Errata Sheet

This Errata Sheet contains corrections or changes
made after the publication of this manual.

Product Family: DL405 Date: December 11, 2018
Manual Number D4-USER-M
Revision and Date 4th Edition, Rev. A; March 2013

Changes to Chapter 2. Installation, Wiring, and Specifications
Page 2-4. Safety Guidelines; Class 1, Division 2 Approval

Delete this section, including the two warnings. The DL405 system is NOT Class 1, Division 2 approved.

Page 2-44. D4-32TD1-1, 5-15VDC Output
Add the following NOTE to the specifications table for this module:

NOTE:The D4-32TD1-1 module operates on reverse logic. Voltage is present when Output is Off; no voltage
is present when output is On.

Changes to Chapter 4. System Design and Configuration

Page 4-8. Calculating the Power Budget; Module Power Requirements

Change the “5V Current Required (mA)” values in the table for these analog modules:
F4-04AD: Change from 85 mA to 150 mA

F4-04ADS: Change from 270 mA to 370 mA

Page 4-18. Network Connections to MODBUS and DirectNET; Configuring the CPU’'s Comm Ports
Change the NOTE near the bottom of the page to say:
NOTE: The recommended cable for RS-232 and RS-422 is AutomationDirect L19772-1 (Belden 8102) or equivalent.

Changes to Chapter 5. Standard RLL Instructions; Accumulator Logic Instructions
Page 5-85. Compare with Stack (CMPS)

The table below has more accurate descriptions for the discrete bit flags than the descriptions in the manual:

Discrete Bit Flags Description

SP60 On when the value in the Accumulator is less than the first level value in the Accumulator Stack.

SP61 On when the value in the Accumulator is equal to the first level value in the Accumulator Stack.

SP62 On when the value in the Accumulator is greater than the first level value in the Accumulator Stack.
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Changes to Chapter 8. PID Loop Operation (DL450 only)

Page 8-36. Monitor Limit Alarms. Add the following note at the end of this page:

‘E NOTE: PID deviation alarm only works in Auto mode.

Changes to Chapter 9. Maintenance and Troubleshooting

Page 9-26. Add the following to the end of this chapter (right after BREAK
Instruction placement):

Reset the PLC to Factory Defaults

NOTE: Resetting to factory defaults will not clear any password stored in
the PLC.

Resetting a DirectlLogic PLC to Factory Defaults is a two-step process. Be
sure to have a verified backup of your program using “Save Project to Disk”
from the File menu before performing this procedure. Please be aware that
the program as well as any settings will be erased and not all settings are
stored in the project. In particular you will need to write down any settings
for Secondary Communications Ports and manually set the ports up after
resetting the PLC to factory defaults.

Step 1 — While connected to the PLC with DirectSoft, go to the PLC menu
and select; “Clear PLC Memory”. Check the “ALL” box at the bottom of the
list and press “OK”.

Step 2 — While connected with DirectSoft, go the PLC menu and then to the

“Setup” submenu and select “Initialize Scratch Pad”. Press “Ok”.

NOTE: All configurable communications ports will be reset to factory default
state. If you are connected via Port 2 or another configurable port, you may be

disconnected when this operation is complete.
NOTE: Retentive ranges will be reset to the factory settings.

NOTE: Manually addressed IO will be reset to factory default settings.

The PLC has now been reset to factory defaults and you can proceed to

program the PLC.

-

Clear PLC Memory ﬁﬂl
[
[
[
oy
o T
|
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7
] 3 ‘ Cancel |

.
Initialize Scratch Pad [

Wwharhingl Intializing the scratchpad memary resets the
operating parameters of the PLC back to their factomy
default settings.

Program memary iz retained but user defined parameters
such ag gecondary communications port settings. manual
140 configuration, retentive range modification, ete. will be
rezet to their factony defaults,

If pou have changed any of these parameters you must
reconfigure these settings after initializing the scratchpad.

Initialize Scratch Pad Memory?

Ok Help
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Changes to Appendix I. European Union Directives (CE)

Page I-4. Special Installation Manual

Delete this section. Manual D-EU-M is no longer available. Instead, refer to the websites listed below:
Page I-4: Other Sources of Information

Replace the text that follows the sentence “It may be possible to obtain this information locally; however, the official source of
applicable Directives and related standards is:” with the following updated information:

Publications Office

2, rue Mercier

2985 Luxembourg

LUXEMBOURG

Quickest contact is via the web at:
http://ec.europa.eu/growth/single-market/european-standards/harmonised-standards
Another source is the British Standards Institution at:

British Standards Institution — Sales Department, Linford Wood:
Milton Keynes, MK14 6LE, United Kingdom.

The quickest contact is via the web at http://www.bsigroup.com
Another source is

The ‘Blue Guide’ on the implementation of EU product rules 2016

https://ec.europa.eu/commission/index_en

Page I-10. ltems Specific to the DL405

Ignore the reference to manual D-EU-M in the first paragraph of this section. That manual is no longer available. See the websites
listed above.
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Standard RLL
Instructions

In This Chapter. . . .

— Introduction

— Boolean Instructions

— Comparative Boolean Instructions

— Immediate Instructions

— Timer, Counter, and Shift Register Instructions
— Accumulator / Data Stack and Output Instructions
— Accumulator Logic Instructions

— Math Instructions

— Bit Operation Instructions

— Number Conversion Instructions

— Table Instructions

— Clock / Calender Instructions

— CPU Control Instructions

— Program Control Instructions

— Interrupt Instructions

— Intelligent 1/O Instructions

— Network Instructions

— Message Instructions
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Introduction

The DL405 instruction set can perform many different types of operations. This chapter
shows you how to use these individual instructions. The following table provides a quick
reference listing of the instruction mnemonic and the page(s) defining the instruction. Each
instruction definition will show in parentheses the HPP keystrokes used to enter the
instruction. There are two ways to locate instructions:

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

e If you know the individual instruction mnemonic, use the following table.
The DL450 provides all of the instructions in the table, the

DL440 provides a subset, and the DL430 a smaller Example 1 Example 2
subset. The instruction definitions indicate which CPUs [ X[ /] /] V] /] /]
feature the instruction. In Example 1, onlythe DL440and 55" 440 250 430 440 450

DL450 have the instruction. In Example 2, all CPUs have
the instruction.

If you are using a DL450 PLC (with firmware v3.30 or later) with DirectSOFT5 programming
software, you can also use the IBox instructions covered in the DL405-1BOX-S Supplement.

Instruction Page Instruction Page Instruction Page
ACON 5-196 ANDSTR 5-16, 5-118 DEGR 5-134
ACOSR 5-119 ASINR 5-118 DISI 5-186
ADD 5-87 ATANR 5119 DIV 5-96
ADDB 5-99 ATH 5.135 DIVB 5-104
ADDBD 5-100 AT 5159 DIVBS 5-116
ADDBS 5-113 BCALL 7 o7 DIVD 5-97
ADDD 5-88 BCD 5.129 DIVF 5-108
ADDF 57105 BCDCPL 5-131 DIVR 5-98
ADDR 5-89 SEND %7 DIVS 5-112
ADDS 5-109 S =T DLBL 5-196
AND 5-14, 5-31, DRUM 6-15

5-70 BLK 7-27
ANDD 5-71 BREAK 5-178 EDRUM 6-18
ANDND 3 - — ENCO 5-126
ANDS 73 — — END 5-177
ANDSTR 5-16 SVIPD 53 ENI 5-186
ANDE T FAULT 5-195
CMPF 5-84
ANDD 571 FDGT 5-144
ANDE 58 CMPR 5-86 FILL 5-142
ANDF =75 CMPS 5-85 FIND 5-143
ANDI 534 CNT 5-47 FINDB 5-173
ANDMOV 5-171 COSR 5-118 FOR 5-180
ANDN 5-14, 5-31 cv 7-25 GOTO 5-179
ANDNB 5-15 CVImMP 7-25 GRAY 5-139
ANDNE 5-28 DATE 5-175 GTS 5-181
ANDNI 5-34 DEC 5-117 HISTRY 5-197
ANDPD 5-23 DECB 5-120 HTA 5-136
ANDS 5-73 DECO 5-127 INC 5-117
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Standard RLL Instructions

Instruction Page Instruction Page
INCB 5-120 ORND 5-22
INT 5-185 ORNE 5-27
INV 5-130 ORNI 5-33
IRT 5-186 OROUT 5-19
IRTC 5-186 OROUTI 5-35
ISG 7-24 ORPD 5-22
JMP 7-24 ORS 5-77
LBL 5-179 ORSTR 5-16
LD 5-59 ouT 5-17,5-65
LDA 5-61 OUTB 5-18
LDD 5-59 OuUTD 5-65
LDF 5-60 OUTF 5-66
LDI 5-37
—— — ouTI 5-35, 5-39
LDLBL 5-162 OuTIF 5740
R - OUTL 5-68
5o e OUTM 5-68
o e ouTX 5-67
DRND Y PAUSE 5-20
MDRMW 6-24 PD 5-20
MLR 5-183 POP 5-69
VLS 5183 PRINT 5-201
VOV 5.146 RADR 5-134
MOVMC 5-162 RD 5-189
MUL 5-93 RFB 5-150
MULB 5-103 RFT 5-156
MULBS 5-115 ROTL 5-124
MULD 5-94 ROTR 5-125
MULF 5-107 RST 5-24
MULR 5-95 RSTB 5-25
MULS 5-111 RSTBIT 5-167
NCON 5-197 RSTI 5-36
NEXT 5-180 RSTWT 5-178
NJMP 7-24 AT 5-181
NOP 5-177 RTC 5-181
NOT 5-19 RTOB 5-133
OR AR RX 5-191
ORB 513 SBR 5-181
ORD 575 SEG 5-138
ORE 507 SET 5-24
ORF 5-76 SETB 5-25
ORI 5-33 SETBIT 5-167
ORMOV 5-171 SETI 5-36
ORN 5-12, 5-30 SFLDGT 5-140
ORNB 5-13 SG 7-23

Instruction Page
SGCNT 5-49
SHFL 5-122
SHFR 5-123
SINR 5-118
SQRTR 5-119
SR 5-53
STOP 5-177
STR 5-10, 5-29
STRB 5-11
STRE 5-26
STRI 5-32
STRN 5-10, 5-29
STRNB 5-11
STRND 5-21
STRNE 5-26
STRNI 5-32
STRPD 5-21
STT 5-153
SuB 5-90
SUBB 5-101
SUBBD 5-102
SUBBS 5-114
SUBD 5-91
SUBF 5-106
SUBR 5-92
SUBS 5-110
SUM 5-121
SWAP 5-174
TANR 5-118
TIME 5-176
TMR 5-42
TMRA 5-44
TMRAF 5-44
TMRF 5-42
TSHFL 5-169
TSHFR 5-169
TTD 5-147
ubC 5-51
WT 5-190
WX 5-192
XOR 5-78
XORD 5-79
XORF 5-80
XORMOV 5-171
XORS 5-81
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Standard RLL Instructions
Boolean Instructions

Using Boolean Instructions

Do you ever wonder why so many PLC manufacturers always quote the scan time
for a 1K boolean program? 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. Our DirectSOFT software is a
similar program; therefore, you don’t necessarily have to know the instruction
mnemonics in order to develop your program. However, knowledge of mnemonics
will be helpful whenever it becomes necessary to troubleshoot the program using a
handheld programmer (HPP).

Many of the instructions in this chapter are not program instructions used in
DirectSOFT, but are implied. In other words, they are not actually keyboard
commands, however, they can be seen in a Mnemonic View of the program once
the DirectSOFT program has been developed and accepted (compiled). Each
instruction listed in this chapter will have a box to indicate how the instruction is used
with DirectSOFT and the HPP. The box will either contain IMP for implied, a ¥ for
used or an X for not used. The abbreviation, DS, or HPP will appear beneath the
appropriate box as shown below.

IMP 4 X
DS HPP DS
END Statement DL405 programs require an END statement (coil) as the last instruction. This tells

the CPU 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

| o
©

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.

/o)

All programs must have
and END statement —_

/m)

DirectSOFT Example Handheld Mnemonics
STR X0
X Y
Ol /- 0 OUT YO
— | \OUTD END
&)
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Standard RLL Instructions
Boolean Instructions

Normally Closed
Contact

Contacts in Series

Midline Outputs

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.

DirectSOFT Example Handheld Mnemonics
STRN X0
X0 FYO OUT YO
—/ (our)  END

5

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.

/m)

DirectSOFT Example Handheld Mnemonics
X0 X1 /Yo STR X0
| ) AND X1
— \ouT OUT Yo
END

@0

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.

DirectSOFT Example Handheld Mnemonics

X X O sTRXO
— | (out)  ANDXi
OUT YO
AND X2
xe A OUT Y1
! @UT) AND X3
OUT Y2
X3 Y2 END
~ ———(u
@)
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Standard RLL Instructions
Boolean Instructions

Parallel Elements  You 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.

DirectSOFT Example Handheld Mnemonics
X0 YO0
| / STR X0
— | \OUT)  oRrxi
OUT YO
N X1 END
(Eno)
@ND
Joining Series Quite often it is necessary to join several groups of series elements in parallel. The
Branches in Or Store (ORSTR) instruction allows this operation. The following example shows a
Parallel simple network consisting of series elements joined in parallel.
DirectSOFT Example Handheld Mnemonics
“ o e
| (
— \OUTD STR X2
AND X3
X2 X3 ORSTR
— — OUT YO
/o ) END
\END
Joining Parallel Quite often it is also necessary to join one or more parallel branches in series. The

Branches in Series And Store (ANDSTR) instruction allows this operation. The following example
shows a simple network with contact branches in series with parallel contacts.

DirectSOFT Example Handheld Mnemonics
X0 X1 fYO STR X0
— | || \OUT) STR X1
OR X2
X2 ANDSTR
OUT YO
END
(Eno)
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Standard RLL Instructions 5 - 7
Boolean Instructions

Combination
Networks

Comparative
Boolean

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.

X0 X2 X5 Y0 Handheld Mnemonics
_| | | | | | KOUT>
| L L N STR X0
X1 X3 X4 OR X1
| 0 STR X2
— = 1/ STR X3
ANDN X4
X6 ORSTR
| AND X5
_|/ | ORN X6
ANDSTR

@N@ OuUT YO

The Comparative Boolean evaluates two 4-digit BCD/hex 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 | V1400 K1234 Y3
V-memory location V1400 is equal to the =] (our)
constant BCD value 1234, Y3 will ‘

energize.

By
-
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o2
=g
o
-]
7,
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Boolean Stack

There are limits to how many elements you can include in arung. This is because the
DL405 CPUs 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 you enter a STR instruction, the instruction is placed on the top of the
boolean stack. Any other STR instructions on the boolean stack are pushed down a
level. The ANDSTR, and ORSTR instructions combine levels of the boolean stack
when they are encountered. Since the boolean stack is only eight levels, an error will
occur if the CPU encounters a rung that uses more than the eight levels of the
boolean stack.

All of you software programmers may be saying, “l use DirectSOFT, so | don’t need
to know how the stack works.” Not quite true. Even though you can build the network
with the graphic symbols, the limits of the CPU are still the same. If the stack limit is
exceeded when the program is compiled, an error will occur.

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

X0 grp X! ORSTR AND x4 YO
| | S (¢ Output
STR | | | (out utpu
X2 AND X3
| | ANDSTR
STR _| I I
X5 OR
I
1/
STR X0 STR X1 STR X2 AND X3
1 [ STR X0 1 [ STRX1 1 [ STRX2 1 | X2 AND X3
2 2 | STRX0 2 | STRX1 2 | STRX1
3 3 3 | STR X0 3 | STR X0
4 4 4 4
ORSTR AND X4 OR X5
1 | 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 | STRX0 2 | STRX0 2 | STRX0
3 3 3
ANDSTR

1

X0 AND (NOT X5 OR X4) AND [X1 OR (X2 AND X3)]

2

3

DL405 User Manual, 4th Edition, Rev. A




Standard RLL Instructions
Boolean Instructions

Immediate Boolean The DL405 CPUs usually can 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 I/O update occurs. The DL405 CPUs 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 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
module. This function is not normally done until the read inputs or the write outputs
portion of the CPU cycle.

from the module, it only uses the results to solve that one instruction. It does not use

NOTE: Even though the immediate input instruction reads the most current status
ﬁ 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 module again to update the status. The immediate output instruction
will write the status to the module and update the image register.

16pt @

8pt 8pt 8pt 8pt 16pt
O Ingut Input Ingut Oupput Ouﬁ)ut Outgut

X0 X10 | X30 Yo Y10 | Y20

X07 | X27 | X37 | YO7 [ Y17 | Y37

CPU Scan
/ * The CPU reads the inputs from the local

and expansion bases and stores the
Read InpUtS status in an input image register.

[x32o[ .. [ x2 [ x1 [ xo] \

[oFr] .. | on [ oFfF] oFF] OFF <€—— X0
Input Image Register OFF
< X1
I
Read Inputs from Specialty /O |
I
I
I
Solve the Application Program
v PPl I 9 Immediate instruction does not use the
X0 YO iﬂput{irpagfe regl;Lster, Izjutl insteadd_reta?s
—|| \ [)_ e status from the module immediately. 1/O Point X0 Changes
’ \
ON <«— X0
| OFF <—— X1
| Write Outputs |
[

| Write Outputs to Specialty 1/0 |
I

| Diagnostics |

N _/

9]
=
Q
>
Q
)
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Boolean Instructions

Store
(STR)

430 440 450
DS

HPP

Store Not
(STRN)

430 440 450

DS HPP

The Store instruction begins a new rung or
an additional 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.

Aaaa

—

The Store Not instruction begins a new
rung or an additional branch in a rung with
a normally closed contact. Status of the
contact will be opposite the state of the
associated image register point or
memory location.

Aaaa

_J/'/_

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320-617 0-137 320-717 0-137, 320-717
Gilobal GX 0-777 0-1777 0-2777
Global GY - - 0-2777

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

DirectSOFT Handheld Programmer Keystrokes
X1 Y2 [sm|[xm ][ 1 ][«
| (‘o) [Cour ] [ewml [z ] =]

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

DirectSOFT Handheld Programmer Keystrokes
Xt Y2 [ str |[ not [[xam ][ 1+ ][ <]
J/ ( our )
| \ [our | @] [z ] [—]
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Standard RLL Instructions
Boolean Instructions

Store Bit-of-Word
(STRB)

X [X]V]

430 440 450

DS HPP

Store Not
Bit-of-Word
(STRNB)
X [X]V]
430 440 450

DS HPP

The Store Bit-of-Word instruction begins a
new rung or an additional branch in a rung
with a normally open contact. Status of the
contact will be the same state as the bit
referenced in the associated memory
location.

Aaaa.bb

_||_

The Store Not instruction begins a new
rung or an additional branch in a rung with
a normally closed contact. Status of the
contact will be opposite the state of the bit
referenced in the associated memory
location.

Aaaa.bb

Operand Data Type DL450 Range

A aaa bb
V-memory All (See p. 3-42) BCD, 0to 15
Pointer PB All (See p. 3-42) 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.

DirectSOFT
| B1400.12 v2
| ( )
| \ ouT
Handheld Programmer Keystrokes
Lsm J[swrr ][ 8 [[swer[[ovf[ + J[ 4 [ o |[ o |
Lkeom |[ 1+ J[ 2 |[e—]
Lour [[Moun][ 2 |[<—]

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

DirectSOFT
| B1400.12 Yo
1t (o)
8 Y]
—
)
Handheld Programmer Keystrokes 56
[ st |[ s |[ st ]| B [[serr ] v ] « |[ 4 || o || o | cé)"g_
Lkeom |[ 1+ J[ 2 |[—] ss
Lour [[moun][ 2 |[<—] %
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Or
(OR)

430 440 450

DS

HPP

Or Not
(ORN)

430 440 450

DS HPP

The Or instruction logically ors a normally
open contact in parallel with another
contactin arung. The status of the contact ||
will be the same state as the associated I
image register point or memory location. Aaaa

The Or Not instruction logically ors a
normally closed contact in parallel with
another contactinarung. The status ofthe [
contact will be opposite the state of the I
associated image register point or Aaaa
memory location.

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320-617 0-137 320-717 0-137, 320-717
Gilobal GX 0-777 0-1777 0-1777
Global GY - - 0-1777

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

DirectSOFT Handheld Programmer Keystrokes
|X1| % [ s |[[xm ][ 1+ |[<—]
{
] (o) o] [ 1—]
xz}J [ our |[veun]| s |[e—]

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

DirectSOFT Handheld Programmer Keystrokes
. N u [ =1
| \ ) [ or J[ not [[xam ][ 2 [ <]
x2 [ our |[yeun|[ s |[«]
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Standard RLL Instructions
Boolean Instructions

Or Bit-of-Word The Or Bit-of-Word instruction logically
(ORB) ors a normally open contact in parallel
X[ X|/] with another contact in a rung. Status of | |
430 440 450 Lhe c?ntact V\QII behthe same stgte as the AaLa 'bb
it referenced in the associated memory '
location. —| |—
Or Not Bit-of-Word The Or Not Bit-of-Word instruction
(ORNB) logically ors a normally closed contact in
X[ X|/] parallel with another contact in a rung. | |
430 440 450 Status of the contact will be opposite the I
state of the bit referenced in the Aaaa.bb
DS HPP associated memory location. —/I/r—
Operand Data Type DL450 Range
A aaa bb
V-memory B All (See p. 3-42) BCD, 0to 15
Pointer PB All (See p. 3-42) BCD

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

DirectSOFT

X1 Y7

| (o)

B1400.7

I I Handheld Programmer Keystrokes
Csm | ][ 1 ]
Lon Jlswer ][ 8 J[swer [V [ + J[ « J o J[ o]
[ken ]| 7 J[ <]
Lour J[voun][ s |[ <]

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

DirectSOFT
X1 Y7
] ( our )
B1400.7 .y
J/r Handheld Programmer Keystrokes FC/)
—l 5'—.-
[Com ] [ [+ ] =] 25
Lor J[swer ][ ~ J[ 8 J[swer W[ + J[ 4 J[ o [ o | c®
=
[kem ][ 7 |[<—] o
Lour [[Moun][ s |[«—] ?
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And
(AND)

430 440 450

DS

HPP

And Not
(ANDN)

430 440 450

DS

HPP

The And instruction logically ands a
normally open contact in series with Aaaa
another contactin arung. The status of the | | | |
contact will be the same state as the o o
associated image register point or
memory location.

The And Not Bit-of-Word instruction
logically ands a normally closed contactin
series with another contact in a rung. The | |
status of the contact will be opposite the | 4/|r
state of the associated image register
point or memory location.

Aaaa

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320-617 0-137 320-717 0-137, 320-717
Gilobal GX 0-777 0-1777 0-1777
Global GY - - 0-1777

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

DirectSOFT Handheld Programmer Keystrokes
X1 X2 Y5 [sr |[[xm ][ 1+ |[<—]
| —— | (o) o] e ]=]

Lour |[Moun]|[ s [[ <]

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

DirectSOFT Handheld Programmer Keystrokes
xi xe ve Csm ][+ Jle<=]
| L ( ot )
| | \ [ a0 J[ not [[xam ][ 2 J[ <]
Lour |[voun]| s |[«—]
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Standard RLL Instructions
Boolean Instructions

And Bit-of-Word
(ANDB)

X [X[S]

And Not
Bit-of-Word
(ANDNB)
X [X]V]
430 440 450

DS HPP

The And Bit-of-Word 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 L Aa‘laa'lbb
bit referenced in the associated memory I I
location.

The And Not Bit-of-Word instruction
logically ands a normally closed contactin
series with another contact in a rung. The
status of the contact will be opposite the L |
state of the bit referenced in the ] /r
associated memory location.

Operand Data Type DL450 Range

A aaa bb
V-memory B All (See p. 3-42) BCD, 0to 15
Pointer PB All (See p. 3-42) BCD

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

DirectSOFT
X1 B1400.4 Y5
|| | (
‘ || | ( our)
Handheld Programmer Keystrokes
Com o] [+ J[e—]
Lawo [[swer ][ 8 [[swer [[owf[ + J[ 4 [ o [ o |
[ken ][ 4 J[<—]
Lour [[voun][ s |[ <]

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.

DirectSOFT
| |X1| B1|400.4 Y5
(o)

‘ 1| /F Loour -
C
0
S5

Handheld Programmer Keystrokes C:I‘)'_ (:Dj.
c

o) ] [ ) =] §2

Lano [[swer |[ ~ [[ 8 |[swer [V ][ ¢+ |[ 4 [[ o |[ o | %

|K(con)|| 4 ||(—'|

[ our |[veun]| s |[«—]
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Standard RLL Instructions
Boolean Instructions

And Store The And Store instruction logically ands
(ANDSTR) two branches of a rung in series. Both
branches must begin with the Store || || /OUT>
430 440 450 instruction. o I \
] N
DS  HPP I I
Or Store The Or Store instruction logically ors two
(ORSTR) branches of a rung in parallel. Both
branches must begin with the Store || || / OUT)
430 440 450 instruction. I | \
N N
DS HPP o o

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.

DirectSOFT Handheld Programmer Keystrokes
Xt X2 X3 Y5 [ sr [[xav ][ 1 ][<—]
o) B e =]
xa [ ano [[xen ]| 3 [ ]
N Con JE@ [« [ —]
| anp |[ smR || «—]
|

out |[veun]| s |[«—]

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

DirectSOFT Handheld Programmer Keystrokes
x = v o] =]
| | (o) oo | Gl [ 2 ][ —]
X3 X4 [ s |[[ x| 3 ][]
N | [avo | X [ ¢ | [—]

| or |[ sm ][]
[ our |[veun]| s ||«

1)
c
(@]
°5
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o
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Standard RLL Instructions 5 - 1 7
Boolean Instructions

Out
(OUT)

430 440 450

DS HPP

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. Multiple Aaaa

Out instructions referencing the same out )
discrete location should not be used since

only the last Out instruction in the program

will control the physical output point.

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa bb bb

Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Gilobal /0 GX 0-777 0-1777 0-2777 (GX + GY)

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

DirectSOFT Handheld Programmer Keystrokes
X PN - o K=
[ \ OUT) [ our |[veun]| 2 |[e—]
v oo ][0 [ s ] [—]
—( ouTt )

In the following Out example the program contains two Out instructions using the
same location (Y10). The physical output of Y10 is ultimately controlled by the last
rung of logic referencing Y10. X1 will override the Y10 output being controlled by XO.
To avoid this situation, multiple outputs using the same location should not be used
in programming.

Y
=
=L
25
o
o8
&g
o
=]
7
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Standard RLL Instructions
Boolean Instructions

Out Bit-of-Word The Out Bit-of-Word instruction reflects

(OUTB) the status of the rung (on/off) and outputs

(X [X]V] the discrete (on/off) state to the specified
430 440 450 bit in the referenced memory location. Aaaa.bb
Multiple Out Bit-of-Word instructions _< out )

DS HPP referencing the same bit of the same word

generally should not be used since only

the last Out instruction in the program will

control the status of the bit.

Operand Data Type DL450 Range

A aaa bb
V-memory B All (See p. 3-42) BCD, 0to 15
Pointer PB All (See p. 3-42) BCD

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.

DirectSOFT

X1 B1400.3
|
[

Handheld Programmer Keystrokes

Csm o] [+ ]
Lour JLswer ][ 8 J[swer J[v J[ + J[ ¢ JL o J[ o [[Kem][ s |[—]
Lour Jlswer ][ 8 J[swer Jv J[ + J[ ¢ JL o J[ 1+ [[kem][ 6 |[—]

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.

1)
c
(@]
°5
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i
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.
o
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Standard RLL Instructions
Boolean Instructions

Or Out
(OROUT)

430 440 450

DS HPP

Not
(NOT)

430 440 450

DS HPP

The Or Out instruction has been designed
to use more than 1 rung of discrete logic to
control a single output. Multiple Or Out
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, the output
will also be on.

A aaa
—(OROUT)

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

aaa

aaa

aaa

Inputs

0-477

0-477

0-1777

Outputs

0-477

0-477

0-1777

Control Relays

O <| X[ »

0-737

0-1777

0-3777

Global I/0

0-777

0-1777

0-2777 (GX + GY)

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

DirectSOFT Handheld Programmer Keystrokes

- P SN | 0 [ [E=2

| \OROUT) [ or |[ outr |[weun]| 2 |[«—]

[sm|[xam ][ + J[<—]

| [ or |[ our |[weun]| 2 |[«—]
|

X4 Y2

I I ( OR OUT)

The Not instruction inverts the status of
the rung 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.

DirectSOFT Handheld Programmer Keystrokes
x PO % | =2

B > (o) (e[ v [ o [ 7 [—=]
[our [[eun] [ 2 |[ <]

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.

Y
=
=L
25
Sa
o8
&g
o
=]
7

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Boolean Instructions
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Pause
(PAUSE)

430 440 450

DS HPP

Positive
Differential
(PD)

430 440 450

DS HPP

The Pause instruction disables the output
update on a range of outputs. The ladder
program will continue to run and update Y aaa  aaa
the image register however the outputs in _<PAU$E>

the range specified in the Pause
instruction will be turned off at the output

module.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Outputs Y 0-477 0-477 0-1777

In the following example, when X1 is ON, Y10-Y17 will be turned OFF at the output
module. The execution of the ladder program will not be affected.

DirectSOFT Handheld Programmer Keystrokes
X1 Yio Y17 Lsr |[xv][ 1+ [[«]
I I (PAUSE) [swer [ P | A ] v |[ s || e |
[ swer [[voun]| 1 || o |
o] [+ |[ 7 [[«—]

The Positive Differential instruction is
typically known as a one-shot. When the
input logic produces an Off-to-On Aaaa

transition, the output will energize for one —( PD )
CPU scan. Thereafter, it remains off until
its input makes another Off-to-On

transition.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777

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

DirectSOFT Handheld Programmer Keystrokes
| X co Lsm [[aw ][ 1+ [[«—]

|| (
‘ I (r) [swer ][ J[_ o J[swer][eem][ o J[ <]

Note that you can place a “NOT” instruction immediately before the PD instruction to
generate a “one-shot” pulse on an on-to-off transition.

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Boolean Instructions

Store Positive
Differential
(STRPD)

X [X]V]

430 440 450

DS HPP

Store Negative
Differential
(STRND)

X [X]V]

430 440 450

DS HPP

| X1 va

The Store Positive Differential instruction
begins a new rung or an additional branch
in a rung with a normally open contact.
The contact closes for one CPU scan
when 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”. This contact will also
close on a program-to-runtransition if itis
within retentive range.

Aaaa

_U‘l_

The Store Negative Differential instruction
begins a new rung or an additional branch
in a rung with a normally closed contact.
The contact closes for one CPU scan
when the state of the associated image
register point makes an On-to-Off
transition. Thereafter, the contact remains
open until the next On-to-Off transition
(the symbol inside the contact represents
the transition).

Aaaa

_H_l_

Operand Data Type DL450 Range
A aaa

Inputs X 0-1777
Outputs Y 0-1777
Control Relays C 0-3777
Stage S 0-1777
Timer T 0-377
Counter CT 0-377
Global GX 0-2777 (GX + GY)

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

DirectSOFT
Handheld Programmer Keystrokes

[ str |[[sorr ][ P || D |[ sher]
‘ . Cor) G =)

Lour |[voun]|| 4 [[«—]
In the following example, each time X1 is makes an On-to-Off transition, Y4 will E
energize for one scan. 5%’
DirectSOFT Handheld Programmer Keystrokes % §
| |X1| / Y4 [ sr |[sorr ]| N || D |[ sHrr ] %5_

1L (o) B =] S

‘ Lour |[Moeun]|| 4+ [[«—]
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Standard RLL Instructions
Boolean Instructions
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Or Positive
Differential
(ORPD)

X [X]V]
430 440 450

DS

HPP

Or Negative
Differential
(ORND)

X [X [/
430 440 450

DS HPP

The Or Positive Differential instruction
logically ors a normally open contact in
parallel with another contactinarung. The |
status of the contact will be open until the [
associated image register point makes an Aaaa
Off-to-On transition, closing it for one CPU
scan. Thereafter, it remains open until
another Off-to-On transition.

The Or Negative Differential instruction
logically ors a normally open contact in
parallel with another contactinarung. The [
status of the contact will be open until the [
associated image register point makes an Aaaa
On-to-Off transition, closing it for one CPU
scan. Thereafter, it remains open until
another On-to-Off transition.

Operand Data Type DL450 Range
A aaa

Inputs X 0-1777
Outputs Y 0-1777
Control Relays C 0-3777
Stage S 0-1777
Timer T 0-377
Counter CT 0-377
Global GX 0-2777 (GX + GY)

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

DirectSOFT Handheld Programmer Keystrokes
X1 Y5 [sr |[[xm ][ 1+ |[<—]
I I ( OUT) | or |[seer ][ P ][ D || swrr]
X2 v ][ 2 ][]

—|J_ Lout |[voun][ s |[<—]

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

DirectSOFT Handheld Programmer Keystrokes
X1 Yo [sm|[xam ][+ J[<—]
N ( o)
[ \ [ or |[serr ][ N ][ D || sHrr]
IXZI ][ 2 J[<—]
L] [our | [¥@wm] [ s ] [«—]
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Standard RLL Instructions
Boolean Instructions

And Positive The And Positive Differential instruction
Differential logically ands a normally open contact in
(ANDPD) series with another contact in a rung. The -
(X [X[/] status of the contact will be open until the | 7]
430 440 450 associated image register point makes an | 1
Off-to-On transition, closing it for one CPU
scan. Thereafter, it remains open until
another Off-to-On transition.
And Negative The And Negative Differential instruction
Differential logically ands a normally open contact in
(ANDND) series with another contact in a rung. The -
(X [X]V] status_ of thg contact YVI|| be open until the L lll
430 440 450 associated Image reglstgr pglnt makes an | | L]
7 On-to-Off transition, closing it for one CPU
scan. Thereafter, it remains open until
another On-to-Off transition.

Operand Data Type DL450 Range
A aaa

Inputs X 0-1777
Outputs Y 0-1777
Control Relays C 0-3777
Stage S 0-1777
Timer T 0-377
Counter CT 0-377
Global GX 0-2777 (GX + GY)

In the following example, Y5 will energize for one CPU scan whenever X1 is on and

X2 transitions from Off to On.

DirectSOFT Handheld Programmer Keystrokes
X1 X2 Y5 [sr |[xm ][ 1+ ][<—]
|| |71 ( our)
| 1] \ Lanwo |[swer ][ P |[ o ][ sner]
O ][ 2 J[«—]
Lour |[voun]|[ s |[«—]

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

DirectSOFT Handheld Programmer Keystrokes
) e , o] G [ )[—]
o I-I-I \ OUT) [ ano |[serr ][ N |[ D || sHrT ]
O] 2 J[<—]
Lour [[Moun]|[ s [[<—]
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Standard RLL Instructions
Boolean Instructions
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Reset
(RST)

430 440 450

DS HPP

The Set instruction sets or turns on an
image register point/memory location or a

T . . Optional
consecutive range of image register memory range
points/memory locations. Once the Aaaa  aaa

point/location is set it will remain on until it —( sET)
is reset using the Reset instruction. Itis not
necessary for the input controlling the Set

instruction to remain on.

The Reset instruction resets or turns off an
image register point/memory location or a Optional

range of image registers points/memory memory range
locations. Once the point/location is reset
it is not necessary for the input to remain

Aaaa aaa

—(RST)

on.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Stages S 0-577 0-1777 0-1777
Timers* T 0-177 0-377 0-377
Counters* CT 0-177 0-177 0-377
Gilobal GX 0-777 0-1777 0-2777 (GX + GY)

* Timer and counter operand data types are not valid using the Set instruction.

In the following example when X1 turns on, Y5 through Y22 will be set to the on state.

DirectSOFT
X Y5 v2o
‘ N (s )
Handheld Programmer Keystrokes
Com G [+ J[—]
[ser J[woun] [ s [[woum][ = J[ 2 [[«<]

In the following example when X1 turns on, Y5 through Y22 will be reset to the off
state.

DirectSOFT

| X1 Y5 vyee

| | ( )
‘ | { RST
Handheld Programmer Keystrokes
L | ][+ Jl—]
[rst |[voun] [ s J[voun][ = J[ 2 J[ <]
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Standard RLL Instructions
Boolean Instructions

Set Bit-of-Word
(SETB)

X [X[/]

430 440 450
DS

HPP

Reset Bit-of-Word
(RSTB)

X [X[S]

430 440 450
DS

HPP

The Set Bit-of-Word instruction sets or
turns on a bit in a V-memory location.
Once the bitis set it will remain on until it is
reset using the Reset Bit-of-Word
instruction. Itis not necessary for the input
controlling the Set Bit-of-Word instruction
to remain on.

Aaaa.bb
—( SET )

The Reset Bit-of-Word instruction resets
or turns off a bit in a V-memory location.
Once the bit is reset it is not necessary for
the input to remain on.

A aaa.bb
—( RST )

Operand Data Type DL450 Range

A aaa bb
V-memory All (See p. 3-42) Oto 15
Pointer PB All (See p. 3-42) Oto 15

In the following example when X1 turns on, bit 0 in V1400 is set to the on state.

DirectSOFT

X1

Handheld Programmer Keystrokes

O y B1400.0
SET )
‘ [ \

[sm|[xam ][ + J[<—]
[ ser |[sorr || B [ swer [ v || a || o [ o |
e o )[—]

In the following example when X1 turns on, bit 15 in V1400 is reset to the off state.

DirectSOFT
X1 V1400.15
‘ I I ( RST )
Handheld Programmer Keystrokes
[sm|[xam ][ + J[<—]
[ mst |[ swer || B [ swer |[ v || 1 4 [ o ]| o |
[kem || 1 J[ 5 J[«]

Y
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Standard RLL Instructions
Comparative Boolean Instructions

Comparative Boolean Instructions

Store If Equal The Store If Equal instruction begins a
(STRE) new rung or additional branch in a rung
with a normally open comparative contact.
Y P P Aaaa Bbbb
430 440 450 The contact will be on when _
Aaaa = Bbbb. -
DS HPP
Store If Not Equal The Store If Not Equal instruction begins a
(STRNE) new rung or additional branch in a rung
with a normally closed comparative
y ; P Aaaa B bbb
430 440 450 contact. The contact will be on when
Aaaa # Bbbb.
DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A/B aaa bbb aaa bbb aaa bbb
V-memory \% All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P - - All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K -- 0-FFFF -- 0-FFFF -- 0-FFFF

In the following example, when the value in V-memory location V1400 = 4933, Y3

will energize.
DirectSOFT
| Vi1 400| |K4933 Y3
‘ |:| J\ ouT )
Handheld Programmer Keystrokes
Lsm Jlswer ][ e J[owrr [V [ « J[ o J[ o J[ o |
[eom| | + J[ s J[ s J[ s J[]
Lour |[voun][ s |[ ]

In the following example, when the value in V-memory location V1400 £ 5060, Y3

will energize.

DirectSOFT
2 | V1400  K5060 ) Y3
o /l,Z'r out )
o5 ‘ I \
82
Cn
©c
(75: Handheld Programmer Keystrokes
- (st ] [wor ] [smer ] [ ] (o ] ] [ ] [ ] [0 ][ o]
@] [ ][ o J[ s ][ o J[—]
[ our |[voun|| s |[e—]

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Comparative Boolean Instructions

Or If Equal The Or If Equal instruction connects a
(ORE) normally open comparative contact in I I
A4 parallel with another contact. The contact
ill be on when A = Bbbb Aaaa B bbb
430 440 450 Wwill be on wne aaa . _
B
DS  HPP
Or If Not Equal The Or If Not Equal instruction connects a
(ORNE) normally closed comparative contact in ||
parallel with another contact. The contact L
will be on when Aaaa % Bbbb. Aaaa Bbbb
430 440 450
DS  HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A/B aaa bbb aaa bbb aaa bbb
V-memory \% All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P -- -- All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K - 0-FFFF - 0-FFFF - 0-FFFF

In the following example, when the value in V-memory location V1400 = 4500 or
V1402 = 2345, Y3 will energize.

DirectSOFT
V1400 K4500 J Y3
|:| \ OUT)
V1402 K2345
1=
Handheld Programmer Keystrokes
s |[swer ][ e J[swrr ]V ][+ J[ ¢ J[ o J[ o ]
[keom] [« J[ s J[ o J[ o ][]
[ or J[swer ][ e J[swer J[Cv J[ « J[ ¢ J[ o J[ 2 ]
[keom] [ 2 J[ s J[ &« J[ s ][]
[our [[veun][ s J[«—]

In the following example, when the value in V-memory location V1400 = 3916 or
V1402 7 2500, Y3 will energize.

DirectSOFT
V14OOI |K391G / Y3
|:| \ OUT)
V1402 K2500
I Y]
—
Handheld Programmer Keystrokes I_(/)
Lswm |[swer|[ e [[swer [TV [ « J[ 4 J[ o [ o] 20
—
(keow|[ s |[ o [[ 1+ |[ 6 [[«] cg
[ or |[ nor |[shrr || E [[swer ][ v [ 1+ [ 4 |[ o J[ 2 ] %3_
(keow|[ 2 |[ s [[ o |[ o [[«] a

[ our |[veun|| s |[e—]
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Standard RLL Instructions
Comparative Boolean Instructions

And If Equal The And If Equal instruction connects a
(ANDE) normally open comparative contact in
series with another contact. The contact Aaaa Bbbb
230 240 450 will be on when Aaaa = Bbbb. | | =1
DS HPP
And If Not Equal The And If Not Equal instruction connects a
(ANDNE) normally closed comparative contact in
series with another contact. The contact Aaaa Bbbb
230 240 450 will be on when Aaaa 7 Bbbb | =1
DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A/B aaa bbb aaa bbb aaa bbb
V-memory \% All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P -- -- All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K - 0-FFFF - 0-FFFF - 0-FFFF

In the following example, when the value in V-memory location V1400 = 5000 and
V1402 = 2345, Y3 will energize.

DirectSOFT

V1400 K5000 V1402 K2345 Y3
()

Handheld Programmer Keystrokes
Lsm [ swer|[ e [[swer [TV [ « J[ 4 J[ o [ o]
(keom| [ s |[ o [[ o |[ o [[<]
Lano [[swer |[ e [[swer J[[TW | + J[ 4 [ o [ 2 |
(keow|[ 2 |[ s [[ « |[ s [[«]

[ our |[veun|| s |[e—]

In the following example, when the value in V-memory location V1400 = 2550 and
V1402 # 2500, Y3 will energize.

