; Errata Sheet

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

Product Family: DL305 Date: 07/28/2021
Manual Number D3-350-M
Revision and Date 2nd Edition, Rev. D; March 2010

07.2021
Handheld Programmer D3-HP has been discontinued. Please consider Productivity, BRX, or CLICK series PLCs as

an alternative platform.

Handheld Programmer D3-HPP was discontinued 01/2018.

08.2018

Changes to Chapter 5. Standard RLL Instructions; Timer, Counter and Shift Register; Accumulating Timer (TMRA)
and Accumulating Fast Timer (TMRAF)

Page 5-38. In the first paragraph, second sentence on this page, the maximum value for the TMRAF instruction reads
99999.99 (total of seven 9’s). This is incorrect - it should be 999999.99 (total of eight 9’s) .

05.2018
Changes to Chapter 3. CPU Specifications and Operations
Page 3-6. Using Battery Backup; Enabling the Battery Backup

The ladder example shown to enable the backup battery is incorrect. Use the following example instead. Note: This example
assumes that the original content of V7633 was a 0 (zero),

_FirstScan
|SF' UJ LD

T K1000
ouTt
| V7633

Changes to Chapter 5. Standard RLL Instructions; Accumulator Logical Instructions; Compare Real Number (CMPR)

Page 5-76. In the ladder example, the contact reference is incorrect. It should be SP62 turning on output C1, not SP60.
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05.2018, contd

Changes to Chapter 5. Standard RLL Instructions; Math Instructions; Multiply Double (MULD)

Page 5-84. The ladder example shown is incorrect. Replace it with the following example.

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

X1 Load the hex equivalent

I LDD 1 >
—{ i of 12345678 decimal into
Kbc614e the accumulator.

—_—

occupyeigh.tBCDdigits l1[2[3[4H5[6[7[81
(32 bits).

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

V1400 the OUTD instruction. acc. [2]4]6[o|[1]3]5]6]

LD Load the constant K2
K2 into the accumulator.

Multiply the accumulator |2 [4 [6 [9 H ! [3 [5 [ 6 ‘
contents (2) by the

V1400 8-digit number in V1400 V1403 V1402
and V1401.

MULD

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

OuUTD

Handheld Programmer Keystrokes

$

SEIEa

Lo Jawosr] ® s |05 | > Jlemev[lsver oy [0, Joer o [P [, Joer]Es Jow ]
N N B e

a7 o e e e P o]

’SHFT HANDSTH H 4 HPREVHCZ H T ‘

El P P P G Y O S e e 2

I EI R G O S 2

Changes to Chapter 5. Standard RLL Instructions; Network Instructions
Please change Step 1 on pages 5-137 and 5-139 (RX & WX Commands) to read as follows:

Step 1: - Load the slave address (0-90 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. When using Port 2 of the CPU, the formatting should be
Kf1xx where xx is the slave address (0-90 BCD).
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05.2018, contd
Changes to Chapter 8. PID Loop Operation

For more recent and complete information on PID loop operation, refer to Chapter 8 in the DLO6 user manual (p/n DO-06USER-M).

Changes to Chapter 9. Maintenance and Troubleshooting

Page 9-25. Add the following to the end of this chapter (right after Regular Forcing with Direct Access):

Clear PLC Memory ﬁ

Reset the PLC to Factory Defaults -

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

Resetting a DirectLogic 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 I 1

A

ports up after resetting the PLC to factory defaults. | F Pau
Step 1 —While connected to the PLC with DirectSoft, go to the PLC menu ¥ Bit b
and select; “Clear PLC Memory”. Check the “ALL” box at the bottom of || | ¥ &LL '
the list and press “OK”. '
Ok, ] Cancel |
€ )
Step 2 — While connected with DirectSoft, go the PLC menu and then to Initialize Scratch Pad )
the “Setup” submenu and select “Initialize Scratch Pad”. Press “Ok”. o .
Wamirjg! Intializing the scratchpad memarny resets the
NOTE: All configurable communications ports will be reset to factory e bl ik e
. R efault zeftings.
default state. If you are connected via Port 2 or another configurable port, o ]
. . . . Frogram memory iz retained but user defined parameters
you may be disconnected when this operation is complete. T e e P

I |/0 configuration, retentive range modification, ete. will be
rezet to their factory defaults,

IF you have changed any of lhe_sg parameters wou must
NOTE: Manually addressed 10 will be reset to factory default settings. recenfigue these settings after infiaizing the seratchpad.

