCII Print from V-memory instruction will send an ASCII string out of the designated

communications port from a specified series of V-memory registers for a specified length in
number of bytes. Other features include user specified Append Characters to be placed after
the desired data string for devices that require specific termination character(s), Byte Swap
options, and user specified flags for Busy and Complete.

* Port Number: must be DL06 port 2 (K2)
* Start Address: specifies the beginning of

series of V—memory registers that contain

the ASCII string to print

* Number of Bytes: specifies the length of
the string to print

* Append Characters: specifies ASCII
characters to be added to the end of the
string for devices that require specific
termination characters

* Byte Swap: swaps the high—byte and
low—byte within each V-memory register

of the string while printing. See the
SWAPB instruction for details.

* Busy Bit: will be ON while the instruction
is printing ASCII data

* Complete Bit: will be set once the ASCII
data has been printed and reset when the
PRINTYV instruction permissive bits are

disabled.

See the previous page for an example using
the PRINTYV instruction.

Parameter DLO06 Range

e E @

PRIMTY
Port Humber ; K2 *
Start Address waooo o o+
Mumber of Bytes k12 *

—Append characterz] ;

ol :

L ;

™ 2 Characters

— Buyte Swap Busy - 0 *
* Mone .
Cal s
Al but Hul

Port Number port 2 (K2)
Start Address All V-memory
Number of Bytes All V-memory or k1-128
Bits: Busy, Complete C0-3777
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ASCII Swap Bytes (SWAPB)
The ASCII Swap Bytes instruction swaps byte
positions (high-byte to low—byte and low-byte to  [#]P5]58] [ ]
high—byte) within each V-memory register of a
series of V—memory registers for a specified number | gissPRE
of bytes. Starting Address : Y2500 '
e Starting Address: specifies the beginning of a series -
of V-memory registers the instruction will use to Number of Bytes : | K12
begin byte swapping Byte Swap
* Number of Bytes: specifies the number of bytes, i
beeinni h th . = &IE
eginning with the Starting Address, to byte swap.
Al but Al
Parameter DL06 Range
Starting Address All V-memory
Number of Bytes All V-memory or K1-128
Byte Swap No Byte Swapping Byte
Preferences (AIN, AEX, PRINTV, VPRINT) High Low
V2000,  0005h
‘alBlc[D[E |:> v2001 B | A
V2002 D C
V2003] XX E
Byte Swap All
Byte
AlBlC|D[E High Low
V2000,  0005h
|::> v2001 A | B
V2002 C D
‘B‘A‘D‘C‘E‘ V2003| E XX
Byte Swap All but Null
Byte
AlB[C|D|E High" Low
V2000,  0005h
|:> v2001 A | B
Vv2002] C D
‘B‘A‘D‘C‘E‘ V2003| xx | E
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SWAPB Example

The AIN Complete bit is used to trigger the SWAPB instruction. Use a one—shot so the
SWAPB only executes once.

AIN complet
gqmeete SWAPB
) S
Starting Address: V2001
Number of Bytes: K32
Byte Swap: All
ASCII Clear Buffer (ACRB)
The ASCII Clear Buffer instruction will clear the ASCII receive buffer of the specified
communications port number. Port Number:must be DL06 port 2 (K2)
|~ul" I?‘flﬂl [ ]
ACRE
Kz ’]
ACRB Example
The AIN Complete bit or the AIN diagnostic bits are used to clear the ASCII buffer.
Ain Complete
ci ACRB
33 |} K2
Intercharacter timeout
Cc2
Ii
Firstcharacter timeout
C3
—]
AIN overflow error
o4
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