DirectSOFT

‘ V1400 K2550 V1402 K2500 Y3

HHE )

(2]
c
-E% Handheld Programmer Keystrokes
8> Lswm |[swer|[ e [[swer |[Tw | « J[ 4 J[ o [ o]
]
g2 (keom| [ 2 |[ s [[ s |[ o [[<]
wn_ [ ano |[ nor [[seer || & J[swer [ v ][ 1+ ][ 4 |[ o J[ 2 ]
-
o (keom|[ 2 |[ s [[ o |[ o [[«]

[ our |[veun]| s |[«—]
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Standard RLL Instructions
Comparative Boolean Instructions

Store The Comparative Store instruction begins
(STR) a new rung or additional branch in a rung
with a normally open comparative contact. Aaaa Bbbb
430 440 450 The contact will be on when —|z
Aaaa > Bbbb.
DS  HPP
Store Not The Comparative Store Not instruction
(STRN) begins a new rung or additional branch in
a rung with a normally closed comparative Aaaa Bbbb
430 440 450 contact. The contact will be on when Aaaa —|<
< Bbbb.
DS  HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A/B aaa bbb aaa bbb aaa bbb
V-memory \% All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P -- -- All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K - 0-FFFF - 0-FFFF - 0-FFFF
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377

In the following example, when the value in V-memory location V1400 > 1000, Y3
will energize.

DirectSOFT

V1400 K1000 Y3

|| /
= \ our )

Handheld Programmer Keystrokes

s v [+ J[ ¢ J[ o J[ o ]
Reaw] [ + [ o J[ o J[ o |[«—]
[our [[woun][ s J[ <]

In the following example, when the value in V-memory location V1400 < 4050, Y3

will energize.
DirectSOFT
‘ V1400I K4050 / Y3
< ouT ) my)

‘ [ \ =
0
=E

Handheld Programmer Keystrokes Cé)'_ 8_

Q

Lsm J[wor JEEV L « JL 4 J[ o J[ o ] 83

fxeomw| [ 4 J[ o J[ s [ o [[«—] %

[ our |[veun]| s |[«—]
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Standard RLL Instructions
Comparative Boolean Instructions

Or The Comparative Or instruction connects
(OR) a normally open comparative contact in
pgrallel with another contact. The contact [
430 440 450 will be on when Aaaa > Bbbb. L
Aaaa Bbbb
>
DS  HPP
Or Not The Comparative Or Not instruction
(ORN) connects a normally open comparative
contactin parallel with another contact. The ||
230 240 450 contact will be on when Aaaa < Bbbb. I
Aaaa Bbbb
<
DS  HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A/B aaa bbb aaa bbb aaa bbb
V-memory \% All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P -- -- All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K -- 0-FFFF -- 0-FFFF -- 0-FFFF
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
In the following example, when the value in V-memory location V1400 = 6045 or
V1402 > 2345, Y3 will energize.
DirectSOFT Handheld Programmer Keystrokes

V1400 K6045

V1402 K2345

[>|
=1

DirectSOFT

V1400 K1000

va [ s J[swer [ e J[swrr ][V ][ 1+ J[ ¢ J[ o J[ o ]
<OUT) [keow] [ 6 J[ o J[« J[ s ][]
Lor J [+ J[ & J[ o J[ 2 ]
[keow][ 2 J[ s J[ 4 J[ s J[«]

[ our |[voun|| s |[«—]

In the following example when the value in V-memory location V1400 = 1000 or
V1402 < 2500, Y3 will energize.

Handheld Programmer Keystrokes

V1402 K2500

<
[

1)
c
(@]
°5
© S
o
=)
Sc
n_
.
o

v Lsm |[swer|[ e J[swr v [ + J[ 4 J[ o |[ o]
(ow) lkeow|[ + J[ o J[ o J[ o |[«]
Lor [ wvor v [+ J[ & J[ o J[ 2 |
lkeow|[ 2 |[ s J[ o |[ o |[«]
[ our |[veun|| s |[«—]
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Standard RLL Instructions
Comparative Boolean Instructions

And The Comparative And instruction
(AND) connects a normally open comparative
contact in series with another contact. The | A aaal IB bbb
430 440 450 contact will be on when Aaaa > Bbbb. ] B
DS HPP
And Not The Comparative And Not instruction
(ANDN) connects a normally open comparative
contact in series with another contact. The Aaaa Bbbb
430 440 450 contact will be on when Aaaa < Bbbb. I I I<I
DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A/B aaa bbb aaa bbb aaa bbb
V-memory \% All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P -- -- All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K - 0-FFFF - 0-FFFF - 0-FFFF
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377

In the following example, when the value in V-memory location V1400 = 5000, and

V1402 > 2345, Y3 will energize.

DirectSOFT
V1400  K5000 V1402 K2345 Y3
‘ =1 | (o)
Handheld Programmer Keystrokes
Lsm |[swer|[ e J[swer v ][ + J[ 4 |J[ o [ |
lkeow|[ s |[ o J[ o |[ o |[«]
Lawo [PV [« J[ 4 J[ o J[ 2 |
[keow|[ 2 |[ s |[ 4 |[ 5 |[«]
[ our |[veun|| s |[«—]

In the following example, when the value in V-memory location V1400 = 7000 and

V1402 < 2500, Y3 will energize.

DirectSOFT

‘ V1400 K7000

V1402

K2500

Y3

| =] 1= (o)

Handheld Programmer Keystrokes

Lsm Jlswer ][ e J[swrr ][V [ « J[ & J[ o J] |
[eow| | 7 J[ o J[ o J[ o J[«]

Lawo J[ wvor JEEV ][+ [ ¢ J[ o J[ 2 ]

[eow| | 2 J[ s J[ o J[ o J[«]

[ our |[woun]||[ s |[«—]

X
=
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o8
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o
=]
7
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Standard RLL Instructions
Immediate Instructions

1)
c
(@]
°5
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Immediate Instructions

Store
Immediate
(STRI)

430 440 450
DS

HPP

Store Not
Immediate
(STRNI)

430 440 450

DS HPP

The Store Immediate instruction begins a
new rung or additional branch inarung. The
status of the contact will be the same as the
status of the associated input point on the
module at the time the instruction is
executed. The image register is not
updated.

X aaa

The Store Not Immediate instruction begins
a new rung or additional branch in a rung.
The status of the contact will be opposite

the status of the associated input point on X aaa
the module at the time the instruction is
executed. The image register is not
updated.
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Inputs X 0-477 0-477 0-1777
In the following example, when X1 is on, Y2 will energize.
DirectSOFT
| X1 Y2
| 1| (ovr )
Handheld Programmer Keystrokes
[ str |[shrr [ 1 J[swer [ xam ][ 1+ ][ <]
[our |[Meun][ 2 J[ <]
In the following example when X1 is off, Y2 will energize.
DirectSOFT
- ”
(
‘ 2t —( our )
Handheld Programmer Keystrokes
[ str |[ wor |[swer |[ 1 |[swer ] [xam ][ + J[<—]
[our |[Mown][ 2 J[ <]
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Standard RLL Instructions
Immediate Instructions

Or Immediate The Or Immediate connects two contacts in
(ORI) parallel. The status of the contact will be the
same as the status of the associated input [
430 440 450 point on the module at the time the I

instruction is executed. The image register X aaa
_ e |

bs PP is not updated.

Or Not Immediate The Or Not Immediate connects two

(ORNI) contacts in parallel. The status of the

contact will be opposite the status of the ||
430 440 450 associated input point on the module at the I
time the instruction is executed. The image X aaa

DS HPP register is not updated.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Inputs X 0-477 0-477 0-1777

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

DirectSOFT
X1 Y5

| (ow)

Handheld Programmer Keystrokes

Cswm am ][+ <]
[ or |[serr|[ 1+ [ swrr [[xam ][ 2 ][ <]
[ our |[veun]| s |[«]

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

DirectSOFT

X1 Y5
|| (our )
Iy T
pods 2
o
7S
5o
Handheld Programmer Keystrokes CC) 5_13
= Yol
[sm|[xam ][ + J[<—] S
[ or |[ wor |[swrr [[ 1 J[swrr [ xem ][ 2 ][ <] @
[ our |[veun]| s |[«—]
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Standard RLL Instructions
Immediate Instructions

And Immediate The And Immediate connects two contacts
(ANDI) in series. The status of the contact will be
T 7 the same as the status of the associated
input point on the module at the time the | X&"’}a
7 instruction is executed. The image register ] [
is not updated.

And Not Immediate The And Not Immediate connects two

(ANDNI) contacts in series. The status of the contact
will be opposite the status of the
230 440 450 associated input point on the module at the | X aea
time the instruction is executed. The image I A/I/Ir

DS HPP register is not updated.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Inputs X 0-477 0-477 0-1777

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

DirectSOFT
| X1 X2 Y5

i)

Handheld Programmer Keystrokes

[sm[xam ][ + J[<—]
[ ano |[seer [ 0 [ serr [[xawm ][ 2 ][ <]
Lour |[yeun] | s |[<]

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

DirectSOFT
X2 Y5
| /12'({/ ( )
ouT
‘ [ I \

Handheld Programmer Keystrokes

[sm|[xam ][ + |[<—]
[ ano |[ wor |[swrr [ 0 J[swrr|[xem ][ 2 ][ <]
Lo |[yoeun]| s |[<]

1)
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(@]
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Standard RLL Instructions

Immediate Instructions

Out Immediate

(OUTI)

R4

Or Out Immediate

(OROUTI)
VT /Y]

430 440 450

DS

HPP

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

Y aaa
—( ouTI )

status to change multiple times in a CPU
scan. See Or Out Immediate.

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 at the time the instruction is
executed, the output will also be on.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Outputs Y 0-477 0-477 0-1777

In the following example, when X1 is on, output point Y2 on the output module will

turn on.

DirectSOFT

| (
1 \

Handheld Programmer Keystrokes

Lsm [ ][ 1+ |[«—]

OuTI )

[ our |[ serr || 1 ][ sHFT | [vioun] |

|L—]

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

DirectSOFT

‘ | ( )

| || { oroum

.

°

L] X4 I:E

| | | /( ) —

| | | \OROUTI _g.-)
S
(28]

Handheld Programmer Keystrokes c %

Cswmxav ][ 1+ ][] 28
o

[ or |[ our |[srr |[ 1 ][ shFT [[Youn]| 2 |[<«—] 2

[srJ[xmv][ + J[<]

[ or [ our |[swrr || 1 [ swrr|[voun]| 2 ][]
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Standard RLL Instructions
Immediate Instructions
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Set Immediate
(SETI)

430 440 450

DS HPP

Reset
Immediate
(RSTI)

430 440 450

DS HPP

The Set Immediate instruction immediately
sets or turns on an output or a range of
outputs and the corresponding output
module(s) at the time the instruction is
executed. The image register is not
updated. Once the outputs are set it is not
necessary for the input to remain on. The
Reset Immediate instruction can be used to
reset the outputs.

The Reset Immediate instruction
immediately resets, or turns off an output or
a range of outputs and the output
module(s) at the time the instruction is
executed. The image register is not
updated. Once the outputs are reset itis not
necessary for the input to remain on.

Y aaa aaa
—( SETI )

Y aaa aaa
—( RSTI )

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Outputs Y 0-477 0-477 0-1777

In the following example, when X1 is on, Y5 through Y22 will be set (on) for the

corresponding output module(s).
DirectSOFT

X1 Y5

Y22

I I (SETI)

Handheld Programmer Keystrokes
Com ][+ ][]

[ ser |[ soer || 1 ]| sHer | [ voun] |

s |[woun][ 2 |[ 2 J[<]

In the following example, when X1 is on, Y5 through Y22 will be reset (off) for the

corresponding output module(s).
DirectSOFT

X1 Y5

Y22

| /RSTI)

o \

Handheld Programmer Keystrokes
Csm o] [ 1 ]

[ mst |[ sorr [ 1 ]| sHFT | [ voun] |

s |[woun][ 2 J[ 2 J[<]
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Standard RLL Instructions 5 - 37
Immediate Instructions

Load Immediate The Load Immediate instruction loads a

(LDI) 16-bit V-memory value into the accumulator.
The valid address range includes all input
430 440 450 point addresses on the local base. The LDI
value reflects the current status of the input V aaa
DS HPP 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.
Operand Data Type DL450 Range
Inputs \% 40400 - 40477
In the following example, when COis on, the binary pattern of X10-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. Thistechnique is useful to quickly copy an input pattern to output points
(without waiting on a full CPU scan to occur).
DirectSOFT
co LDI Location x17| x16| x15| x14| x13] x12| x11| x10] x7 | x6 | x5 | xa | x3 | x2 | x1 | xo
| I I V40400 ON | OFF| ON | ON | OFF| ON | OFF| OFF| ON [OFF| ON | ON | OFF| ON | OFF| ON
Load the inputs from X0 to
X17 into the accumulator,
immediately. Unused accumulator bits \

are set to zero
31 30 29 28 27 26 2524 232221 2019181716 1514131211109 8 7 6 5 4 3 2 1 0
Acc.|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0||1|0|1|1|0|1|0|0|1|0|1|1|0|1|0|1|

ouT
V40502 /

Output the value in the accumu-
lator to output points Y40 to Y57.

Location Y57| Y56 Y55| Y54 Y53| Y52| Y51| Y50| Y47| Y46 Y45| Y44[ Y43| Y42| Y41]| Y40
V40502 ON | OFF[ ON [ ON | OFF| ON | OFF| OFF| ON | OFF| ON| ON | OFF| ON | OFF| ON
Handheld Programmer Keystrokes
Lsm |[eem][ o |[«—]
Lw J[swer ]l J[swer JEEV[ 4 J[ o J[ 4 J[ o J[ o J[«]
Lour J[swer | v J[swer [V [ ¢ J o J[ 5 J[ 4 J[ o |[«]

X
=
=2
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Standard RLL Instructions
Immediate Instructions

Load Immediate The Load Immediate Formatted instruction
Formatted loads a 1-32 bit binary value into the
(LDIF) accumulator. The value reflects the current
status of the input module(s) at the time the ____|LDIF X aaa
230 240 450 instruction is executed. Accumulator bits K bbb
that are not used by the instruction are set to
bS  RPP zero.
Operand Data Type DL440 Range DL450 Range
aaa bbb aaa bbb
Inputs X 0-477 -- 0-1777 --
Constant K -- 1-32 -- 1-32

In the following example, when COis on, the binary pattern of X10-X17 will be loaded
into 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).

DirectSOFT
| o LDIF X10 Location Constant x17| x16] x15] x14] x13] x12| x11| x10
[ K8 |X10 | |K8 | ON | OFF| ON | ON | OFF| ON | OFF| ON
Load the value of 8 . \
consecutive location into the Unused accumulator bits .
accumulator starting with are set to zero —_
X10

313029 28 27 26 25 24 232221201918 1716 1514131211109 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][ o[ o] o[ o] o[ o[ o] o[ 1] o[ 1] [ o] [ o[ 1]

OUTIF Y30 /
K8
Location Constant Y37| Y36 Y35[ Y34 Y33| Y32[ Y31| Y30
Copy the value of the lower
8 bits of the accumulator to |Y30 | |K8 | ON| OFF] ON| ON| OFF| ON | OFF] ON
Y30 -Y37

Handheld Programmer Keystrokes

[ s |[eem ]| o |||
[ w |[seer ][ v ] F |[serr|[xam ]| 1+ |[ o |[keon]| s |[e—]
[ our |[serr ]| o ]| F [ sorr|[woun]| s |[ o |[keon]| s |[e—]
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Standard RLL Instructions
Immediate Instructions

Out Immediate The Out Immediate instruction outputs a
(OUTI) 16-bit binary value from the accumulator to
XX 4 a V-memory address at the time the
instruction is executed. The valid address ouTl
range includes all output point addresses on V aaaaa
bs  HPP the local base. This instruction may be used
instead of the OUTIF instruction which
requires you to specify the number of input
points.
Operand Data Type DL450 Range
Inputs \% 40400 - 40477
In the following example, when COis on, the binary pattern of X10-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 outputs
(without waiting for the CPU scan).
DirectSOFT
| co LDI Location x17| x16| x15| x14| x13] x12| x11| x10] x7 | x6 | x5 | xa | x3 | x2 | x1 | xo
I I V40400 ON | OFF| ON | ON | OFF| ON | OFF| OFF| ON [OFF| ON | ON | OFF| ON | OFF| ON
Load the inputs from X0 to
?(17 intlo the accumulator,
immediately. Unused accumulator bits \

are set to zero
31 30 29 28 27 26 2524 232221 2019181716 1514131211109 8 7 6 5 4 3 2 1 0
Acc.|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0||1|0|1|1|0|1|0|0|1|0|1|1|0|1|0|1|

ouTi
V40542 /

Output the value in the accumu-
lator to output points Y40 to Y57.

Location Y57| Y56 Y55| Y54 Y53| Y52| Y51| Y50| Y47| Y46 Y45| Y44[ Y43| Y42| Y41]| Y40
V40542 ON | OFF[ ON [ ON | OFF| ON | OFF| OFF| ON | OFF| ON| ON | OFF| ON | OFF| ON
Handheld Programmer Keystrokes
Lsm |[eem][ o |[«—]
Lw J[swer ]l J[swer JEEV[ 4 J[ o J[ 4 J[ o J[ o J[«]
Lour J[swer | v J[swer [V [ ¢ J o J[ 5 J[ 4 J[ o |[«]
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Standard RLL Instructions
Immediate Instructions

Out The Out Immediate Formatted instruction
Immediate outputs a 1-32 bit binary value from the
Formatted accumulator to specified output points at OUTIF Y aaa
(OUTIF) the time the instruction is executed. K bbb
XL 7 _AccumL_JIator bits that are not used by the
instruction are set to zero.
DS HPP Operand Data Type DL440 Range DL450 Range
aaa bbb aaa bbb
Output Y 0-477 -- 0-1777 --
Constant K -- 1-32 -- 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
patterninthe 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).
DirectSOFT
| co LDIF X10 Location Constant x17| x16| x15| x14| x13| x12| x11| x10
[ K8 |><10 | |K8 ON | OFF| ON | ON| OFF| ON | OFF| ON
Iggr?gtetglii\\;zlllfcg{ign into the Unused accumulator bits \

are set to zero

accumulator starting with
X10 31 30 29 28 27 26 2524 232221 2019181716 1514131211109 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] [ o[ o o] o] o[ o o] o[ 1[o] 1] 1] o] 1] o] 1]

OUTIF Y30 /
K8
e Location Constant Y37| Y36/ Y35| Y34| Y33| Y32 Y31] Y30
opy the value in the lower
8 bits of the accumulator to |Y30 | |K8 | ON] OFF] ON| ON| OFF| ON | OFF) ON
Y30 -Y37

Handheld Programmer Keystrokes

Lsm [[eem][ o |[«—]
[ w [[seer ][ v ] F |[serr|[xam ]| 1+ |[ o |[keon]| s |[e—]
[ our |[seer ][ 1 ]| F [ swrr|[woun]| s |[ o |[keon]| s |[e—]
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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. 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 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 discrete bit associated with each timer to indicate 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 T
X1 [ K30
Timer preset
T1
— |T1| y Yo
Current 0 10 20 30 40 50 60 0 I | ouT )
Value 1/10 Seconds
The accumulating timer works similarly to the regular timer, but two inputs are
required. The start/stop 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 X TMRA To
I K30
X1 L Start/Stop
[ lle
X2 |
Reset Input
TO I
Current 0 10 10 20 30 40 50 0
Value 1/10 Seconds

Y
=
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o
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&g
o
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Timer (TMR) and The Timer instruction is a 0.1 second
Timer Fast (TMRF) single input timer that times to a maximum

of 999.9 seconds. The Timer Fast
430 440 450 instruction is a 0.01 second single input MR Taaa
timer that times up to a maximum of 99.99 Bbbb 1\
DS  HPP seconds. These timers will be enabled if \
the input logic is true (on) and will be reset Preset Timer #

to 0 if the input logic is false (off).

Instruction Specifications

Timer Reference (Taaa): Specifies the TMRF T aaa
timer number. Bbbb  \
Preset Value (Bbbb): Constant value (K) \

or a V-memory location. (V locations are b .
16-bit WOI’dS.) reset Timer #

Current Value: Timer current values are

accessed by referencing the associated V

or T memory location*. For example, the The timer discrete status bit and the

timer current value for T3 ph sicall current value is not specified in the timer
. . . y Y instruction.

resides in V-memory location V3. (V

locations are 16-bit words.)

Discrete Status Bit: The discrete status bit is accessed by referencing the
associated T memory location. 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.

Operand Data Type DL430 Range DL440 Range DL450 Range
B aaa bbb aaa bbb aaa bbb

Timers T 0-177 - 0-377 - 0-377 -
V-memory for preset 1400-7377 1400-7377
values v o 1400-7377 o 10000-17777 o 10000-17777

. 1400-7377 1400-7377
Pointers (preset only) P - - - 10000-17777 - 10000-37777
Constants
(preset only) K - 0-9999 - 0-9999 -- 0-9999
'tl)':ger discrete status T 0-177 0-377 0-377
Timer current values vV /T* 0-177 0-377 0-377

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

current value can be accessed with the same data type (example T2). The way the
data type is used determines if it is a status bit or a current value. Any comparative
instruction using T2 will access the current value, all other instructions using T2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT, the use of T2 will refer to the timer’s discrete status bit. You should
use V2 (or the alias TA2) to refer to the current value.

ﬁ NOTE: * For the Handheld Programmer, both the Timer discrete status bits and
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Timer, Counter, and Shift Register Instructions

Standard RLL Instructions

Timer Example
Using Discrete
Status Bits

DirectSOFT

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 after 7.5 seconds turning the discrete status bit off

and resetting the timer current value to 0.

Timing Diagram

Seconds

| T™MR T2 0 1 2 3 4 5 6 7 8
| ] K30 |_
x1
. . | B
N ( our ) ”
| [
Yo
Handheld Programmer Keystrokes Curront 0 10 20 30 40 50 60 0
[ sr [ xew || 1 ][] 1/10 Seconds
[wwr e ][ 2 |[keon]|[ s || o |J[«e]
[ s |[[ R || 2 |[e—]
[ our [[veun][ o ][]

Timer Example

Contacts

DirectSOFT (see Note)

In the following example, a single input timer is used with a preset of 234.5 seconds.
Using Comparative 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.

Timing Diagram

X1 ™R T Seconds
I I ko345 2 0 1 2 3 4 5 6 7 8
TA20| I|<1o Y3 Xt
( ] L
1= (our) va
TA20| leo Y4 va | |_
(
= ( our ) |
Y5 I—
TA20 K30 Y5
IzI ( our ) 2
Current 0 10 20 30 40 50 60 0
Value
Handheld Programmer Keystrokes 1/10 Seconds
[ s |[[xew || 1 ][]
Lvm JLame ][ 2 [ o J[keom|| 2 |[ s J[ 4 J[ s |[«]
Lsr |[mmm][ 2 J[ o [[keow]| 1 |[ o |[«]
[ our |[veun|| s |[«—]
Lsr |[mmm][ 2 J[ o [[keow]| 2 |[ o |[«]
[ our |[veun|| 4 ||«
Lsr |[Lmmm][ 2 |[ o |[keom|| s |[ o [[«—]
[ our |[veun|| s |[«—]

NOTE: Since this representation is showing a DirectSOFT example, you would use
the alias TA20 (or V20) instead of T20, which would be necessary for the equivalent

rung entered with the Handheld Programmer.
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Accumulating The Accumulating Timer is a 0.1 second
Timer (TMRA) and  two input timer that times to a maximum of Enable | TMRA T 223
Accumulating Fast 9999999.9. The Accumulating Fast Timer B bbb
Timer (TMRAF) is @ 0.01 second two input timer that times
to a maximum of 999999.99. These timers Reset
430 440 450 have two inputs, an enable and a reset. The
timer will start timing when the enable is on .
bS  RPP and stop timing when the enable is off Preset Timer #
without resetting the current value to 0. The
reset will reset the timer when on and allow
the timer to time when off. Enable | TMRAF T aag
Instruction Specifications B bbb
Timer Reference (Taaa): Specifies the Reset
timer number.
Preset Value (Bbbb): Constant value (K)
or a V-memory location. (V locations are Preset Timer #
32-bit double words.) The timer discrete status bit and the
Current Value: Timer current value is a current value is not specified in the timer
double word accessed by referencing the instruction.
associated V or T memory location*. For Caution: The TMRA uses two
example, the timer current value for TO | consecutive timer locations, since
(V locations are 16-bit words.) which requires two V-memory
Discrete Status Bit: The discrete status bit | locations. For example, if TMRA
is accessed by referencing the associated T | TO is used in the program, the
memory location. It will be on if the current | next available timer is T2. Or if TO
value is equal to or greater than the preset | was a normal timer, and T1 was
value. For example the discrete status bitfor | @ accumulating timer, then the
timer 2 would be T2. next available timer would be T3.
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa bbb aaa bbb aaa bbb
Timers T 0-176 - 0-376 - 0-376 -
A - B - o
poriers resston) - - - R - e
E;?gg‘e?’gﬁly) K - 0-99999999 - 0-99999999 - 0-99999999
'tl)':ger discrete status T 0-177 0-377 0-377
Timer current values V/T* 0-177 0-377 0-377

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

current value can be accessed with the same data type (example T2). The way the
data type is used determines if it is a status bit or a current value. Any comparative
instruction using T2 will access the current value, all other instructions using T2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT, the use of T2 will refer to the timer’s discrete status bit. You should
use V2 (or the alias TA2) to refer to the current value.

ﬁ NOTE:* For the Handheld Programmer, both the Timer discrete status bits and

1)
c
(@]
°5
© S
i
cn
Sc
n_
.
o

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Accumulating
Timer Example
using Discrete
Status Bits

Inthe 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 the timer times for 1 second , stops for one
second, then resumes timing. The timer will reset when C10 turn on after 5.5
seconds turning the discrete status bit off and resetting the timer current value to 0.

DirectSOFT Timing Diagram
X1 Seconds
| TVRA o 0 1 2 3 4 5 6 7 8
|| y | L
K30
C10
|| c10
[
T6 Y10 T6
|| ( ) Current 0 10 10 20 30 40 5 0
| | \ ouT l\%?une 1/10 Seconds
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
Lsm |[[xam ][ 1+ |[«] [keow|[ s |[ o |[«]
Lsm |[eem ][ 1+ J[ o [[«] Lsm|[mwR][ ¢ |[«—]
[ wvr |[swer || A [ swer |[[[ MR || 6 | [ our [[veun]| 1 || o J[e—]

Accumulator Timer Inthe following example, a single inputtimer is used with a preset 0f 23458.9 seconds.
Example Using Comparative contacts are used to energized Y3, Y4, and Y5 at one second intervals
Comparative respectively. The comparative contacts will turn off when the timer is reset.
Contacts

Contacts
Direct SOFT

Timing Diagram
Seconds
4

I TMRA T20 0 1 2 3 5 6 7 8
K45 X1 4 I—, I—
c1o
| _l
[ cio
TA20 K10 TA21 KO Y3 Y3 g
Izl = —{  out )
ol —— \ | L
A2t K1 Y4
||
=1 Y5 I—
TA20 K20 TA21 KO Y4 T20
=] (o)
Current 0 10 10 20 30 40 50 0
TA2|I IK‘ Value
1= 1/10 Seconds
TA20I IKso TA21 Kt A
> = ( our )
=1 =1 \
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (contd)
B B s T c A c A
st || 2 1 J[ENT ste L2 1[0 e | 2 o |2 2 o JLEVT
$ c B A v E T c B A
STR > | sueT 2 1 0 ENT Anp || SHFT 4 > |[srFT MLR 2 1 - 0 ENT
N A c A E F Q E T c B B
R || SHFT o > R o > A s ENT or || SHFT 4 =2 |59 || Twim A 4 -> 4 ENT
s T c A B A GX E
STR = || swer MLR 2 0 > 1 0 ENT ouT > 4 ENT
v E T c B A c A D A
vy | sl P e il Y 2 1 4 o || BVT st || =2 (59T | Tia 2 0 - 3 o || BNT
Q E T c B B v E T c B B
or || SHFT 4 —> |[sHFT MLR A ; > 4 ENT anp || SHFT 4 —> || sHFT MLR A ; > ; |ENT|
GX D GX F
out || 2 3 | ENT our || =2 s LBV

NOTE: Since this representation is showing a DirectSOFT example, you would use
the alias TA20 (or V20) instead of T20, which would be necessary for the equivalent
rung entered with the Handheld Programmer.
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Using Counters Counters are used to count events. The counters available are up counters,
up/down counters, and stage counters (used with RLLPUS programming).

The up counter 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.

| CNT CT1

[ Up K3
IX2|

Counter preset

X1

CT1 I
Current 1 2 3 4 0
Value Counts
The up down counter 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 input, counter reset, associated discrete bit,
current value, and counter preset.
|X1| ubC CT2
X1 |X2|
I Down
[
3 |( Reset
Counter preset
CT2
Current 1 2 1 2 3 0
Value Counts
The stage counter has a count input and is reset by the RST instruction. This
instruction is useful when programming RLLPLUS, by allowing you to reference the
same counter from multiple stages. 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| SGCNT CT2
(2]
S
£B cr — Counter preset
gg Current 1 2 3 4 0
8 E’:) Value
n; [
-
RST
= cT

Counts

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Counter
(CNT)

430 440 450

DS HPP

The Counter is a two input counter that
increments when the count input logic
transitions from offto 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 up to a Count |CNT  ©T aaa
maximum count of 9999. The maximum B bbb

value will be held until the counter is reset. /

Counter #

Reset

Instruction Specifications
Counter Reference (CTaaa): Specifies Pre’set
the counter number.

Preset Value (Bbbb): Constant value (K)
or a V-memory location. (V locations are
16-bit words.)

Current Values: Counter current values
are accessed by referencing the The counter discrete status bit and the
associated V or CT memory locations*. current value are not specified in the
The V-memory location is the counter ~ Soumerinstructon

location + 1000. For example, the counter

current value for CT3 resides in V-memory

location V1003. (V locations are 16-bit

words.)

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

DL430 Range DL440 Range DL450 Range

aaa bbb aaa bbb aaa bbb

Counters

0-177 - 0-177 - 0-377 -

V-memory
(preset only)

1400-7377 1400-7377
-- 1400-7377 - 10000-17777 o 10000-37777

Pointers (preset only)

1400-7377 1400-7377

10000-17777 10000-37777

Constants
(preset only)

-- 0-9999 -- 0-9999 -- 0-9999

Counter discrete
status bits

CT

0-177 0-177 0-377

Counter current
values

V/CT*

1000-1177 1000-1177 1000-1377

IE

NOTE:* For the Handheld Programmer, both the Counter discrete status bits and
current value can be accessed with the same data type (example CT2). The way the
data type is used determines if it is a status bit or a current value. Any comparative
instruction using CT2 will access the current value, all other instructions using CT2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT, the use of CT2 will refer to the timer’s discrete status bit. You
should use V1002 (or the alias CTA2) to refer to the current value.
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Counter Example
Using Discrete

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 Bits status bit CT2 will turn on and energize Y10. 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.

DirectSOFT Counting diagram

CNT CT2

[ I D Y D

X1

K3

—

I I c10 ,_
cre Y10 Y10 | I_
L ( our ) Current 1 2 3 4 0
[ \ Value

Handheld Programmer Keystrokes

[ s |[xewy || 1 ][]

Lsm |[een][ 1+ J[ o [[«—]

[ ont J[ent ]| 2 J[keow]| s ][]

Lsm [t ][ 2 |[«]

Lour |[[veun|[ 1+ J[ o [[«]

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

C10 turns on, the counter status bit will turn off and the counter current value will be O.

DirectSOFT (see Note) Counting diagram

CNT CT2

X1

K3

| ] c1o

Y3 Y3

NOTE: Since this representation is showing a DirectSOFT example, you would use
the alias CTA2 (or V1002) instead of CT2, which would be necessary for the
equivalent rung entered with the Handheld.

| (oo )
Ya
CTA2 K2 Y4
IzI ( out ) Y5
Current 2 3 4 0
Value
CTA2 K3 Y5
| ( our )
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
[ sr |[[xen || 1 ][] [ str |[[[ent ]| 2 |[keon]||[ 2 |[<—]
® Lsr Jleem][ 1+ [ o J[«—] Lour |[yeun][ 4+ |[<—]
c
_D_g [ ont [[ent || 2 |[keon]|[ s |[<—] [ str |[[[ent ]| 2 |[keon]||[ s |[<—]
S
gg [ str |[[[ent || 2 |[keon][ 1+ |[<—] [ our |[veun]| s |[«—]
-
E}é [ our |[veun|| s |[e—]
n_
|
o
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Stage Counter The Stage Counter is a single input counter
(SGCNT) that increments when the input logic Counter #
transitions from off to on. This counter differs
430 440 450 from other counters since it will hold its ] SGCNBTbbbCT aag
current value until reset using the RST
instruction. The Stage Counter is designed Prosst
for use in RLLPLUS programs but can be
used in relay ladder logic programs. When

the current value equals the preset value,
the counter status bit turns on and the
counter continues to count up to a maximum
count of 9999. The maximum value will be
held until the counter is reset.

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

Instruction Specifications

Counter Reference (CTaaa): Specifies the counter number.

Preset Value (Bbbb): Constant value (K) or a V-memory location. (V locations are
16-bit words.)

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. (V locations are 16-bit words.)

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 DL430 Range DL440 Range DL450 Range
B aaa bbb aaa bbb aaa bbb
Counters CT 0-177 - 0-177 - 0-377 -
1400-7377 1400-7377

V-memory v -- 1400-7377 -- 10000-17777 -- 10000-17777

. 1400-7377 1400-7377
Pointers (preset only) P -- -- -- 10000-17777 -- 10000-37777
Constants K - 0-9999 - 0-9999 -- 0-9999
Counter discrete
status bits cT 0-177 0-177 0-377
Counter current
values V/CT* 1000-1177 1000-1177 1000-1377

E

NOTE:* For the Handheld Programmer, both the Stage Counter discrete status bits
and current value can be accessed with the same data type (example CT2). The way
the data type is used determines if it is a status bit or a current value. Any comparative
instruction using CT2 will access the current value, all other instructions using CT2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT, the use of CT2 will refer to the timer’s discrete status bit. You
should use V1002 (or the alias CTA2) to refer to the current value.
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Standard RLL Instructions

Timer, Counter, and Shift Register Instructions
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Stage Counter
Example Using
Discrete Status

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 Y10. The counter status bit CT7 will remain on until the

Bits 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.

DirectSOFT Counting diagram

IX1I SGCNLS cT7 1 | |—,7
ICT7I Y10 Y10 | I_
| ( ouT ) cL\J/r;un; 2 3 4 0
|C5| /CT7R RST =
| | —\ ST ) C5

Handheld Programmer Keystrokes

[ s |[xewy || 1 ][]

[ s |[ ont [[[ent || 7 |[keow]| s [« ]

[ sr|[ent || 7 |[e—]

Lour [[voun][ 1+ |[ o [[«]

Lsmr [[eemn][ s |[«—]

[ msT |[[[ent || 7 [«

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.

tSOFT (see Note)

L

Counting diagram

Y3 4

I SGCNT _ CT2
| | K10
X1
cTA2 K1 Y3
Izl ( ouT )
Ya
CTA2| |K2 Y4
1= ( ouT ) vs
CTA2 K3 Y5 Cyrrent
Izl ( ouT )
Handheld Programmer Keystrokes
[ s |[xew || 1 ][]
[ s |[ ont [[ent || 2 |[keow]| 1 || o |[e—]
[ str |[[[ent || 2 |[keon]|[ 1 |[<—]
[ our |[voun|| s |[«—]

Handheld Programmer Keystrokes (cont)

[ st |[[[ent || 2 |[keon]|[ 2 |[<—]
[ our |[veun]| 4 ][]
[ st |[[[ent || 2 |[keon]|[ s |[<—]
Lour |[voun][ s |[«—]

NOTE: Since this representation is showing a DirectSOFT example, you would use
the alias CTA2 (or V1002) instead of CT2, which would be necessary for the
equivalent rung entered with the Handheld.
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Up/Down Counter  This Up/Down Counter counts up on each
(UDC) off to on transition of the Up input and up |UDC CT aad
counts down on each off to on transition of — B bbb
430 440 450 the Down input. The counter is reset to 0
when _the Reset input is on. The count Down Counter #
bs  HPP range is 0-99999999. The count input not
being used must be off in order for the Reset
active count input to function. mestl. Preset
Instruction Specification The counter discrete status bit and the
Counter Reference (CTaaa)' Specifies current value is not specified in the
the counter number ’ counter instruction.
Preset Value (Bbbb): Constant value (K)
(()\r/ }(\;vcoatqg:ssicrgt;\/g l;/,['moi?;;y locations. | caytion: The UDC uses two
o IV ues: G It words.) o | consecutive counter locations,
urrent Values: Current countis adouble | gjnce the preset can now be 8
word value accessed by referencing the | digits, which requires two
associated V or CT memory locations*. | V-memory locations. For
The V-memory location is the counter | example, if UDC CTO is used in
location + 1000. For example, the counter | the program, the next available
current value for CT5 resides in V-memory | counter is CT2. Or if CTO was a
location V1005 and V1006. (V locations | normal counter, and CT1 was an
_hi up/down counter, then the next
are 16-bit words ) available counter would be CT3
Discrete Status Bit: The discrete status :
bit is accessed by referencing the
associated CT memory location. It will be
on if 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 DL430 Range DL440 Range DL450 Range
B aaa bbb aaa bbb aaa bbb
Counters CT 0-176 -- 0-176 -- 0-376 --
v-memory v - 14007377 - 10000-17777 - 10000-57777
Pointers p - - - 1400-7377 - 1400-7377
(preset only) 10000-17777 10000-37777
Constants K - 0-99999999 - 0-99999999 - 0-99999999
Sounter discrete g1 0-177 0-177 0-377
S;’lﬂgtser current c\¥* 1000-1177 1000-1177 1000-1377

NOTE:* For the Handheld Programmer, both the Stage Counter discrete status bits
and current value can be accessed with the same data type (example CT2). The way
the data type is used determines if it is a status bit or a current value. Any comparative
instruction using CT2 will access the current value, all other instructions using CT2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT, the use of CT2 will refer to the timer’s discrete status bit. You
should use V1002 (or the alias CTA2) to refer to the current value.
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Up/Down Counter
Example Using
Discrete Status

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,

Bits 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.
DirectSOFT Counting Diagram
X1
| | uDcC cT2
[ K3 X1 | I_,
X2
| ]
| X2
X3
I I X3
Y10 |_|
CT2 Y10
I I ( ouT ) RV ! 2 ! 2 8 0
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
[ str |[[xan || 1 ][] [keon]||[ s |[ «—]
[ str |[[xany || 2 [ ] [ str [[[ent || 2 |[e—]
Lsr [[xm][ s |[«—] Lour [[veun][ + |[ o [[«]
[swer |[[ v || o || ¢ |[swer|[ent ]| 2 |

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. The comparative contacts will turn off when the counter is reset. When the
reset X3 turns on, the counter status bit will turn off and the current value will be 0.

Counting Diagram

[ D

Up/Down Counter
Example Using
Comparative
Contacts

DirectSOFT (see Note)

ubcC CT2

V1400 X1

I

[ X2

X3

. HE

CTA2  Ki Y3 Y3
IzI ( out )
Ya
CTA2 K2 Y4 Current 1 2 3 4
IEI ( ouT ) Value
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
[ sr |[[xeny || 1 ][] [ our |[veun|| s |[e—]
[ sr |[[xany || 2 |[«e—] [ str |[[[ent || 2 |[keom]|[ 2 ][]
[ sr |[xmn ][ s |[<—] [ our |[veun]| 4 |[e—]
[swer || v || o || ¢ |[swrr|[ent ]| 2 |
vl o JLa JL o J[ o J[«]
[ st [[ent || 2 |[keon]|[ 1+ |[<—]
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NOTE: Since this representation is showing a DirectSOFT example, you would use
the alias CTA2 (or V1002) instead of CT2, which would be necessary for the
equivalent rung entered with the Handheld.

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Shift Register The Shift Register instruction shifts data
(SR) through a predefined number of control
relays. The control ranges in the shift
430 440 450 register block must start at the beginning -
' DATA
7 ofan 8 bit boundary and end at the end of A |
D-S an 8 bit boundary. From G aaa
The Shift Register has three contacts. CLOCK
* Data — determines the value (1 or 0) To  C bbb
that will enter the register RESET
¢ 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 lower address to higher address. From C17 to CO would define
a block of sixteen bits, to be shifted from higher address to lower address. 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 DL430 Range DL440 Range DL440 Range
B aaa bbb aaa bbb aaa bbb
Control Relay C 0-737 0-737 0-1777 0-1777 0-3777 0-3777
DirectSOFT Handheld Programmer Keystrokes
X1 Lsm |[xm ][ 1+ [[«]
| Data Input SR
|| Lsm |[xm ][ 2 [[«]
X2 From CO | STR || X(IN) || 3 || — |
Clock Input
i i P L sr |[eem][ o |
o T Ci7 Leem || 1+ |[ 7 |[«—]
| | Reset Input
[
Inputs on Successive Scans Shift Register Bits
Data Clock Reset CO C1 7
T 0  [EIITITIIIITIIIT]
o I 0 — M =y
J
C
o I 0 — O IIIIIIIIIIIT] Co
Q
w
T I 0 — W IIIIIIIIIT] 23
Q
Q
o I 0 [T 23
S
- - 1 — LI TTTTITTITITITTITIT] 7]
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Standard RLL Instructions
Accumulator/Data Stack, Load, and Output Instructions

Accumulator/Data Stack Load and Output Instructions

Using the The accumulator in the DL405 series CPUs is a 32 bit register which is used as a

Accumulator 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, or a 32-bit 2’s complement number. The accumulator is reset to
0 at the end of every CPU scan.

Copying Data to The Load and Out instructions and their variations are used to copy data from a

the Accumulator 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 V1400 to
V-memory location V1410.

V1400

| | V1400 [efo]a]s]
e e 0 O e |
accumulator Acc.|0|0|0|0”8|9|3|5|
[——
ouT l
Via1o 8]o]3]s]
Copy data from the lower 16 bits V1410

of the accumulator to V1410

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 V-memory location V1400 and V1401 to V-memory
location V1410 and V1411, the most efficient way to perform this function would be
as follows:

x LDD V1401 V1400
11 V1400 lef7[s]ofs[of2]6]

Copy data from V1400 and l l
V1401 to the accumulator

aco.[6]7 ]3]0 ][s]0]2]6]

L

i [el7]e]e]ls]o]2]e]

Copy data from the accumulator to

V1410 and V1411 V141 V1410

1)
c
(@]
°5
© S
i
cn
Sc
n_
.
o
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Standard RLL Instructions
Accumulator/Data Stack Load and Output Instructions

Changing the Instructions that manipulate data also use the accumulator. The result of the

Accumulator Data manipulated data resides in the accumulator. The data that was being manipulated
is cleared from the accumulator. The following example loads the constant BCD
value 4935 into the accumulator, shifts the data right 4 bits, and outputs the result to
V1410.