NOTE: Retentive ranges will be reset to the factory settings.

The PLC has now been reset to factory defaults and you can proceed to Initialize Soratch Pad Memory?

program the PLC.

oK Help
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06.14.2012
Changes to Chapter 4. System Design and Configuration

Page 4-15. I/O Configurations with a 10 Slot Local CPU Base

The four drawings on this page to the left of the bases showing jumper switch SW2 are mislabeled. They should say “700”
and “100 EXP’, not “700 EXP” and “100” as shown.

Page 4-18. CPU Specifications; Remote I/O Expansion; Configuring the CPU’s Remote 1/0 Channel

Replace the remote I/O wiring diagram shown with this one.

DL350 CPU Port 2

D2-RSS D4-RM
0Vi7e o Remote I/O Slave Remote I/O Slave
O
O L . T, Jumper T,
g o Termination Resistor @T N @T
TXD+ / RXD+ | 1
O A\
O RXD+ @ : @ \
o) safo i ([ mo e 11, ...
RXD- nterna
TXD- \/25 Signal GND
13 9 3/ 3 330 ohm
\ \‘:Lr/b @ resistor
Recommended cable: Belden 9842 or f%
Remote I/O Master equivalent, shielded twisted pair cable is —

recommended for RS-485 networks. .
(end of chain)
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Standard RLL
Instructions

In This Chapter. . ..

— Introduction

— Using Boolean Instructions

— Boolean Instructions

— Comparative Boolean Instructions

— Immediate Instructions

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

— Math Instructions

— Bit Operation Instructions

— Number Conversion Instructions

— Table Instructions

— Clock / Calendar Instructions

— CPU Control Instructions

— Program Control Instructions

— Intelligent 1/O Instructions

— Network Instructions

— Message Instructions

Handheld Programmer D3-HP & D3-HPP have been retired as of 03/2021 & 01/2018
respectively. Please consider Productivity, BRX, or CLICK series PLC systems as
upgrades.



hdittrich
Text Box
Handheld Programmer D3-HP & D3-HPP have been retired as of 03/2021 & 01/2018 respectively. Please consider Productivity, BRX, or CLICK series PLC systems as upgrades. 

http://www.automationdirect.com/pn/D3-HP

Standard RLL Instructions

Introduction

The DL350 CPU offers a wide variety of instructions to perform many different types
of operations. This chapter shows you how to use these individual instructions.
There are two ways to quickly find the instruction you need.

¢ If you know the instruction category (Boolean, Comparative Boolean,
etc.) 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 name, use the following table to
find the page that discusses the instruction.

Instruction Page Instruction Page
ACON ASCII Constant 5-143 DATE Date 5-120
ADD Adds BCD 5-77 DEC Decrement 5-89
ADDB Add Binary 5-90 DECB Decrement Binary 5-95
ADDD Add Double 5-78 DECO Decode 5-102
ADDR Add Real Number 5-79 DISI Disable Interrupts 5-133
AND And for contacts or boxes 5-12,5-29,5-64 DIV Divide 5-86
AND STR And Store 5-14 DIVB Divide Binary 5-93
ANDB And Bit-of-Word 5-13 DIVD Divide Double 5-87
ANDD And Double 5-65 DIVR Divide Real Number 5-88
ANDE And if Equal 5-26 DLBL Data Label 5-143
ANDF And Formatted 5-66 DRUM Timed Drum 6-12
ANDI And Immediate 5-32 EDRUM Event Drum 6-14
ANDN And Not 5-12,5-29 ENCO Encode 5-101
ANDNB And Not Bit-of-Word 5-13 END End 5-122
ANDNE And if Not Equal 5-26 ENI Enable Interrupts 5-133
ANDNI And Not Immediate 5-32 FAULT Fault 5-141
ANDND And Negative Differential 5-21 FOR For/Next 5-125
ANDPD And Positive Differential 5-21 GOTO Goto/Label 5-124
ATH ASCII to Hex 5-109 GRAY Gray Code 5-113
BCD Binary Coded Decimal 5-104 GTS Goto Subroutine 5-127
BCDCPL Tens Compliment 5-106 HTA HEX to ASCII 5-110
BIN Binary 5-103 INC Increment 5-89
BCALL Block Call (Stage) 7-27 INCB Increment Binary 5-94
BEND Block End (Stage) 7-27 INT Interrupt 5-132
BLK Block (Stage) 7-27 INV Invert 5-105
BTOR Binary to Real 5-107 IRT Interrupt Return 5-133
CMP Compare 5-73 IRTC Interrupt Return Conditional 5-133
CMPD Compare Double 5-74 ISG Initial Stage 7-24
CMPF Compare Formatted 5-75 JMP Jump 7-24
CMPR Compare Real Number 5-76 LBL Label (Goto/Lbl) 5-124
:Il ” CNT Counter 5-40 LD Load 5-52
o CC) CcVv Converge Stage 7-25 LDA Load Address 5-55
'E'g CVJMP Converge Jump (Stage) 7-25 LDD Load Double 5-53
& 2 LDF Load Formatted 5-54
g2 LDR Load Real number 5-58
n~ LDX Load Indexed 5-56
LDLBL Load Label 5-117
LDSX Load Indexed from Constant 5-57