IX1I LD Constant n
I K4935 / / \\

Load the value 4935 into the
accumulator

31302928|272625242322212019181716 1514 1312{11 10 9 8|7 6 5 4|3 2 1 0

Acc. 0|o|o|0|0|0|0|0 0|0|0|0 0|0|0|0 0|1|0| 1|0|0| 0|0|1|1 o|1|o|1
The upper 16 bits of the accumulator e
will be setto 0 l
¢t Shifted out of
accumulator
SHFR 31 30 29 28 27 26 25 24 232221201918 1716 15141312 1110 9 8 7 6 5 4 3 2 1 O
K4 Acc. 0|0|0|0 0|0|0|0 o|o|o|o o|o|o|o 000001|0|01|0|0|10|0|1|1

Shift the data in the accumulator
4 bits (K4) to the right

NV

Output the lower 16 bits of the
accumulator to V1410 V1410

Some of the data manipulation instructions use 32 bits. They use two consecutive
V-memory locations or 8 digit BCD constants to manipulate data in the accumulator.
The following example rotates the value 67053101 two bits to the right and outputs
the value to V1410 and V1411.

|X1| LDD Constant|6|7|0|5"3|1|O|1|
|

l K67053101
Load the value 67053101

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.| o 1] 1] o] o[ 1] 1] 1] o] o[ o[ o] o] 1] 0] 1][ 0] o] 1] 1] o] o0 1] 0] 0] 0|0 0] 0] 0]t

ROTR

K2 31 30 29 28 27 26 2524 232221201918 17 16 15141312 1110 9 8 7 6 5 4 3 2 1 0

acc.| o[ 1] o] 1] 1]o]o] 1[1[1] 0] o] o] o]o] 1][o] 1]o] o[ 1] 1] 0] 0] o]1]0]o]0]0]0]0

Rotate the data in the
accumulator 2 bits to the right

=1 N\ N\

Output the value in the .ﬂ 1

accumulator to V1410 and V1411
V1411 V1410

X
=
=2
25
Sa
o8
&g
o
=]
7
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Standard RLL Instructions
Accumulator/Data Stack, Load, and Output Instructions

1)
c
(@]
°5
© S
i
cn
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.
o

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 type instruction is executed without the use of the Out
type 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 thereisa
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.

|X1| LD Constant
b K3245 Current Acc. value l
Load the value 3245 into the Acc.[o]o]o]o][s]2]4]5] Accumulator Stack
accumulator Level1 [X X X X X X X X
Previous Acc. value level2 |X X X X X X X X >
aco. [ X [ x [ x [x][x [ x[x [x] Lovels [X X X X X X X x|
Level4 [X X X X X X X X >
Level5 [X X X X X X X X >
Level | X X X X X X X X >
b Constant Level7 [X X X X X X X X g
K5151 Current Acc. value L Levelg | X X X X X X X X \
Load the value 5151 into the ACC-l 0 |0 |0 |0 || 5 | 1 |5 | 1 | @ Bucket
gﬁ(t:g;r;]:la:tc;r(,:fushing the value 1234 Previous Acc. value Accumulator Stack
ACC.|0|0|0|O||3|2|4|5| —— Levelt |0 O O O 3 2 4 5>
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 >
Level5 [X X X X X X X X >
Level | X X X X X X X X g
o Constant EE Level7 [ X X X X X X X X >
Level8 [X X X X X X X X
K6363 Current Acc. value l \
Load the value 6363 into the ACC'l 0 | 0 | 0 | 0 ” 6 | S | 6 | S | @ Bucket
accumulator, pushing the value 5151 Previous Acc. value Accumulator Stack
to the 1st stack location and the value
3245 to the 2nd stack location ACC.|0|0|0|0”5|1 |5|1 | — levelt [0 0 0 0 5 1 5 1 >
Level2 |O O O O 3 2 4 5
Level3 | X X X X X X X X >
Level4 [X X X X X X X X >
Level5 [X X X X X X X X >
Level | X X X X X X X X >
Level7 [X X X X X X X X >
Level8 [X X X X X X X X >
N
@ Bucket

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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Standard RLL Instructions

Accumulator/Data Stack Load and Output Instructions

5-57

1] POP

Previous Acc. value

Ace. [ x [x [x ] x][x [x]x]x]

POP the 1st value on the stack into the
accumulator and move stack values
up one location

Current Acc. value

—_—

ouT

V1400

V1400

V1400

Copy data from the accumulator to

POP

Previous Acc. value

Acc.[0oJofofo][4]s]4]s]

POP the 1st value on the stack into the
accumulator and move stack values
up one location

Current Acc. value
Acc.[0Jofo]o][s]7]e]2]

—_—

ouT

viaoo [3]7[9]2]

V1401

V1401

Copy data from the accumulator to

POP

Previous Acc. value

ace.[ofoJoJo][s]7]9]2]

POP the 1st value on the stack into the
accumulator and move stack values
up one location

Current Acc. value
Ace. [ x [ x[x]x][7]9]3]0]

[ —

ouT

viaoo [7 ]9 ]3]0]

V1402

V1402

Accumulator and
Accumulator Stack
Memory Locations

430 440 450
DS HPP

Copy data from the accumulator to

There may be times when you want to
read a value that has been placed onto the
accumulator stack without having to pop
the stack first. Both the accumulator and
the accumulator stack have
corresponding V-memory locations that
can be accessed by the program.

You cannot write to these locations, but
you can read them or use them in
comparative boolean instructions, etc.

ace[ofofofo][a]s]a]s] ——

Accumulator Stack

Level 1 00 0 o037 9 2
Level2 [0 0 O O 7 9 3 0 >
Level3 [X X X X X X X X >
Level4 | X X X X X X X X >
Level5 [X X X X X X X X >
Level6 [X X X X X X X X >
Level7 | X X X X X X X X g
Level8 [X X X X X X X X
Accumulator Stack
Level 1 00 0 07 9 3 0
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 >
Level5 [X X X X X X X X >
Level6 [X X X X X X X X >
Level7 | X X X X X X X X >
Level8 [X X X X X X X X >
Accumulator Stack
Level 1 X X X X X X X X
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 >
Level5 [X X X X X X X X >
Level6 [X X X X X X X X >
Level7 | X X X X X X X X >
Level8 [X X X X X X X X >
Accumulator
0O 0 0 0|13 7 9 2
V701 V700
Accumulator Stack
Levelt [0 O O Of3 7 9 2 V703 - V702
Level2 [0 0 O Of7 9 3 0 V705 - V704
Level3 [X X X X[ X X X X V707 - V706
Level4 | X X X X[X X X X V711 - V710
Level5 [X X X X[ X X X X V713 - V712
Level6 |X X X X[ X X X X| v7i5-v7i4
Level7 | X X X X[ X X X X V717 - V716
Level8 [X X X X[ X X X X V721 - V720

X
=
=2
25
Sa
o8
&g
o
=]
7
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Standard RLL Instructions
Accumulator/Data Stack, Load, and Output Instructions

Using Pointers Many of the DL405 series instructions will allow V-memory pointers as a operand.
Pointers can be useful in ladder logic programming, but can be difficult to understand
or implement in your application if you do not have prior experience with pointers
(commonly known as indirect addressing). Pointers allow instructions to obtain data

from V-memory locations referenced by the pointer value.

NOTE: In the DL405 V-memory addressing is in octal. However the value in the
pointer location which will reference a V-memory location is viewed as HEX. Use the
Load Address instruction to move a address into the pointer location. This instruction
performs the Octal to Hexadecimal conversion for you.

The following example uses a pointer operand in a Load instruction. V-memory
location 1400 is the pointer location. V1400 contains the value 340 which is the HEX
equivalent of the Octal address V-memory location V1500. The CPU copies the data
from V1500 (contains 2635) into the lower word of the accumulator.

X1 LD V1476 [ X [ X [ X | X
||
I P1400 V1477 [ X [ X [X [ X
V1500 [2 |6 |3 |5
V1400 (P1400) contains the value 340
Hex. 340 Hex. = 1500 Octal which V1501 [ X [ XXX
contains the value 2635. V1502 | X [ X | X | X
V1400 V1503 [ X | X | X | X
nn V1504 | X [ X [ X |X Accumulator
V1505 | X [ X [ X | X [2]6]3]5]
ouT
V1600 . _—/
Copy the data from the lower 16 bits of V1600 (2 |6 |3 |5
the accumulator to V1600.
V1601 [ X | X | X | X

The following example is similar to the one above, except for the LDA (load address)
instruction which automatically converts the Octal address to the Hex equivalent.

IX1 LDA Load the lower 16 bits of the
accumulator with Hexadecimal
I 01500 equivalent to Octal 1500 (340) nn
. 1500 Octal is converted to Hexadecimal
grr;u:eetdtgczt;ur?ulator bits l 340 and loaded into the accumulator
ouT Copy the data from the lower 16 bits of
the accumulator to V1400
V 1400 ace. [0 0 ]0fo][o]s]a]0]
[ —
LD V1400 (P1400) contains the value 340 l
HEX 340 HEX. = 1500 Octal which
P 1400 contains the value 2635 nn
V1400
ouT Copy the data from the lower 16 bits of .
V 1600 the accumulator to V1600 .
V1476 | X [ X | X | X
V1477 [ X | X | X | X
V1500 (2|6 |3 |5
2 visol | X [ X [x|x \
o V1502 [ X [ X | X | X
TS Accumulator
B S V1400 V1503 [ X [ X | X [ X
=)
o5 [o]a]4]o] visoa [x[x[x|x| [o]ofo]ol[z]s[3]s]
S 2 V1505 | X | X | X | X
(4,—5_
_I .
- .
o
V1600 6135
V1601 [ X [ X | X | X
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Standard RLL Instructions
Accumulator/Data Stack Load and Output Instructions

Load
(LD)

430 440 450
DS HPP
Load Double

(LDD)

The Load instruction is a 16 bit instruction

that loads the value (Aaaa) (either a
V-memory location or a 4 digit constant) into

LD

Aaaa

the lower 16 accumulator bits. The upper 16
accumulator bits are set to 0.

The Load Double instruction is a 32 bit

instruction that loads the value (Aaaa),
which is either two consecutive V-memory

LDD

Aaaa

locations or an 8 digit constant value, into
the accumulator.

DL440 Range

Operand Data Type

DL430 Range

DL440 Range

aaa

aaa

V-memory

All (See p. 3-40)

All (See p. 3-41)

All (See p. 3-42)

Pointer

All V. mem (See p. 3-40)

All V. mem (See p. 3-41)

All V. mem (See p. 3-42)

Constant

x| o <| >

0-FFFF

0-FFFF

0-FFFF

Discrete Bit Flags

Description

SP76

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

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

In the following Load example, when X1 is on, the value in V1400 will be loaded into
the accumulator and output to V1500.

DirectSOFT Handheld Programmer Keystrokes V1400
x LD [sm |[xn ][ 1+ J[«<—] (8o ]s]
[ V1400 | D | | v | | 1 | | 2 | | 0 | | 0 | | — | The unused accumulator l
- . bits are set to zero by
Load the value in V1400 into the
lower 16 bits of the accumulator out || v || 1 || 5 || 0 || 0 ||(_' | Acc.|0|0|0|0”8|9|3|5|
[ —
ouT
V1500 l
Copy the value in the lower 16 nn
bits of the accumulator to V1500 V1500
In the following example, when X1 is on, the 32 bit value in V1400 and V1401 will be
loaded into the accumulator and output to V1500 and V1501.
DirectSOFT
I)(1I LDD Load the value in V1400 and V1401 V1400
\ i h bi
1 V1400 acoumuitor - oot le]7]s]e]s]of2]6]
o] S |
5 V1501
nce.[0]7[2]0][s[0[2]c] s
Handheld Programmer Keystrokes — I_(/)
[ str |[[xan || 1 [ e l l 55{
>
[ w |[seer ][ o J[swer [ v ][ 1+ ][ 4 |[ o || o |J[e] [6]7]3]o][s]o]2]s] g%
Lour J[swer ][ o J[swer|[w [ + J[ s |[ o |[ o |[[«—] V1501 V1500 24
S
(7]
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Standard RLL Instructions
Accumulator/Data Stack, Load, and Output Instructions

Load The Load Formatted instruction loads 1-32
Formatted consecutive bits from discrete memory
(LDF) locations into the accumulator. The LDF Aaaa
instruction requires a starting location . K bbb
(Aaaa) and the number of bits (I_(bbb) to be
loaded. Unused accumulator bit locations
are set to zero.
DS HPP
Operand Data Type DL440 Range DL450 Range
A aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-377 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Global /O GX 0-1777 - 0-2777 -
Constant K -- 1-32 -- 1-32
Discrete Bit Flags Description
SP76 on when the value loaded into the accumulator by any instruction is zero.

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 6
bits of the accumulator are output to Y20-Y26 using the Out Formatted instruction.

LDF

c10
K7

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

Locati

on

Constant

[co

Lk7

C16|C15|C14

C13[C12

Ci11

C10

OFF| OFF| OFF

ON|[ ON

ON

OFF

The unused accumulator bits are set to zero

N

31 30 29 28 27 26 25 24 23 2221 2019181716 1514131211109 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[ ] o[ o[ o] o[ o[ o] o[ o[ o] o[ o[ ] [ ] ]

o

OUTF Y20
K7
Copy the value from the Location Constant Y26| Y25| Y24| Y23| Y22 Y21 Y20
specified number of bits in [v20 | [« | oFr| oFr| oFF| on | on | on|oFF
the accumulator to Y20-Y26
»
c
o Handheld Programmer Keystrokes
£B
© 5 | str |[[eem || o ][]
Ts
Eg [ w |[serr || F [ swer|[eem ]| 1 ]| o |[keowm]| 7 ][]
(Dj [ our |[serr || F ][ swer [[voun]| 2 || o |[keow]| 7 ][]
o
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Standard RLL Instructions
Accumulator/Data Stack Load and Output Instructions

Load Address The Load Address instruction is a 16 bit

(LDA) instruction. It converts any octal value or

address to the HEX equivalent value and _|LDA

430 440 450 loads the HEX value into the accumulator. O aaa

This instruction is useful when an address

DS  HPP parameter is required since all addresses
for the DL405 system are in octal.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa

Octal Address o 0-77777 0-77777 0-177777

Discrete Bit Flags Description

SP76 on when the value loaded into the accumulator by any instruction is zero.

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 V1440 using the Out

instruction.
DirectSOFT
IX1I LDA Octal Hexadecimal
b 0 40400 [aofa]o]o] — [T Jo]0]
;oeagggz;snl:rli)éeeﬂﬁi\éatlsgt to The unused accumulator l
lower 16 bits of the bits are set to zero
accumulator ACC_|O|O|O|O”4|1|O|O|
——
ouT 4]t [o]o]
V1440 V1440

Copy the value in lower 16
bits of the accumulator to
V1440

Handheld Programmer Keystrokes

Lsm [ ][ 1 J[e—]
Lw Jlswer ][ a J[eer][ & J[ o J[ & J[ o J[ o Jle=]
Lour JEEW L o+ J[ & J[ & J[ o =]

By
=
=L
7S
go_
o2
=g
o
-]
7,
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Standard RLL Instructions
Accumulator/Data Stack, Load, and Output Instructions

Load Accumulator Load Accumulator Indexed is a 16 bit

Indexed instruction that specifies a source address

(LDX) (V-memory) which will be offset by the value

VAN AR4 in the first stack location. This instruction LDX

interprets the value in the first stack location A aaa
as HEX. The 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 DL430 Range DL440 Range DL440 Range
aaa aaa aaa

V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

Pointer -- All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP76 on when the value loaded into the accumulator by any instruction is zero.

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 1st. 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| DA Octal Hexadecimal
|} 025 —  [ofo]1]5]
Load The HEX equivalent to The unused accumulator l
octal 25 into the lower 16 bits are set to zero

bits of the accumulator

—_—
nce.[0]0oo][ofo]r]s]

HEX Value in 131/_\

stack location Octal

LDX
V1410

Octal Accumulator Stack

Load the acoumiator wir vilalifo] « [1]s] = v[a]e[a]s] revert [0 00 00015
the address to be offset Level2 | X X X X X X X X
e unused aceumulator l Level3 |[X X X X X X X X
ouT Level4 [X X X X X X X X
V1500 A°°'|O|O|O|O||\2|3|4|5,| L:::w X X X X X X X X
n Copythevalueinthelower thesﬁuemvmsl Level6 | X X X X X X X X
c t16\5)1|t§0%ftheaccumulator Level7 |X X X X X X X X
-c;-..(_.—D ° Level8 [X X X X X X X X
FS g Handheld Programmer Keystrokes V1500
o5
QE [ str |[[xany || 1 ][]
n_ Lw J[swer][ a J[oer][ 2 |[ 5 |[«—]
-
o Lw Jlswer ][ x Jlewer ]V [« JL o J[ « J[ o J[«]
Lour JEEVL + J[ s J[ o J[ o |[«]
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Standard RLL Instructions
Accumulator/Data Stack Load and Output Instructions

Load Accumulator
Indexed from

Data Constants
(LDSX)

430 440 450

DS HPP

The Load Accumulator Indexed from Data
Constants is a 16 bit instruction. The
instruction specifies a Data Label Area
(DLBL) where numerical or ASCII
constants are stored. This value will be
loaded into accumulator’s lower 16 bits.

LDSX
K aaa

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 DL440 Range DL450 Range
aaa aaa
Constant K 1-FFFF 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 Load instruction loads the offset of 1 into
the accumulator. When the LDSX instruction executes, this value is placed into the
first level of the accumulator stack. The LDSX instruction specifies the Data Label
(DLBL K2) where the numerical constant(s) are located in the program. It loads the
constant value according to the offset value into the accumulator’s lower 16 bits.

DLBL K2

X1 LD Hexadecimal . .
| 1 Value in 1st. level of stack is
[ K1 nnn used as offset. The value is 1
. The unused accumulator l
Load the offset value of 1 (K1) into X Accumulator Stack
the lower 16 bits of the accumulator. bits are set to zero ——
ace | 0J0JoJo][o]oJo]1]— Level1 {0 0 0 0 0 0 0 1
LDSX Level2 [X X X X X X X X
K2 Level3 [X X X X X X X X
Move the offset to the stack. Constant Level4 |X X X X X X X X
Load the accumulator with the K nnn Level5 |X X X X X X X X
data label number
The unused accumulator l Level6 |[X X X X X X X X
out bits are set to zero Level7 IX X X X X X X X
V1500 ace.[0]0]0fo][ofofo]2] Level8 [X X X X X X X X
Copy the value in the lower
16 bits of the accumulator
. to V1500
: { END )
\
NCON The unused accumulator
Offset 0 i
K3333 bits are set to zero o
ncc [0 [0 ]ofo][2]s]2]a]
NCON M
k2323 Offset 1 l
NooN
K4549 Offset 2 V1500

X
=
=L
25
Sa
o8
&g
o
=]
7
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Standard RLL Instructions
Accumulator/Data Stack, Load, and Output Instructions

Handheld Programmer Keystrokes

[ s |[[xevy || 1 |[e—]

[ w |[keow]|[ 1 |[e—]

[ w [ ]l s || x |[keon]| 2 ][]

Lour JEV [« J[ 5 J[ o J[ o J[e«]

Lo JLc J[ s J[ v |[keom|][ 2 [[«—]

Lswer |~ J[ e J[ o J[ ~ [[swrffkeow|[ 2 |[ 2 |[ 2 [ 2 [[«]
Lswer |~ J[ e J[ o J[ ~ [[swrffkeow|[ 2 |[ s |[ 2 J[ s [[«]
Lswer |~ J[ e J[ o J[ ~ [[swr|keow|[ 4 |[ 4 |[ 4 J[ 4 J[]

Load Real Number The Load Real Number instruction loads a
(LDR) real number contained in two consecutive ____|LDPR
V-memory locations, or an 8-digit constant A aaa
430 440 450 into the accumulator.
DS HPP Operand Data Type DL450 Range
A aaa

V-memory \ All V. mem (See p. 3-42)

Pointer P All V. mem (See p. 3-42)

Real Constant R Full IEEE 32-bit range

DirectSOFT allows you to enter real
numbers directly, by using the leading “R”
to indicate a real number entry. You can ___|IDR
enter a constant such as Pi, shown in the
example to the right. To enter negative
numbers, use a minus (-) after the “R”.

R3.14159

For very large numbers or very small
numbers, you can use exponential
notation. The number to the right is 5.3
million. The OUTD instruction stores it in oUTD

V1400 and V1401. V1400

LDR
R5.3E6

These real numbers are in the IEEE 32-bit floating point 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 V1400 and V1401. Suppose DR

that now we want to retrieve that number. V1400
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.

1)
c
(@]
°5
© S
i
cn
Sc
n_
.
o
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Standard RLL Instructions
Accumulator/Data Stack Load and Output Instructions

Out The Out instruction is a 16 bit instruction
(OUT) that copies the value in the lower 16 bits of out
the accumulator to a specified V-memory Aaaa
430 440 450 location (Aaaa).
DS HPP Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
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 inthe lower 16
bits of the accumulator is copied to V1500 using the Out instruction.
DirectSOFT
| I)(1I LD Load the valug in V1400 into V1400
b V1400 ?ciﬂor:ﬁ;:o? plisofthe (8]o]s]s]
Ci th lue in the | The unused accumulator l
e
visoo ace. [0]0 oo ][s]o]a]s]
Handheld Programmer Keystrokes l
[ s |[xv || 1 |[e—] STTATE]
5
Lw JEVL « L« J[ o J[ o [[e]
V1500
Lour J[EV [+ [ s J[ o J[ o [[e]
Out DOUBLE The Out Double instruction is a 32 bit
(OUTD) instruction that copies the value in the oUTD
accumulator to two consecutive V-memory — Aaaa
430 440 450 locations at a Specified starting location
(haaz).
DS  HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer All V mem (See p. 3-40) All V mem (See p. 3-41) All V mem (See p. 3-42)

In the following example, when X1 is on, the 32 bit value in V1400 and V1401 will be
loaded into the accumulator using the Load Double instruction. The value in the
accumulator is output to V1500 and V1501 using the Out Double instruction.

DirectSOFT
X1 LDD Load the value in V1400 and
I I V1401 into the accumulator
V1400
ouTD Copy the value in the
V1500 \a/(;csli)Tulator to V1500 and
Handheld Programmer Keystrokes
[ s |[[xeny || 1 ][]
Lw J[swer ][ o J[swer|[Pv [ + J[ 4 J[ o J[ o |[«—]
Lour J[swer ][ o J[swer|[Pv [ + J[ s J[ o J[ o |[«]

V1401 V1400
lel7[s]o[s[o]2]s]

L

aco.[0]7[3]0][5]0]2]e]

L

lof7]e]o]ls]o]2]s]

V1501 V1500

X
=
=2
25
Sa
o8
&g
o
=]
7
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Standard RLL Instructions

Accumulator/Data Stack, Load, and Output Instructions

Out The Out Formatted instruction outputs 1-32
Formatted bits from the accumulator to the specified
(OUTF) discrete memory locations. The instruction
X L1 7 requires a starting location (Aaaa) for the OUTF Aaaa
destination and the number of bits (Kbbb) to K bbb
be output.
DS  HPP
Operand Data Type DL440 Range DL450 Range
A aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Gilobal /0 GX 0-1777 - 0-2777 -
Constant K -- 1-32 -- 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 Y20-Y26 using the Out Formatted instruction.
DirectSOFT
o LDF c10 Location Constant cis[c1s[c14] ci3]c12[c11] cio
I K7 |CWO | |K7 | OFF| OFF| OFF| ON | ON | ON | OFF

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

C The unused accumulator bits are set to zero \
into the accumulator

31302928272625242322212019181716 1514131211109 8 7 6 5 4 3 2 1 0
Lo[o[o[ o] o] o] o] o] o] o o o[ o[ o[ o[ ][ o[ o[ o[ o o] 0] 0] 0] 0] 0] o] o] 1] 1] 1] ]

Accumulator

OUTF Y20
K7
Copy the value of the Location Constant Y26| Y25| Y24| Y23 Y22| Y21| Y20
specified number of bits [v20 | [« | off| oFF| oFr| on] on| on|oFF
from the accumulator to
Y20-Y26
Handheld Programmer Keystrokes
[ s |[[eem || o |||
[ w |[serr || F [ s |[eem ]| 1 || o |[keow]| 7 ][]
[ our |[serr || F ][ shrr |[voun]| 2 || o |[keow]| 7 ][]

1)
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Standard RLL Instructions
Accumulator/Data Stack Load and Output Instructions

Out Indexed The Out Indexed instruction is a 16 bit
(OUTX) instruction. It copies a 16 bit or 4 digit value
VA4 from the first level of the accumulator stack
to a source address offset by the value in OouTX
i A aaa
7 7 f[he acc_umL_JIator(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 DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
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.
DirectSOFT Constant
Load the accumulator with Lrl]tes l;l:;l sseecti ;cggzulator l

the value 3544

—_—
acc. (000 o[z s[4 ]4]

Load The HEX equivalent to
octal 25 into the lower 16 bits
of the accumulator. This is the
offset for the Out Indexed
instruction, which determines
the final destination address

OUTX
V1500

The unused accumulator
bits are set to zero

LDA Octal HEX
0z —  [oo[Ts]

|

—_—
ace.[ 0] 0Joo][o]o]1]5]

Octal

Oc

Octal tal
v[Telo [0 [oIe] - V[Ts]2]5]

Accumulator Stack

Copy the value in the first :;h§5hce>:t;|?‘l\?ﬁi2m:s «—— Llevel1 |0 0 0 0 3 5 4 4
level of the stack to the addedto the base Level2 [X X X X X X X X
offset address 1525 address of V1500 to yield V1525
(V1500 + 25) the final destination. Level3 | X X X X X X X X
Level4 | X X X X X X X X
Handheld Programmer Keystrokes Level5 | X X X X X X X X
Level6 [X X X X X X X X
L J [« | | Level 7 |X X X X X X X X 8 Y]
Lw [l s J[ s J[ 4 |[ ¢« |[«] Level8 [X X X X X X X X Pm
Lw J[swer ][ a J[eer][ 2 |[ s |[<—] )
—
Lour J[swer || x JlswerJEEV [ « J[ s J[ o J[ o [[«] c e
23
o
>
(2}
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Standard RLL Instructions
Accumulator/Data Stack, Load, and Output Instructions

1)
c
(@]
°5
© S
o
=)
Sc
n_
.
o

Out Least
(OUTL)

430 440 450

DS HPP

Out Most
(OUTM)

430 440 450

DS HPP

The Out Least instruction copies the value in
the lower eight bits of the accumulator to the OuTL
lower eight bits of the specified V-memory A aaa
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.

DirectSOFT
| I)(1I LD {_hoald the \;agubgtin \f/:;]lOO into V1400
e lower Its Of e
I V1400 accumulator ﬂﬂ
om ] emmemnmen W megmmer |
V1800. nco.[0]0foo][8]o]a]s]
Handheld Programmer Keystrokes l
[ s |[xv || 1 |[e—] SToTeTE]
5
(o JEm [ 1L« JCo [ o ][]
Lour J[swer ][ o JlswerJEEV f[ « J s J[ o J[ o J[«]
The Out Most instruction copies the value in
the upper eight bits of the lower sixteen bits OUTM
of the accumulator to the upper eight bits of A aaa
the specified V-memory location (i.e., it

copies the high byte of the low word of the
accumulator).

Operand Data Type DL450 Range
aaa

V-memory \% All (See p. 3-42)

Pointer P All (See p. 3-42)

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 is copied to V1500 using the Out Most
instruction.

DirectSOFT
| Ix1I D Load the value in \f/1 400 into V1400
A V1400 acoumator [8]9]3 5]
i Thi d lat l
ouTM 5 biteof he lowor 16 bis of bits are set o zero -
V1500 the accumulator to V1500. Ac, | 0 |0 | 0 |0 ” 3 |9 |3 |5 |
Handheld Programmer Keystrokes l
[ s |[xen || 1 |[e—] ST ToTe]
NN S | | e K=
Lour [[srer [ m |[swer [TV [ + J[ s [[ o |[ o [[«—]
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Standard RLL Instructions
Accumulator/Data Stack Load and Output Instructions

Pop The Pop instruction moves the value from

(POP) the first level of the accumulator stack (32 POP

bits) to the accumulator and shifts each

430 440 450 value in the stack up one level.

In the example below, when CO is on the Pop instruction moves the value 4545

currently on top of the stack into the accumulator. The value is output to V1400 using
the Out instruction. The next Pop moves the value 3792 into the accumulator and
outputs the value to V1401. The last Pop moves the value 7930 into the accumulator
and outputs itto V1402. Remember to use Out Double instructions if the value in the
stack uses more than 16 bits (4 digits). Each value will occupy two V-memory

locations.
Discrete Bit Flags Description
SP63 on when the result of the instruction causes the value in the accumulator to be zero.
DirectSOFT Accumulator Stack before POP
o POP level1 ([0 0 0 0 4 5 4 5
o Level2 |O O O O 83 7 9 2
Pop the 1st. value on the stack into the Level3 10 0 0 0 7 9 3 0
accumulator‘and move stack values Level4 [X X X X X X X X
up one location Level5 | X X X X X X X X
ouT Levels | X X X X X X X X
V1400 Previous Acc. value Level7 | X X X X X X X X
X X X X X X X X
Copy the value in the lower 16 bits of oo X [ x [ [xJ[x [x [x [ x] Level®
the accumulator to V1400 Current Acc. value Accumulator Stack
acc.[ofofofo][4a]s]a]s] «— ‘Levet1 [0 0 0 0 3 7 9 2>
POP N Level2 |O O O O 7 9 3 O >
Level3 | X X X X X X X X >
. Level4 | X X X X X X X X >
o e e o Lot [T X ]S
up one location V1400 Level6 [X X X X X X X X S
ouT Level7 | X X X X X X X X >
V1401 Previous Acc. value Level8 |X X X X X X X X
- . Acc.[o]ofo]o][a]5]4]5]
the socumator o vid0 Current Acc. value Accumulator Stack
ace.[0fofofo][s]7]o]2] «— tevet1 [0 0 0 0 7 9 3 o>
POP —_— 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
Pop the 1st. value on the stack into the Level5 | X X X X X X X X >
3?&%?&3@ move stack values V1401 Level6 [X X X X X X X xg
Level7 | X X X X X X X X
ouT Previous Acc. value Levels |X X X X X X X X >
V1402 Acc.[o]o]o]o][s]7]9]2]
Copy the value in the lower 16 bits of Current Acc. value Accumulator Stack
the accumulator to V1402 acc.[oofofo][7]e[s 0] «—— rLevelt [X X X X X X X X S Y}
Handheld Programmer Keystrokes - Level2 X X X X X X X X > Pm
[ sr |[eem || o |[«—] Level 3 ><><><><><><><><> =
[ser [P |[ 0o J[ P |[«—] Level 4 ><><><><><><><><> c:’:..a
|_eve|5xxx><><><><><> CC)s_x‘)
| ouT | | \ | | 1 | | 4 | | 0 | | 0 | | | V1402 nn Level6 | X X X X X X X X > gQ_
Lseer [ P J[ o [ P |[«] Level 7 ><><><><><><><><> 2
[oor [V [ « [ & J[ o [ 1 ][] Level8 [X X X X X X X X
Lswer ][ P J[ o [[ P J[e=flour JEEW [ + [ 4 J[ o [ 2 [[«]
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5 — 70 Standard RLL Instructions
Accumulator Logic Instructions

Accumulator Logic Instructions

And The And instruction is a 16 bit instruction
(AND) that logically ands the value inthe lower 16
bits of the accumulator with a specified V-
430 440 450 memory location (Aaaa). The result ____|AND

H H H Aaaa
resides in the in the accumulator. The

discrete status flag indicates if the result of
DS  HPP .
the And is zero.

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

V-memory \ All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

Pointer P -- All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

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

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 the accumulator is Anted
with the value in V1420 using the And instruction. The value in the lower 16 bits of the
accumulator is output to V1500 using the Out instruction.

DirectSOFT

I)(1I LD V1400

I V1400 B
Load the value in V1400 into the The upper 16 bits of the accumulator // \\

lower 16 bits of the accumulator will be setto 0

3130 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[ 0] 0] o] o] o] o] o[ o] 0] 0] 0] 0] 0] o][o]o] 1[0 1]0]o]o]o] 1] 1] 1] 1][0]1]0

AND

V1420 —~— Acc. 0 0 0O 0OOOOOOOOOOOOOOOTtTOT1TOOOOT1"TT1T1T1O0T10
AND the value in the 6A38
accumulator with AND (V14200 0 0 0 0 0 0 0O 0 O OOOOOOOOT1TT1TO0OT1TO0OT1TO0OOOT11TT1T10O0O

the value in V1420

aco.[ o] o] o] o[ o[ o] o] o[ o] o[ o[ o] o] o o] o][] o] : [ o] [ o[ o] o[ o[ o] ] :[ ] o[ o] ]

out \ \ //
V1500
Copy the lower 16 bits of the nn

accumulator to V1500 V1500

Handheld Programmer Keystrokes

2 Lsm JExm ][ 1 J[e—]
bt Lw JEV L o« JL s J[ o J[ o J[e]
SE Lawo JEEV ][ o J[ & J[ 2 J[ o J[«]
C
g2 Lour JEW I+ J[ s J[ o J[ o J[«]
2

-

o
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Standard RLL Instructions
Accumulator Logic Instructions

And Double
(ANDD)

430 440 450

/] [v]

DS HPP

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

ANDD
Aaaa

Operand Data Type DL430 Range DL440 Range DL440 Range

A aaa aaa aaa
V-memory \ -- All (See p. 3-41) All (See p. 3-42)
Pointer P -- All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 0-FFFF
Discrete Bit Flags Description

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

SP70

Will be on is 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 value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is Anted with V1420 and V1421 using the And double instruction. The
value in the accumulator is output to V1500 and V1501 using the Out Double
instruction.

DirectSOFT

P N\ T,

[ LDD

V1400

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 0|1|1|1 1|0|1|0
ANDD
V1420 —~— Acc. 01t 0ot1tot1too0011t1t1110 001010000111 1010
AND the value in the 36476A38
accumulator with AND (Vi421andV14200 0 0 1 1 0 1 1 001 0O0OH1T11 011010100011 1000

the value in

e e P ace.[o[ o] o 1] o] 1[o[o[o] 1[o] oLo] [ 1] ol[e[o] +[o] +[o] o[o] o[o] [ ] [o]o]o]

T~ T~

V1501 V1500

OuTD
V1500

Copy the value in the
accumulator to V1500 and
V1501

Handheld Programmer Keystrokes

[ sr |[[xeny || 1 ][] E
L w J[swr ][ o Jlswer v || 1+ J[ 4 J[ o J[ o [[«] 55«")’
»
Lawo |[swer ][ o Jlswer v || 1 J[ 4 J[ 2 [ o |[[«] ga
Lour J[swer ][ o J[swer v || 1 J[ s J[ o [ o [[«] %g
35
»
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5 — 72 Standard RLL Instructions
Accumulator Logic Instructions

And The And Formatted instruction logically

Formatted ANDs the binary value in the accumulator

(ANDF) and a specified range of discrete memory

bits (1-32). The instruction requires a ___|ANDF  Aaaa

230 240 450 starting location (Aaaa) and number of bits K bbb

_(Kpbb) to be ANDed. Discrete status flggs

DS HPP indicate if the result_ is zero or a negative
number (the most significant bit =1).
Operand Data Type DL440 Range DL450 Range
A/B aaa bbb aaa bbb

Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-377 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Gilobal /0 GX 0-1777 - 0-2777 -
Constant K -- 1-32 -- 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 Will be on is 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-C183 (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.

DirectSOFT
x LDF c10 Location Constant c13[c12[c1i]co
I K4 |CWO | |K4 | ON| ON| ON|OFF
Load the status of 4
consecutive bits (C10-C13) The unused accumulator bits are set to zero ~N
into the accumulator
3130 2028 27 26 2524 23 22 21 2019 18 17 16 15141312 11109 8 7 6 5 4 3 2 1 0
ANDF Y20 Lo o[ o[ o] o[ o[ o] o] o[ o] 0] o o o] 0] 0][ o] 0] o] o o] 0] o o o] 0] o] o] 1] 1] 4] o]
Ka Accumulator
VLA o Acc. 0 0 0 0000 0000O0OO0OO 00O0OO0O0O0O0O00O0O0O0T 110
the accumulator Y23| Y22| Y21]| Y20
AND (Y20-Y23) [ ON]|OFF| OFF| OFF 1000
OUTF c20
® Ka ace. [ 0] of o] of o] o] o] o o] o] o] o] 1] o] o] o]
2 . —
o2 ot in mosamumtorto .
T3 C20-C23
-8*(?) Handheld Programmer Keystrokes Location Constant C23| C22| C21|C20
©
(4,_55 T | R [ | =] [czo | [ka | [lon[orr[orF[ore
D_'ZI [ o |[ st ][ F [ swrr|[eem ][ 1 |[ o |[keom][ 4+ [[«—]
L ano |[ st || F || sorr|[woun]| 2 |[ o J[keon]| 4 |[e—]
Lout |[swer || F [ serr|[eem]| 2 |[ o J[keon]| 4+ |[e—]
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Standard RLL Instructions
Accumulator Logic Instructions

5-73

And with Stack
(ANDS)

430 440 450

DS HPP

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).

ANDS

Discrete Bit Flags

Description

SP63

Will be on if the result in the accumulator is zero

SP70

Will be on is 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 binary value in the accumulator will be
Anted 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.

DirectSOFT
I)(1I LDD V1401 V1400
[ V1400 B
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 0|1|1|1 1|0|1|0
ANDS
\\ Acec. 01 010100O017111110 0010100O0O0OT1T111010
AND the value in the 36476A38
accumulator with AND (topofstackk o0 0o 1 1 0 1 1 0 01 000111 011010100011 1000
the first level of the
aocamlator stack ace.[o] o] o] 1 o] 1] o[ o] o] 1] o[ o[ o[ 1] :[o][o[ o] : o] ] o] o] o] o] o] 1] 1] 1] o] o] o]
ouTtD \ \ // \ \ //
V1500
Copy the value in the n ﬂﬂ
accumulator to V1500 and V1501 V1500

V1501

Handheld Programmer Keystrokes

[ s |[xewy || 1 ][]
L w J[swr ][ o Jlswer v || 1 J[ 4 J[ o J[ o [[«]
[ ano |[sorT || s [« ]
Lour [ swer ][ o Jlswer v || 1 J[ 5 J[ o J[ o [[«]
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Standard RLL Instructions
Accumulator Logic Instructions
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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-
location (Aaaa). The result
resides in the in the accumulator. The

OR
Aaaa

Or

(OR)

430 440 450 memory
DS  HPP

the Or is zero.

discrete status flag indicates if the result of

Operand Data Type DL430 Range DL440 Range DL440 Range

A aaa aaa aaa
V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer -- All V. mem (See p. 3-41) All V. mem (See p. 3-42)
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero

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 the accumulator is Hoped with
V1420 using the Or instruction. The value in the lower 16 bits of the accumulator is
output to V1500 using the Out instruction.

DirectSOFT

V1400

Load the value in V1400 into
the lower 16 bits of the

N T

The upper 16 bits of the accumulator
will be setto 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] 0] o] o] o] o] o] o] o] o] o] 0] o] 0] o] o][ o] o] 1] o] 1] o] o] o] o] 1] 1] 1] 1] 0] 1] 0
OR
V1420 —— Accc. 0 0 0OOOOOOOOOOOOOO OOT1TOT1TO0OOOOT11TT1TA1TT1TO0T1TO0
Or the value in the 6A38
accumulator with OR(V14200 0 0 0 0 0 0O 0O OO OOOOOOOOT11T1O01TO01TO0O0O0OT1TT1 1000

the value in V1420

ouT
V1500

Copy the value in the lower
16 bits of the accumulator to
V1500

Handheld Programmer Keystrokes

aco.[ 0] o] o[ o[ o] o] o] o] o] o] o] o[ o] o] o[ o] [ o] 1] 1 o[ 1 o 1 o[ o 4] 4] 1] ] 0] 1] o]

V1500

[ s |[[xewy || 1 ][]

Lw v« [ a J[ o J[ o J[«]
Lor [V [« J[a J[ 2 J[ o J[«]
Lour [V [+ J[ s J[ o J[ o J[«]
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Standard RLL Instructions
Accumulator Logic Instructions

Or Double
(ORD)

430 440 450

DS HPP

DirectSOFT

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

ORD
Aaaa

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

V-memory \ -- All (See p. 3-41) All (See p. 3-42)

Pointer P -- All (See p. 3-41) All (See p. 3-42)

Constant K 0-FFFF 0-FFFF 0-FFFF

Discrete Bit Flags Description

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

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

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

Inthe 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 Hoped with V1420 and V1421 using the Or Double instruction. The
value in the accumulator is output to V1500 and V1501 using the Out Double

instruction.
LDD V1401 V1400
V1400 [2]8]7]A]

Load the value in V1400 and
V1401 into accumulator

— N\ T — N\ T

—_— —————————— | —

the value in V1420 and
V1421

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 0|1|1|1 1|0|1|0
ORD
V1420 —~—~ Acc. 01t 0ot1tot1too0o011t1t1110 001010000111 1010
OR the value in the 36476A38
accumulator with OR(V1421andV14200 0 0 1 1 0 1 1 0 01 000111 0110101000111 000

ace.Lo] ] ] 1] o] 1] +[of o 1[1[ 1] 1] 1] 1] s][o[ 1] 1] o] [ o] ] o] o] +] 1] ] 1]o0[1]o]

Copy the value in the
accumulator to V1500 and

OuTD

I N

V1500

V1501

[ [e]7]F] [e]a]7]A]

V1501 V1500

Handheld Programmer Keystrokes
[ s |[xewy || 1 ][]

Lw |[seer|[ o J[swer][v [ 1+ J[ 4 J[ o |[ o |[«]
Lor |[swer|[ o J[swer][v [ «+ J[ 4 J[ 2 |[ o |[«]
Lour |[swer|[ o [[swer][v [ 1+ [ 5 J[ o |[ o |[«]
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5 — 76 Standard RLL Instructions
Accumulator Logic Instructions

Or The Or Formatted instruction logically
Formatted ORs the binary value in the accumulator
(ORF) and a specified range of discrete bits
(1-32). The instruction requires a starting ____|ORF Aaaa
230 240 450 location (Aaaa) and the number of bits K bbb
_(Kpbb) to be ORed'. Discrete status flags
bS  RPP |nd|catg |ff[he resu!t is zero or negative (the
most significant bit =1).
Operand Data Type DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-377 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Gilobal /0 GX 0-1777 - 0-2777 -
Constant K -- 1-32 -- 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 Will be on is 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-C183 (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.

DirectSOFT
x LDF c10 Location Constant c1z[ciz]cii[cio
11 Ka |C10 | |K4 | OFF| ON | ON | OFF
Load the status of 4
consecutive bits (C10-C13) The unused accumulator bits are set to zero
into the accumulator
31 30 29 28 27 26 25 24 232221 2019181716 1514131211109 8 7 6 5 4 3 2 1 0
ORF Y20
9 ace.| 0] 0] o] o] o] o] o] o] o] o] o] o] o] 0] 0] 0][ 0] 0] 0] 0] o] o] o] o] o] o] o] 0] o] 1] 1] 0]
Or the binary bit pattern
(Y20-Y23) with the value in
the accumulator Y23| Y22 Y21| Y20
OUTF o2 OR (Y20-Y23) ON | OFF| OFF| OFF 1 000
" ace.[ o] o] o[ o] o] o] o] o] o] o] o] o] o] o] o[ o][ o] o] o[ o] o] o] o] o] o] o] o] o] 1] ] 1] o]
()] -
c Copy the specified number
o of bits from the accumulator
'948 to C20-C23 - .
gg Handheld Programmer Keystrokes Location Constant c23| coz| c21|c2o
(%E Mo | [ [ ] [—] [cco | [ka ] [on]on]on]orr
— [ w |[serr || F [ swer|[eem ]| 1 || o |[keowm]| 4 ][]
e | or |[swer || F [ swrr|[woun]| 2 |[ o J[keonm]| 4+ |[e—]
Lout |[swer || F [ serr|[eem]| 2 |[ o J[keonm]| 4+ |[e—]
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Standard RLL Instructions 5 -— 77
Accumulator Logic Instructions

Or with Stack The Or with Stack instruction is a 32 bit
(ORS) instruction that logically ors the value in
the accumulator with the first level of the
430 440 450 accumulator stack. The result resides in ____|ORS
the accumulator. Thevalu_einthefirstlevel

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).

DS HPP

Discrete Bit Flags Description

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

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

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

DirectSOFT
X1 VW 401 VW 400

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

V1401 into the accumulator

3130 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] o] 1] o] 1] o]0 o[ 1[1]1][1]1]1]0][o] o] 1[0 1]0] o] o] o] 1] 1] 1] 1][0]1]0

ORS

\\ Acc. 01 01010O0OO0OT1TT1T1T1110 0010100O00O0T1T111010

OR the value in the 36476A38

accumulator with the value  Or (Topofstackk 0 o0 1 1 o0 1 1 0 0 1 0 0 01 11 0110101000111 000
in the first level of the
Remuiator ook nco. [ [ [ Lol 1] +[o] o[+ [+ [+ [+ [+ [+ [ ][o[ [+ o] o] [ o] o] 1| 1] 1] 1] o[ ] ]

ouTD \ \ // \ \ //
V1500
Copy the value in the .ﬂ..

accumulator to V1500 and V1501 V1500
V1501

Handheld Programmer Keystrokes

[ s |[xew || 1 ][]
L w J[swr ][ o Jlswer v || 1 J[ 4 J[ o J[ o [[«=]
| or |[sorr || s ||«
Lour [ swer ][ o Jlswer v || 1 J[ 5 J[ o [ o [[«=]
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Standard RLL Instructions
Accumulator Logic Instructions

5-78

The Exclusive Or instruction is a 16 bit
instruction that performs an exclusive or of
the value in the lower 16 bits of the

Exclusive Or
(XOR)

430 440 450 accumulator and a specified V-memory XOR
location (Aaaa). The discrete status flag Aaaa
DS HPP indicates if the result of the Xor is zero.

Operand Data Type DL430 Range DL440 Range DL440 Range

aaa aaa aaa
V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer -- All V. mem (See p. 3-41) All V. mem (See p. 3-42)
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero

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 the accumulator is exclusive
Hoped with V1420 using the Exclusive Or instruction. The value in the lower 16 bits
of the accumulator is output to V1500 using the Out instruction.

DirectSOFT

BOEn
N T

) Lb
[ V1400

Load the value in V1400 into
the lower 16 bits of the

The upper 16 bits of the accumulator
will be setto 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] 0] o] o] o] o] o] o] o] o] o] 0] o] 0] o] o][ o] o] 1] o] 1] o] o] o] o] 1] 1] 1] 1] 0] 1] 0
XOR
V1420 —— Accc. 0 0 0OOOOOOOOOOOOOO OOT1TOT1TO0OOOOT11TT1TA1TT1TO0T1TO0
XOR the value in the 6A38
accumulator with XOR(V14200 0 0 0 0 0 0 0 0O OO OOOOOOOT11T10101000111000

the value in V1420

aco.[ 0] o[ o[ o[ 0] o] o] o] o] o] o] o[ o] o] o[ o] [ o] 1] o o[ o[ o] 1] o[ o] 1] 0] 0] 0] 0] 1] o]

nE0a

V1500

ouT
V1500

Copy the lower 16 bits of the
accumulator to V1500

Handheld Programmer Keystrokes

[ s |[[xewy || 1 ][]

Lw v« [ a J[ o J[ o J[«]

Lswer | x J[soer [ or JEEW f[ 1+ J[ 4 J[ 2 |[ o |[«]
Lour [V [+ J[ s J[ o J[ o J[«]
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Standard RLL Instructions
Accumulator Logic Instructions

Exclusive Or
Double
(XORD)

430 440 450

DS HPP

The Exclusive OR Double is a 32 bit
instruction that performs an exclusive or of
the value in the accumulator and the value
(Aaaa), which is either two consecutive V-
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).

XORD
Aaaa

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

V-memory \ -- All (See p. 3-41) All (See p. 3-42)

Pointer P -- All (See p. 3-41) All (See p. 3-42)

Constant K 0-FFFF 0-FFFF 0-FFFF

Discrete Bit Flags Description

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

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

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

Inthe 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 exclusively Hoped with V1420 and V1421 using the Exclusive Or
Double instruction. The value in the accumulator is outputto V1500 and V1501 using
the Out Double instruction.

DirectSOFT
I)(1 LDD V1401 V1400
1 V1400 [2]8]7 ][]
Load the value in V1400 and A// \\ // \\
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|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
XORD
V1420 T Acc. 01t 0ototooott1t11110 001010O0O0OO0OT1TT111010
XORD the value in the 36476A38
accumulator with XORD (V1421andV1420) 0 0 1 1 0 1 1 0 0 1 0 0 01 11 01101 01000111000

the value in V1420
and V1421

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

OuTD

T~ \\//

V1500

Copy the value in the

[eT2T5]o]

accumulator to V1500 V1501 V1500
and V1501
Handheld Programmer Keystrokes
[ sr |[[xeny || 1 ][]
Lw |[swer|[ o J[swr v [ 1+ J[ 4 J[ o |[ o |[«]
[swer || x || swpr ]| om |[serr || o [ swer [ v || 1+ [ 4 J[ 2 || o |J[e—]
Lour |[swer |[ o [[swr]v [ 1+ [ 5 J[ o |[ o |[«]

X
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o8
&g
o
=]
7
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Standard RLL Instructions
Accumulator Logic Instructions

Exclusive Or The Exclusive Or Formatted instruction
Formatted performs an exclusive OR of the binary | XORF Aaaa
(XORF) value in the accumulator and a specified K bbb
range of discrete memory bits (1-32).
40 The instru_ction require.s a starting Iocation_(Agaa) gnd the number of bits (prb) to
be exclusive ORed. Discrete status flags indicate if the result of the Exclusive Or
Ds  HPP Formatted is zero or negative (the most significant bit =1).
Operand Data Type DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 -- 0-1777 -
Control Relays [} 0-1777 -- 0-3777 --
Stage Bits S 0-1777 -- 0-1777 -
Timer Bits T 0-377 -- 0-377 -—
Counter Bits CT 0-177 - 0-377 -
Special Relays SP 0-137 320-717 -- 0-137 320-717 --
Global /0 GX 0-1777 -- 0-2777 -—
Constant K - 1-32 - 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 Will be on is the result in the accumulator is negative

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

Inthe 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 Hoped with the bit pattern from Y20-Y23
using the Exclusive Or Formatted instruction. The value in the lower 4 bits of the
accumulator is output to C20-C23 using the Out Formatted instruction.

DirectSOFT Location Constant ci3lcizlciilcio
) LDF c10 Lc1o | ke | [ore[ on] on]orF
[ K4
Load the status of 4 The unused accumulator bits are set to zero \
gonsecutive bits (C10-C13)
into the accumulator 313029 28 27 26 25 24 232221 2019 18 1716 1514131211109 8 7 6 5 4 3 2 1 0
o v [o[o] o o] o] o o o] o] o] o] o o] o] o o][o] o] o] o[ o o] o[ o o] o[ o] o] o 1] [ ]
K4 Accumulator
Exglusive%t\f}gsbiné}gﬁit Acc. 00 000 00DO0OO0OOOOOO O OO 00O0OO0OOOOO0OO0O0O0T1T 10
\F/):Iueer?n%e a-ccurzl:‘lnalor.e ¥23] Y22| ¥21| Y20
XORF (Y20-Y23) [ ON]|OFF| ON|OFF 1010
OUTF C20
Ka ace. [ 0] o[ o] of o] o] o] o o] o] o] o] 1] 1] 0] o]
cé) -
h ifi
=S o s from e accumulator /
S0 to C20-C23
gg Handheld Programmer Keystrokes Location Constant C23| C22| C21| C20
Q(g’:) [ s |[[xew || 1 ][] [cco | |ka | on|on[oFF|oFF
(Dj [ w |[serr || F [ swer|[eem ]| 1 || o |[keowm]| 4 ][]
o [sier || x || sHrr ]| om |[ serr || F ][ swer |[[voun]| 2 || o |[keow]| 4 ][]
Lout |[swer || F [ serr|[eem]| 2 |[ o J[keon]| 4+ |[e—]
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Standard RLL Instructions
Accumulator Logic Instructions

Exclusive Or with

Stack
(XORS)

430 440 450

DS HPP

DirectSOFT

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 accumulator. The value in thefirst 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).

XORS

Discrete Bit Flags Description

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

SP70 Will be on is 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 binary value in the accumulator will be
exclusive Hoped with the binary value in the first level of the accumulator stack. The
result will reside in the accumulator.

LDD VW 401 VW 400
V1400

3210
1[o]1]0

Load the value in V1400 and
V1401 into the accumulator

3130 29 28
o] 1]o] 1

27 26 25 24
o[ 1] o]0

23 22 21 20[19 18 17 16
ol 1[1[1[1]4]1]o0

15 14 13 12
o[ o[ 1]0

110 9 8
1[o]o]o

7 65 4
o 1[1]1

Acc.

XORS

™ 1010

oto01to01to00011t11110 001010O0O0O0T1TI11

Acc.

~~—_
Exclusive OR the value 36476A38

in the accumulator with  XOR (1stlevelofstacky 0 0 1 1 0 1
the value in the first

10010001111 011010100O0111000

vl o o aco. [ 1] 1L o] o] o] +[o] o o[ +[+] 1] o[ o] s][o[ :[ o] o] o] o] [ o] o] 1] o] o] o] o[ ] o]
accumulator stack
ouTD \ \ // \ \ //
V1500
Copy the value in the n..ﬂ
accumulator to V1500 and V1501 V1500
V1501
Handheld Programmer Keystrokes
[ s |[xewy || 1 ][]
Lw [[swer|[ o [[swer [TV [ + J[ 4 J[ o [[ o |[«—]
[sher || x || sHrr ]| omr |[ sorT || s || «—]
Lour [[swer|[ o [[swer [TV ][ + J[ 5 J[ o [[ o |[«—]

X
=
=2
25
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o8
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o
=]
7
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Standard RLL Instructions
Accumulator Logic Instructions

Compare
(CMP)

430 440 450

DS HPP

The compare instruction is a 16 bit
instruction that compares the value in the
lower 16 bits of the accumulator with the
value in a specified V-memory location
(Aaaa). The corresponding status flag will
be turned on indicating the result of the
comparison. You can compare either
binary or BCD numbers, as long as both
numbers are of the same data type.

CMP
Aaaa

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa

V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer -- All (See p. 3-41) All (See p. 3-42)
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 Orr 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 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 V1410 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.

DirectSOFT
I)(1I LD Load the constant value Constant
[ K4526 ?h5e2gclghorntﬂleatlg:ve”6bns o H
) The unused accumulator l
CMP Compare the value in the bits are set to zero
accumulator with the value Ce——
viato in V1410 aco [0 ]0]oo][4]s]2]6]
SP60 C30
| | ( OUT) Compared
[ \ with
Handheld Programmer Keystrokes nn
[ sr |[xmn ][ + |[«—] V1410
L w J[keow][ « J[ s |[ 2 |[ & |[[«—]
Low VL o+ J[ & J[ 1+ J[ o |J[«]
Lsm [[Csee]| 6 |[ o [[«]
Lour J[eem][ s |[ o [[«]
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Standard RLL Instructions
Accumulator Logic Instructions

Compare Double = The Compare Double instruction is a

(CMPD) 32-bit instruction that compares the value
in the accumulator with the value (Aaaa),
430 440 450 which is either two consecutive CMPD

_ i —diqi Aaaa
V-memory locations or an 8-digit (max.)

DS HPP constant. The corresponding status flag
will be turned on indicating the result of the
comparison. You can compare either
binary or BCD numbers, as long as both
numbers are of the same data type.

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
V-memory \ -- All (See p. 3-41) All (See p. 3-42)
Pointer P -- All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFFFFFF 0-FFFFFFFF 0-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 Orr 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 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is compared with the value in V1410 and V1411 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.

DirectSOFT
X1 Load the value in V1400 and V1401 V1400
|| LDD V1401 into the accumulator |4 |5 |2 |6 ” 7 |2 |9 |9 |
1 V1400
CMPD accumuiator wih the value l l
V1410 in V1410 and V1411 acc.[4]5]2]6][7]2]0]0]
SP60 C30 Compared
|| ( ) .
| \ ouT
Le[7]s]o][s]o]2]6]
V1411 V1410
Handheld Programmer Keystrokes
Lsm [[xw ][ 1+ [[«—] 3
=
Lw [[swer|[ o [[swer [TV [ « J[ 4 |[ o [[ o |[«—~] o
Low J[ swer|[ o [[swer [TV | « J[ 4 |[ 1 [[ o |[«—] )
[sw e[ e J[ o J[—] o
Q
Lour [[eem|[ s [[ o |[«] =4
-}
(2}
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Standard RLL Instructions
Accumulator Logic Instructions

Compare The Compare Formatted compares the
Formatted value in the accumulator with a specified
(CMPF) number of discrete locations (1-32). The
instruction requires a starting location ____|OMPF  Aaaa
230 240 450 (Aaaa) and the number of bits (Kbbb) to be K bbb
cqmpared. The (':orfespondlng status flag
DS HPP will be tl_Jrned onindicating the result of the
comparison.
Operand Data Type DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-377 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Global /O GX 0-1777 - 0-2777 -
Constant K -- 1-32 -- 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.

DirectSOFT
Location Constant
X1 Load the value of the C13|C12[C11[C10
I I LDF » c10 ?g?giji(e:?;)i?ﬁ{gﬁéocaﬁons |C10 | |K4 | ofFfF| oN | oN | OFF
accumulator The unused accumulator
, bits are set to zero /
CMPF Y20 | ator wih the value T
K4 of the specified discrete Acc.l 0 | 0 | 0 | 0 ” 0 | 0 | 0 | 6 |
location (Y20-Y23)
|SP6(|) / OCS?I_ Y23|Y22| Y21| Y20 Corcvﬁ)t?]recj
(2]
| | \ ) ON| ON| ON [ OFF

5 —_—
-948 Handheld Programmer Keystrokes
]
-gg [ s |[xmv ][ 1+ |[«—]

[72]
((/)*EE [ w |[seer ]| F J[swer || ¢ || 1 ]| o |[keowm]| 4 ]

— [ owp |[ sorr || F ][ swer [[voun]| 2 || o |[keow]| 4 |[e—]

o Lsm |[see][ 6 J[ o [[«—]

Lour |[[eem ][ s J[ o [[«]
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Standard RLL Instructions
Accumulator Logic Instructions

Compare with The Compare with Stack instruction is a
Stack 32-bit instruction that compares the value CMPS
(CMPS) in the accumulator with the value in the
first level of the accumulator stack.
430 440 450 The corresponding status flag will be turned on indicating the result of the
comparison. This does not affect the value in the accumulator.
HPP
DS 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 valueinV1410and V1411 is
See_ Er_rata She_et _at the loaded into the accumulator using the Load Double instruction. The value that was
beginning of this file. The | |5aded into the accumulator from V1400 and V1401 is placed on top of the stack
descriptions in this table | when the second Load instruction is executed. The value in the accumulator is
have been updated. 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.

DirectSOFT V1401 V1400
Al Loag the vaue 1 V1400 o ofelofoflals]e]s]
[ V1400 | |
i LD CIC ENEIENEY
V1410
in the first level of the |5|5|O|0”3|5|4|4|
accumulator stack l l
SP60 C30
| | /OUT) ACC.|5|5|O|O||3|5|4|4|
[ \ —_—
Compared
with
Handheld Programmer Keystrokes Top of
Stack
[ s |[xewm || 1 ][]
Lw J[swer ][ o J[swer [PV [ « J[ 4 [ o [ o |[[«—]
Lw J[swer ][ o J[swer [PV [ « J[ 4 [ + |J[ o |[«]
[ o |[sHrT || s ][]
[ sr|[spe || 6 || o |[e—]
Lour J[eem ][ s |[ o |[«]

X
=
=2
25
Sa
o8
&g
o
=]
7
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Text Box
See Errata Sheet at the beginning of this file. The descriptions in this table have been updated.
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Standard RLL Instructions
Accumulator Logic Instructions

Compare Real The Compare Real Number instruction
Number compares a real number value in the
(CMPR) accumulator with two consecutive V-
memory locations containing a real ____|CMPR
430 440 450 number. The corresponding status flag will Aaaa
be turngd on indicating the result of ‘Fhe
DS HPP comparison. Both numbers  being
compared are 32 bits long.
Operand Data Type DL450 Range
A aaa
V-memory \ All (See p. 3-42)
Pointer P All (See p. 3-42)
Constant R -3.402823E+038 to
+ -3.402823E+038

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 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.

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 SP62).

DirectSOFT
IX1I LDR ?g;?riéréﬁtﬁ%nn?orrgzzimal 7
R7.0 into the accumulator. Acc.l . |O |E |O ” 0 |O |O |O |
CMPR Compare the value with }he l l
R6.0 ;eal(jnumbeer representation
' ereeeme cwer 4]0 [po][ofo]o]o]
S|P6|2 / C1
|1 —(our )
Handheld Programmer Keystrokes
[ s [[xamy ][ 1+ |[ w |[swer ][ o [ swrr || «—]
(2]
S (keow| [ 4 |[ o [[ e J[ o J[ o J[ o J[ o J[ o |[«]
TE [ omp |[ sorT || R || shrr |
© S
i3> [keow| [ 4 |[ o [[ o J[ o J[ o J[ o J[ o J[ o |[«]
8c [ str |[[seec ] 6 |[ o |[«—]
- Lour [[eem|[ s [[ o || |
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Standard RLL Instructions

5-87

Math Instructions

Math Instructions

Add
(ADD)

430 440 450

DS HPP

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

resides in the accumulator.

ADD
Aaaa

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

V-memory

All (See p. 3-40)

All (See p. 3-41)

All (See p. 3-42)

Pointer

All (See p. 3-40)

All (See p. 3-41)

All (See p. 3-42)

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 X1 is on, the value in V1400 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 V1420 using the Add instruction. The value in
the accumulator is copied to V1500 using the Out instruction.

DirectSOFT

X1

—

Handheld Programmer Keystrokes

[ sm |[[xm ][ 1+ |[<—]

Lw vl o« JL s JL o ] |[—]
Leo [V [+ J[ 4 J[ 2 [ |[—]
Lour [V [+ J[ s J[ o [ |[—]

V1400
4 3|5
LD Load the value in V1400 into the .n..
V1400 lower 16 bits of the accumulator
The unused accumulator
bits are set to zero —_———
0 0 0 0 4 9 3 5 (Accumulator)
Add the value in the lower
ADD 16 bits of the accumulator 2 5 0 0 (V1420)
V1420 with the value in V1420
Ace.
ouT Copy the value in the lower 16 J
bits of the accumulator to V1500
V1500

V1500

By
=
Co
7S
go_
o2
=g
o
>
7,
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Standard RLL Instructions
Math Instructions

5-88

Add Double Add Double is a 32 bit instruction that adds
(ADDD) the BCD value in the accumulator with a
BCD valge (Aaaa), which is _either two
430 440 450 consecutive V-memory locations or an ____|ADDD
8—d_|g|t (_max.) BCD constant. The result Aaaa
resides in the accumulator.
DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-99999999 0-99999999 0-99999999
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.

Inthe 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 added with the value in V1420 and V1421 using the Add Double
instruction. The value in the accumulator is copied to V1500 and V1501 using the
Out Double instruction.

DirectSOFT V1401 V1

400
xi lel7]e]e]ls[o]2]¢]

T o
L

Load the value in V1400 and
V1401 into the accumulator

6 7 3 5 0 2 6 (Accumulator)
ADDD + 2 0 0 0 4 0 4 6 (V1421 andV1420)
V1420 acc[8[7[3 o] 9]o]7]2]
Add the value in the
gccumulator with the value l l
in V1420 and V1421
o Il
5
- V1501 V1500
Copy the value in the
accumulator to V1500
o and V1501
g Handheld Programmer Keystrokes
g"{‘;) [ str |[[xan || 1 ][]
=k Lw J[swer ][ o J[swer|[Fv ] 1+ J[ & J[ o J[ o |[[«—]
(‘Dﬂf Laoo J[swer ][ o Jlswer v f[ 1+ J[ & |[ 2 |[ o |[[«—]
= Lour J[swer ][ o J[swer v f[ 1+ J[ s |[ o |[ o |[[«—]
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Standard RLL Instructions

Math Instructions

Add Real Add Real is a 32-bitinstruction that adds a
(ADDR) real number, which is either two
consecutive V-memory locations or a ADDR
430 440 450 32-bit constant, to a real number in the T Aaaa
accumulator. Both numbers must conform
DS  HPP to the IEEE floating point format. The
result is a 32-bit real number that resides
in the accumulator.
Operand Data Type DL450 Range
A aaa
V-memory \% All (See p. 3-42)
Pointer P All V. mem (See p. 3-42)
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 a valid 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.
9999 SP75 On when a real number instruction is executed and a non-real number was
ﬁg encountered.
NOTE: Status flags are valid only until another instruction uses the same flag.
DirectSOFT
| ) on [4]o[efo]fofo]o]o]
I R7.0

|

Load the real number 7.0

into the accumulator — T T
7 (decimal) 4 0 E O 0 0 O (Accumulator)
+ 15 + 4 7 0 0 0 (ADDR)
2 2 Accla[1]Bo]o]o]o]0]
ADDR
R15.0

V1401
[a]1]B]o]o]o]o]o] Hexnumben

V1400

Add the real number 15.0 to
the accumulator contents,
which is in real number

format.
8 42 1|8 42 1|8 42 1|8 4 2 1|[8 42 1|8 4 2 1|8 42 1|8 4 21
OUTDV1400 acc.| o] 1]ofolofofo|1]1]o]1][1]o]o]o]0][o]o]o]o]o]o]o]o]o]o]0]o]0]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
131 -127 =4

1.011 x 2 (exp 4) = 10110. binary= 22 decimal

NOTE: If the value being added to a real number is 16,777,216 times smaller
than the real number, the calculation will not work.

%]
=
Q
>
Q
)
=
o

8 Y]
—
—
>
(7]
=
=
c
Q
=4
o
>
(7]

NOTE: The current HPP does not support real number entry with automatic
conversion to the 32-bit IEEE format. You must use DirectSOFT for this feature.
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Standard RLL Instructions
Math Instructions

»
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|
o

Subtract Subtract is a 16 bit instruction that
(SUB) subtracts the BCD value (Aaaa) in a
V-memory location from the BCD value in
430 440 450 the lower 16 bits of the accumulator The ___|suB
result resides in the accumulator. Aaaa
DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

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: 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 subtracted from the
value inthe accumulator using the Subtract instruction. The value in the accumulator
is copied to V1500 using the Out instruction.

DirectSOFT V1400
" _ L[]

|

[ V1400
Load the value in V1400 The unused accumulator
into the lower 16 bits of bits are set to zero —_—
the accumulator 0 0 0 0 2 4 7 5 (Accumulator)

SUB — 1.5 9 2 (V1420)
V1420

Subtract the value in V1420
from the value in the lower
16 bits of the accumulator

ouT

V1500

Copy the value in the lower 16
bits of the accumulator to V1500

Handheld Programmer Keystrokes

e, [o]e e ]3]

[ s |[[xeny || 1 ][]

Lw [Ev Il « JL s J[ o J[ o J[«]
Lsws [V [ + J[ 4 J[ 2 J[ o [[«]
Lour [V [+ J[ s J[ o J[ o J[«]
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Standard RLL Instructions
Math Instructions

Subtract Double Subtract Double is a 32 bit instruction that
(SUBD) subtracts the BCD value (Aaaa), which is
eithe_r two consgc_utive V-memory
430 440 450 locations or an 8-digit (max.) constant, ___|suBD
from the BCD value in the accumulator. Aaaa
The result resides in the accumulator.
DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-99999999 0-99999999 0-99999999
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: Status flags are valid only until another instruction uses the same flag.

Inthe 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 subtracted from the value in the accumulator. The value in the accumulator
is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT V1401 V1400
xi lof1[o]efs]2]7]4]

_| I P V1400
|

Load the value in V1400 and
V1401 into the accumulator

0 1 0 3 2 7 4 (Accumulator)

— 6 7 2 3 7 5 (V1421 andV1420)

SuUBD
V1420 acc. [o]o[3]a][o]8]o]9]
The value in V1420 and l l
V1421 is subtracted from the
value in the accumulator
ouTD [o]o]s]o][o]8]o]e]
V1500 V1501 V1500

Copy the value in the
accumulator to V1500

and V1501

Handheld Programmer Keystrokes y)

[ s |[[xeny || 1 ][] FC/)

Lw J[swer ][ o J[swer V[ + J[ & J[ o J[ o |[«=] )
—

Lsus |[swer || o J[swerJlEVv [ + [ & |[ 2 J[ o J[«=] cg

Lour J[swer || o J[swerJEV [ + J[ s |[ o J[ o |[«=] Zd
>
(7]
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Standard RLL Instructions
Math Instructions

Subtract Real The Subtract Real is a 32-bit instruction
(SUBR) that subtracts a real number, which is
either two consecutive V-memory SUBR
430 440 450 locations or a 32-bit constant, from a real ] Aaaa
number in the accumulator. Both numbers
DS  HPP must conform to the IEEE floating point

format. The result is a 32-bit real number

that resides in the accumulator.

Operand Data Type DL450 Range

A aaa

V-memory \% All (See p. 3-42)

Pointer P All V. mem (See p. 3-42)

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 a valid 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.

9999 SP75 On when a real number instruction is executed and a non-real number was

ﬁg encountered.

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

DirectSOFT
xi o [4]1]s]o]lofo]o]o]
— | R22.0 l l
Load the real number 22.0
i h I 8 - T
into the accumulator 2 2 (decimal) 4 1 B 0 0 0 0O O (Accumulator)
-1 5 +4 1 7 0 0 0 0 0 (SUBR)
7 Accla]o]Eo]o]o]o]o]
SUBR
R15.0 V1401 V1400
Subtract the real number | 4 | 0 | E | 0 " 0 | 0 | 0 | 0 | (Hex number)
15.0 from the accumulator
contents, which is in real
number format. % \\\\
Real 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
OUTDV1400 Acc. 0|1|0|0 0|o|o|o 1|1|1|o o|o|o|o 0|0|0|0 0|o|o|o o|o|o|o o|o|o|o
Copy the result in the accumulator /
to V1400 and V1401. Sign Bit Mantissa (23 bits)
128 + 1 =129 1.11 x 2 (exp 2) = 111. binary= 7 decimal
129 - 127 =2

»
c
kel
i3]
© D
Tis
cw _
Ic Implies 2 (exp 2)
w_

_

o

NOTE: The current HPP does not support real number entry with automatic
conversion to the 32-bit IEEE format. You must use DirectSOFT for this feature.
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Standard RLL Instructions
Math Instructions

Multiply Multiply is a 16 bit instruction that
(MUL) multiplies the BCD value (Aaaa), which is
either a V-memory location or a 4.—digit MUL
430 440 450 (max.) constant, by the BCD value in the ] Aaaa
?a;l:]eé ; 6ub|t? of the accumulator The result
oS pp p to 8 digits and resides in the
accumulator.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-9999 0-9999 0-9999
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 value in V1400 will be loaded into the
accumulator using the Load instruction. The value in V1420 is multiplied by the value
in the accumulator. The value in the accumulator is copied to V1500 and V1501
using the Out Double instruction.

DirectSOFT V1400
- [Tolo[o]
— | V1400 l
. The unused accumulator
s arssotozo0
the accumulator 000 0 1 0 0 0 (Accumulator)
X 2 5 (V1420)
MuUL
V1420 Ace. [0]o]o]2][s]o]o]0]
The value in V1420 is l l
multiplied by the value in
the accumulator
Lofofof2][s]o]o]o]
OuTD
V1500 V1501 V1500
Copy the value in the
accumulator to V1500
and V1501
Handheld Programmer Keystrokes
[ s |[[xeny || 1 ][]
Lw JEVL o+ JL & J[ o J[ o J[«]
Lo JEVL o+ J[ & J[ 2 J[ o J[e]
Lour J[swer ][ o [[swer|[Fv [ 1+ J[ s J[ o |[ o |[[«]

By
=
Co
7S
go_
o2
=g
o
>
7,
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m Standard RLL Instructions
Math Instructions

Multiply Double Multiply Double is a 32 bit instruction that

(MULD) multiplies the 8-digit BCD value in the

accumulator by the 8-digit BCD value in

430 440 450 the two consecutive V-memory locations MULD
specified in the instruction. The lower 8 ] Aaaa
DS HPP digits of the results reside in the

accumulator. Upper digits of the result
reside in the accumulator stack.

Operand Data Type DL450 Range
A aaa
V-memory \% All (See p. 3-42)
Pointer P --
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
number is stored in V1400 and V1401. After loading the constant K2 into the
accumulator, we multiply it times 12345678, which is 24691356.

DirectSOFT 1 2 3 4 5 6 7 8 (Accumulator)

X1| LDD Load the hex equivalent l l

— | of 12345678 decimal into
Kbc614e the accumulator.

BCD Convert the value to V1401 V1400

BCD format. It wil [1]2]3]4]5]e]7]8]
occupy eight BCD digits
(32 bits).

ouTD Output the number to X 2 (Accumulator)
V1400 and V1401 using
V1400 the OUTD instruction. Ace. [2]4e o1 ]3]s5]6]

LD Load the constant K2
Ko into the accumulator.

2|4 1
MULD Muliipl)t/ trg)icctjhmulator | | | 6 | ° ” | 3 | 5 | 6 |
contents y the
V1400 8-digit number in V1400 V1403 V1500
and V1401.

ouTD Move the result in the
accumulator to V1402
V1402 and V1403 using the
OUTD instruction.

Handheld Programmer Keystrokes

) [ s [[xam ][ 1+ |J[«—]] w |[swrr ][ b || surr]
c
'D'*(—'_D [keon]| | sver [ e [ con || 6 [ 1 [ 4 || em |[e—]| Boo || «—]
gé’ Lour J[swer|[ o J[swer[Ev ][ « J[ & J[ o J[ o |[«=]
(%?:') [ o |[keon]|[ 2 J[e—][ mu |[swrr ][ Db ]
n Cvdl « JL e JL o J[L o J[e]
d
o Lour J[swer|[ o [swer [TV ][ « [l & J[ o J[ 2 |[«=]
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Standard RLL Instructions
Math Instructions

Multiply Real The Multiply Real instruction multiplies a
(MULR) real number in the accumulator with either
areal constantor areal number occupying MULR
430 440 450 two consecutive V-memory locations. The — Aaaa
7 % result resides in the accumulator. Both
numbers must conform to the IEEE
floating point format.

Operand Data Type DL450 Range
A aaa

V-memory \% All (See p. 3-42)

Pointer P All (See p. 3-42)

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 a valid 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.

39995 SP75 On when a real number instruction is executed and a non-real number was

ﬁ g encountered.

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

DirectSOFT

xi [4]o]efo]lofo]o o]

" o
L

Load the real number 7.0
into the accumulator.

7 (decimal) 4 0 E 0 0 0O O O (Accumulator)
x 1 5 +4 1 7 0 0 0 0 0O (MULR)
10 5 ace[4]2[p2]o]o]o]o]
MULR
R15.0 V1401 V1400
Multiply the accumulator | 4 | 2 | D | 2 " 0 | 0 | 0 | 0 | (Hex number)

contents by the real number
15.0
Real Value

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

OUTDV1400 acc.| o] 1]ofolofo|1]o|1]1]o]1]o]o][1]0][0]o]o]o]o]o]o]o]o]o]o]0]0]0]0]0
Copy the result in the accumulator . / / . .
to V1400 and V1401. Sign Bit Exponent (8 bits) Mantissa (23 bits)
128 +4+1 =133 1.101001 x 2 (exp 6) = 1101001. binary= 105 decimal
133-127=6

Implies 2 (exp 6)

92}
—
Q
>
[@F
[
=
o

8 Y]
=
—
>
(7]
=
=
c
Q
=4
o
>
(7]

NOTE: The current HPP does not support real number entry with automatic
conversion to the 32-bit IEEE format. You must use DirectSOFT for this feature.
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Standard RLL Instructions
Math Instructions

Divide
(DIV)
Y[ 7] /]

430 440 450
DS HPP

»
c
.0
S
AT
®© >
o~
c»
© C
;s c
N _
|
o

Divide is a 16 bit instruction that divides
the BCD value in the 32-bit accumulator
by a BCD value (Aaaa), which is either a

V-memory location or a 4-digit (max.) DIV
constant. The first part of the quotient ] Aaaa
resides in the accumulator and the
remainder resides in the first stack
location.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All V. mem (See p. 3-42)
Constant K 0-9999 0-9999 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: 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 the accumulator will be divided
by the value in V1420 using the Divide instruction. The value in the accumulator is

copied to V1500 using the Out instruction.

DirectSOFT

DIV

V1400

[s]o]o]o]

><1I LD
l 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 5 0 0 0 (Accumulator)

5 0 (V1420)

V1420

The value in the accumulator is
divided by the value in V1420

ouT
V1500

Copy the value in the lower 16
bits of the accumulator to V1500

Handheld Programmer Keystrokes

Ace. | [1]0]0]

[o]ofofoflo]ofe]e]

[ s |[[xewy || 1 ][]

Lw J[Ev Il « JL s J[ o J[ o J[«]
Lov [Ev [« J[a J[ 2 J[ o J[«]
Lour [V [+ J[ s J[ o J[ o J[«]

First stack location contains
the remainder
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Standard RLL Instructions 5 - 97
Math Instructions

Divide Double Divide Double is a 32 bit instruction that
(DIVD) divides the BCD value in the accumulator
by a BCD value (Aaaa), which must be
430 440 450 obtained from two consecutive V-memory ___|pbivD
locations. (You cannot use a constant as Aaaa
the parameter in the box.) The first part of
the quotient resides in the accumulator
and the remainder resides in the first stack

location.
Operand Data Type DL440 Range DL450 Range
A aaa aaa
V-memory \% All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-41) All (See p. 3-42)
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: 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 and the
remainder resides in the first stack location. The value in the accumulator is copied
to V1500 and V1501 using the Out Double instruction.

DirectSOFT V1401 V1400
. LoD Lofr]s[o]fofofo]o]
— | V1400
Load the value in V1400 and The unused accumulator l l
V1401 into the accumulator bits are set to zero
01 5 0 0 0 0 0 (Accumulator)
DIVD =~ 0 0 0 0 0 0 5 0 (V1421 andV1420)
V1420
acc.[0fofo]sfloJofofo] [ofoofoffofofo]o]
The value in the accumulator First stack location contains
is divided by the value in the remainder
V1420 and V1421
OuUTD
V1500 lofofofs]fofofofo]
Copy the value in the V1501 V1500
accumulator to V1500
and V1501
Handheld Programmer Keystrokes By
Lsm J[xmv ][ 1+ |[«—] o
Lw J[swer|[ o J[swer [TV [ « J[ 4 J[ o J[ o J[«=] )
—
Lov [[swer|[ o J[swer J[EV [ « J[ 4 J[ 2 J[ o J[«=] c g
Lour J[swer [ o J[swer J[TV [ « J[ s J[ o J[ o J[] %3
3
(2}
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Standard RLL Instructions
Math Instructions

Divide Real The Divide Real instruction divides a real
(DIVR) number in the accumulator by either areal
constant or a real number occupying two DIVR
430 440 450 consecutive V-memory locations. The — Aaaa
result resides in the accumulator. Both
DS HPP numbers must conform to the IEEE
floating point format.
Operand Data Type DL450 Range
A aaa
V-memory \% All (See p. 3-42)
Pointer P All (See p. 3-42)
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 a valid 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.
39995 SP75 On when a real number instruction is executed and a non-real number was
ﬁg encountered.
NOTE: Status flags are valid only until another instruction uses the same flag.
DirectSOFT
A on L]+ [7]o]fofo]o]o]
I R15.0
Load the real number 15.0 l l
into the accumulator.
1 5 (decimal) 4 1 7 0 0 0 0O O (Accumulator)
+1 0 +4 1 2 0 0 0 0 0 (DIVR)
1.5 ace[3[F[clo]oo]o]o]
DIVR
R10.0 V1401 V1400
Divide the accumulator contents | 3 | F |C | 0 " 0 | 0 | 0 | 0 | (Hex number)

by the real number 10.0.
%al v\\\\

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

OUTDV1400 Acc.0|0|1|1 1|1|1|1 1|1|o|o o|o|o|o 0|0|0|0 0|o|o|o o|o|o|o o|o|o|o
Copy the result in the accumulator /
to V1400 and V1401. Sign Bit xpanert (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)

1)
C
.0
=
AT
© D
o~
(e ]
© C
LR
w_
.
's

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

Math Instructions

Add Binary Add Binary is a 16 bit instruction that adds
(ADDB) the binary value in the lower 16 bits of the
accumulator with a binary value (Aaaa), | ADDB
430 440 450 which is either a V-memory location or a Aaaa
g) _6-bit constant. 'I_'he result can be up to 32
DS APP its and resides in the accumulator.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All V. mem (See p. 3-41) All V. mem (See p. 3-42)
Constant K 0-FFFF 0-FFFF 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 a 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 (constant) 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 OUTD instruction.

DirectSOFT Use either
V-memory OR Constant
< LD LD
l V1400 K2565
V1400
Load the value in V1400 into the
lower 16 bits of the accumulator BIN nn
ADDB The unused accumulator l
V1420 bits are set to zero —_—

0 0 0 0 O A 0O 5 (Accumulator)
The binary value in the

accumulator is added to the + 1 2 C 4 (V1420)
binary value in V1420
ace. 1 ]cfe o]
OuTD
V1500 J

Copy the value in the lower
16 bits of the accumulator to
V1500 and V1501

[1]c]c]s]

Handheld Programmer Keystrokes V1500 -

[ s |[[xewy || 1 ][] FC/)

Lw v [+ J[ s J[ o J[ o J[«] o8
5

Laoo |[swer ][ & J[swer [ v || 1 J[ 4 J[ 2 J[ o |[«] =1

[ our |[sorr || o J[swer [ v ]| 1 ]| 5 J[ o ]| o |J[e] &3
S
»
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Standard RLL Instructions
Math Instructions

Add Binary Double Add Binary Double is a 32 bit instruction

(ADDBD) that adds the binary value in the

X L1 gccu_mulatorwr[h the valug (Aaaa), which

is either two consecutive V-memory ADDBD
locations or an 8-digit (max.) binary Aaaa

constant. The result resides in the
accumulator.

Operand Data Type DL440 Range DL450 Range
A aaa aaa
V-memory \% All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-41) All V. mem (See p. 3-42)
Constant K 0-FFFFFFFF 0-FFFFFFFF
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 a 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 (constant)
will be loaded into the accumulator using the LDD instruction. The binary value inthe
accumulator is added with the binary value in V1420 and V1421 using the ADDBD
instruction. The value in the accumulator is copied to V1500 and V1501 using the
OUTD instruction.

DirectSOFT Use either
/VAmemory OR Constant

X \
9
_| | LDD LDD
l V1400 K2561
Load the value in V1400 and
V1401 into the accumulator
BIN
—————————— V1401 V1400

1 4
lofofofo]lo]afo]1]

ADDBD

|

The binary value in the
accumulator is added with the Accumulator
value in V1420 and V1421 0000 0AO 1 )

+ 1 0 0 0 C 0 1 0 (V1421 andV1420)

OUTDV1500 ace. [1JoJoJo[cTal1]1]
(é) Copy the value in the l l
(@] accumulator to V1500
-E% and V1501
© > Handheld Programmer Keystrokes |1 |0|0|0||C|A|1 |T|
TS
(%(é) | STR || X(IN) || 1 || (—ll V1501 V1500
]
9 Lw [[swer|[ o [lswer [V [ + J[ 4 J[ o [[ o [[«]
o Laoo [[swer|[ 8 [[ o [[swrr W [ + [[ 4 |[ 2 [ o |[[«—]
Lour [ swer|[ o [[swer |[[Tv [ « J[ 5 |[ o [[ o |[«—]
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Standard RLL Instructions
Math Instructions

Subtract Binary
(SUBB)

Subtract Binary is a 16 bit instruction that
subtracts the binary value (Aaaa), which is
either a V-memory location or a 4-digit

430 440 450 (max.) binary constant, from the binary SUBB
value in the accumulator. The result ] Aaaa
DS  HPP resides in the accumulator.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 0-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 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.

DirectSOFT Use either
V-memory OR Constant
><1I LD LD
| V1400 K1024
Load the value in V1400 into the
lower 16 bits of the accumulator
BIN
__________ V1400
suss [ [o]2]4]
V1420
The binary value in V1420 is
subtracted from the value in The unused accumulator
the accumulator bits are set to zero —_—

0 0 0 0 1 0 2 4 (Accumulator)

ouT — 0 A 0 B (V1420

V1500 Acc. nﬂn

Copy the value in the lower 16 J

bits of the accumulator to V1500

By
—
I
Handheld Programmer Keystrokes nnﬂ Sge
[ s |[xm || 1 |[e—] V1500 aS
5a
Lw JEVAL o+ JL & J[ o J[ o J[«] So
—~
Lsus [[swrr ][ 8 [[swer oW f[ 1 J[ & |[ 2 |[ o |[[«—] ol
3
Lour JEEV L + J[ s J[ o J[ o |J[«] Z
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Standard RLL Instructions
Math Instructions

Subtract Binary Subtract Binary Double is a 32 bit
Double instruction that subtracts the binary value
(SUBBD) (Aaaa), which is either two consecutive V-
memory locations or an 8-digit (max.) ____|suBBD
430 440 450 binary constant, from the binary value in Aaaa
the accumulator. The result resides in the
DS HPP accumulator.
Operand Data Type DL440 Range DL450 Range
A aaa aaa
V-memory \% All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-42) All (See p. 3-42)
Constant K 0-FFFFFFFF 0-FFFFFFFF
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.

Inthe 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.

DirectSOFT Use either
/V—memory OR Constant
X1
| LDD LDD
— | V1400 K393471
Load the value in V1400 and
V1401 into the accumulator BIN
V1401 V1400
SUBBD FlE
[oTo[o [e][oTo [ [F]
The binary value in V1420 and l l
V1421 is subtracted from the
binary value in the accumulator
0 6 0 0 F F (Accumulator)
OouTD — 0 0 0 0 1 A 0 1 (V1421 andV1420)
V1500 Ace. [oJoJos|[eJe [F[E]
Copy the value in the
accumulator to V1500 l l
(2] and V1501
c
9
T Handheld Programmer Keystrokes |O |0 |O | 5 ” E | 6 |F | E |
© 3
-g_g | STR || X(IN) || 1 || — | V1501 V1500
(‘Dﬂf Lw Jlswer][ o J[swer|[Fv ] 1+ J[ 4 J[ o |[[ o |[[«]
- Lsus J[swrr ][ 8 J[ o Jlewr v f[ « J[ 4 [[ 2 J[ o [[«]
o
Lour J[swer ][ o J[swer|[ov [ 1+ J[ s |[ o |[ o |[[«—]
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Standard RLL Instructions
Math Instructions

Multiply Binary
(MULB)

430 440 450

DS HPP

Multiply Binary is a 16 bit instruction that

multiplies the binary value (Aaaa), which

is either a V-memory location or a 4-digit __ (Mus

(max.) binary constant, by the binary value Aaaa

in the accumulator. The result can be up to

32 bits and resides in the accumulator.
Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa

V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 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.

DirectSOFT

X1

—

Use either
V-memory OR Constant

/

LD LDD
V1400 K2561

Load the value in V1400 into the
lower 16 bits of the accumulator

BIN

V1400

MuULB
vis20 [ofafo]1]

The binary value in V1420 is
multiplied by the binary
value in the accumulator The unused accumulator
bits are set to zero —_———

Copy the value in the lower

0 00 0 O A 0 1 (Accumulator)
OuUTD

V1500 X 0 0 2 E (V1420)

ace. [0]o]o]1][c[c]z]e]

V1500 and V1501

16 bits of the accumulator to l l

Handheld Programmer Keystrokes

lofofofr]lcfc]z]¢]

str | [ xaN

L =]

| V1501 V1500 oy}
Lw [Ev ]l « J[ 4 J[ o J[ o |[[«] Fm
Lmo J[swer|[ 8 [[swer v f[ « |[ 4 [[ 2 J[ o [[«] =Ry
(28
Lour J[ s |[ o [[swr v ][ « J[ 5 [[ o J[ o |[«] cg
o5
=Yool
@]
S
7]
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Standard RLL Instructions
Math Instructions

Divide Binary

Divide Binary is a 16 bit instruction that

(DIVB) divides the binary value in the
accumulator by a binary value (Aaaa),
430 440 450 which is either a V-memory location or a DIVB
16-bit (max.) binary constant. The first ] Aaaa
DS HPP part of the quotient resides in the
accumulator and the remainder resides in
the first stack location.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 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.

DirectSOFT
Use either
V-memory OR Constant

// ~

X1
| LD LDD
_| | V1400 K64001
Load the value in V1400 into the
lower 16 bits of the accumulator
BIN
V1400
P V1420 n
The binary value in the l
accumulator is divided by
the binary value in V1420 Jhe unusea aceumulator
its are set to zero —
0 0 0 0 F A 0 1 (Accumulator)
out Viso0 + 0 0 5 0 (V1420)
Copy the value in the lower 16 Acc.|0|3|2|0| |O|O|O|O”O|O|O|O|
E’:) bits of the accumulator to V1500 First stack location contains
9 J the remainder
g 4(;) Handheld Programmer Keystrokes
T E lo[3]2]o]
c® [ s |[[xewy || 1 ][]
Jops V1500
Z Low JEVIL + JL & J[ o J[ o J[e]
o Lov [[swer ][ 8 J[swer [PV ] 1+ J[ & J[ 2 J[ o |[[«—]
Lour JEEV [+ J[ s J[ o J[ o J[«]
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Standard RLL Instructions
Math Instructions

Add Formatted Add Formatted is a 32 bit instruction that

(ADDF) adds the BCD value in the accumulator

with the BCD value (Aaaa) which is a ADDF  Aaaa

430 440 450 range of discrete bits. The specified range | K bbb
(Kbbb) can be 1 to 32 consecutive bits.

The result resides in the accumulator.

Operand Data Type DL440 Range DL450 Range

A aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-377 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Gilobal /0 GX 0-1777 - 0-2777 -
Constant K -- 1-32 -- 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 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-X8 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.

DirectSOFT X3 ] x2 | x4 | xo
| 0| Lot vl eproseicd
K4 into the accumulator
The unused accumulator l
bits are set to zero
ADDF co Add the value inthe 0 0 0 0 0 0 0 8 (Accumulator) c3lcelci|co
K4 ?gsfe?gﬁte%rwzigﬁe\glue + 3 (Co-c3) — |OFF|OFF| ON| ON
location C0-C3
Ace. [o]oo]o]o]o]1]1]
K5 locations Y10-Y14 Y]
=
IS Tw
Handheld Programmer Keystrokes Talvialviilvio c%g)"
Lsm [[xm][ s |[«—] oFf| oFF] oFF| oN é"%
L w [[swer|[ F |[swer [[xm ][ o [[keow|[ 4 [[«—] 238
[ aop |[ seer || F ][ swer |[[cem || o |[keom]|[ 4 |[e—] %
[ our |[serr || F ][ swer [[voun]| 1 || o |[keow]| 4 ][]
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Standard RLL Instructions
Math Instructions
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Subtract Formatted Subtract Formatted is a 32 bit instruction
that subtracts the BCD value (Aaaa),
which is a range of discrete bits, from the

x 2
i
<

B
(4]
o
B
Y
o
iy
a
o

<
<

=}
(72}
X
o
o

BCD value in the accumulator. The SUBF  Aaaa
specified range (Kbbb) can be 1 to 32 ] K bbb
consecutive bits. The result resides in the
accumulator.
Operand Data Type DL440 Range DL450 Range
A aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-377 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Global /O GX 0-1777 - 0-2777 -
Constant K -- 1-32 -- 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 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-X8 is loaded into the accumulator using the Load Formatted instruction. The
value formed by discrete location CO-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.

X3 | X2 [ X1 [ X0
ON | OFF| OFF| ON

E P ——

The unused accumulator l

0 0 0 9

(Accumulator)

C3

Cc2

Ci

Co

8 (C0-C3) —

acc.[oJofo]o]o]o]o]1]

DirectSOFT
X6 Load the value represented
| LDF X0 ; . "
— o | Essb e
bits are set to zero
SUBF co Subtract the value 0 0 0 O
Ka e valds i the aceumustor —
OUTE Y10 Copy the lower 4 bits of the
accumulator to discrete
K4 locations Y10-Y13
Handheld Programmer Keystrokes
Lsm x| 6 |[—]
[ w |[serr || F [ swer [ xan || o |[keom][ 4 ][]
[ suer |[ sorr || F || swer |[[cem || o |[keom]|[ 4 ][]
[ our |[serr || F [ swer [[voun]| 1 ]| o |[keow]| 4 ][]

Y13
OFF

Y12
OFF

Y11
OFF

Y10
ON

ON

OFF

OFF

OFF
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Standard RLL Instructions

Math Instructions

Multiply Formatted Multiply Formatted is a 16 bit instruction
(MULF) that multiplies the BCD value in the
accumulator by the BCD value (Aaaa)
430 440 450 which is a range of discrete bits. The MULF Aaaa
specified range (Kbbb) can be 1 to 16 ] K bbb
DS  HPP consecutive bits. The result resides in the
accumulator.
Operand Data Type DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 - 0-1777 -
Outputs Y 0-477 - 0-1777 -
Control Relays C 0-1777 - 0-3777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-377 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Global /O GX 0-1777 - 0-2777 -
Constant K -- 1-16 -- 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 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-X8 is loaded into the accumulator using the Load Formatted instruction. The
value formed by discrete locations C0-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.

DirectSOFT

8 LDF X0
l K4

X3 | X2 [ X1 [ X0
OFF| OFF| ON | ON

—_—

Load the value represented
by discrete locations X0-X3
into the accumulator

The unused accumulator l
bits are set to zero

Multiply the value in the 0 0 (Accumulator)
MULF co accumulator with the value 000 003 L cslc21Cilco
K4 represented by discrete X 2 (C0-C3) OFF| OFF| ON |OFF

locations C0-C3

Ace.[o]oo]o]o]o]o]s]

Copy the lower 4 bits of the

OUTF Y10 accumulator to discrete y)
K4 locations Y10-Y13 —
. Tw
Handheld Programmer Keystrokes 55)"
v13[ v12] v11] v10 Q5
Lsm |[[xm][ & [[«—] oFr] on] on[oFF cg
[ w |[swer [ F [[ st [ xam ][ o |[keon]| 2 |[e—] &3
o
[ mo |[swer [[ F |[swrr|[ecem || o |[keom]| 4 |[e—] 2
[ our |[swer [[ F |[ swrr |[voun]| 1 || o |[keom][ 4 |[e—]
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Standard RLL Instructions
Math Instructions
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Divide Formatted

(DIVF)
430 440 450

DS

<

HP

o

DirectSOFT

Divide Formatted is a 16 bitinstruction that
divides the BCD value in the accumulator
by the BCD value (Aaaa), a range of
discrete bits. The specified range (Kbbb) DIVF Aaaa
can be 1 to 16 consecutive bits. The first K bbb
part of the quotient resides in the
accumulator and the remainder resides in
the first stack location.

Operand Data Type DL440 Range DL450 Range

A/B aaa bbb aaa bbb
Inputs X 0-477 - 0-477 -
Outputs Y 0-477 - 0-477 -
Control Relays C 0-1777 - 0-1777 -
Stage Bits S 0-1777 - 0-1777 -
Timer Bits T 0-377 -- 0-377 --
Counter Bits CT 0-177 -- 0-177 --
Special Relays SP 0-137 320-717 - 0-137 320-717 -
Gilobal /0 GX 0-1777 - 0-1777 -
Constant K -- 1-16 -- 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 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-X8 is loaded into the accumulator using the Load Formatted instruction. The
value in the accumulator is divided by the value formed by discrete location C0-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.

X3 | X2 [ X1 [ X0

X6 LDF X0 Load the value represented ON | OFF| OFF| OFF
_| | by discrete locations X0-X3 —_—_—
I K4 into the accumulator
The unused accumulator l
bits are set to zero N
DIVE Co| Divide the value in the 000 0 0 0 0 8 (Accumulator) calcelci|co
w | e e : : croy — [oloronlore
joceion G0-C2 Ace-[0ofofofofofof4] [ofofofofofofo]o]
K4 locations Y10-Y13
Handheld Programmer Keystrokes S —
v13| v12| v11] 10
Lsm [[xm][ s |[«—] orf| on] oFF| oFF
[ w [[swrr ][ F [ swer [[xan || o |[keom]|[ 4 |[<—]
[ ov |[serr || F ][ swer |[[cem || o |[keom]|[ 4 |[<—]
[ our |[ serr || F ][ swer |[voun]| 1 ]| o |[kecow]| 4 |[e—]
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Standard RLL Instructions
Math Instructions

Add Top Add Top of Stack is a 32 bit instruction that
of Stack adds the BCD value in the accumulator
(ADDS) with the BCD value in the first level of the ADDS
accumulator stack. The result resides in ]
430 440 450 the accumulator. The value inthe firstlevel
of the accumulator stack is removed and
DS  HPP 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.
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.
ﬂg NOTE: Status flags are valid only until another instruction uses the same flag.

Inthe 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.

DirectSOFT V1401 V1400 Accumulator
X1 LDD Load the value in V1400 |0 | 0 |3 |9 ” 5 |O |2 |6 | S;?tgtmt LDD
— | V1400 and V1401 into the | |
accumulator — Level1 [X X X X X X X X
acc. [0]0]3]o][s]o]2]6] Level2 [X X X X X X X X
Level3 [X X X X X X X X
V1421 V1420 Level4 | X X X X X X X X
oD , [oJo]1]7][2]o]5]6] Level5 [X X X X X X X X
V1420 Iz;g:d\/trfz\ﬁlﬁsnlﬂmgmzo | | Level6 |X X X X X X X X
accumulator em— —— Level7 | X X X X X X X X
Acc.|0|0|1|7”2|0|5|6| Level8 |[X X X X X X X X
ADDS
Add the value in the
accumulator with the value Acc. | 0 | 0 | S | 6 ” 7 | 0 | 8 | 2 | Accumulator
in the first level of the —_— — stack
accumulator stack after 2nd LDD
l l Levelt [0 O 3 9 5 0 2 6
OuUTD
V1500 Copy the value in the —_— Level2 |[X X X X X X X X
accumulator to V1500 [o]o]s]6][7]o]8]2] Level3 [X X X X X X X X
Handf:?eldsfrl’glgé:mmel’ and V1501 V1501 V1500 Level4 [X X X X X X X X
4 Level5 [X X X X X X X X
Lsr|[xm][ 1 [[«] Level6 [X X X X X X X X
Lw [[seer][ o [[seer [TV ][ + J[ 4 J[ o J[ o J[«~] te:;iiiiiiii oy
eve
Lo |[swer|[ o J[swer|[Tv [ 1+ [[ 4 J[ 2 [[ o |[«—] : Fm
[ aoD |[sHFT || s ][ sHFT|[«—] 55{
Lour [[swer ][ o [[swer [TV [ + J[ s [[ o J[ o J[«] =8
Co
Q=
=0
o
-}
(]
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Standard RLL Instructions
Math Instructions

Subtract Top Subtract Top of Stack is a 32 bit instruction
of Stack that subtracts the BCD value in the first
(SUBS) level of the accumulator stack from the

BCD value in the accumulator. The result SUBS
resides in the accumulator. The value in
the first level of the accumulator stack is
removed and all stack values are moved

430 440 450

<

<

DS HPP
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 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.

Inthe 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.

DirectSOFT V1401 V1400
X1 LoD Load the value in V1400 and lofof1]7][2]o]s]6] Accumulator stack
—| I V1400 V1401 into the accumulator l l after 1st LDD
Level1 [X X X X X X X X
acc.[0]0]1[7][2]o]s 6] Level2 [X X X X X X X X
Level3 [X X X X X X X X
LDD Load the value in V1420 and V1421 V1420 Level4 [X X X X X X X X
V1420 V1421 into the accumulator |O |O |3 |9 ” 5 |O |2 |6 | Levels X X X X X X X X
| | Level6 [X X X X X X X X
|o|0|3|9||5|o|2|a| Level7 [X X X X X X X X
SUBS Subtract the value in the first Aee. Level8 |X X X X X X X X

level of the accumulator
stack from the value in the
accumulator

ace.[0]0]2]2][2]s]7]0]

Accumulator stack
after 2nd LDD

outD (a:(?cpl}/rr::;;l(uarlltjr?\i?1?§0 l l Level1{ |O 0 1 7 2 0 5 6
V1500 and V1501 Level2 |X X X X X X X X
ofof2[2][2]e]7]0] Level3 |X X X X X X X X
" Handheld Programmer Keystrokes V1501 V1500 Levela |X X X X X X X X
5 [ sr |[[xan ][ 1+ |[e—] Level5 [X X X X X X X X
of [ NN e | S [ e =N
S L w J[swr ][ o J{swer v || 1+ J[ 4 J[ 2 J[ o |[«] Levels [X X X X X X X X
Jugs [ sus |[sorT |[ s |[ sHrT |[ e—]
n_
- Lour [ swer ][ o J{swer v || 1 J[ 5 J[ o J[ o |[«=]
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Standard RLL Instructions
Math Instructions

Multiply Top Multiply Top of Stack is a 16 bit instruction
of Stack that multiplies a 4-digit BCD value in the
(MULS) first level of the accumulator stack by a
4-digit BCD value in the accumulator. The _|MmuLs
430 440 450 result resides in the accumulator. The
value in the first level of the accumulator

stack is is removed and all stack values

DS  HPP
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.
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 will be loaded into the
accumulator using the Load instruction. 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 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.

DirectSOFT V1400
X1 Load the value in V1400 into [5[ofo]o] Accumulator stack
_| | LD the accumulator The unused accumulator after 1st LDD
I V1400 bits are set to zero ]
—_—— Level1 | X X X X X X X X
ace.[0]0]0fo][s]ofo]o] Level2 [X X X X X X X X
Level3 | X X X X X X X X
V1420 Level4 | X X X X X X X X
s Load the value in V1420 into [o]2]0]0] Level5 [X X X X X X X X
V1420 the aceumulator [he nused acoumulator | Level6 |X X X X X X X X
Level7 | X X X X X X X X
ace.[0[0]o]o][o]z]o]0] Level8 |X X X X X X X X
MULS gnclgﬂpmlfjltarllzrvx;a\/lin?twetcglue
in the first level of the
accumulator stack AccA|O|1 |0|0||O|0|0|0|
Accumulator stack
after 2nd LDD
ouTD Copy the value in the l l Level 1 00 0 0S5 00O
V1500 :ﬁzu\r/r;tg(a)gortowsoo Level2 [X X X X X X X X
Lof1]o]o]fo]o]o]0] Level3 [X X X X X X X X
Handheld Programmer Keystrokes VisoT V1500 Level4 |X X X X X X X X
Level5 [X X X X X X X X
Lsr |[xm|[ 1+ |[«—] Level6 [X X X X X X X X
Lw BV« JL e J[ o J[ o [[e] Level7 XXX X X X X 1] e
Lw [Ev Il « s J[ 2 J[ o J[«] tovel o
[ moe |[ser [ s || sHFT || «—] S5
(28
Lour |[swer|[ o J[swer][v [ ¢+ J[ 5 |[ o |[ o |[«] cg
9._—1
[=A o}
o
-}
w
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Standard RLL Instructions
Math Instructions

Divide by Top Divide Top of Stack is a 32 bit instruction

of Stack that divides the 8-digit BCD value in the

(DIVS) accumulator by a 4-digit BCD value in the DIVS

first level of the accumulator stack. The —

430 440 450 result resides in the accumulator and the

remainder resides in the first level of the

DS HPP 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 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 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.

DirectSOFT V1400 Accumulator stack
X1 LD Load the value in V1400 into nnn after 1stLDD
_| | the accumulator The unused accumulator Level1 [X X X X X X X X
[ V1400 bits are set to zero l
— Level2 | X X X X X X X X
acc.[0]0]oo][ofo]2]0] Level3 [X X X X X X X X
Level4 [X X X X X X X X
V1421 V1420 Level5 [X X X X X X X X
oD Load the value in V1420 and lofofs]o]lofofo]o] Level6 |X X X X X X X X
V1420 V1421 into the accumulator l l Level7 |X X X X X X X X
Level8 | X X X X X X X X
ace. [0 ]0]5 [0][ofo]o]o]
Accumulator stack
after 2nd LDD
DIVS Divide the value in the ) Level 1 0000002 0
fh°§?i?;?'|2‘v°é|%¥m§“'“e'” ACC-|O|O|O|2”5|O|O|O| Level2 [X X X X X X X X
accumulator stack

Level3 [X X X X X X X X
l l Level4 [X X X X X X X X
Copy e e Loveis [ X X X XX X X
V1500 and V1501 lofofol2][s[o]o]0] Level6 [X X X X X X X X
V1501 V1500 Level7 [X X X X X X X X
Level8 [X X X X X X X X

Handheld Programmer Keystrokes
[ sr|[xnm [ 1+ |[<—] Tt stack logaton o e
& [w [[ v [ 1+ ] 4 [ o || o J[e"] Level1 [0 0 0 0 0 0 0 0

(@]

gzl | o [[seerf[ o [[swer v [ 1 J[ 4 J[ 2 |[ o [l teve'z XX X RXREX
=] evel3 |[X X X X X X X X
TS Lov |[ s ][ s [[ sHrr|[«—] Level4 [X X X X X X X X
Eg [ our |[serr || o J[swer [ v ]| 1+ ] 5 |[ o ]| o J[e] Level5 [X X X X X X X X
w_ Level6 |X X X X X X X X
D_:I Level7 [X X X X X X X X
Level8 [X X X X X X X X
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Standard RLL Instructions
Math Instructions

Add Binary Add Binary Top of Stack instruction is a 32
Top of Stack bit instruction that adds the binary value in
(ADDBS) the accumulator with the binary value in
the first level of the accumulator stack. ADDBS
The result resides in the accumulator. The ]
value in the first level of the accumulator
DS  HPP 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.
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 a 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.

DirectSOFT V1401 V1400
: 0|03 |A]||5]|]0|C|6
R oo ] mmennepe Llelltlolel At s
Level1 | X X X X X X X X
nce.[0]0]8]A][s]o]c]s6] Level2 [X X X X X X X X
Level3 [X X X X X X X X
V1421 V1420 Level4 [X X X X X X X X
oD Load the value in V1420 and lofof1[7][Bo]s]F] Levels |X X X X X X X X
V4420 V1421 into the accumulator l l Level6 [X X X X X X X X
Level7 | X X X X X X X X
ace.[0]0]1[7][B]0]s [F] Level8 |X X X X X X X X
ADDBS Add the binary value in the
xlcuuemir:l?r:grfiv:snthléczl%I?t?g AccAlO |0|5 |2 ”O |1 |2 |5|
accumulator stack Accumulator stack
after 2nd LDD
oUTD Copy the value in the l l Level1 [0 0 3 A 5 0 C 6
accumulator to V1500 Level2 [X X X X X X X X
V1500 and V1501 [o]o]s]2][o]1]2]5] eels X X X x
Vi
V1501 V1500
Handheld Programmer Keystrokes Level4 | X X X X X X X X
Level5 |X X X X X X X X |:E
Lsm [[xm ][ 1 |[«—] Level6 [X X X X X X X X o
I | N o v | | o | e e = o7 [ x x| RS
>
Lw [[swer|[ o [[swer [TV ][ « J[ 4 |[ 2 [[ o |[«] B ] = o
[ oD |[serT ][ B |[ s || sHFT || «—] %3_
Lour [[swer|[ o [[swer |V ][ + J[ 5 |[ o J[ o |[«—] -
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Standard RLL Instructions
Math Instructions

Subtract Binary Subtract Binary Top of Stack is a 32 bit
Top of Stack instruction that subtracts the binary value
(SUBBS) in the first level of the accumulator stack
from the binary value in the accumulator. SUBBS
The result resides in the accumulator. The ]
value in the first level of the accumulator
DS  HPP 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 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 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.

DirectSOFT V1401 V1400
) ofo|1|A]l2|0o]|5]|B
B e e s
Level1 |[X X X X X X X X
ace.[0]0[1[A][2]o]s]B] Level2 [X X X X X X X X
Level3 |[X X X X X X X X
V1421 V1420 Level4 |[X X X X X X X X
LDD Load the value in V1420 and |0|0|3|A||5|0|C|6| Level5 [X X X X X X X X
V1420 V1421 into the accumulator l l Level6 | X X X X X X X X
Level7 |[X X X X X X X X
pec. [0 03 [][s[o]c]e] Level8 [X X X X X X X X
SUBBS Subtract the binary value in
the first level of the | |o|2|o”3|0|6|5|
apcumulator§tackfromthe Acc. | O
génci%ﬁﬂfoi inthe A%curgulgxtfé Etack
arter 2n
coy Lo oot [0 T A7 05
Level2 [X X X X X X X X
T anavisor lofof2]o][s]o]e]s] L:::s X X X X X X X X
Handheld Programmer Keystrokes V1501 V1500 Level4 | X X X X X X X X
Level5 [X X X X X X X X
(é) |STR||X(IN)|| ! ||(_'| L::Zm X X X X X X X X
el [ o [[swer [ o J[swer V[ 1 J[ 4 J[ o J[ o J[e] Level7 [X X X X X X X X
S5 [ | e e e o =2 Lovels [X X X X X X X X
(%?:5 [ su |[sorr ][ B || s || sHrr || e—]
=
O [ our [[swer [ o J[swer W[ 0 J[ s [ o J[ o J[<=]
o
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Standard RLL Instructions
Math Instructions

Multiply Binary Multiply Binary Top of Stack is a 16 bit
Top of Stack instruction that multiplies the 16 bit binary
(MULBS) value in the first level of the accumulator
stack by the 16 bit binary value in the ___|muBs
430 440 450 accumulator. The result resides in the
accumulator and can be 32 bits (8 digits
DS HPP max.). 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.
SP70 On anytime the value in the accumulator is negative.
ﬂg 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.

DirectSOFT .n Accumulator stack
X1 . . m after 1st LDD
— | LD V1400 e acoumulatar | o0 it he nused accumulator l Level1 [X X X X X X X X
—— Level2 | X X X X X X X X
ace. [0 [0 ]0fo][c]s]s]0] Level3 |X X X X X X X X
Level4 | X X X X X X X X
V1420 Level5 | X X X X X X X X
D Load the value in V1420 into  The unused accumulator ololr]¢] Level6 |X X X X X X X X
V1420 the accumulator bits are set to zero | Level7 [X X X X X X X X
ACC_|O|O|O|O||O|O|1|4| Level8 |X X X X X X X X
MULBS Multiply the binary value in
the accumulator with the
binary value in the first level Acc. | 0 |O |O | F ” 4 |2 | 4 |0 | Accumulator stack
of the accumulator stack after 2nd LDD
Level1 [0 O 0 0 C 3 5 0
l l Level2 | X X X X X X X X
OuUTD Copy the value in the Leveld |X X X X X X X X
V1500 ovirrii [ofofofF][e]2]4]0] Level4 [X X X X X X X X
V1501 V1500 Level5 |X X X X X X X X
Handheld Programmer Keystrokes Level6 | X X X X X X X X
Level7 | X X X X X X X X
Lsr |[xv][ 1+ [[<] Level8 [X X X X X X X X
Co ) [ )+ 1o 1o J[—] D
=
Lw BV« L« [ 2 J[ o [[e] ~
SaF
[ mo |[swer || B |[ s || sHFT ]| e—] (,L’..%)
Lour [ swer|[ o [[swer [TV ][ « J[ 5 |[ o [[ o |[«—] c e
23
o
-}
(]
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Standard RLL Instructions
Math Instructions

Divide Binary by Divide Binary Top of Stack is a 32 bit

Top instruction that divides the 32 bit binary

OF Stack value in the accumulator by the 16 bit

(DIVBS) binary value in the first level of the ___|DIVBS

accumulator stack. The result resides in

430 440 450 the accumulator and the remainder

resides in the first level of the accumulator

DS HPP 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 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 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.

DirectSOFT V1400 Accumulator stack
after 1st LDD
_|X1| LD h]oeagggfr;lﬁ::ginvuoomm The unused accumulator nn Level1 [X X X X X X X X
| V1400 bits are set to zero |
—— Level2 [X X X X X X X X
ace. [0 [0 [0 fo]fofo]r]4] Level3 [X X X X X X X X
Level4 [X X X X X X X X
V1421 V1420 Level5 [X X X X X X X X
[o]o]o]o]c]3]s]0] Level6 |X X X X X X X X
LDD Load the value in V1420 and
V1421 into the accumulator l l Level7 [X X X X X X X X
V1420 |O|0|0|0”0|3|5|0| Level8 |X X X X X X X X
Acc.
Cc Accumulator stack
after 2nd LDD
Db by ke a1 [0 0 00 0 0T a
binary value in the first level Acc.|0|0|0|0||0|9|0|4| Level2 |[X X X X X X X X
of the accumulator stack
Level3 [X X X X X X X X
l l Level4 [X X X X X X X X
ouTD Copy the value in the —_—— ::::Z:Z i i i i i i i i
lator to V1500
V1500 and Vot lofofofo]lofe]c]4] level? [X X X X X X X X
V1801 V1500 Level8 |X X X X X X X X
'I_'he remainder_resides in the
fé) Handheld Programmer Keystrokes first stack location
(@] Levelt [O 0O O O 0O O O O
-Eg | STRHX(IN)H ! || | Level2 | X X X X X X X X
%g Lw [EVv I+ JLa J[ o J[[ o J[«] Level3 [X X X X X X X X
Il [ o [ [ o J[seer V[« J[ ¢ J[ 2 J[ o ][] P
el [ ov (o]l s [ s J[swr][—]
ol [ our [[swer || o [[swer|[PV] 1 J[ s |[ o |[ o |[«] Level7 [X X X X X X X X
Level8 |X X X X X X X X
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Standard RLL Instructions
Math Instructions

5-117

Increment
(INC)

V] /]
430 440 450
DS HPP

Decrement
(DEC)

R4

430 440 450
DS

HPP

The Increment instruction increments a

BCD value in a specified V-memory ___|INC
location by “1” each time the instruction is A aaa
executed.

The Decrement instruction decrements a

BCD value in a specified V-memory _____|DEC
location by “1” each time the instruction is A aaa
executed.

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

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.

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.

DirectSOFT

INC

V1400

T__405

Increment the value in
V1400 by “1”.

Handheld Programmer Keystrokes

| s |[ cem |

s [l

V1400

[e]o]e 5]

—_—

!

V1400

[e]o]e]e]

[swer | 1 ]

L~ JL e

|[ sHFT |

v | o

s o J[ o

|L—]

In the following decrement example, when C5 is on the value in V1400 is decreased

by one.

DirectSOFT

DEC
V1400

T__405

Decrement the value in
V1400 by “1”.

Handheld Programmer Keystrokes

| sr |[ cem ]

s [l

V1400

[ ]o]e]s]

—_—

!

V1400

[ fo]e]4]

[ swer |[[ b ]

Le JLo

| Lsner | [V

1

s o J[ o

|L—]

By
=
Co
7S
E?cz
o2
=g
o
>
7,
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Standard RLL Instructions
Math Instructions

Transcendental Functions

The DL450 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
(itcannot 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 performing the trig function. All transcendental functions
utilize the following flag bits.

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 a valid floating point number.

SP73 on when a signed addition or subtraction results in a incorrect sign bit.

SP75 On when a real number instruction is executed and a non-real number was
encountered.

Math Function Range of Argument

SP53 On when the value of the operand is larger than the accumulator can work with.

Sine Real The Sine Real instruction takes the sine of
(SINR) the real number stored in the accumulator.
X[ X[ < The result resides in the accumulator. Both —
the original number and the result are in
IEEE 32-bit format.
DS  HPP

Cosine Real 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.

SINR

COSR

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.

SINR

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

Standard

n
c
0
=
5]
S
e
I=
1]
£
-
|
o
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Standard RLL Instructions
Math Instructions

Arc Cosine Real

430 440 450
DS HPP

Arc Tangent Real
(ATANR)

>
(9]
O
7]
L.

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 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.

ATANR

The Square Root Real instruction takes the
square root 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.

SQRTR

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.

DirectSOFT

Accumulator contents
(viewed as real number)

X1

LDR
_| I R45

Load the real number 45 into
the accumulator.

45.000000

Convert the degrees into radians,
leaving the result in the
accumulator.

RADR

0.7358981

Take the sine of the number in
the accumulator, which is in
radians.

SINR

0.7071067

Copy the value in the
accumulator to V2000
and V2001.

OouTD
V2000

0.7071067

NOTE: The current HPP does not support real number entry with automatic
conversion to the 32-bit IEEE format. You must use DirectSOFT for entering real
numbers, using the LDR (Load Real) instruction.

%]
=
Q
>
Q
)
=
o

Y
=
-
>
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=
c
o)
=
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Standard RLL Instructions
Math Instructions

Increment Binary The Increment  Binary  instruction

(INCB) increments a binary value in a specified ___|INCB
V-memory location by “1” each time the A aaa
430 440 450 instruction is executed.

DS  HPP

Decrement Binary The Decrement Binary instruction

(DECB) decrements a binary value in a specified __|DECB
V-memory location by “1” each time the A aaa
430 440 450 instruction is executed.

DS  HPP

Operand Data Type DL430 Range DL440 Range DL450 Range

aaa

aaa

aaa

V-memory

All (See p. 3-40)

All (See p. 3-40)

All (See p. 3-42)

Pointer

All (See p. 3-40)

All (See p. 3-41)

All (See p. 3-42)

Discrete Bit Flags

Description

SP63 on when the result of the instruction causes the value in the accumulator to be zero.

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

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

DirectSOFT V1400
s INCB
V1400
Increment the binary value l
in V1400 by “1”. V1400
[+ [als]o]
Handheld Programmer Keystrokes
Lsmr [[eem][ s |[<—]
Lewer JL v JL ~ J[ o [ 8 J[swer oW [ ¢+ J[ o J[ o J[ o J[«=]

In the following decrement binary example, when C5 is on the value in V1400 is
decreased by one.

DirectSOFT V1400
V1400 l
Decrement the binary value
in V1400 by “1”. V1400
[+][~]3]e]
Handheld Programmer Keystrokes
Lsmr J[cem|[ s |[ <]
Lswer J o J[ e J[ c J[ 8 J[swerJ[ v J[ + J[ o J[ o J[ o J[«]

»
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Standard RLL Instructions
Bit Operation Instructions

Bit Operation Instructions

Sum The Sum instruction counts number of bits
(SUM) that are set to “1” in the accumulator. The Som
HEX result resides in the accumulator. —
430 440 450
DS  HPP

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.

DirectSOFT X17[X16] X15] X14| X13[ X12[ X11| X10
X1| oF <10 ON [ ON | OFF| OFF| ON | OFF| ON [ ON
l 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 2019 18 17 16([15 14 13 12|11 10 9 8|7 6 5 4

Acc.| o] o[ o[ o] 0] 0] o] o] o] o 0] 0] 0] 0] 0] 0][ 0] 0] 0] 0] o] 0] 0] 0] 1] 1] 0] 0] 1] 0] 1] 1

3210

0|0|0OfO0]||jOfO]|O]|5
Sum ace.[0]0ofo][ofo]o]5]

Sum the number of bits in
the accumulator set to “1”

out [ofofo]s]

V1500 V1500

Copy the value in the lower
16 bits of the accumulator
to V1500

Handheld Programmer Keystrokes

[ sr |[[xam ][ 1+ |[e—]

[ w |[serr ][ F J[xam ][ 1+ || o |[keon]| s |[ <]
Lswer [ s [ v J[ wm J[«—]

Lour [V [« J[ s J[ o J[ o Jle]

By
—
- W
—_
5 o
2 2
c o
Q a
o
>
»
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Standard RLL Instructions
Bit Operation Instructions

)
c
(@]
25
© 5
T -
c®
S c
»_
.
o

Shift Left
(SHFL)

Shift Left is a 32 bit instruction that shifts the
bits in the accumulator a specified number

X1

—

LDD

V1400

Load the value in V1400 and
V1401 into the accumulator

SHFL

K2

The bit pattern in the
accumulator is shifted 2 bit
positions to the left

(Aaaa) of places to the left. The vacant

430 440 450 positions are filled with zeros and the bits SHFL

shifted out of the accumulator are lost. Aaaa

DS  HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 1-32 1-32 1-32
Inthe 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 shifted 2 bits to the left using the Shift Left instruction. The value inthe
accumulator is copied to V1500 and V1501 using the Out Double instruction.
DirectSOFT V1401 V1400

Lof7fofs]la]r]o]1]

) N

31 30 29 28(27 26 25 24(23 22 21 20(19 18 17 16

15 14 13 12

11109 8|7 6 5 4(3 2 1 0

Acc. 0|1|1|0 0|1|1|1 0|0|0|0 0|1|0|1

0

Lo 1] 4

0|0|0|1 0|0|0| 0|0|0|1

|

Shifted out of the
accumulator

////

ouTD
V1500 313029282726252423222120191817 16 15141312 11109 8 7 6 5 4 3 2 1.0
Copy the value in the 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|
accumulator to V1500
and V1501
[c]+]o]4]
Handheld Programmer Keystrokes V1 501 V1 500
[ s |[[xan || 1 ][]
| |Lswer J[ o Jlswer v J[ 1+ J[ 4 J[ o J[ o J[«]
[sier || s [ w [ F J[ v [ swrr][keon]|[ 2 |[—]
Lour J[swer ][ o Jlswer [ v J[ 1+ J[ 5 J[ o J[ o J[«]
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Standard RLL Instructions
Bit Operation Instructions

Shift Right Shift Right is a 32 bit instruction that shifts
(SHFR) the bits in the accumulator a specified
number (Aaaa) of places to the right. The
430 440 450 vacant positions are filled with zeros and SHFR
. . Aaaa
7 7 the bits shifted out of the accumulator are
Iost.
DS  HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant 1-32 1-32 1-32
Inthe 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 shifted 2 bits to the right using the Shift Right instruction. The value in
the accumulator is copied to V1500 and V1501 using the Out Double instruction.
DirectSOFT V1401 V1400

Constant|6|7|0|5”3|1|O|1|

< LDD
l V1400
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
SHFR Acc. o|1|1|o o|1|1|1 o|o|o|o o|1|o|1 o|o|1|1 o|o|o|1 o|o|o|o o|o|o|1
K2 —_—
The bit pattern in the l
accumulator is shifted 2 « o o e
bit positions to the right Shifted out of the
accumulator
OuTD
V1500 31 30292827262524232221 2019181716 15141312 1110 9 8 7 6 5 4 3 2 1 0

ace.[o[ o] o[ 1] 1To[o] 1] 1] 1]o] o] o[ o] o ][0 1] o[ o] 1]+ o] o[ o] :[o] o] o] o] o] 0

ENVZEENY

EIEICIEN [+]cT+To]

Copy the value in the
accumulator to V1500
and V1501

V1501 V1500
Handheld Programmer Keystrokes
[ s |[[xen ]| 1 ][]
Lw |[swer|[ o J[swr v [ + J[ 4 J[ o J[ o |[«]
[sirr || s J[ v [ F || mr [ swrr][keon]| 2 |[e—]
Lour |[swer ][ o Jlswr v J[ + |[ s J[ o J[ o |[«]

By
—
()]
—_
5 o
2 2
c o
Q a
o
>
»
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Standard RLL Instructions
Bit Operation Instructions

Rotate Left Rotate Leftis a 32 bit instruction that rotates

(ROTL) the bits in the accumulator a specified

number (Aaaa) of places to the left.

430 440 450 _ ROT"A so

DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 1-32 1-32 1-32

Inthe 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.

DirectSOFT
V1401 V1400

X LDD
— | le]7]ofs|s]t1]o]"]

l V1400
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
2 ace.[o[ 1] 1[o] o 1[ 1] 1] o] o[ o o[ o] 1[o] 1][o[o] [ 1] o[ o] o[ 1] o[ o] o[ o] o[ o] o]

ROTL

The bit pattern in the
accumulator is rotated 2
bit positions to the left

OuTD
V1500

3130292827 26252423222120191817 16 15141312 11109 8 7 6 5 4 3 2 1 0
1|1|O|O O|1|O|O O|O|O|O 0|1|O|1

Copy the value in the
accumulator to V1500 Acc. 1|O|0|1 1|1|0|0 0|0|0|1 0|1|0|0

N N

[o]cT Te] [c]«To]5]

Handheld Programmer Keystrokes visot Viseo
[ sm [[xam ][ 1+ |[e—]

Lw |[swer|[ o J[swer v [ + J[ 4 [ o |[ o |[«]

[swer || m || o [ 1 |[ v || swer][kecon]| 2 |[e—]

Lour |[swer |[ o [[swer][v [ 1+ [ 5 J[ o |[ o |[«]
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Standard RLL Instructions
Bit Operation Instructions

Rotate Right Rotate Right is a 32 bit instruction that

(ROTR) rotates the bits in the accumulator a

specified number (Aaaa) of places to the

430 440 450 right. ] ROTRA .

DS HPP
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 1-32 1-32 1-32

Inthe 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.

DirectSOFT V1401 V1400
X LDD lel7fofs]ls]r]o]1]

— | V1400
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

ROTR Ko nce.| o[ 1[1] o] o[ 1] 1] 1] o] o] o]o]o]1]o]1][o]o]1]1]o]0]o]1]0]o]0]0]0]0]0]1

The bit pattern in the
accumulator is rotated 2
bit positions to the right

ouTD

Viseo ﬁ)2928272625242322212019181716 15141312 1110 9 8 7 6 5 4 3 2 1 0

Copy the value I the, acc.| o] 1] o[ 1]1]o]o[1] 1] 1] o] 0|0 o] o] 1]|[o] 1]a]o] 1] 1][o]o]o]1]0]0]0]0]0]0
and V1501

NVZERNVZ

Handheld Programmer Keystrokes V1501 V1500
[ s |[[xan ][ 1+ |[<—]

Lw |[swer|[ o J[swr v [ + J[ 4 J[ o J[ o |[«]

[swer || m || o [ 7 |[ m || sHer][keon]| 2 |[e—]

Lour |[swer|[ o [[swr][v [ 1+ [ 5 J[ o |[ o |[«]

By
—
()]
—_
5 o
2 2
c o
Q a
o
>
»
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Standard RLL Instructions
Bit Operation Instructions

Encode The Encode instruction encodes the bit

(ENCO) position in the accumulator having a value

of 1, and returns the appropriate binary

430 440 450 representation. If the most significant bit is ____|ENCO
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 “1”, the least significant “1”
will be encoded and SP53 will be set on.
SP53 will also be set on when the
accumulator is equal to zero.

Discrete Bit Flags Description

On when the value of the operand is larger than the accumulator can work
with. SP53 will also come on when the accumulator is zero.

SP53

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 V1400 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 V1500
using the Out instruction.

DirectSOFT V1400
" — [To]s o]
— | V1400 // \\
——
Load the value in V1400 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. o|o|0|0|0|0|0|0 0|0|0|0 0|o|o|o 0|0|0|1 0|0|0|0 0|0|0|0 0|0|0|0
l
Bit postion 12 is
converted
to binary \
ENCO
31302928|27262524232221 20(19 18 17 16||15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 O
Encode the bit position set
to “1” in the accumulator to Acc. 0| 0| 0| 0| 0| 0| 0| 0 0| 0| o| 0 o| o| o| 0 0| 0| 0| 0 0| 0| 0| 0 0| 0| o| 0 1| 1| o| 0
a 5 bit binary value S
ouT /
) V1500
(C) Copy the value in the lower 16 nnn
T = bits of the accumulator to V1500 )
= 0O V1500 Binary value
© S for 12.
% "(?) Handheld Programmer Keystrokes
[
(*,‘j: st [[xany || 1 |[<—]
T w |V« J[ e J[ o J[ o J[«]
swer [ e [ n J[ ¢ |[ o |[«—]
our [V [+ J[ s J[ o J[ o J[«=]
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Standard RLL Instructions
Bit Operation Instructions

Decode The Decode instruction decodes a 5 bit

(DECO) binary value of 0-31 (0-1F HEX) in the

accumulator by setting the appropriate bit

430 440 450 position to a 1. If the accumulator contains __ |DbECO
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.

DirectSOFT X14| X13[ X12| X11[ X10
_|><1I LDF X10 OFF| ON | OFF| ON | ON
K5
Load the value in represented \

by discrete locations X10-X14 —

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. o|o|o|0|0|0|0|0 0|0|0|0 0|o|o|o 0|0|0|0 0|0|0|0 0|0|0|0 1|0|1|1

—_—
The binary value

is_ conv_e_rted to

DECO 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

Decode the five bit binary Acc. 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 1|0|0|0 0|0|0|0 0|0|0|0

pattern in the accumulator
and set the corresponding
bit position to a “1”

Handheld Programmer Keystrokes

[ s |[[xen || 1 ][]
[ w |[serr || F [ swer |[[xewm || 1 ]| o |[ swrr|[keon]| 5 |[ ]
Lswrr | o J[ e J[ ¢ J[ o J[«]

By
—
- W
—_
5 o
2 2
c o
Q a
o
>
»
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Standard RLL Instructions
Number Conversion Instructions

Number Conversion Instructions

Binary The Binary instruction converts a BCD

(BIN) value in the accumulator to the equivalent

binary value. The result resides in the

430 440 450 accumulator. ___|BIN
DS  HPP

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 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 V1500 and V1501 using the Out
Double instruction. The handheld programmer would display the binary value in
V1500 and V1501 as a HEX value.

DirectSOFT V1401 V1400
lofofo]zfe]s]2]s]

< LDD
l V1400
Load the value in V1400 and

V1401 into the accumulator

8 421|842 18 421|842 1|[842 1|84 21|84 21|84 21
acc.[0]o]o[o]ofo[o]ofo[o]o]o]ofo]1]o][1]0]o]ofo][1]o]1]o]o]1]0]1][0]0]H

BCD Value

28529 = 16384 + 8192 + 2048 + 1024 + 512 + 256 + 64 + 32 + 16 + 1

Binary Equivalent Value

BIN
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
Convert the BCD value in Acc.| 0| 0| ofo|o|o|o|o|o|oflo|o|ofo|o|o|lof1]|1]|of1]1|1|[1]0]|1][1|1]0]0]|0]1
the accumulator to the
binary equivalent value 2|1|56|2|1|6|3|1|8|4|2|1|5|2|1|6| 3|1|8|42/1|5[2]|1|6|3| 18|42 1
1/0({3|6|{3|7|3|6{3|1|{0/0|2|6|3|5||]2(6|1/0]0|0|1]|5|2|4|2]|6
4|1716|8[4|1]5|7[8|9(9|4(4|2[1|5(7|3]9|9(4|2|2|6/|8
713|8|4]2(0|56|7|8|4|7|8[2|1|0]3|/6|8]2 6|/8|4
4|1717|183[1|8|4|7|6|3|1|5|8|4|7|6|8|4
41410|517|84|2]0|0|5|7|8|4]2
8|1119|4|7|6|3|1(8|4|2]|6
3|8|1|5(2[|4]|2|6
6|12(2|6|8
4|4
8
OouTD l
V1500
_ - |0|0|0|0"6|F|7|1| The binary (HEX) value
Copy the binary value in the copied to V1500
accumulator to V1500 and V1501 V1501 V1500
(2]
g Handheld Programmer Keystrokes
o=
5 S Lsm v ][ 1+ |[«—]
23 Lw J[swer ][ o J[swer v [ + J[ 4 [ o J[ o |[[«—]
T c
&b 5 [en ][]
T Lour J[swer [ o J[swer |[[Ew [ + J[ s J[ o J[ o J[«]
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Standard RLL Instructions
Number Conversion Instructions

Binary Coded The Binary Coded Decimal instruction
Decimal converts a binary value in the accumulator
(BCD) to a BCD value. The result resides in the
accumulator. BCD
430 440 450
DS  HPP

Inthe following example, when X1 is on, the binary (HEX) value in V1400 and V1401
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 V1500 and V1501 using the Out
Double instruction.

DirectSOFT V1401 V1400
[ofofofo]fe[r[7]1]

X1
_| I Hop V1400 Binary Value
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|lo0|0fo0|0f[0|0f[O|0O|O|O|O|O|OfO]|OffOf1|1]|]Of1]1[1]1[0]1[1]1]0|0]|Of1
2|1|5|2(1|6[3|1|8|4(2|1]|5|2|1|6|3|1|8]4|2|1|5]2|1]6|3]1]|8|4]| 21
110/83/6|3|7|83[6|3|1|0(0|2|6|3|5||2(6[1|0[0|0|1|5|2|4|2|6
4|1716|8[4|1]5|7[8|9[9|4|4]2|1]5||7[3|9|9|4|2|2|6/|38
713|8|4|2|0|5|7|8|4|7|8[2|/1]|0]3||6(8]2|6|8[4
41717181 1|8|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
8|119|4|7|6|3|1]|8|4[2]|6
3/8[1]5[]2](4]2]|6
6|12]2|6|8
4|4
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 4 2 1|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
Acc. 0|0|0|0 0|0|0|0 0|0|0|0 0|0|1|0 1|0|0|0 0|1|0|1 0|0|1|0 1|0|0|1
ouTD l
V1500
Copy the BCD value in the |O|O|O|2||8|5|2|9| The BCD value
accumulator to V1500 and V1501 -~ 1500 S?Egﬂéj tOd Vi501
an
Handheld Programmer Keystrokes
[ str |[[xan ]| 1 ][]
Lw Jlswer|[ o J[swer|[Tv [ + J[ & [ o J[ o |[[«—]
Lour JLswer || o Jlswer v J[ + J[ s J[ o J[ o [[«]

oy
.
=g
=2
So
=g
o
>
(2]
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Standard RLL Instructions
Number Conversion Instructions

Invert The Invert instruction inverts or takes the

(INV) one’s complement of the 32 bit value in the

accumulator. The result resides in the

430 440 450 accumulator. v
DS  HPP

Inthe 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 inverted using the Invert instruction. The value in the accumulator is
copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT V1401 V1400
lofafo]s]of2]s]o]

< LDD
| V1400
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 1211 10 9 8|7 6 5 4|3 2 1 0
acc.| o o[ o] o] o[ 1] o[ o]0 o[ o[ o] o] 1] 0] 1][0o] 0|00 o] 0] 1][a]0]1]0]1]0]0]0]0

INV 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. 1|1|1|1 1|O|1|1 1|1|1|1 1|0|1|0 1|1|1|1 1|1|0|1 1|0|1|0 1|1|1|1

Invert the binary bit pattern
in the accumulator l

ouTD [Fle]r]a]F]o]a]F]
V1500 V1501 V1500

Copy the value in the
accumulator to V1500
and V1501

Handheld Programmer Keystrokes

[ s |[[xaw || 1 ][]

Lw |[swer [ o J[swr v [ + J[ 4 J[ o J[ o |[«]
Lseer J[ 0 JL v L v J[«]

Lour |[swer ][ o J[swr v J[ + J[ s J[ o J[ o [[«]

)
c
(@]
23
C S
T -
c®
8 <
»
.
o
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Standard RLL Instructions
Number Conversion Instructions

Ten’s Complement The Ten’s Complement instruction takes
the 10’'s complement (BCD) of the 8 digit
The result resides in the
The calculation for this BCDCPL

(BCDCPL)

430 440 450

DS HPP

accumulator.
accumulator.

instruction is :

100000000
- accumulator value

10’s complement value

In the following example when X1 is on, the value in V1400 and V1401 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 V1500 and
V1501 using the Out Double instruction.

DirectSOFT

X1

_|

LDD

V1400

Load the value in V1400 and
V1401 into the accumulator

BCDCPL

V1401 V1400
[ofofofoffofo]s 7]
| |

ace.[0]0]o]o][ofo]e]7]

ncc 9]0 ]o]9][9]e ] ]3]
- ——
Takes a 10’s complement of l l
the value in the accumulator
OuTD
BRBDEDnE
V1501 V1500
Copy the value in the
accumulator to V1500
and V1501
Handheld Programmer Keystrokes
[ s |[xew || 1 ][]
Lw J[swer|[ o J[swer [TV [ « J[ 4 J[ o J[ o J[«=]
Leoo J[swer|[ ¢ J[ P J[ o J[«]
Lour J[swer|[ o J[swer [TV [ + J[ s J[ o J[ o J[«=]

NOTE: If your program has a subtraction calculation which results in a borrowed
digit (noted by the status flag), the BCDCPL instruction can be used to find the
absolute difference between the two values in the subtraction.

oy
.
=g
=2
So
=g
o
>
(2]
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Standard RLL Instructions
Number Conversion Instructions

Binary to Real The Binary-to-Real instruction converts a binary

Conversion value in the accumulator to its equivalent real

(BTOR) number (floating point) format. The result BTOR
resides in the accumulator. Both the binary and ]

430 440 450 the real number may use all 32 bits of the

accumulator

NOTE: This instruction will not work for a signed decimal.

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 itto 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.

DirectSOFT V1401 V1400
lofofofs][7]z]4]1]

X1
| LDD
_| I 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
ace.[o] o oo o]o]o] o] ooololo]To]+|[o[+]1 ]+ o] o [0 o]o]1]o]o]o]o]
2 (exp 18) Binary Value
127 + 18 = 145
145=128 + 16 + 1
BTOR
Convert the binary value in
the accumu[alor to the real
umber equivalent format Acc. 0|1|0|0 1|0|0|0 1|0|1|0 1|1|1|0 0|0|1|0 1|0|0|0 0|0|1|0 0|0|0|0
Sign Bit Exponent (8 bits) Mantissa (23 bits)
Real Number Format
OuUTD l
V1500
|4|8|A|E"4|8|2|0| The real number (HEX) value
E’:) Copy the real value in the copied to V1500
o accumulator to V1500 and V1501 V1501 V1500
'E =]
S S
-8 4(?) Handheld Programmer Keystrokes
T
7 Lsm v ][ + |[«—]
T Lw J[swer ][ o J[swer [PV [ « J[ 4 [ o [ o |[[«—]
Lswer J[ 8 J[ 7 J[ o J[ m |[swr|[e—]
Lour J[swer|[ o J[swer[PW [ + J[ s |[ o |[ o |[«—]
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Standard RLL Instructions
Number Conversion Instructions

Real to Binary The Real-to-Binary instruction converts the

Conversion real number in the accumulator to a binary

(RTOB) value. If the real number is negative, it will RTOB
become a signed decimal. The result ]

430 440 450 resides in the accumulator. Both the binary

and the real number may use all 32 bits of

the accumulator. Any decimal portion will be

DS HPP
truncated.
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 a valid floating point number.
SP73 on when a signed addition or subtraction results in a incorrect sign bit.
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 V1400 and V1401 is loaded into
the accumulator using the Load Double instruction. The RTOB instruction converts
the real value in the accumulator to 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.
DirectSOFT
X1| LDD | 4 | 8 |A | E " 4 | 8 | 2 | 0 | Real Number Format
— | V1400 V1401 V1400
Load the value in V1400 and Sign Bit Exponent (8 bits) Mantissa (23 bits)

V1401 into the accumulator

\

ace.| o] 1]o]o]1[o]ofo]1]o[1][o]1]1][1]o][o]o]1]o]1][0]0]o]o]0]1]0]0]0]0]o0

Convert the real number in
the accumulator to binary 128 + 16 + 1 = 145

format. 127 + 18 = 145

Binary Value
2(exp18) —
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|0|0 0|o|o|o o|o|o|o o|1|o|1 0|1|1|1 0|0|1|o o|o|1|o o|o|o|1

e

Copy the real value in the
accumulator to V1500 and V1501 V1501 V1500

The binary number copied to

O|0|O0(5(7]2([4]1
Lofofofs][7[2]4]1] visn 1
)
Handheld Programmer Keystrokes 5 5)..
2]
Lsm v ][ + |[«—] 38
Lw J[swer ][ o J[swer [PV [ « J[ 4 [ o [ o |[[«—] %%
Lswer J[m J[ 7 J[ o J[ 8 |[swr|[e—] 2
Lour J[swer|[ o J[swer[PW [ « J[ s |[ o |[ o |[«—]
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Standard RLL Instructions
Number Conversion Instructions

)
c
(@]
23
C S
T 5
S n
8 <
»
.
o

Radian Real

Conversion

(RADR)

430 440 450
DS HPP
Degree Real
Conversion
(DEGR)

430 440 450
DS

HPP

The Radian Real Conversion instruction
converts the real degree value stored in the
accumulator to the equivalent real number
in radians. The result resides in the
accumulator.

RADR

The Degree Real instruction converts the
degree real radian value stored inthe
accumulator to the equivalent real number
in degrees. The result resides in the
accumulator.

DEGR

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 2 I1 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 transcendantal
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 a valid 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 DirectSOFT 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

DirectSOFT (viewed as real number)

X1 LDR Load the real number 45 into
—| I Ras the accumulator. 45.000000

RADR Convert the degrees into radians,
leaving the result in the 07358981
accumulator.

SINR Take the sine of the number in
the accumulator, which is in 07071 067
radians.

OuTD Copy the value in the
accumulator to V2000 0.7071067

V2000 and V2001.
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Standard RLL Instructions
Number Conversion Instructions

ASCII to HEX
(ATH)

430 440 450

DS HPP

The ASCII TO HEX instruction converts a
table of ASCII values to a specified table of ATH

HEX values. ASCII values are two digits Vaaa
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.

Step 1: — Load the number of V-memory locations for the ASCII table into the first
level of 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 DL440 Range DL450 Range

V-memory \% All (See p. 3-41) All (See p. 3-42)

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 ASCI|I
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

By
.
=g
=2
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=g
o
>
(2]
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Standard RLL Instructions
Number Conversion Instructions

DirectSOFT Hexadecimal
ASCII TABLE Equivalents

X1 LD Load the constant value
_| | into the lower 16 bits of the
I K4 accumulator. This value |
defines the number of V |
memory location in the

————
ASCII table V1400 33 34
Convert octal 1400 to HEX

300 and load the value into | 1 234 | V1600

LDA

0O 1400 the accumulator

V1401 3132

V1600 is the starting —— ——
location for the HEX table | |

ATH
V1600

V1402 37 38
| 5678 |V1601
Handheld Programmer Keystrokes
Com ) ] [ ] [—] v | 3596
L w [[xeow][ 4+ [[«—] |
Lw Jlswr ][ a J[oer [ 1+ J[ & J[ o |[ o |[«—]
Lswrr J A JL v J[ v J[swer v 0+ J[ 6 J[ o J[ o |[«]
HEX to ASCII The HEX to ASCII instruction converts a
(HTA) table of HEX values to a specified table of HTA
ASClI values. HEX values are one digit and Vaaa
430 440 450 their ASCII equivalents are two digits.
This means a HEX table of two V-memory locations would require four V-memory
DS  HPP locations for the equivalent ASCll 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

g equivalent and load the value into the accumulator.
B
o E Operand Data Type DL440 Range DL440 Range
]
(% ?:) aaa aaa
4 =
w | V-memory \% All (See p. 3-41) All (See p. 3-42)
—
o
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Standard RLL Instructions
Number Conversion Instructions

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.

DirectSOFT
Hexadecimal
X1I LD Equivalents ASCII TABLE
— | K2

Load the constant value into | |
the lower 16 bits of the —
accumulator. This value
defines the number of V 33 34 V1400
locations in the HEX table.

V1500 | 1234 |

LOA 3132 | vior

0O 1500

Convert octal 1500 to HEX | |
340 and load the value into
the accumulator

|
HTA 37 38 V1402
V1400
V1400 is the starting Vis01 | 5678 |
location for the ASCII table.
The conversion is executed
by this instruction. 35 36 V1403

|
Handheld Programmer Keystrokes |

[ sr [[xanm |[ 1+ |[«<—]

[ w |[keon]|[ 2 |[«—]

Lw |[swer [ a J[oeer ][ 1+ J[ s J[ o J[ o |[«]

Lswer | w [ 7 J[a J[swer v f[ « J[ a4 J[ o J[ o |[«]

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
1 31 9 39
2 32 A 41
3 33 B 42
4 34 C 43
5 35 D 44
6 36 E 45
7 37 F 46

oy
.
=g
=2
So
=g
o
>
(2]
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Standard RLL Instructions
Number Conversion Instructions

Segment The BCD/Segment instruction converts a

(SEG) four digit HEX value in the accumulator to

seven segment display format. The result

430 440 450 resides in the accumulator. SEG
DS  HPP

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.

DirectSOFT V1400

X1 LD e [Fl7]1]

|
I V1400 \\\\
Load the value in V1400 into the

lower 16 bits of the accumulator

31 30 20 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 o[ o o] o] o] o] o] o] o o 0] 0] o] o] o[ o] 1] 1] 0] [ 1[1][1] 0] 1] 1] 1] 0] 0] 01

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 2019 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
acoumulator to Y20-Y57 Acc. o|1|1|1 1|1|o|1 o|1|1|1 0|0|0|1 o|o|o|o o|1|1|1 o|o|o|o 0|1|1|o
-gf edcba-gfedcba - gfedcba-gf edc b a Segment

Labels

-
=<
n
w
<
N
N
<
B
<
n
o

Segment

Labels Y57| Y56 Y55| Y54| Y53 . . Y24

OFF| ON[ ON| ON| ON ’ OFF| OFF| ON | ON | OFF

g

)
N
T
I
I

Handheld Programmer Keystrokes

2 pEEIECHENI
o
g‘g Co s ]V I« [ o J[ o J[<]
gg Lswer | s J[ e J[ & J[<—]
175}
8 c [ our |[seer || F [ swrr |[voun]| 2 ][ o [[keon]| s |[ 2 |J[e—]
»
|
o
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Standard RLL Instructions
Number Conversion Instructions

Gray Code The Gray code instruction converts a 16 bit
(GRAY) gray code value to a BCD value. The BCD
conversion requires 10 bits of the
430 440 450 accumulator. The upper 22 bits are set to _ |GRAY

-/ v “0”. This instruction is designed for use with
DS devices (typically encoders) that use the

grey code numbering scheme. The Gray
Code instruction will directly convert 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 V1500.

DirectSOFT x27| x26| x25 L. x12|x11|x10
X1 OFF| OFF| OFF ON | oFF| ON

| LDF X10
I K16

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
Ace.| 0] 0] 0] 0] o] o] o] o] o] o] o] 0] 0] 0] 0] 0]| 0] o] o] o] o] o] o] 0] 0] 0] 0 0] 0] 1] 0] 1

GRAY 3130 29 28|27 26 25 2423 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[ 0] o] o] o] o] o] o[ 0] 0] 0] 0] 0] 0] 0][ 0] 0] o] o 0] 0] 0] 0] 0] 0] 0] 0] 0] 1] 1]

Convert the 16 bit grey code

value in the accumulator to a
BCD value l
ouT
V1500 [ofofo]s]

Copy the value in the lower 16 V1500

bits of the accumulator to V1500

Gray Code BCD
Handheld Programmer Keystrokes 0000000000 0000
[ s [ xiv || 1 [[«] 0000000001 0001
[ w |[swer ][ F J[ s ][ xam || 1+ || o [[keow||[ 1 ]| 6 |[e—] 0000000011 0002
0000000010 0003
my
[swer ][ e [ r J[ & J[ v |[swr][e—] 0000000110 0004 —
Lour | v J[ + J[ s J[ o J[ o J[e] 0000000111 0005 :S_/Q
0000000101 0006 c,:é %’
0000000100 0007 c %
. . 23
. . <}
S
. . o
1000000001 1022
1000000000 1023
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m Standard RLL Instructions
Number Conversion Instructions

)
c
(@]
23
© >
T 5
S n
8 <
»
.
o

Shuffle Digits The Shuffle Digits instruction shuffles a
(SFLDGT) maximum of 8 digits rearranging them in a
specified order. This function requires
430 440 450 parameters to be loaded into the first level SFLDGT
/] [V of the accumulator stack and the
D-S 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 the digits will be shuffled to into the accumulator, numbered
1 through 8 (“1” being the least significant digit, and “8” being the most significant
digit.

Note:— If the number used to specify the order contains a 0 or 9-F, the
corresponding position will be set to 0.
See example

Note:—If the number used to specify the order contains duplicate numbers, the
most significant duplicate number is valid. The result resides in the accumulator.
See example

Step 3:— Insert the SFLDGT instruction.

Shuffle Digits There are a maximum of 8 digits that can be Shaffed (frt stack locaton
Block Diagram shuffled. The bit positions in the first level of
the accumulator stack defines the digits to cAaBCDEFRO
be shuffled. They correspond to the bit |
positions in the accumulator that define the
order the digits will be shuffled. The digits 12873654
are shuffled and the result resides in the Specified order (accumulator)

accumulator.
Bit Positons 8 7 6 5 4 3 2 1

B CEFODAD9

Result (accumulator)
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Standard RLL Instructions
Number Conversion Instructions

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.

DirectSOFT A B C
X1| LDD V1401 V1400 V1401 V1400 V1401 V1400
— V1400 [s[alefc|lo]e]r[o] lolrlefoflc[e]ale]  [s]ale]c|o]e[r]o]
Load the value in V1400 and l l l l l l
V1401 into the accumulator -,
8;‘9'”5“87654321 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
posiions |9 [A[B[C][O]E[F[ofae  [o]F[e[p][cB]Alo] . [o]a]B]c[o]E[F0] ac
LDD V1403 V1402 V1403 V1402 V1403 V1402
V1402 L1]2]e]7][s]e]s[4] lofof4]aflofof2]+]  [afcf2]1]a]a]2]1]
| | l l l |

Load the value in V1402 and
V1403 into the accumulator  gpeciied g 7 6 5 4 3 2 1
order

8 7 6 5 4 83 2 1 8 7 6 5 4 3 2 1
Llefef7)lslols[4]ae  [ofofafsllofofz]r]ae [4la]2]t][4]s]2]1] ac

Newbit g 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
Postons [ TeTe [F 0 [0 [Al® Jae.  [0[010 [0 ][E10 A]o] nee [0 [0 [0 0[5 TATE1C] aco

Shuffle the digits in the first

level of the accumulator
stack based on the pattern
in the accumulator. The

result is in the accumulator.

OouTD
DEEERRRE Clle)EREE]  [lRlloERE]

V1501 V1500 V1501 V1500 V1501 V1500

Copy the value in the
accumulator to V1500
and V1501

Handheld Programmer Keystrokes

[ s |[[xen ]| 1 ][]

Lw |[swer|[ o J[swr v [ + J[ 4 J[ o J[ o |[«]
Lw |[swer|[ o J[swr]wv [ + J[ 4 J[ o |[ 2 |[«]
Lseer J[ s J[ F JL v JL o J[ e |J[ 7 |[«]

Lour |[swer [ o J[swer v J[ 1+ J[ s J[ o J[ o |[«]

oy
.
=g
=2
So
=g
o
>
(2]
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Standard RLL Instructions
Table Instructions

Table Instructions

Fill The Fill instruction fills a table of up to 255
(FILL) V-memory locations with a value (Aaaa),
which is either a V-memory location or a
430 440 450 4-digit constant. The function parameters _ |FlL A
are loaded into the first level of the aaa
accumulator stack and the accumulator by
two additional instructions. Listed below are
the steps necessary to program the Fill

function.

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-FF.

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 DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \ All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FF 0-FF 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.

DirectSOFT

x1I LD Lﬁéz)ﬂ( the corr:stlant val1useb4}
to t it *
— | Ka $ftne avcumtor .
X | X | X|X|Vi576
LDA Convert the octal address X | X | X|X|Vi577
HEX d load th
0 1600 J/gﬁjoetizto thesefi:?:t?rr;ule;)t?ci)rt ° V1400 21510]0]vieo0
215(10]0 [vieol
. ) 215(0 (0 [vieo2
FILL Flll the table with the value
) in V1400 215]0]0 [vie03
g V1400 X | X | X | X |Vie04
-9*8 X | X | X|X|Vvie0os
8 E Handheld Programmer Keystrokes ‘
=]
(‘DEE Lsm [[xaw ][ 1+ |[«—]
g L w |[xeon][ «+ |[«—]
Lw Jlswer ][ A J[oer [ 1+ J[ 6 [ o J[ o |[[«—]
Lswer JLf JL o JL o J[ o Jlsem JEEw ] 0 J[ & J[ o J[ o |[«]

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Table Instructions

Find
(FIND)

430 440 450

DS HPP

The Find instruction is used to search for a
specified value in aV-memory table of up to
255 locations. The function parameters are
loaded into the first and second levels of the FIND
accumulator stack and the accumulator by Aaaa
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-FF.

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. The result will be a HEX
value.

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 DL440 Range DL450 Range
A aaa aaa
V-memory \% All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 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.

By
-
Co
7S
é"o_
o2
=g
o
-]
7,
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Standard RLL Instructions
Table Instructions

DirectSOFT .
_|x1| Lb 0 1.2 3 [via00 o | Teblelength
I iy Offset|: 05|00 |via01 1
Loz o corser a9 e[ [0 [0 o [vane 2
of the accumulator 3|0(7]4|vig03 3 Accumulator
oA slols|o|visos 4| — 0 00000O0C0H4
0 1400 1]o]1 10 V405 5 Where e match was ound.
GConvert octal 1400 to HEX X | X | X | X |Vi406 The value 8989 was the 4th
300 and oad he vlue into XXX [x Jvraor Snecinad anig o ofine
LD
K2 Handheld Programmer Keystrokes
L e o Com ) ) [+ ) =]
of the accumulator | D ||K(CON)|| 5 || ,l
FIND Lw [[swer|[ a [feer ][ 1+ [[ 4 |[ o |[ o [[«]
K8989 | w |[keon]|[ 2 |[«—]
Find the location in the table |SHFT || F || | || N || D |
where the value 8989 resides
Lsoer [[keow|[ & [[ o |[ &8 |[ o [[e]

Find Greater Than The Find Greater Than instructionis usedto

(FDGT) search for the first occurrence of avaluein a

V-memory table that is greater than the

430 440 450 specified value (Aaaa), which can be either FDGT

a V-memory location or a 4-digit constant. Aaaa

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 Find Greater Than function.

DS HPP

NOTE: This instruction does not have an offset, such as the one required for the
FIND instruction.

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-FF.

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
setonifthe value is not found and O will be returned in the accumulator. The result will
be a HEX value.

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.

1)
c
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Standard RLL Instructions
Table Instructions

Operand Data Type

DL440 Range

DL450 Range

aaa

V-memory All (See p. 3-41) All (See p. 3-42)
Constant 0-FFFF 0-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.

DirectSOFT
X1
| LD
l K6
Load the constant value 6
(HEX) into the lower 16 bits
of the accumulator Table length
Begin here——| 0 [ 1 [2 | 3 |V1400 ©
LDA 05|00 [vid01 1 Accumulator
01400 99|99 |via02 2| — 00000O0GO0TO0 2
gggve’;?(’t?gh“omlo Hin( 3|07 [4]|vi403 3 V1402 contains the location
anda loa e value into i
89|89 |vidos 4 where the first value greater
the accumulator. than the search value was
1{0[1]0]|Vvi405 5 found. 9999 was the 2nd
location after the start of the
FDGT XX | X | X V1406 specified table.
K8989 X[ X | X | X |Vvi407
Find the value in the table
greater than the specified value
Handheld Programmer Keystrokes
Lsm J[xmv ][ 1+ |[«—]
L o |[keon|[ 6 |[«—]
Lw J[swer ][ a J[feer [ «+ J[ 4 J[ o J[ o J[«=]
Lswer JLf J[ o J[ e J[ 7 J[swer|fkeow|[ s |[ o |[ 8 |[ o [[<]
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Standard RLL Instructions
Table Instructions

Move The Move instruction moves up to 4095
(MOV) values from a V-memory table to another
V-memory table the same length. The
430 440 450 function parameters are loaded into the first __|Mmov A
level of the accumulator stack and the aaa
accumulator by two additional instructions.
Listed below are the steps necessary to
program the Move function.

Step 1:— Load the number of V-memory locations to be moved into the first level of
the accumulator stack. This parameter must be a HEX value, 0-FFF.

Step 2:— Load the starting V-memory location for the locations to be moved into the
accumulator. This parameter must be 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 DL440 Range DL450 Range
A aaa aaa

V-memory All (See p. 3-41) All (See p. 3-42)

Pointer All (See p. 3-41) All (See p. 3-42)

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 1500 (V1500), the starting location for the source table
is loaded into the accumulator. The destination table location (V1400) is specified in
the Move instruction.

DirectSOFT

X1| LD Load the constant value 6 *
— I i T e
XX [ X | X V1477
LDA Convert octal 1500 to HEX 0]|1]2]|3|vi500 —— > |0 | 1|23 |V1400
0 1500 340 and load he value into o|s5f0]o0|visot ———— [0 |5 |00 |vis01
91999 (Vis02 —————— |9 |9 |9 |9 |Vi402
MOV Copy the specified table 3107 ]4|V1808 — |3 |07 ]4 V1408
locations to a table 89 (8|9 |vis04 — |8 |98 |9 |vi404
V1400 beginning at location V1400
110(1[0|vi505 ———>|1[0[1]0 V1405
X | X | X | X |V1506 X[ X[ X | X |V1406
X | X | X |X|Vvi507 X | X | X | X [Vi407
» Handheld Programmer Keystrokes . .
_D.(S [sm|[xm ][ 1+ ][] )
59 L w J[keow][ 6 |[«—]
%E, Lw Jlswer ][ a J[eer [ « J[ s [ o J[ o |[[«]
B Lswer JL m J[ o J[ v Jlewer |V f[ « J[ 4 J[ o J[ o [[«]
-
-
o
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Standard RLL Instructions
Table Instructions

Table to
Destination
(TTD)

430 440 450

DS HPP

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 TTD

the table contains the table pointer which Aaaa
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 resetto 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.

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 FF.

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 SP0 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 DL440 Range DL450 Range
A aaa aaa

V-memory \ All (See p. 3-41) All (See p. 3-42)

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.
Atfirst glance it may appear that the pointer should reset to 0. However, itresetsto 1,
not 0.
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Standard RLL Instructions
Table Instructions

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.

DirectSOFT
X1 LD Load the constant value 6
_| I (HEX) into the lower 16 bits
K6 of the accumulator
Ci | HEX
LDA 38(? \;?:i ?g;z t1h480\?atlze into
0 1400 the accumulator. This is the
table pointer location.
Ci hi ified value fi
T the table o the specified
V1500 destination (V1500)
Handheld Programmer Keystrokes
[ s |[[xen || 1 ][]
| w |[keow]| 6 ][]
Lw [[swer|[ a [feer ][ 1+ [[ 4 J[ o [ o [[«]
I | N | | o A v B | | e | =0
Itis important to understand how the table Table Table Pointer
locations are numbered. If you examine viaot [0]5]0]0]o 6 [o]o]o]o]viaon
the example table, you'll notice that the via02[9 [0 o [9] o
first data location, V1401, will be used visoz |3 |o |7 4] 2 Destination
when the pointer is equal to zero, and viaoa[s |08 ]s] o  LelxIx[x]visoo
again when the pointer is equal to six. V1405|110 |1]0| 4
Why? Because the pointer is only equal to V1406121014 16] 5
zero before the very first execution. From vioT [ XXX X

then on, it increments from one to six, and
then resets to one.

Also, our example uses a normal input
contact (X1) to control the execution. Since

DirectSOFT (optional latch example using SP56)

X1 Co
the CPU scan is extremely fast, and the — | { PD )
pointer increments automatically, the table ct b
would cycle through the locations very — Ke
quickly. If this is a problem, you have an | : Load the constant value 6
option of using SP56 in conjunction with a | Stihe scoumuiator
one-shot (PD) and a latch (C1 for example) o o
to allow the table to cycle through all — | ( seT)
locations one time and then stop. The logic sPss o
shown here is not required, it's just an — | ( RsT )

optional method.
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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Standard RLL Instructions
Table Instructions

The following diagram shows the scan-by-scan results of the execution for our example program. Notice
how the pointer automatically cycles from O - 6, and then starts over at 1 instead of 0. Also, notice how SP56
is only on until the end of the scan.

Example of Execution

Scan N Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [o[s[ofo]o e [o]o]o]o]|vi400 vigot [o[s]ofo]oe [o]o]o]1]viaco
V1402 (9199 |9 1 V1402 (9 (9|9 |9 1
via03 |30 |7 |4 > Destination V1403 |3 07 | 4 o Destination
visoa |8 [o]s]a] 3 | X Jviso0 vioa s ToTe ol 5 Lolsfofo]visoo
V1405 |1 [0 [11]0 4 V1405 |1 |10 [1]0 4
SP56 SPs6
V14 2|10(4|6 5 V14 2(0(4 |6 5
06 —| |— sPs6=o0FF 08 — |— sPse=oFF
V1407 | X | X | X | X V1407 | X | X | X | X
Scan N+1 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
viaot [0 [s]ofo] o6 [o]o]o]1|via00 vigot [0 [s]ofo] o6 [o]o]o]2]via00
V1402 (9 |9 (9|9 1 V1402 (9 (9 (9|9 1
Destination Destination
V1403 |3 |0 |7 | 4 2 V1403 (3 |0 |7 |4 2
V1404 |8 |9 /8|9 | 3 [o]5 oo ]visoo vidoa |8 |9 |8 |9| 3 19 ]9 ]9 ]9 viso0
V1405 |1 |0 |1 |0 4 V1405 |1 [0 |1 |0 4
visos |2 |o[af6]| 5 5Ps6 viaoe |2 o4 6] 5 SPs6
|— sPs6 = OFF |— sPs6 = oFF
V1407 | X | X | X | X V1407 | X | X | X | X
Scan N+5 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [o[s[ofo]o e [o]o]o]s |vi400 vigot [o[s]ofo] o6 [o]o]o]e]viaco
V1402 (9199 |9 1 V1402 (9 (9|9 |9 1
via03|3 |0 |7 |4 > Destination V1403 |3 |0 |7 | 4 o Destination
vissa 3]0 e o] s  L1Lof1]o]visoo visos[s[ols o] s  L2]o]¢]8]visoo
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
viao7 | X [x [ x| x — | SP56 = OFF vi407 | X | x [x]x — | SP56=ON
until end of scan
. . or next instruction
. . that uses SP56
Scan N+6 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Resets to 1, not 0)
vigot [o[s]ofo]o 6 [o]o]o]6|vi400 vigot [o[s]ofo] o6 [o]o]o]1]viaco
V1402 (9199 |9 1 V1402 (9 (9|9 |9 1
via03|3 0|7 |4 > Destination V1403 |3 0|7 | 4 o Destination -
visa[5]o]a o] 5 L2lof4]e]visoo visos[s[ols o] s Lofs]ofo]viso =
n
110|110 4 110(1]0 4 -
V1405 V1405 a 5)0-
V1406 (2 |0 |4 |6 5 SP56 V1406 (2 |0 |4 |6 5 SP56 @S
viaor TX X X Tx —| |— sPs6=oFF viaor X X X T — |— sPse=oFF E%
Q=
. . [=YoN
. . (33
w

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Table Instructions
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Remove from
Bottom
(RFB)

430 440 450

DS HPP

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 RFB

first V-memory location in the table Aaaa
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 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 FF.

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 SP0 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 DL440 Range DL450 Range
A aaa aaa

V-memory \ All (See p. 3-41) All (See p. 3-42)

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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Standard RLL Instructions
Table Instructions

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.

DirectSOFT

X1

LD
_| I K6

Load the constant value 6
(HEX) into the lower 16 bits
of the accumulator

LDA
O 1400

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

[ sr |[[xm || 1 |[e—]

[ w |[keow]|[ 6 |[ ]

Lw [[swer|[ a [feer ][ 1+ [[ 4 J[ o |[ o [[«]

Csrer] [Cr ] Cr [ Cowr) B [ J s J o 1[0 J[+=—]
Itis important to understand how the table Table Table Pointer
locations are numbered. If you examine viao1 [0 T ToTo] 1 [0 oo o ]via00
the example table, you’ll notice that the vigo2 (99 o9 2
first data location, V1401, will be used viaos |3 |07 4] 3 Destination
when the pointer is equal to one. The viaoa[s[o s ]s] e  LelxIx[x]visoo
second data location, V1402, will be used V1405|110 |1]0]5
when the pointer is equal to two, etc. V140612 10141616

V1407 [ X | X [ X | X

Also, our example uses a normal iNput | pirectsoFT (optional one-shot methoc)
contact (X1) to control the execution.

X1 Co
Since the CPU scan is extremely fast, and — | { PD )
the pointer decrements automatically, the co b
. _| | T

table would cycle through the locations I K6 =
very quickly. If this is a problem for your Load the constant value 6 e

. . . . (HEX) into the lower 16 bits Sa
application, you have an option of using a of the accumulator oS
one-shot (PD) to remove one value each ™ é’%
time the input contact transitions from low 0 1400 %3_
to high. | Convert octal 1400 to HEX 2

300 and load the value into
| the accumulator. This is the
table pointer location.
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Standard RLL Instructions
Table Instructions

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

Scan N Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
visot [o]sofo] 1 [o]o]o]s |vi400 viao1 [0 ]5[ofo] 1 [o]oTo]s|vta00
vigo2 (9 |99 |a| 2 vigo2 (9|9 (o |9]| 2
viaoz |3 o7 4 3 Destination viaos |3 1017 [ 3 Destination
vido4 |8 |9 |8 ]a]| 4 [ X Jviso0 visos [sos o] 4 L2[o]4]6]viso0
vigo5 |1 {0 |1]0| 5 viaos |1 [0 |10 5/
SP56 SP56
vido6 |2 [0 [4|6]| 6 vido6 |2 |0 [4|6]| 6
|— sPs6 = OFF — |— sPse=oFF
V1407 | X | X [ X | X V1407 [ X | X [ X | X
Scan N+1 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
vigot [o[s]ofo] 1 [o]o]o]s|vi400 vigot [o[s]ofo] 1 [o]o]o]4]viaco
viso2 (9 |99 |o| 2 vis02 (9|9 (99| 2
via03|3 |0 |7 |4 3 Destination V1403 |3 0|7 | 4 3 Destination
visoa[8o]a]o| o L2lofe]6]viseo visoalsfofelo] 4 o [ [o[1 [o]visoo
visos |1 |o[1]o]| 5 vid05 1|0 |1 [0]| 5
SP56 SP56
visos |2 |0 [4|6]| 6 vigo6 |2 |0 |4 |6]| 6
—| |— sPse=0FF —| |— spse=o0FF
V1407 | X | X [ X | X V1407 | X | X [ X | X
Scan N+4 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
visot [o]sofo] 1 [o]o]o]2]vi400 visot [o[s[ofo] 1 [o]o]o]1]v1a00
vigo2 |9 |99 |a| 2 vigo2 |9 |9 o 9| 2
viaoa|3lol7 4| 3 Destination viaos |3 To 712 3\ Destination
visa[a o ]a o] « L2lof7[4]viso0 visos [sToTalol o  Lololo]o]visoo
vigos |1 |o[1]o]| 5 vigos |1 |0 [1]0]| 5
visoe |2 |0 |4 6| 6 SP56 viaoe [2 |0 |4 |6]| 6 SP56
viao7 [ X [ x [ x| x |— sPs6 - OFF viao7 [ X | x [x [ x |—— spse - OFF
Scan N+5 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer
visor [o]sofo] 1 [o]o]o]1]vi400 vigo1 [0 ][5 [ofo] 1 [o]oo]o]vta00
vigo2 |9 |99 |a| 2 vigo2 |9 |9 fo]9]| 2
visos|3|o|7]a]| 3 Destination viaos [3]o|7]4] 3 Destination
@ visa[alo(sls] o Lelolo]o]viseo visos s ool «  Lolslo]o]visoo
o V1405 |1 |01 [0 5 V1405 |1 [0 |1 |O| 5
g*c'j visos |2 [o[4]6] 6 SPs6 viaoe |2 |o |4 6| 6 SP56
o= via07 [ X [ x [x ] x |— sPs6 - OFF viao7 [ X | x [x [ x |— sPse-=oN_
c "(7') until end of scan
© c . . or next instruction
(",')'— . . that uses SP56
—
|
o
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Standard RLL Instructions
Table Instructions

Source to Table The Source To Table instruction moves a
(STT) value from a V-memory location into a
XL < V-memory table and increments a table
pointer by 1. When the table pointer STT
i Vaaa
7 7 reach_es the end of the tabl_e, |t_ resets to 1.
The first V-memory location in 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 additional
instructions. Listed below are the steps
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 FF.

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 DL440 Range DL450 Range
aaa aaa

V-memory \% All (See p. 3-41) All (See p. 3-42)

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 to 1 automatically when the tabl
length is reached.
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Standard RLL Instructions
Table Instructions

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.

DirectSOFT

X1

LD
_| I K6

Load the constant value 6
(Hex.) into the lower 16 bits
of the accumulator

LDA
O 1400

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

[ s |[xem || 1 |[«e—]

[ o |[keon]| 6 |[«—]

I | A I o e | e | o | =

Corer) s I [ (s v s I J[o =]
Itis important to understand how the taple Table Table Pointer
locations are numbered. If you examine viaot [X[x[x[x] o 6 [o]o]o o via00
the example table, you’ll notice that the via02 [ X [ x [x[x] 1
first data storage location, V1401, will be viaoa [ X [X [x x| 2 Data Source
used when the pointer is equal to zero, viaos XX [x[x] s Lelelofo]visco
and again when the pointer is equal to six. V1405 | X | XX | X | 4
Why? Because the pointer is only equal to V1406 | X XXX ] 5
zero before the very first execution. From vidor [ X XXX

then on, it increments from one to six, and
then resets to one.

Also, our example uses a normal iNput | pirectsorr (optional one-shot method)
contact (X1) to control the execution.

X1 co
Since the CPU scan is extremely fast, and — | { P0 )
" the pointer increments automatically, the co b
5 source data would be moved into all the — | K6
o5 table locations very quickly. If this is a Load the constant value 6
I3 problem for your application, you have an Sihe acoumuiator
g‘g» option of using a one-shot (PD) to move —
h one value each time the input contact 01400
n_:' transitions from low to high. | Convert ool 1400 1o FEX

300 and load the value into
| the accumulator. This is the
starting table location.
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Standard RLL Instructions
Table Instructions

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.

Example of Execution

Scan N Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
viaor [x [x[x[x] o 6 [o]o]o]o]via00 via01 [0 ]5]ofo]oe [o]o]o]1]vis00
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
V1404 | X [ X | X | X 3 V1500 V1404 | X [ X [ X | X 3 nnn V1500
V1405 | X [ X [ X | X 4 V1405 | X | X | X | X 4
SP56 SP56
V1406 | X | X | X [ X 5 V1406 | X | X | X | X 5
|— sPs6 = OFF |— sPs6 = OFF
V1407 | X | X [ X [ X V1407 | X | X | X | X
Scan N+1 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
via01 [0 |5]o]o| o6 [o]oo]1]vi400 viaot [0 [5]o]o] o6 [o]o]o]2]viaco
V1402 | X | XXX | 1 V1402 (9|9 |9 |9 ]| 1
Source Source
V1403 [ X | X | X [ X 2 V1403 | X [ X [ X | X 2
V1405 | X | X [ X [ X 4 V1405 | X | X | X | X 4
V406 | X | XXX ° SP5|6— SP56 = OFF V1406 | X | X [ X | X ° SP5|6— SP56 = OFF
V1407 [ X | X | X | X V1407 | X | X [ X | X
Scan N+5 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [o]5]ofo]o 6 [o0]o]o]s |vi400 via01 [o]5]ofo] o6 [o]o]o]s]|vis00
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
visoa [8 o s o] a  Lzlof¢]e]visoo visos 8ol 5 L2lol4]6]visoo
V1405 |1 |0 1|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 = ON
V1407 | X | X [ X | X | V1407 | X [ X [ X | X | until end of scan
. . or next instruction
) . that uses SP56
Scan N+6 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Resets to 1, not 0)
vigot [o]5]ofo]o 6 [o]o]o]s|vi400 vigot [1[2]3]4] 06 [o]o]o]1]via00 )
vig02 |9 |9 (9|9 1 via02 (9 |9 |99 1\ P(I)
Source Source
V1403 |3 |0 |7 | 4 2 V1403 |3 [0 |7 | 4 2 =
=)
1 [Tes]¢] 5
visoa [8 o8 ]o] 3  L2[3]4]viso0 visos 8ol 5 L1284 ]visoo 38
=0
V1405 |1 |0 1|0 4 V1405 |1 [0 |1 |0 4 (C)m
V1406 |2 |0 |4 |6 5 SP56 V1406 (2 |0 |4 |6 5 SP56 :“3_
vido7 | x | x [ x [ x | SPS6 = OFF viao7 [ X | x [x [ x | SPS6 = OFF S
w
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Standard RLL Instructions
Table Instructions

Remove from Table The Remove From Table instruction pops a

(RFT) value off a table and stores it in a

V-memory location. When a value is

430 440 450 removed from the table all other values are __|RFT
shifted up 1 location. The first V-memory Vaaa

location in the table contains the table
length counter. The 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 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 FF.
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 instruction which specifies destination V-memory location
(Vaaa). The value will be moved to this location.

DS HPP

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 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 DL440 Range DL450 Range
aaa aaa
V-memory \% All (See p. 3-41) All (See p. 3-42)
Discrete Bit Flags Description
SP56 on when the table counter 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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Standard RLL Instructions
Table Instructions

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.

DirectSOFT
X1 LD Load the constant value 6
_| I (Hex.) into the lower 16 bits
Ké of the accumulator

LDA 550 and toac the valug into
O 1400 the accumulator

RFT e s e
V1500 specified location (V1500)

Handheld Programmer Keystrokes

[ s |[[xewy || 1 ][]

| w |[keow]| & ][]

L w J[swr ][ a Jloer || + J[ 4 J[ o J[ o J[e=]

Lswer | m J[ F JL 7 J[swer v J[ 1+ J[ s J[ o J[ o |[«=]
Since the table counter specifies the Table Table Counter
range_ofdgtathatwulbe removed from the vizoi [0 TsToTo] + [0T0 o6 |viaoo
table, itis important to understand how the vio2|9 99|92
table locations are numbered. If you via03 |3 0|7 ]4]3 Destination
examine the example table, you’ll notice viaos |8 |98 o] 4 x [ [x [xJvisoo
that the data locations are numbered from V1405 | 1|0 |10 |5
the top of the table. For example, if the V140612 10141616
table counter started at 6, then all six of the viaor [ X XXX

locations would be affected during the
instruction execution.

Also, our example uses a normal iNput | pirectsoFT (optional one-shot method)
contact (X1) to control the execution.

X1 Co

Since the CPU scan is extremely fast, and — | { PD )
the pointer decrements automatically, the co b
data would be removed from the table very — | K6
quickly. If this is a problem for your Load the constant value 6

. . . . (HEX) into the lower 16 bits
application, you have an option of using a of the accumulator
one-shot (PD) to remove one value each ™
time the input contact transitions from low 0 1400
to high. | Convert octal 1400 to HEX

300 and load the value into
| the accumulator. This is the
table pointer location.

9]
—
Q
>
o
Q
=
o
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=
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Standard RLL Instructions

Table Instructions
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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.

Example of Execution

Scan N Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically Decremented)
Table Counter V1401 10151010 1 V14OO V1401191919 |9 1) 0 5 V1400
indicates that V1402 (9 |99 |9 | 2 V1402 (4 [0 |7 |9 ZD N\O
these 4 Destination Destination
positions will V1403 |3 |0 |7 |4 3 V1403 |8 (9|8 |93
be used visos [8 |9 ]8]9] 4 X [x [ x [ x]visoo Start here V1404 | 8 |9 |8 |9 4) [o[s]o]o]vis00
V1405 (1|0 |1 |0 5 vigo5 |1 (0|1 |05
SP56 SPs6
2|ol4|6| 6 2|ol4|6|6
V1406 | SP56 < OFF V1406 |— sPs6 = 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)
visot [9 oo e ] 1 [0]o]o]3]vi400 viaor [4Jo]7fs] 15y 9 [o]o]o]2]v1400
visoz 4|07 ]9] 2 visoz [8 ]9 |8 |9] 2 N\g o
viso3 |8 |98 ]9 3 Destination Starthere V4403 |8 19 18 |9 | 3 Destination
visoa[a(ofs o] «  Lols[ofo]visoo viaos |8 o Ta 5] 4 19 ]9 ]9 [9]vis00
vi405 |1 |0 f1]0]| 5 vi405 |1 |01 |0 56
SP56 SPs6
Vidoe |2 |0 |4 |6 | 6 Vvido6 |2 |0 |4 |66
|— spse = OFF |— sPs6 = OFF
V1407 | X | X [ X | X V1407 | X [ X | X [ X
Scan N+2 Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically Decremented)
vigo1 [4Jo[7 o] [o]o]o]2]vi400 vi401 [8 o [8 o 1> & [o]o]o]1]v1400
V1402 [8 |9 |89 2 Start here V1402 |8 |9 [8 |9 | 2 7
visoz |8 o893 Destination vizo3 s lo 189 3 9 Destination
V1404 |8 |9 8|9 | 4 V1500 V1404 |8 |9 |8 |9 | 4 V15°°
V1405 |1 [0 |1 |0 | 5 V1405 |1 [0 |1]0]| 5
V1406 [2 |0 |4 |6 6 SP56 V1406 |2 |0 |4 |6 | 6 SP56
viaor [X X X T |— spse = OFF viao7 X TX X X |— sPs6 = OFF
Scan N+3 Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically Decremented)
visot [8 a8 ]e] 1 [oJo]o]1]via00 Stathereviaot [8 [9[8 o] 1 8 [o]o]o]o]vi400
V1402 |8 |9 ]8 |9 2 V1402 |8 |9 |89 | 2 8
visoz |8 lolslo] 3 Destination visoa|s o893 9 Destination
vi404 |8 9|8 |9 4 V1500 V1404 |8 |9 |8 |9 | 4 V15°°
V1405 |1 [0 |1]0] 5 V1405 (1|0 1[0 |5
V1406 |2 |0 |4 |6 6 SP5|6 vido6 |2 |0 4|66 SP5|6
—— SP56 = OFF —— SP56 = ON
V1407 [ X [ X | X [ X V1407 | X | X [ X | X until end of scan

or next instruction
that uses SP56
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Standard RLL Instructions
Table Instructions

Add to Top
(ATT)

430 440 450

DS HPP

The Add To Top instruction pushes a value
on to a V-memory table from a V-memory
location. When the value is added to the —
table all other values are pushed down 1
location.

ATT
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
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

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 ATT instructions which specifies source V-memory location
(Vaaa). The value will be moved from this location.

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, ifthe 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 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 DL440 Range DL450 Range
aaa aaa

V-memory \ All (See p. 3-41) All (See p. 3-42)

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

— 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.

Y
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Standard RLL Instructions
Table Instructions

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.

DirectSOFT

X1

LD
_| I K6

Load the constant value 6
(Hex.) into the lower 16 bits
of the accumulator

LDA
O 1400

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

[ s |[[xew || 1 |[ ]

| o |[keow]|[ & [«

Lw [[swer|[ a Jfeer ][ 1+ [[ 4 J[ o |[ o [[«]

Lswer ][ A [ v JL 7 J[swer eV ][ ¢+ J[ s [[ o |[ o [[«]
For the' ATT instruction, the tab!g counter Table Table Counter
determines the number of.addltlo.ns thgt via01 [0 Ts To o] 1 [0 oo |viaco
can be made before the instruction will vi402[9 |9 ]9 ]9] 2
stop executing. So, it is helpful to viaos [3 |07 ]4] 3 Data Source
understand how the system uses this visoa[s o8 o] 4  LLXIx[X]visoo
counter to control the execution. V1405 | 110 1]05

. 2|10(41|6|6
For example, if the table counter was set \v'::gj T x
to 2, and the table length was 6 words, .
then there could only be 4 additions of . (.9.,6-2=4).

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 | pirectsorT (optional one-shot methoa)
contact (X1) to control the execution. N co
Since the CPU scan is extremely fast, and — | { P0 )
® the table counter increments co b
S automatically, the data would be moved — | K6
°B into the table very quickly. If this is a Load the constant value 6
32 problem for your application, you have an Sihe acoumuator
fg 2 option of using a one-shot (PD) to add one —
w7 value each time the input contact 01400
n_:' transitions from low to high. | Convert ool 1400 1o FEX
300 and load the value into
| the accumulator. This is the
starting table location.
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Standard RLL Instructions
Table Instructions

The following diagram shows the scan-by-scan results of the execution for our example program. The table
counteris setto 2initially, and it willautomatically 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)
viso1 [0 [5]oo] 1 [o]o]o[2]via00 viaor [1[2afa] 1~ 1 [o]o]o]3]v1400
vido2 (99992 vi402 [0 [5]0]0 2> 3,
visos [3]o[7[4]s Data Source viso3 [9 9o 9 3) Data Source
1
V1404 [8 |9 |8 |9 4 L1 [2]3]4]vrsoo viaoa | 31017 |4 4) [1]2]3]4] w1500
vi4os [1]0|1]0]|5 V1405 (8|9 (8|9 5>
SP56 SPs6
vidoe [2 |0 |4 |6 |6 vidoe [1[0|1]0]6
|— sPs6 = OFF —] |— srPse=oFF
V1407 [ X | x | x| x V1407 [ X [ X | X | X
Discard Bucket
. . 2046
Scan N+1 Before ATT Execution After ATT Execution
Table Counter
Table Table Counter Table (Automatically Incremented)
visor [1 234 1 [0]o]o]3]vi400 visor [s[e 78] 1~ 5 | [o]o]o#]via0
via02 |0 |5 [oo]2 via02 [1[2]3]4 2>‘w
Data Source Data Source
vis03 |9 |9 f9|o |3 V1403 [0 |5 |0 |03
visos |3 |0 |7]a] 4 5 [6 78 Jvisoo viaos |9 |9 |9 |9 4% [5[6]7[8]vis00
viaos |8 |98 o] 5 V1405 [3 [0 |7 |4 5>
SP56 SPs6
visos |1 |o[1]0|6 vi406 (8|9 (8|96
|— spse = OFF —| |— spse=oFF
vi407 | X [ x [ x| x V1407 [ X [ X | X | X
Discard Bucket
. . 1010
Scan N+2 Before ATT Execution After ATT Execution
Table Counter
Table Table Counter Table (Automatically Incremented)
visot [5]6[7]8]1 [oJo]o[4]via00 visot |4 ]sa]s] 4 [o]o]o]s |vi4a00
D 3
viao2 |1 |2 (3|42 vido2 |5 |6 |7 |8 2) 4
vi403 |0 151003 Data Source visos| 11213143 Data Source
4
V1404 (9|9 |9 |04 [+ ]3] 3[4 ]vrsoo vi404| 01500 4% [4]3]4]3]vi500
vidos (3 (0|7 |45 vidos |9 9|99 5)
viso6 |8 |9 |8 |96 SP56 V1406 [3 |0 |7 |4 |6 SP56
viaor X XXX |— sPs6 - OFF viaor X X X X \ — |— spss=oFF
Discard Bucket
. . 8989
Scan N+3 Before ATT Execution After ATT Execution
Table Counter
Table Table Counter Table (Automatically Incremented)
visor [a]3]a]s]n [o]o]o]5 |vi400 vigr [ 71717171 7 [o]o o6 vi400
vi402 |5 |6 (7|82 vido2 |4 |3 |43 2> 7
viaos |1 )23 4|3 Data Source vidos |5 6|78 3 Data Source
V1404 |0 |5 [0 |0 |4 L7 [7 [7]7 Jvisoo visos |1 [2|3 |4 4% 717 [7 7 ]visoo
V1405 [9 |9 (9|95 vi405 |0 |5 [0 |0 5>
vi406 [3[0[7]4a]6 SP56 viaoe |9 o |oo |6 SP56
vido7 [x [x [x[x |— sPs6 - OFF viao7 | x [x [ x| x \ — o N can
. . Discard Bucket or next instruction
. . 3074 that uses SP56
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Standard RLL Instructions
Table Instructions
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Move Memory
Cartridge/
Load Label

(MOVMC/LDLBL)

430 440 450

DS HPP

\//
Oo—
/NN

The Move Memory Cartridge instruction is
used to copy data between V-memory and
program ladder memory. The Load Label MOVMC
instruction is only used with the MOVMC Aaaa
instruction when copying data from
program ladder memory to V-memory.

To copy data between V-memory and
program ladder memory, the function
parameters are loaded into the first two
levels of the accumulator stack and the
accumulator by two additional instructions. LDLBL
Listed below are the steps necessary to E— Kaaa
program the Move Memory Cartridge and
Load Label functions.

Step 1:— Load the number of words (255 maximum) to be copied into the second
level of the accumulator stack. This must be a hex value, 0 to FF.

Step 2:— Load the offset for the data label area (in HEX) in the program ladder
memory and the beginning of the V-memory block into the first level of the
accumulator stack.

Step 3:— Load the source data label (LDLBL Kaaa) into the accumulator when
copying data from ladder memory to V-memory. Load the source address into the
accumulator when copying data from V-memory to ladder memory. The value will
be copied from this location. If the source address is a V-memory location, the value
must be entered in HEX.

Step 4.— Insert the MOVMC instruction which specifies destination (Aaaa). The
value will be copied to this location.

Operand Data Type

DL440 Range

DL450 Range

V-memory

All (See p. 3-41)

All (See p. 3-42)

Constant

1-FFFF

1-FFFF

Discrete Bit Flags

Description

SP53 on if there is a table pointer error.

NOTE: Status flags are only valid until:
— the end of the scan
— or another instruction that uses the same flag is executed.

WARNING: The offset for this usage of the instruction starts at 0, but may be
any number that does not result in data outside of the source data area being
copied into the destination table. When an offset is outside of the source
information boundaries, unknown data values will be transferred into the
destination table.

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Table Instructions

Copy Data From a In the following example, data is copied from a Data Label Area to V-memory. When X1
Data Label Area to is on, the constant value (K4) is loaded into the accumulator using the Load instruction.

V-memory This value specifies the length of the destination table and is placed in the second stack
location after the next Load and Load Label (LDLBL) instructions are executed. The
430 440 450 constant value (KO0) is loaded into the accumulator using the Load instruction. This value
specifies the offset for the source and the destination table, and is placed in the first stack

DS  HPP 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 table starting location and executes the
copying of data from the source Data Label Area to V-memory.

DirectSOFT

X1 LD Load the value 4 into the

_| | accumulator specifying the
I K4 number of locations to be copied.

Load the value 0 into the
LD e
accumulator specifying the
Ko offset for source and
destination locations

LDLBL Load the value 1 i_ntg the
accumulator specifying the
K1 Data Label Area K1 as the
starting address of the data
to be copied.

V1400 is the destination
MOVMC starting address for the data
V1400 to be copied.

N

END )

DLBL

NCON
K 1234
Handheld Programmer Keystrokes (for MOVMC portion only)
NCON
K 4532 Lsm [[xm ][ 1+ [[«]
K 6151 |K(CON)|| o |[«—]
[ w |[swer [ v [ 8 || ¢ [ swrr][keon]| 1+ |[e—]
NCON
K 8845 Lswer ][ ™ J[ o JL v J[m |[ ¢ |
Lswer Jv J[ + J[ 4 J[ o J[ o Jle—]
NCON
K 7777

WARNING: The offset for this usage of the instruction starts at 0, but may be
any number that does not result in data outside of the source data area being
copied into the destination table. When an offset is outside of the source
information boundaries, then unknown data values will be transferred into the
destination table.
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Standard RLL Instructions
Table Instructions

The following diagram shows the result of our example. The offset is equal to zero and four words will be
copied into the Data Label area.

Example of Execution
Offset = 0, move 4 words

Before MOVMC Execution After MOVMC Execution
Destination Data Label Area
V1400 (0 [9 |0 | O DLBL K1
0|5|0]0 N C O N
V1401 Start here K1 4 Destination
V1402 (9199 |9 3
1]2[3|4]| visoo Starthere
V1403 |3 (0 |7 |4 N C O N 4(5]3]|2| vis01
—_— 4
V1404 (8 [9 |8 |9 K 4 5 3 2
6(1]5|1][ V1402
Vi4os 11101110 Neon /8845V103
4
V1406 | X | X | X [ X K 6 1 5 1
819 (89| Vvid0o4
. N C O N
. K 8 8 4 5 110|110 V1405
X | X | X|X| V1406
N C O N
K 7777 °

The example is fairly straightforward when an offset of zero is used. However, it is also helpful for you to
understand the results that would have been obtained if different offset values (1 and 2) were used. Notice
how the offset is used for both the data label (source) and the destination table. Also, notice how an
improper offset (two in this case) can result in unknown values being copied into the destination table.

Offset = 1, move 4 words

Before MOVMC Execution After MOVMC Execution
Destination Data Label Area
V1400 ([0 [9 |0 | O DLBL K1
V1401 [0 | 5|0 [0 N C O N o
Offset K Destination
V1402191919 19 L2 ° 2 0(9(0]|0]| V1400
V1403 (3 [0 |7 | 4 Start here N CON
K 4 5 3 o|— 415|383 [2]| V1401 Start here
V1404|819 18 |9 61|51 V1402
Viaos | 1101719 ool /8845V103
4
V1406 | X | X [ X | X AN 717(7|7]| vidoa
. N C O N
. K 8 8 4 5 110]1]0[ Vi405
XXX [X]| Via
N C O N 08
K7 7 77 *
Offset = 2, move 4 words
Before MOVMC Execution After MOVMC Execution
Destination Data Label Area
V1400 ([0 [9 |0 | O DLBL K1
V1401 [0 | 5|0 |0 N C O N o
K 1 2 3 a Destination
V1402 [9 (9|9 |9 Offset
0(9(0]|0]| Vvid00
) V1403 [3 |0 |7 |4 N C O N o5 ool vidor
4
g V1404|819 18 |9 ff0 0 f 61|51 V1402
i Start here
ek via05 | 1|0 |1 [0 Starthere |N € O N /
c‘5() K 6 1 5 1 88|45 Vvi403
o= V4o [ XXX X 717(7|7]| vidoa
cn . N C O N
202122
Sc . K 8 8 45 ‘ 17| V1405
wn_ X | X | X | X | V1406
- N C O N
o K 7777 *
Since there is no NCON, the CPU does *
not know where to get the data. Unknown
values will be copied into V1405. ?2 0?2 2 2 92
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Standard RLL Instructions
Table Instructions

Copy Data From
V-memory to a
Data Label Area

NOTE: You must use a RAM cartridge for this example to work.
In this example, data is copied from V -memory to a data label area. When X1 is on, the
constant value (K4) is loaded into the accumulator using the Load instruction. This value

specifies the length of the destination table and is placed in the second stack location
430 440 450 after the next Load and Load Address instructions are executed. The constant value
(KO) is loaded into the accumulator using the Load instruction. This value specifies the
DS  HPP offset for the source and destination table, and is placed in the first stack location after
the Load Address instruction is executed. The source address data is being copied from
is loaded into the accumulator using the Load Address instruction. The MOVMC
instruction specifies the destination starting location and executes the copying of data
from V-memory to the data label area.
DirectSOFT Handheld Programmer Keystrokes (for MOVMC portion only)
_|X‘| LD Lsm [[xmw]] 1+ [[«—]
| < oo | [keow) [« | [—]
Bccumuiator sectyng e [ o ]
number of locations to be copied. | A | | oo | | p | | . | | o | | o |
LD [swer || m ][ o | v |[ m || c || swer|[keowm]| 1 ]
KO
Load the value 0 into the
accumulator specifying the
offset for source and
destination locations.
LDA
0 1400
Convert octal 1400 to HEX 300 and
load the value into the accumulator.
This specifies the source location
where the data will be copied from
mMovme Note: This instruction works only with the RAM cartridge. It
| K1 does not work with the EEPROM.
| K1 is the data label
destination area where the
| data will be copied to
I
(
\ END )
DLBL
K1
NCON
K 1234
NCON
K 4532
NCON
K 6151
NCON
K 8845
,5_0
NCON
K 7777 ggg
2S5
=0
)/ WARNING: The offset for this usage of the instruction starts at 0. If the offset 5 L
< U/ (or the specified data table range) is large enough to cause data to be copied ol
A from V-memory to beyond the end of the DLBL area, then anything after the a
O specifi h e - ;
pecified DLBL area will be replaced with invalid instructions.
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Standard RLL Instructions
Table Instructions
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The following diagram shows the result of our example. The offset is equal to zero and four words will be
copied into the Data Label area.

Example of Execution
Offset = 0, move 4 words

Before MOVMC Execution After MOVMC Execution

Data Label Area Data Label Area
DLBL K1 Destination DLBL K1

N CON Starthere (0|5 |0 |0 | vi400 N C O N

K 1 3 4 9999 vido1 K 5 o o Strthere

N CON 3107 [4] Vvi402 \ N C O N

K 4 5 3 2 8(9(8]9] Vvi403 \ K 9 9 9 9

N CON 11010 V1404 N C O N

K 6 1 5 1 2104 |6 ]| V1405 K 3 0 7 4

N CON X | X | X | X ]| V1406 N C O N

K 8 8 4 5 . K 8 9 8 9

N CON : N CON

K7 7 77 K7 7 77

The example is fairly straightforward when an offset of zero is used. However, it is also helpful for you to
understand the results that would have been obtained if different offset values (1 and 2) were used. Notice
how the offset is used for both the V-memory data table (source) and the Data Label area. Also, notice how
an improper offset (two in this case) can result in invalid instructions being written over any instructions that
follow the Data Label.

Offset = 1, move 4 words

Before MOVMC Execution After MOVMC Execution
Data Label Area Data Label Area
DLBL K1 Destination DLBL K1
N C O N Offset [0 [5 [0 |0 | V1400 N C O N
Offset
K 1 2 3 4 Starthere |99 |9 |9 | Vi401 K1 2 3
N CON 3074V1402\NCON
K 4532 BEEE v1403\ K 9 9 g g| Stathee
N CON 11010 V1404 N C O N
K 6 1 5 1 2104 ]6]| V1405 K 3 0 7 4
N CON X | X | X|X| V1406 N C O N
K 8 8 4 5 . K 8 9 8 9
N C O N : N C O N
K7 7 77 K1 0 1 0
Offset = 2, move 4 words
Before MOVMC Execution After MOVMC Execution
Data Label Area Data Label Area
DLBL K1 Destination DLBL K1
N CON 0|5(0]|0]| Vid00 N C O N
Offset
K1 2 3 4 919(9]9] vido1 K1 2 3 4
Offset
N C O N Starthere |3 |0 |7 4] Vi402 N C O N
K 4 5 3 2 819 (8|9 Vvi403 K 4 5 3 2
N C O N 1101 (0] V1404 N C O N
Start here
K 6 1 5 1 2104 |6]| V1405 K 3 0 7
N CON X | X | X[ X ]| V1406 N C O N
K 8 8 4 5 . K 8 9 8 9
N C O N : N C O N
K7 7 77 K 1 0 1 0

Invalid Instruction
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Standard RLL Instructions
Table Instructions

Set Bit The Set Bitinstruction sets a single bitto one
(SETBIT) within a range of V-memory locations. | sETBIT
A aaa
430 440 450
DS  HPP
Reset Bit The Reset Bit instruction resets a single bit
(RSTBIT) to zero within a range of V-memory ____|msTBIT
locations. A aaa
430 440 450
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 FF.

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. Flag 53 will
be set if the bit specified is outside the range of the table.

Operand Data Type DL450 Range
aaa
V-memory \ All (See p. 3-42)
Octal Address (e} 0-7777
Discrete Bit Flags Description
SP53 on when the bit number which is referenced in the Set Bit or Reset Bit
exceeds the range of the table

NOTE: Status flags are only valid until:
— the end of the scan
— or another instruction that uses the same flag is executed.

program shows how to set the bit as HEEN
shown to a “1”.

For example, suppose we have a table V3000
starting at V3000 that is two words long, as MSB LSB
shown to the right. Eachword inthetable [ [ [ [ [ [ [ [T [ [T [ [ [ 11]]
contains 16 bits, or 0 to 17 in octal. To set )
bit 12 in the second word, we use its octal [~ 16bits —————»] E
reference (bit 14). Then we compute the 5%’
bit's octal address from the start of the V3001 a3
table, so 17 + 14 = 34 octal. The following ~ _MSB LSB )
(:D".Q_
>
(2}

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Table Instructions

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
beginning.

DirectSOFT

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 bit 34 (octal) in the table
toa™”.
034

Handheld Programmer Keystrokes

[ s |[[xewy || o |[«—]
| o |[keon]|[ 2 |[«—]
Lw |[ser ][ a |[oer ][ s J[ o J[ o [ o [[«]
Lser |[seer|[ 8 |[ 0+ J[ v Jleer|[ s [[ ¢ [[«]

1)
c
(@]
°5
© S
i
cn
Sc
n_
.
o

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Table Instructions

V=XXXX

V=-xxxx +1

V-=XXXX +2

Discard bits

-

The Table Shift Left instruction shifts all the

bits in a V-memory table to the left, the | TSHFL
specified number of bit positions. A aaa
The Table Shift Right instruction shifts all the

bits in a V-memory table to the right, a | TSHFR
specified number of bit positions. A aaa

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

-~ Shift in zeros — Discard bits
[TTTTTTTITITITITITITITT] -— CITTTITTITITIITITIITIT] —
— .~

4;\\\\_.‘ —:\\\\
LITTTTTTITITITITITITITT1] LITTTTITTITITITITITITITT1]
— -~

\\\\* \\\\\

LTI TTTTTITTITITITITITTd LITTTTTTITITITITITITITT1]
- _ ~__

- T Shift in zeros — T

HENEEEEEEEEEEEEE — LTI ITITTITITITTIT]

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 FF.

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. Flag 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) is a “1”.

Operand Data Type DL450 Range

aaa

V-memory \ All (See p. 3-42)

By
-
Co
7S
é"o_
o2
=g
o
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5 - 1 70 Standard RLL Instructions

Table Instructions

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
— or another instruction that uses the same flag is executed.

The example table to the right contains V3000 V3000
BCD data as shown (for demonstration

purposes). Suppose we want to do a table (1] 2] 3[4 6/7[8]1]
shift right by 3 BCD digits (12 bits).

Converting to octal, 12 bits is 14 octal. ....

Using the Table Shift Right instruction and

3|4
| 7] 8] 1
specifying a shift by octal 14, we have the —
4| 4 5
6] 6

resulting table shown at the far right.

112
5| 6]
1[1
Notice that the 2-3-4 sequence has been
5

discarded, and the 0-0-0 sequence has

2|12|5

4] 4|1

3

been shifted in at the bottom.

The following ladder example assumes the 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

X0 Load the constant value 5

_| | LD (Hex.) into the lower 16 bits
I K5 of the accumulator.

LDA Convert octal 3000 to HEX

and load the value into the
O 3000 accumulator. This is the

table beginning.
Do a table shift right by 12

TSHFR bits, which is 14 octal.

Handheld Programmer Keystrokes

[ s |[[xem || o |[«—]

[ w |[keon]|[ 5 |[ <]

Lw |[seer ][ a J[oer ][ s J[ o J[ o J[ o |[«]
Lseer |7 [ s J[ v J[ ¢ J[ m Jleer [ + J[ 4 |[«]
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Standard RLL Instructions 5 - 1 71
Table Instructions

AND Move The AND Move instruction copies data from
(ANDMOV) a table to the specified memory location, | Anbmov
ANDing each word with the accumulator A aaa
430 440 450 data as it is written.

DS  HPP
OR Move The Or Move instruction copies data from a
(ORMOV) table to the specified memory location, ____|LDR
ORing each word with the accumulator A aaa
430 440 450 contents as it is written.

DS  HPP
Exclusive OR Move The Exclusive OR Move instruction copies
(XORMOV) data from a table to the specified memory | xoRrwmov
location, XORing each word with the A aaa
430 440 450 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.

DS HPP

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 FF.

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 DL450 Range
aaa
V-memory \ All (See p. 3-42)
The example table to the right contains V3000 V3100

BCD data as shown (for demonstration A}lzlé)(sl\élg)v

purposes). Suppose we want to move a

table of two words at V3000 and AND it -

with K6666. The copy of the table at l6l6l6]6]
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.

By
-
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7S
é"o_
o2
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o
-]
7,

DL405 User Manual, 4th Edition, Rev. A



5 - 1 72 Standard RLL Instructions

Table Instructions

DirectSOFT Handheld Programmer Keystrokes
|7 oo | Eeheaned, om0 )]
of the accumulator. | ) | | K(CON)| | s | | |
conn s o 2] Lo ][ Voo = J[e ][ e J[e ][]
and loa e value Into the
0 3000 accumulator. This is the Lawo [[swr|[ ™ |[ o |[ v |
table beginning. | ocT | | 3 | | 1 | | P | | P | | — |
Load the constant value
LD 6666 (Hex.) into the lower
K6666 16 bits of the accumulator.
C h bl V3100,
ANDMOV Aﬁ%;r:g?t;acoittgnts with the
03100 accumulator as it is written.
The exa(rjnple t\(/) ?:[88 0rightd sIhO\_Ns ﬁl ta(l)bll‘e qf V3000 V3100
two words at and logically S it _ ORMOV
. 1[1]1]1
with K8888. The copy of the table at SIEIEIEI K8888 EINE
V3100 shows the result of the OR _ — _
operation for each word. HEEK
The program to the right performs the DirectSOFT
ORMOV example above. It assumes that xo b
the data in the table at V3000 - V3001 — | K2
already exists. Firsj we load the table Load the constant value 2
length (two words) into the accumulator. (Hex) into the lower 16 bits
Next we load the starting address of the
source table, using the LDA instruction. LDA 03000
Then we Iload the data into the
accumulator to be ORed with the table. In Convert octal 3000 1o HEX
the ORMOV command, we specify the accumulator This s the
table destination, V3100. - :
Handheld Programmer Keystrokes K8888
| STR || X(IN) || 0 || «— | Iégggtt‘e cor)s{ar:Lva}lue
Mo Kool [ s 1[—] o bite of the Bootmuimtor.
L w J[swr][ a Jloer ][ s J[ o J[ o J[ o [[«=] ORMOV
03100
Lor |[swr][ ™ [ o [ v |
C he tabl V. X
| OoCcT | | 3 | | 1 | | 0 | | 0 | | ¢ | O(Ig(ll)r):gt itit:on?et:ts \?l?tgothe
accumulator as it is written.
The example to the right shows a table of V3000 V3100

two words at V3000 and logical XORs it XORMOV

with K3333. The copy of the table at K3333
V3100 shows the result of the XOR —

operation for each word.

The ladder program example for the XORMOV is 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.
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Standard RLL Instructions 5 — 1 73

Table Instructions

Find Block
(FINDB)

430 440 450

DS HPP

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 FINDB

second levels of the accumulator stack and Aaaa
the accumulator by three additional
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 DL450 Range
aaa
V-memory \% All (See p. 3-42)
V-memory P All (See p. 3-42)
Discrete Bit Flags 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 FF.

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 FF.

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.

Start Addr.
Table 1 Number
of words
Table 2 Start Addr.
Table 3
Block Number
of bytes
Table n
End Addr.

Y
=
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5 - 1 74 Standard RLL Instructions

Table Instructions

Swap The Swap instruction exchanges the data in
(SWAP) two tables of equal length. SWAP
A aaa
430 440 450
-/ v
DS 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 FF.
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 DL450 Range
V-memory \% All (See p. 3-42)
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 [AlB|c[D
3100 by using the Swap instruction. The

required ladder program is given below. 5l6[7]8 Lofofo]0
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

XOI LD ngad thet c?{]\stlamt va|1ueb2lt
—I K2 S ancomuiaor, 1© 0
LDA and loac e valus o he
0O 3000 accumulator. This is the
table beginning.
swae Sy e conent o e
03100 instruction with the one at
7] V3100.
c
-E% Handheld Programmer Keystrokes
§§ [ str |[[xany || st ][ P |[ D || sHrr ][ o |[e—]
()
gg [ w J[keow][ 2 |[«—]
- Lw Jlswer][ A J[oer ][ s J[ o J[ o J[ o |[«]
o Lswer J[ s J[ w J[ A J[ p Jleer [ s J[ 1+ J[ o |[ o |[«]
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Standard RLLInstructions 5 — 1 75

Clock/Calendar Instructions

Clock/Calender Instructions

Date The Date instruction can be used to set the
(DATE) date in the CPU. The instruction requires
two consecutive V-memory locations
430 440 450 (Vaaa) to set the date. If the values in the DATE
specified locations are not valid, the date will V aaa
not be set. The current date can be read
from 4 consecutive V-memory locations
(V7771-V7774).

Date Range V Memory Location (BCD)
(READ Only)

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 DL440 Range DL450 Range
A aaa aaa
V-memory \ All (See p. 3-41) All (See p. 3-42)

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.

DirectSOFT Constant (K)
co [of4]of1]o]s]o]r] -
i LDD I I In this example, the Date
' K94010301 instruction uses the value set in

Load the constant Acc.l 9 | 4 | 0 | ! ” 0 | 3 | 0 | | | V2000 and V2001 to set the date

value (K94010301) in the appropriate V-memory

into the accumuiator locations (V7771-V7774)

oo P [T [3 [0 1]
V2000 ! !
——— ————

Copy the value in |9|4|0|1”0|3|0|1|

the accumulator to

V2000 and V2001 V2001 V2000

Format
DATE V2001 V2000
V2000
ERENCHERICRERCHEN

Set the date in the CPU

using the value in V2000 —_— Y Y Y

and V2001 l l l l
Handheld Programmer Keystrokes 2
| STR | | CCR) | | o | | — | Year Month Day Day of Week :U)

=k
| w |[swer ][ o |[swrr|[keon][ o || 4 || o J[ 1 ] 9"8_
=

Lo J[ s [ o J[ 1+ ][] 5%
[our J[swer ][ o J[swer JEV[ 2 J[ o J[ o J[ o J[<] S
[soer ][ o J[ A J[ 7 J[ e J[swer J[EV[ 2 J[ o J[ o J[ o J[«] ®
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5 — 1 76 Standard RLL Instructions
Clock/Calendar Instructions

Time The Time instruction can be used to set the
(TIME) time (24 hour clock) in the CPU. The
instruction requires two consecutive V-
430 240 450 memory locations (Vaaa) which are used to TIME
set the time. If the values in the specified V aaa
locations are not valid, the time will not be
DS HPP ;
set. The current time can be read from
V-memory locations V7747 and

\V7766-V7770.

Date Range V Memory Location (BCD)
(READ Only)
1/100 seconds (10ms) 0-99 V7747
Seconds 0-59 V7766
Minutes 0-59 V7767
Hour 0-23 V7770
Operand Data Type DL440 Range DL440 Range
A aaa aaa
V-memory \% All (See p. 3-41) All (See p. 3-41)

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.
pirectSOFT [o]0] Oclo :Silar;t (lKg [o]0] The Time instruction uses the
_|C°| LDD ! ! value set in V2000 and V2001 to
' K73000 set the time in the appropriate
Load the constant Acc.l 0 | 0 | 0 | ’ ” 3 | 0 | 0 | 0 | V_memory locations
value (K73000) into (V7766-V7770)
the accumulator
oo L o[]S o [o]]
V2000 l !
Copy the value in the |0|0|0|7”3|0|0|0|
accumulator to V2000
and V2001 V2001 V2000 Format
V2001 V2000
TIME
[0 Jo Jo |7 |3 fo Jo Jo |
Sqt the time in the CPU
gigg\;/tzrz)%¥alue in V2000 l l l l
Handheld Programmer Keystrokes B(s)ted Hour  Minutes Seconds
g Lsmr [[eem|[ o |[«—]
4= (o J[swer ][ o J[serfkeonm][ 7 J[ s J[ o J[ o J[ o J[e—]
TE [our J[swer J[ o J[swer JEEVTI[ 2 J[ o J[ o J[ o J[<=]
()
of= Cswer 7 J 0 Jwm Je (o JEEVT[ 2 J[ o J[ o J[ o J[e=]
n_,
-
o
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CPU Control Instructions

CPU Control Instructions

No Operation The No Operation is an empty (not
(NOP) programmed) memory location. These —( NOP )
instructions are just place-holders in the
430 440 450 program. So, you will not need to program
7 7 them, because they automatically appear
after the end of the program.
DirectSOFT

| Handheld Programmer Keystrokes

‘ ( nor ) Lsrer | Lo [ P[]
End The End instruction marks the termination
(END) point of the normal program scan. An End
instruction is required at the end of the main
430 440 450 program body. If the End instruction is
omitted, an error will occur and the CPU will _< END )

DS HPP 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.

DirectSOFT

| Handheld Programmer Keystrokes

‘ ( =) [ew ][]
Stop The Stop instruction changes the
(STOP) operational mode of the CPU from Run to
Program (Stop) mode. This instruction is _(STOP)
430 440 450 typically used to stop PLC operation in a
/] [V shutdown condition such as a I/0O module
D-S failure.

In the following example, when SP45 comes on indicating a I/O module failure, the
CPU will stop operation and switch to the program mode.

DirectSOFT Handheld Programmer Keystrokes
sPas L str |[[seeL]| L s <]
N ( s ) [ser ][ s [ o J[* 1[—]

SP45 will turn on
if there is an 1/0
module falure
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5-178

Standard RLL Instructions

CPU Control Instructions

Break
(BREAK)

430 440 450

DS HPP

Reset Watch Dog
Timer
(RSTWT)

430 440 450

DS HPP

1)
c
(@]
°5
© S
i
cn
Sc
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.
o

The Break instruction changes the
operational mode of the CPU from Run to
the Test Program mode. This instruction is
typically used to aid in debugging an
application program. The Break instruction
allows V-memory and image register data
to be retained where it would be normally
cleared with the Stop instruction or a normal
Run to Program transition.

In the following example when C10 turns on, the CPU will stop operation and switch
to the Test program mode.

DirectSOFT Handheld Programmer Keystrokes

cto Lsm J[eem][ 1+ J[ o J[«—]

B ( erenx ) (s [ 8 [ » [ e [~ [ x |[—]

The Reset Watch Dog Timer instruction
resets the CPU scan timer. The default
setting for the watch dog timer is 200ms.
Scantimes 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 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.

DirectSOFT Handheld Programmer Keystrokes

w [ 1 J[e—]

| Lswer L m J[s J[ 7 ]|

| ( RSTWT)
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Standard RLL Instructions
Program Control Instructions

5-179

Program Control Instructions

Goto/Label
(GOTO/LBL)

430 440 450

DS HPP

The Goto/Label skips all instructions
between the Goto and the corresponding
LBL instruction. The operand value for 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 128 Goto
instructions and 64 LBL instructions can be
used in the program.

—(coro0)

LBL K aaa

Operand Data Type DL440 Range

DL450 Range

Constant K 1-FFFF

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.

DirectSOFT

c7 K5
|| ( )
| \GOTO
X1 c2
|| ( )
| { ouTt
LBL K5
X5 Y2
|| ( )
| L ouTt
Handheld Programmer Keystrokes
Lsm J[een][ 7 |[<—]
Lswer ]| e J o J[ 7 J[ o |[swr][keom|| s [[<—]
Lsm [ ][ 1 J[<—]
Lour [[eem]|[ 2 |[<—]
Lswer JL v J[ 8 J[ v [ swer|[keon][ s |[ ]
Lem [ ][ s |[«—]
Lour [[voun][ 2 [« ]
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Standard RLL Instructions
Program Control Instructions

For/Next The For and Next instructions are used to
(FOR/NEXT) execute a section of ladder logic between Aaaa
the For and Next instructions a specified —( For )
430 440 450 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 _<NEXT)
instructions is not executed.

For / Next instructions cannot be nested. Up to 64 For / Next loops may be used in a
program. If the maximum number of For / Next loops is exceeded, error E413 will
occur. The normal I/O update 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 1/O instructions, 1/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 to reset the watch dog timer
inside of the For / Next loop using the RSTWT instruction.

Operand Data Type DL440 Range DL450 Range
A aaa aaa

V-memory \% All (See p. 3-41) All (See p. 3-42)

Constant K 1-9999 1-9999

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.

DirectSOFT

X1 K3 Handheld Programmer Keystrokes
| ] ( )
|| CPR ) — Y, 1. s Lsr |[xmv][ 1+ [[«]
[swer || F || o || mr |[ swrr][keony]| s |[ ]
( rsor ) Lserr | m J[ s JL 7 J[ w [ 1 |[«]
[ str |[sorr ]| 0 [ swer [[xem || 2 || o [[e—]
" X20 Y5 c [voun| | seer || 1 || swer |[voun]| 5 || «—]
5 7] (ovm ) a Corr] (v e 1 x 17 1[—]
S
=0
32
cn
Sc ( NEXT)—
nh {
|
o
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Standard RLL Instructions
Program Control Instructions

Goto Subroutine
(GTS)

the main body of the program execute only —(ats )
430 440 450 when needed. There can be a maximum of
7 7 192 (DL440)_ and an unlimited amount for

DL450 GTS instructions.
Upon completion of executing the subroutine, program execution returns to the main
program immediately after the GTS instruction. 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.
Operand Data Type DL440 Range DL450 Range
Constant K 1-FFFF 1-FFFF

Subroutine The subroutine label and all associated

(SBR) logic is placed after the End statement in

the program. There can be a maximum of

430 440 450 64 (DL440) and 256 (DL450) SBR SBR K aaa

V] [/ instructions used in a program. When the

D-S subroutine is called from the main program,
the CPU will execute the subroutine (SBR)
with the same constant number (K) as the

Subroutine Return

(RT) the subroutine the CPU will return to the
point in the main body of the program from
430 440 450 which it was called. The Subroutine Return
is used as termination of the subroutine —( AT )
DS HPP which must be the last instruction in the
subroutine and is a stand alone instruction
(no input contact on the rung).
53]
Subroutine Return The Subroutine Return Conditional Fm
Conditional instruction is a optional instruction used c%g*
(RTC) with a input contact to implement a é*%
7 conditional return from the subroutine. The Qs
Subroutine Return (RT) is still required for _< RTC ) g'a
- termination of the Subroutine. Z
DS  HPP

The Goto Subroutine instruction allows a
section of ladder logic to be placed outside

K aaa

GTS instruction which called the
subroutine.

By placing code in a subroutine itis 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.

Operand Data Type DL440 Range

DL450 Range

aaa

Constant K 1-FFFF

1-FFFF

When a Subroutine Return is executed in
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Standard RLL Instructions
Program Control Instructions

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 YO-Y17 will be reset to off and then the CPU will return to the main
body of the program.

DirectSOFT X1 K3

GTS )—

N

| | LD
[ K10

=

N

[ (o)

| : SBR K3

| 1

| : X20 Y5

| : III ( ouTl )
| X1 Y10

| : III ( ouTI )

|

| : III ( RTC )

| L ——- X35 Yo Y17

| J/I/Ir ( RSTI )

| ( ar )

Handheld Programmer Keystrokes

[ s |[[xeny || 1 ][]
[swer || e || 1 ][ s |[ sver][keom]| s |[ ]
[swer || s || B ][ m |[ sver|[keom]| s |[ ]
[ str |[sorr [ 0 ][ swer [ xam || 2 || o |[e—]

® [ our |[sorr || 1 ][ swer |[voun]| s || «—]

.(S [ str |[sorr [ 0 ][ swer [ xam || 2 [ 1 |[e—]

g‘g [ our |[serr [ 1+ [ swrr|[voun][ + || o |J[<—]

%ﬁ [ str |[sorr [ 0 ][ swer [ xam || s || 5 |[e—]

355 Lswrr [ m J[ 7 J[ ¢ J[«<]

D_'ZI [ str |[ nor [ surr ][ o |[seer [ xem ]| s |[ 5 |[e—]
[ mst |[ sorr || 1 ][ swer |[[veun]| o |[voeun]| + ]| 7 || <]
Lswrr | J[ 1 [[«]
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Standard RLL Instructions m
Program Control Instructions

Master Line Set
(MLS)

430 440 450

DS HPP

Master Line Reset

(MLR)

430 440 450

DS HPP

Understanding
Master Control

Relays

430 440 450
DS HPP

MLS/MLR Example

The Master Line Set instruction allows the
program to control sections of ladder logic K aaa
by forming a new power rail controlled by _( MLS )
the main left power rail. The main left rail is
always master line 0. When a MLS Ki1
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 DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Constant K 1-7 1-7 1-7
The Master Line Reset instruction marks
the end of control for the corresponding K aaa
MLS instruction. The MLR reference is one —( MLR
less than the corresponding MLS.
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Constant K 0-6 0-6 1-6

The Master Line Set (MLS) and Master Line Reset (MLR) instructions allow you to
quickly control the power flow for 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.

In the following MLS/MLR example, logic between the first MLS K1 (A) and MLR KO
(B) will only have power flow present at the power rail if input X0 is on. (Note, if X0 is
off the logic will still be scanned, but there is no power flow.) The logic between the
MLS K2 (C) and MLR K1 (D) will only have power flow present at the power rail if
input X10 and X0 are on. The last rung is not controlled by either of the MLS coils and
always has power flow present at the beginning of the rung.

Remember, the MLS / MLR instructions control the power flow between the power
rails. It does not control the execution of the instructions. The instructions are still
executed, but since there is no power flow, the logic cannot turn on the output coils.
Consider the following case for our example.

1. XO0 is off, which means that there is no power flow at the second rung.
2. You use a programming device to turn on CO.

Since there is no power flow at the second rung (STR X1, OUT CO0), then you would
expect that CO would remain on, since you turned it on with the programming device.
However, the MLS instruction does not mean that the instructions within the zone of
control are not executed. They are in fact executed, but with no power flow. So in our
case, CO would be turned off when the rung was executed. This is because the CPU
sees thatthere is no power flow present at the rung. When it executes this rung, it will
turn off CO.
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Standard RLL Instructions
Program Control Instructions

DirectSOFT

X0 K1
1 fML@ When contact X0 is on, logic under the first MLS

A\ will be executed.
fY7
|
I \OUT
K2
4 ML9 When contact X0 and X2 are ON, logic
[ A\ under the second MLS will be executed.
X3 me
|
I \OUT
K1
fML@
A
The MLR instructions note the end of the Master
KO Control area.
()

Y11

(o)

x
f

DirectSOFT Handheld Programmer Keystrokes
X0 Ki
I I ( WLS )A [ str |[[xan ]| o |[e—]
l; . [ ms |[keow]|[ 1 |[ <]
| (o) B[ )]
| L \ [ out [[eem [ o |[«—]
| |X2| / Ct [ sr |[[xeny ]| 2 |[ ]
[y (o)
| [ out [[eem [ + |[<—]
| S s )]
: | \ OUT) [ our |[veun]| o |[«]
| Ix1oI . ke ¢ [ s |[xim ][ 1 ][ o |[«—]
— | (ms ) s ] eom] [ 1[+—]
:, X5 Y1 Lsm [[xmm ][ s |[[«]
|: I I (OUT) [our |[voun][ 1 J[«<—]
HE S = o [ =
J— (o) o) Feml [ )[—]
¥ [ mr |[keon]|[ 1+ |[<—]
|| K1 D
[ ( MLR) Lsm [[xmw ][ 5 |[«—]
IH o Lour |[eern|[ 2 |[«]
: I I ( OUT) [ sr |[[xiv ][ & [[«<—]
| [ our |[veun]| s || «]
X6 Y3
| O / OUT) [ mr |[keon]||[ o [[«—]
. : [ \ [ s |[[xen ]| 7 |[ <]
o8 | () Con ) ) =
=0 { MR
TS
'EC:J_E " X7 Y22
52 " (o)
-
—
o
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Standard RLL Instructions
Interrupt Instructions

Interrupt Instructions

Interrupt The Interrupt instruction allows a section of
(INT) ladder logic to be placed outside the main
body of the program and executed when INT 0 aaal
430 440 450 needed. Interrupts can be called from the
/][ program or an interrupt module can be
E installed in slot 0 to provide 8 interrupt
inputs.

One interrupt module can be installed in a DL430 system (X0-X7) and two interrupt
modules can be installed in a DL440 or DL450 System (X0-X7, and X20-X27).
Remember, the interrupt modules consume 16 points.

The two software interrupts use interrupt #16 and #17 which means the hardware
interrupts #16 and #17 and the software interrupt cannot be used together.
Typically, interrupts will be used in an application where a fast response to aninputis
needed or a program section needs to execute faster than the normal CPU scan.
The interrupt label and all associated logic must be placed after the End statementin
the program. When the interrupt routine is called from the interrupt module or
software interrupt, the CPU will complete execution of the instruction it is currently
processing in ladder logic, then execute the designated interrupt routine. There are
two software interrupts and INT 16 and INT 17. Once the interrupt is serviced, the
program execution will continue from where it was before the interrupt occurred.

The software interrupts are setup by programming the interrupt times in V736 and
V737. The valid range is 3-999ms. The value must be a BCD value. The interrupt
will not execute if the value is out of range.

See the example program of a software interrupt.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Constant (0] 0-7 0-17 0-17
Software DL430 DL440/450
Interrupt Input Interrupt Routine Interrupt Input Interrupt Routine Interrupt Input Interrupt Routine
-- -- X0 INT 0 X0 INT 0
-- -- X1 INT 1 X1 INT 1
-- -- X2 INT 2 X2 INT 2
-- -- X3 INT 3 X3 INT 3
-- -- X4 INT 4 X4 INT 4
-- -- X5 INT 5 X5 INT 5
-- -- X6 INT 6 X6 INT 6
-- -- X7 INT 7 X7 INT 7
-- -- -- -- X20 INT 10
-- -- -- -- X21 INT 11
-- -- -- -- x22 INT 12 T
= = = = X23 INT 13 -
2nd Module - - - - X24 INT 14 5%)
-- -- -- -- X25 INT 15 @as
V736 sets interrupt INT 16 - - X26(cannot be used INT 16 E %
time along with s/w 2..3_
interrupt) )
V737 sets interrupt INT 17 - - Xa27 (cannqt be used INT 17 (:/?)
time along with s/w
interrupt)
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Standard RLL Instructions
Interrupt Instructions
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Interrupt Return
(IRT)

430 440 450

DS HPP

Interrupt Return
Conditional
(IRTC)

430 440 450
DS

HPP

Enable Interrupts
(ENI)

430 440 450
DS

HPP

Disable Interrupts
(DISI)

430 440 450

DS HPP

When an Interrupt Return is executed in the
interrupt routine the CPU will return to the
point in the main body of the program from
which it was called. The Interrupt Return is
programmed as the last instruction in an
interrupt routine and is a stand alone
instruction (no input contact on the rung).

The Interrupt Return  Conditional
instruction is a optional instruction used
with an input contact to implement a
conditional return from the interrupt
routine. The Interrupt Return is still required
to terminate the interrupt routine

The Enable Interrupt instruction is
programmed in the main body of the
application program (before the End
instruction) to enable hardware or software
interrupts. Once the coil has been
energized interrupts will be enabled until
the interrupt is disabled by the Disable
Interrupt instruction.

The Disable Interrupt instruction is
programmed in the main body of the
application program (before the End
instruction) to disable both hardware or
software interrupts. Once the coil has
been energized interrupts will be disabled
until the interrupt is enabled by the Enable
Interrupt instruction.

—( rT )

—( Ent )

—( DISI )
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Standard RLL Instructions
Interrupt Instructions

Interrupt Example Inthe following example, when X40 is on, the interrupts will be enabled. When X40 is

for Interrupt off the interrupts will be disabled. When a interrupt signal X1 is received the CPU will

Module jump to the interrupt label INT O 1. The application ladder logic in the interrupt
routine will be performed. If X35 is on the CPU will return to the main program with
the IRTC instruction. If X35 is not on YO-Y17 will be reset to off and then the CPU will
return to the main body of the program.

DirectSOFT Handheld Programmer Keystrokes
x40 Lsr J[xiv [ 4 J[ o [[«=]
| () =
[ st |[ nor J[[xem ][ 1+ [ 7 |[e]
BN B | | N | =N
| | ( DISI) .
Lseer [ JL ~n J[ 7 Jfoeer || 1 |[«]
[ s |[sorr ][ o ][ swer [ xam || 2 || o |[e—]
| / END) [ our |[seer [ 1+ || sHFT ]| [voun][ 5 |[<—]
|. \ [ s |[sorr ][ o J[swer [ xam || 2 || 1 |[«—]
[ our |[serr || 1 ][ swrr | [weun]| 1+ || o |[e—]
[ s |[sorr ][ o J[swer [ xem || 3 || s |[«—]
INT 01 Lseer J v J[ r J 1 J[ ¢ J[«]
[ s |[ nor |[shrr ][ o+ [ serr|[xam || s |[ 5 |[«<—]
%20 vs [ mst |[ sorr || 1 ][ swer |[[veun]| o |[voeun]|| 1+ || 7 ||«
III ( oun ) Lswer JL v J[ m J[ 7 |[«—]
X21 Y10
III (oun)
X35
III (IRTC)
X35 Yo Y17
J/I/Ir ( RSTI)
( IRT)

my
=
Co
7S
go_
o2
=g
o
-]
7,
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5 - 1 88 Standard RLL Instructions

Interrupt Instructions

Interrupt Example In the following example, when X1 is on, the value 10 is copied to V737. This value

for Software sets the software interrupt to 10 ms. When X20 turns on, the interrupt will be

Interrupt enabled. When X20 turns off, the interrupts will be disabled. Every 10 ms the CPU
will jump to the interrupt label INT O 17. The application ladder logic in the interrupt
routine will be performed. If X35 is on the CPU will return to the main program with
the IRTC instruction. If X35 is not on YO-Y17 will be reset to off and then the CPU will
return to the main body of the program when the IRT instruction is executed. The
software interrupt is limited to the range 3 - 999 milliseconds. Enteringa 0, 1, or 2 will
yield an interrupt time of 3 milliseconds.

DirectSOFT Handheld Programmer Keystrokes
A Lb [ st [[xan ]| 1 ][]
[ K10
) [ w |[keow]|[ 1 ][ o |
oad the constant value
(K10) into the lower 16 bits |OUT|| v || 7 || 3 || 7 ||(—‘|
of the accumulator
Com ] ] [ 2 1[0 1[—]
V737 Lswer [ e [~ J[ 1 J[e=]
Copy the value in the lower 16 [ sr [ nor J[xem ][ 2 |[ o |[e—]
bits of the accumulator to V737
Lswer | o J[ v J[ s J[ 1+ J[«]
X20 .
N (o) [
Lswer [ 0 J0 ~n J[ 7 Jfoeer || 1+ |[ 7 |[«<]
[ str |[[soer ][ 0 ][ swer [[xam || 2 || o |[e—]
X20
( ooy Do) o) ] (o) (5wl )]
! \ [ st [ soer ][ 0 [ swer [[xam || 2 [ 1 |[«e—]
[ our |[seer || 1 ][ swer | [woun]| 1+ || o |[e—]
[ str |[[soer ][ 0 [ swer [[xam || s || 5 |[«e—]
p Lseer [ 0 JL r JL 7 J[ ¢ J[«<—]
\ END ) [ str |[ nor |[serr ]| o [ serr [ xam || s |[ 5 |[«<—]
— — [ mst |[sorr || 1 ][ swer [[voun]| o |[voun]| 1+ || 7 ||«
Lseer [ 0 J[ r J[ 7 J[e—]
X20 Y5
III ( ouTl )
x21 Y10
III ( ouTI )
X35
III ( IRTC )
® X35 Yo Y17
o /Il/I/Ir ( RSTI )
°3
32
G2 (
8Sc { wr )
n_
|
o
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Standard RLL Instructions
Intelligent 1/O Instructions

Intelligent I/O Instructions

Read from The Read from Intelligent Module
Intelligent Module instruction reads a block of data (1-128 AD
(RD) bytes maximum) from an intelligent 1/0 — V aaa
module into the CPU’s V-memory. It loads
430 440 450 the function parameters into the first and
v v second level of the accumulator stack, and
the accumulator by three additional

instructions.
Listed below are the steps to program the Read from Intelligent module function.

Step 1: — Load the base number (0-3) into the first byte and the slot number (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. (maximum of 128 bytes)

Step 3: — Load the address from which the data will be read into the accumulator.
This parameter must be a HEX value.

Step 4: — Insert the RD instruction which specifies the starting V memory location
(Vaaa) where the data will be read into.

Helpful Hint: —Use the LDA instruction to convert an octal address to its HEX
equivalent and load it into the accumulator when the hex format is required.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Discrete Bit Flags Description
SP54 on when RX, WX, RD, WT instructions are executed with the wrong parameters.
ﬁ; NOTE: Status flags are valid only until another instruction uses the same flag.
— In the following example when X1 is on, the RD instruction will read six bytes of data

from a intelligent module in base 1, slot 2 starting at address 0 in the intelligent
module and copy the information into V-memory locations V1400-V1402.

DirectSOFT CPU Intelligent Module
X1 LD The constant value KO102 Data
_| | specifies the base number 12 Address 0
I K0102 (01) and the base slot ” Address 1
number (02) vig00 |3 |41 ]2 ” ress
Address 2
V1401 (7 |8 |5 |6 <
LD The constant value K6 78 Address 3
specifies the number of V1402 |0 11910 20 Address 4
K6 bytes to be read V1403 | X | X [ X | x o Address 5 -
V1404 [ X [ X | X | X —
LD The constant value KO :g._)
specifies the starting address Handheld Programmer Keystrokes oQQ
Ko in the intelligent module «S
Csm | ][+ ][] ca
«— o=
RD V1400 is the starting location II' | ! | | 0 | | 2 | | | gQ-
in the CPU where the —
V1400 specified data will be stored (ko] [ 6 ] | c?')
|K(CON)|| o |[«—=][swer|[ m || b ]| snrr]
vl JL e J[ o J[ o J[e]

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Intelligent I/O Instructions

Write to Intelligent  The Write to Intelligent Module instruction
Module writes a block of data (1-128 bytes
(WT) maximum) to an intelligent I/O module from
a block of V-memory in the CPU. The __wT
430 440 450 function parameters are loaded into the first Vaaa
and second level of the accumulator stack,
DS  HPP and the accumulator by three additional

instructions. Listed below are the steps
necessary to program the Read from
Intelligent module function.

Step 1: — Load the base number (0-3) into the first byte and the slot number (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. (maximum of 128 bytes)

Step 3: — Load the intelligent module address which will receive the data into the
accumulator. This parameter must be a HEX value.

Step 4: — Insert the WT instruction which specifies the starting V memory location
(Vaaa) where the data will be written from in the CPU.

Helpful Hint: —Use the LDA instruction to convert an octal address to its HEX
equivalent and load it into the accumulator when the hex format is required.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa

V-memory \ All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP54 on when RX, WX, RD, WT instructions are executed with the wrong parameters.

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

In the following example, when X1 is on, the WT instruction will write six bytes of data
to anintelligent module in base 1, slot 2 starting at address 0 in the intelligent module
and copy the information from Vmemory locations V1400-V1402.

DirectSOFT CPU Intelligent Module
X1 LD The constant value KO102 Data
_| I ko102 ?pe)cifie(;s t:ett’)ase nlumber
01) and the base slot
number (02) viarz [ x [ x [x[x 12 Address 0
V1400 |3 |4 |12 84 Address 1
LD The constant value K6 viao1 |7 18|56 6 Address 2
K6 Epfcmtest;he n‘?tmberm V1402 [0 |1 ]9 |0 8 Address 3
ytes to be written
90 Address 4
E’:) V1403 | X | XXX 01 Address 5
o LD The constant value KO V1404 [ XX X[ X
-E -05 .specifiles the starting address
c S KO in the intelligent module Handheld Programmer Keystrokes
25 Csw ] D] [+ ][ —]
(%E wr V1400 is the starting |I|| ] o | 2 ][]
| location in the CPU where
= V1400 the specified data will be [keon] [ & [[«—]
o written from
(o Jkeow][ o J[e—][swer][w J[ 7 J[swer]
20 | | T | O |
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Standard RLL Instructions
Network Instructions

Network Instructions

Read from Network The Read from Network instruction is used

(RX)

430 440 450

DS HPP

by the master device (CPU with a DCM) on
a network to read a block of data from
another CPU. The function parameters are RX
loaded into the first and second level of the A aaa
accumulator stack and the accumulator by
three additional instructions. Listed below
are the steps necessary to program the
Read from Intelligent module function.

Step 1: — Load the slave address (1-90 BCD) into the first byte and the slot number
of the master DCM (0-7) into the second byte of the second level of the accumulator
stack. (Note: address 0 is only valid for peer stations.)

Step 2: — Load the number of bytes (2-128 BCD, multiple of 2) to be transferred into
the first level of the accumulator stack.

Step 3: — Load the address where you want to store the data in the master station.
The address must be specified in HEX.

Step 4: — Insert the RX instruction and specify the starting V-memory location
(Aaaa) in the slave CPU where the data will be obtained.

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 DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \% All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays (o} 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320-617 0-137 320-717 0-137 320-717
Global /O GX 0-777 0-1777 0-2777
Program Memory L$ 0-3583 0-7679 (7.5K program mem.) 0-7679 (7.5K program mem.)
0-15871 (15.5K program mem.) 0-15871 (15.5K program mem.)
Scratchpad 4 0-FFFF 0-FFFF 0-FFFF

NOTE: If you are using a CoProcessor, Share Data Network, or DCM module,
please refer to their manuals for information on how to transfer data over the
DirectNET network.
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Standard RLL Instructions
Network Instructions

In the following example, when X1 is on and the module busy relay SP124 (see
special relays) is not on, the RX instruction will access a DCM operating as a master
in slot 2. Ten consecutive bytes of data (V1400 - V1404) will be read from a CPU at
station address 5 and copied into V-memory locations V2500-V2504 in the CPU
with the master DCM.

DirectSOFT Master Slave
X1 SP124 D CPU CPU
_| [ /f K 0205 . .
The constant value K0205
specifies the slot number (2) vo500 |3 4|5 |7 |e——— |3]4]|5]7]|via00
and the slave address (5) vosoi (81513 2 51513 4] vi4o1
Lb V2502 (1 19|13 |6 |¢— 11913 |6 [V1402
K10 V2503 |9 |5 |7 |1 |[¢—— 9 (5|7 |1[V1403
The constant value K10 V2504 |1 |42 |3 |¢«—— |1 |4]|2]|3|Vi1404
specifies the number of
bytes to be read V2505 | X | X | X [ X X[ X[ X | X | V1405
LDA
0 2500
Octal address 2500 is
convertgd to 540 HEX and
'\‘/’gggg i';“t?’;h;;r‘;i‘r’]‘;ml‘|at°r- Handheld Programmer Keystrokes
location for the Master CPU —
xﬁ:rs?h:rspeiifi:;g;tawiII | STR || XN || ! || |
be stored Lawo || ot |[seer]| + J[ 2 |[ 4 J[T]
RX o JMeow][ o [ 2 J[ o [ s J[«—]
Voo [ Jkeow] [+ [0 J[«—]
iocaton e bLack sve |0 JLsHFT ][ A Jfeer ]| 2 J[ s J[ o |[ o J[<—]
Gata wil oe ot Lswer [ J[ x Jlswer v [ 1+ J[ 4 J[ o J[ o J[e]
Write to Network The Write to Network instruction is used to
(WX) write a block of data from the master device
(CPU with a DCM) to a slave device on the
430 440 450 same network. The function parameters are WX
loaded into the first and second level of the A aaa
Ds  HPP accumulator stack and the accumulator by
three additional instructions. Listed below
are the steps necessary to program the

Write to Network function.

Step 1: — Load the slave address (1-90 BCD) into the first byte and the slot number
ofthe master DCM (0-7) into the second byte of the second level of the accumulator
stack. (Note: address 0 is only valid for peer stations.)

Step 2: — Load the number of bytes (2-128 BCD, multiple of 2) to be transferred into
the first level of the accumulator stack.

Step 3: — Load the address where you want to obtain the data in the master station.
The address must be specified in HEX.

Step 4: — Insert the WX instruction and specify the starting V-memory location
(Aaaa) in the slave CPU where the data will be stored.

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.
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Network Instructions

DirectSOFT

X1

— |

SP124

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
V-memory \ All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays (o} 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320-617 0-137 320-717 0-137 320-717
Global I/0 GX 0-777 0-1777 0-2777
Program Memory $ 0-3585 0-7679 (7.5K program mem.) 0-7679 (7.5K program mem.)
0-15873 (15.5K program mem.) 0-15873 (15.5K program mem.)
Scratchpad z 0-FFFF 0-FFFF 0-FFFF

NOTE: If you are using a CoProcessor, Share Data Network, or DCM module,
please refer to their manuals for information on how to transfer data over the
DirectNET network.

In the following example when X1 is on and the module busy relay SP124 (see
special relays) is not on, the WX instruction will access a DCM operating as a master
in slot 2. 10 consecutive bytes of data is read from the CPU at station address 5 and
copied to V-memory locations V1400-V1404 in the slave CPU.

LD

K 0205

The constant value K0205
specifies the slot number (2
and the slave address (5)

LD

K10

The constant value K10
specifies the number of
bytes to be read

LDA

0 2500

Octal address 2500 is
converted to 540 HEX and
loaded into the accumulator.
V2500 is the starting
location for the Master CPU
where the specified data will
be obtained.

WX

V1400

V1400 is the starting
location in the DL405 Slave
CPU where the data will be
stored.

Master Slave
CPU CPU
V2500 (3[4 |5 |7 |— |3 |4([5]|7|V1400
V2501 (8 [5|3|4|— |8 |5 |3 |4 |Vi401
V2502 (1 (9|3 |6 |— 11936 |Vi402
V2503 (9 |5 |7 |1 |—— 9(5(7|1[Vi1403
V2504 (1|42 |3 |— 11423 |Vvi404
V2505 [ X | X | X | X X [ X |X|X[V1405
Handheld Programmer Keystrokes
[ s |[xewy || 1 ][]
Lano |[ nor |[fse]| + |[ 2 [[ 4 [[«]
(o om0 J[ = J[ o ][ s ][]
o ] eoml [+ ][ o J[—]
[w Jlswer|[ A [feer ][ 2 [[ s |[ o |[ o [[«]
Lswer L w |[ x [[swer [TV ][« J[ 4 |[ o [[ o |[«—]
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Message Instructions

System Errors and The DL405 CPUs provide error logging capabilities. There are certain predefined

Fault Messages system error messages and codes, but you can also use the Fault instruction to
create your own specific messages. The CPU logs the error, the date, and the time
the error occurred. There are two separate tables that store this information.

e System Error Table - both the DL430 and DL440 have several
predefined system error codes. The DL430 can hold one error at a time.
The DL440 can show up to 32 errors in an error table. When an error
occurs, the error is loaded into the first available location. Therefore, the
most recent error may not appear in the top row of the table. If the table
is full when an error occurs, the oldest error is pushed (erased) from the
table and the new error is inserted in the row.

¢ Fault Message Table - the DL430 and DL440 also allow you to build
your own error codes and messages. These are called Fault Messages.
With the DL430, you can only build numeric error codes. With the
DL440, you can build error codes, or up to 16 messages that can
contain up to 23-character alphanumeric characters. In either case, you
can have up to 16 messages or codes shown in the table. When a
message is triggered, it is put in the first available table location.
Therefore, the most recent error may not appear in the top row of the
table. If the table is full when an error occurs, the oldest error is pushed
(erased) from the table and the new error is inserted in the row.

The following diagram shows an example of a the Fault Message table as shown in
DirectSOFT. You cannot view the entire table at one time with the handheld
programmer. Instead, the messages automatically appear on the handheld
programmer display as they occur. The message will remain on the display as long as
the Fault instruction is being executed. You can also use an Auxiliary function (5C) to
view the messages one at a time. (More on the handheld programmer display later.)

PL440 Error Msg. Example
=S ESSAfgeEs
Most recent message %;:E;?;;: 10:23:45.92 *NEwW MESSAGE
234a32 - 1t
appears here, not at ™~ |95/02/21 10:23:46.23 “NEW MESSAGE m
95/02/21 10:23:46.52 “NEW MESSAGE —
the top of the table. 95/02/21 10:23-46.84 *NEW MESSAGE

95/02/21 10:23:47.20 *NEW MESSAGE
95/02/21 10:23:02.11 =0LD TEST MESSAGE
95/02/21 10:23:02.32 *0LD TEST MESSAGE
/ 95/02/21 10:23:02.53 *0LD TEST MESSAGE
i 95/02/21 10:23:02.76 *0OLD TEST MESSAGE
Next mes.sag.e will 95/02/21 10:23:02.98 =0LD TEST MESSAGE
show up in this row, 95/02/21 10:23:03.20 *0LD TEST MESSAGE 3

WhICh IS nOW the QRN AN-773-N> 472 =Nl N TCCT In.iljl’_‘l’_‘Al’_‘I:
oldest message. | ox [ systemEnors |

There are several instructions that can be used in combination to create these error
codes and messages.

e FAULT - Fault

e DLBL - Data Label

e ACON - ASCII Constant

¢ NCON - Numeric Constant

The next few pages provide details on these instructions. Also, at the end of this
section, there are two examples that show how the instructions are used together.
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Fault
(FAULT)

430 440 450

DS HPP

Fault
(FAULT)

430 440 450

DS HPP

In a DL440 or DL450, the Fault instruction is
used to display a message or numeric error
code on the handheld programmer,
DirectSOFT screen, or DV-1000 Operator FAULT
Interface display. The message has a Aaaa
maximum of 23 characters and can be either
V-memory data, numerical constant data or
ASCI| text.

To display a value in a V-memory location,

specify the V-memory location in the

instruction.

To display ASCII or numeric data, you must use the DLBL (Data Label) instruction,
and ACON (ASCIl constant) or NCON (Numeric constant) instructions, in
conjunction with the Fault instruction. In this case, you should specify the constant
(K) value in the Fault instruction for the corresponding data label area that contains
the ACON and/or NCON instructions.

Operand Data Type

DL440 Range

DL450 Range

aaa

V-memory

All (See p. 3-41)

All (See p. 3-42)

Constant

1-FFFF

1-FFFF

In a DL430, the Fault instruction is used to
display a numeric error code on the handheld
programmer,  DirectSOFT  screen, or
DV-1000 Operator Interface display. FAULT

The error code may be obtained from a V- A aaa
memory location, or may be constructed by
specifying a constant in the Fault
instruction.

To display the value in a V-memory location, specify the V-memory location in the
instruction. To display a numeric constant, specify the constant (K) value in the
instruction.

Operand Data Type

DL430 Range

aaa

V-memory

All (See p. 3-40)

Constant

1-FFFF

NOTE: The DL430 does not support the necessary instructions to build
alphanumeric error messages. You can only build error codes by obtaining the code
from a V-memory location, or by specifying a constant in the Fault instruction.
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Data Label The Data Label instruction marks the

(DLBL) beginning of an ASCIl/numeric data area

and is typically used with ACON and NCON

430 440 450 instructions. DLBLs are programmed after DLBL K aaa
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. Examples are shown later in

this section.
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Constant K -- 1-FFFF 1-FFFF

ASCII Constant The ASCII Constant instruction is used with the DLBL instruction to store ASCI| text

(ACON) for use with other instructions. The instruction is utilized differently between the
handheld programmer and our DirectSOFT programming software.
430 440 450 :
Handheld Programmer: With a handheld
programmer, two ASCII characters can be
DS  HPP stored in an ACON instruction. If only one
character is stored in an ACON, a leading ACON
space will be printed in the Fault message. A aaa
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
ASCII A - 0-9A-Z 0-9A-Z

DirectSOFT Programming Software:
If you're using DirectSOFT, you can store
up to 40 characters in an ACON. Also, you ACON
have a much wider range of characters that A aaa
are supported. (See Appendix G for a
complete listing of ASCIl characters carfcaon, the 'A'doss no aper i the
available_) parameter field on DirectSOFT 5screens.
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
ASCII A - (See DirectSOFT Manual) (See DirectSOFT Manual)

At first glance you may wonder why the instructions work differently in the two
different programming tools. In reality, the instructions do not work differently. In
DirectSOFT, the 40-characters are actually broken down into multiple ACONSs that
contain 2 characters each when it is downloaded to the CPU. So, if you create the
program with the software, and you examine the program mnemonics with a
handheld (or even with DirectSOFT), you would see multiple ACONSs that contain 2
characters each. Examples are shown on the following pages.
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Message Instructions

Numeric Constant
(NCON)

430 440 450

DS HPP

Using the
Instructions to
Build the
Messages

History
(HISTRY)

430 440 450

DS HPP

The Numeric Constant instruction is used
with the DLBL instruction to store the HEX
ASCII equivalent of numeric data for use
with other instructions. Two digits can be
stored in an NCON instruction.

NCON
K aaa

Operand Data Type DL440 Range

DL450 Range

Constant K 0-FFFF

0-FFFF

The Fault instruction actually copies the
messages into the appropriate Error table.
However, it is important to understand
how the DLBL, ACON, and NCON
instructions are combined to build the
message. The DLBL is placed after the
END instruction, which signifies the end of
the main program. The ACON and NCON
instructions are placed within the DLBL
area. The diagram shows an example.

The History instruction stores event history
information in memory of the PLC.

DirectSOFTDisplay

\ END)

DLBL

ACON
CHECK CLAMP

HISTRY
A aaa
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Important It is important to understand how the Error Message and Error Code tables work

Information about when the Fault instruction is executed. Each time the instruction is executed, the

FAULT Execution  code or message is inserted into the table. Since the CPU scan is extremely fast,
then it is easily possible to completely fill up a table with a single message. In many
cases this is not desirable, since it's nice to maintain a history of the errors. (That’s
why there are 32 positions in the Error Code table and 16 positions in the Error
Message table.)

For example, let’'s say you are examining a limit switch (X1). When the switch is
closed, you want an error message (CHECK CLAMP 10) to be logged into the Error
Message table. In the real world, the limit switch may be closed for several seconds
(or minutes, or hours...). During this time, the CPU will execute the Fault instruction a
number of times, so the entire Error Message table will be full of a single message.

How do you solve this problem? Simple. DirectSOFT

Instead of using the limit switch to trigger | o

the Faultinstruction, use the limit switch to _|X1 ( o )
trigger a control relay used as a one-shot When X1 5 o 0m o G for ane
(PD coil instruction). Then, use the control scan. ’

relay as the input to the Fault instruction.

Since the Fault is now triggered by the PD, co FAULT

which is only on for one scan, the — K

message will only be copied into the table When CO is on, the FAULT
one time. This keeps the history of older bl by e AN andt NGORS

following DLBL K1 into the Error
tables.

messages intact.

(
\ END )
DLBL
K1
ACON
CHECK CLAMP 10
DirectSOFT
NOTE: This method does not work |
correctly with a handheld programmer. “
The message will never appear on the FAULT
display. You must use the input contact K
(X1 in this example) to trigger the Fault When X1 is on, the FAULT
instruction directly. The diagram shown buit by the AGONS and NGONS
here provides an example. | following DLBL K1 into the Error
I
I
I
(
\ END )

DLBL
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ACON
CHECK CLAMP 10
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Obviously, you could combine other  pirectsoFrpispiay
instructions with the PD instruction usage |

to develop logic that would work for both _|X1 ( :.3 )

the handheld programmer and When X1 is on, turn on CO for one
DirectSOFT. For example, if it's possible scan. ’

in your application, you can have two input

contacts that can trigger the FAULT co FAULT

instruction. — K1

Consider the example shown to the right. _|X2|_ When CO s o e FAULT rge
If X1 comes on, then the message will only e e

tables.

be copied into the table one time. You
could see the message with DirectSOFT,
but you would not automatically see it on
the handheld programmer display.

If X2 comes on, then the message would ( eno )
probably fill the entire table. Also, it would
automatically appear on the handheld DLBL

programmer.
ACON
CHECK CLAMP 10
DirectSOFT Since you can enter more characters in an ACON instruction in DirectSOFT, it is
Example very easy to build the entire message in one ACON instruction.

DirectSOFT

| PD CO0 triggers one entry into the table

X1 co
—| I—( PD ) = Mescages
When X1 is on, turn on CO for one

scan. Messages:

95702417 15:51:39.02 =CHECK CLAMP 10
BA02M17 15:49:3515 “TEST-FILLS WHOLE TABLE

| [=

_|C° FAULT 95402717 15:49:35.35 “TEST-FILLS WHOLE TABLE
Ki 9570217 15:49:35.53 “TEST-FILLS WHOLE TABLE
, 9570217 15:49:35.72 “TEST-FILLS WHOLE TABLE
phibspridadl e 95702717 15-49.35.90 ~TEST-FILLS WHOLE TABLE
built by the ACONs and NCONs /0217 19:49:36.10 “TEST-FILLS WHOLE TAELE
following DLBL K1 into the Error 95702117 15:49:36.30 “TEST-FILLS WHOLE TABLE
I tables. 95702417 15:49:36.49 *TEST-FILLS WHOLE TABLE
| 95/02M7 15:49:36.67 =TEST-FILLS WHOLE TABLE
95702717 15:49:36.85 “TEST-FILLS WHOLE TABLE

| EMNTIMT7 AR-A0-27 NFE =TCCT CILIC LWwWUNIC TADI T 3

I

0K I | System Enrors I |“Ena ssaﬂes{l ‘ Help I

(END)

DLBL

ACON
CHECK CLAMP 10

X
=
=2
25
Sa
o8
&g
o
=]
7

DL405 User Manual, 4th Edition, Rev. A



Standard RLL Instructions
Message Instructions

Handheld Since you can only enter two characters per ACON with the handheld programmer, the
Programmer program appears to be longer to get the same results. You'll also notice that we've
Example organized the ACON contents slightly differently. For example, we’ve only included the

character “C” in the first ACON. We have to do it this way in order to get the message to
appear correctly. (Remember, a single character entered in an ACON with a handheld
will have a blank space preceding it. So if your messages do not contain an even
number of characters, you may have to play around with them to get the spacing just
right.) Also, we have to use X1 to directly trigger the FAULT instruction. Otherwise, the
message will never automatically appear on the handheld programmer display.

Message appears on handheld display

X1 FAULT Q
K1
When)q ison,Athe FAULT * CHECK CLAMP10 Aslerisk (*) is automatically
b by she ACONS and NGRS IT1111117654321076543210 P orating syster. 1t oes not have
following DLBL K1 into the Error to be entered with an ACON.
| tables.
: o s N e s N e s O s Y v o s Y s
| o s e s e s O s Y v o s s
(END) Oo|loo|oos|s|lo|lga|a| e
s oy o ws ws s cs O |
DLBLK1 s s s s s s O s O e ) O s 1 O v o |
@
ACON
C
ACON Handheld Programmer Keystrokes
HE [ str |[[ xany || 1 [ e—]
ACON Lswrr JL F JL A J[ v J[ v J[ v [[swer[[keon|[ 1 |[—]
CK
c [swer |[[ o [ v || 8 J[ L [ swrr][kecon]|[ 1 |[e—]
ACON Lswrr ][ A JL c J[ o J[ ~ |[asc|[swr|[ c |[«—]
i Lswrr ][ A JL c J[ o J[ ~ J[asc|[swr|[ n |[ e |[«—]
ACON Lswrr ][ A JL c J[ o J[ ~ J[ase|[swr|[ c |[ «x |[«—]
MP Lswrr ][ A JL c J[ o J[ ~ |[asc|[smwr|[ c |[«—]
oon Lswrr [ A JL c J[ o J[ ~ J[ase|[swer|[ v |[ A |[«—]
10 Lswrr [ A JL c J[ o J[ ~ J[asc|[swr|[ m |[ p |[—]
Lswrr ][ A JL c J[ o J[ ~ J[ase[ 1+ |[ o |[«—]
2
o2 Clearing the You use different methods to clear the System Errors vs. the Fault Messages.
S O . g . 3
T3 Messages » System Errors — initialize the CPU’s scratchpad memory
C-l—'
& e Fault Message Table — clear the CPU program memory
n_
-
o §D§ WARNING: If you initialize the scratchpad, you will also remove any retentive
-~ O\ memory ranges that you may have changed.
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Print Message The Print Message instruction prints the
(PRINT) embedded text or text/data variable message
to the specified communications port (1, 2, or ___|PRINT  Aaaa
430 440 450 3 on the DL450 CPU), which must have the “Hello, this is a PLC message”.
communications port configured.
DS HPP Data Type DL450 Range
A aaa
Constant K 1,2,0r3

You may recall from the CPU specifications in Chapter 3 that the DL450’s ports are
capable of several protocols. To configure a port 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 DirectSOFT, choose PLC on the menu bar, then
Setup > Setup Secondary Comm Port, the dialog below will appear.

e Port: From the port number list box at the top, choose “Port 1”.
¢ Protocol: Click the check box to the left of “Non-sequence”.

Setup Communication Ports @
Port: | Part 1 - Close
Protocol: Baze Timeout: m m
[ KSequence  B00ms —l—l
[ DirectMET 800 ms Help

: 3 Characters [3.44 ms)

[~ Remote 140
Time-out: |Base Timeout ﬂ
RTS on delay time: |0 ms = [ ®OMA<OFF Flows contral
[ RATS flow contral
RTS off delay time: | 0 ms -
Data bits: | 8 -

Baud rate:| 3600 - Echo Suppression
. (+ R5-422/485 [4-wire)
Stop bits:| 1 hd RS-232C [2-wire)
i RS- i
Parity ,—_|Ddd - R5-485 [2wire)

Memony Address: | Ta0 ®

Fort 1: 25 Fin

¢ RTS Flow Control: Choose the appropriate Request-to-Send option
for your printer.

e Data bits: Choose the data bits
e 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 DirectSOFT to use
to store the port setup information. You will need to reserve 66
contiguous words in V-memory for this purpose. Select “Use for printing
only”.
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wII Click the button indicated to send the Port 1 configuration to the CPU,
|_| and click Close. See Chapter 3 for port wiring information, in order to
connect your printer to the DL450.
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Ports 1 and 2 on the DL450 has standard RS232 levels, and should work with most
printer serial input connections. Port 3 has RS422 levels, and will not work with most
printers. You could use port 3 for long cables, converting the signals to RS232 at the
other end to drive the printer.

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:
# Character code Description
1 $$ Dollar sign (3)
2 $” Double quotation (”)
3 $L or $I Line feed (LF)
4 $N or $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.

Example:

> Length O without character

"A” Length 1 with character A

» Length 1 with blank

"8 Length 1 with double quotation mark
"$RSL” Length 2 with one CR and one LF
"$0DSOA” 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. Note that DirectSOFT does not give error indications
for syntax errors in the PRINT instruction. Therefore, it is important to test your
PRINT instruction data during the application development.

The following example prints the message to port 1. 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 K1 Print the message to Port 1 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 in

capital letters.

# 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)

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: DB Print BCD data in V2000 and V2001

V2000 : R Print floating point number in V2000/V2001 as real number
V2000 : E Print floating point number in V2000/V2001 as real number

with exponent

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. You must include spaces between the text string and the variable.

PRINT K1 Print the message to Port 1
when X1 makes an off-to-on
transition.

A represents a space

X1
[F—"

“Reactor temperature = “/\V2000/\“deg.$N”

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.

By
Example: Fm
V2000 % 16 16 characters in V2000 to V2007 are printed. Sa
V2000 % 0 The charactersin V2001 to Vxxxx (determined by the number a3
in V2000) will be printed. so
6.Q_

>

(2}
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Bit element - this is used for printing the state of the designated bitin 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 ON state, and 0 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 C00 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 printis 128. The number of characters
for each element is listed in the table below:

Element type Charactors

Text, 1 character 1

16 bit binary 6
32 bit 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.

(2]
_D_cf:» Special relay flags SP112 through SP117 indicate the status of the DL450 CPU ports
a‘g (busy, or communications error). See the appendix on special relays for a
2= description.
g2
wj ﬁg NOTE: You must use the appropriate special relay in conjunction with the PRINT
o = 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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