DL350 User Manual, 2nd Edition



Standard RLL Instructions

Instruction Page Instruction Page
MDRUMD Masked Event Drum Discrete 6-18 RX Read From Network 5-137
MDRUMW Masked Event Drum Word 6-20 SBR Subroutine (Goto Subroutine) 5-127
MLR Master Line Reset 5-130 SEG Segment 5-112
MLS Master Line Set 5-130 SET Set 5-22
MOV Move 5-116 SETB Set Bit-of-Word 5-23
MOVMC Move Memory Cartridge 5-117 SETI Set Immediate 5-34
MUL Multiply 5-83 SFLDGT Shuffle Digits 5-114
MULB Multiply Binary 5-92 SG Stage 7-23
MULD Multiply Double 5-84 SGCNT Stage Counter 5-42
MULR Multiply Real Number 5-85 SHFL Shift Left 5-97
NCON Numeric Constant 5-143 SHFR Shift Right 5-98
NEXT Next (For/Next) 5-125 SR Shift Register 5-46
NJMP Not Jump (Stage) 7-24 STOP Stop 5-123
NOP No Operation 5-122 STR Store 5-8, 5-27
NOT Not 5-17 STRB Store Bit-of-word 5-9
OR Or 5-10,5-28,5-67 STRE Store if Equal 5-24
OR OUT Or Out 5-17 STRI Store Immediate 5-30
OR OUTI Or Out Immediate 5-33 STRN Store Not 5-8, 5-27
OR STR Or Store 5-14 STRNB Store Not Bit-of-Word 5-9
ORB Or Bit-of-word 5-11 STRNE Store if not Equal 5-24
ORD Or Double 5-68 STRNI Store Not Immediate 5-30
ORE Or if Equal 5-25 STRND Store Negative Differential 5-19
ORF Or Formatted 5-69 STRPD Store Positive Differential 5-19
ORI Or Immediate 5-31 SuUB Subtract 5-80
ORN Or Not 5-10, 5-28 SUBB Subtract Binary 5-91
ORNB Or Not Bit-of-Word 5-11 SUBD Subtract Double 5-81
ORND Or Negative Differential 5-20 SUBR Subtract Real Number 5-82
ORNE Or if Not Equal 5-25 SUM Sum 5-96
ORNI Or Not Immediate 5-31 TIME Time of CPU 5-121
ORPD Or Positve Differential 5-20 TMR Timer 5-36
ouT Out 5-15, 5-59 TMRA Accumualting Timer 5-38
ouTB Out Bit-of-Word 5-16 TMRAF Accumualting Fast Timer 5-38
OuTD Out Double 5-60 TMRF Fast Timer 5-36
OUTF Out Formatted 5-61 ubC Up Down Couonter 5-44
OuTI Out immediate 5-33 WT Write to Intelligent Module 5-136
OuUTX Indexed 5-62 WX Write to Network 5-139
PD Positve Differential 5-18 XOR Exclusive Or 5-70
POP Pop 5-63 XORD Exclusive Or Double 5-71
PRINT Print 5-145 XORF Exclusive Or Formatted 5-72
RD Read from Intelligent Module 5-135
ROTL Rotate Left 5-99
ROTR Rotate Right 5-100
RST Reset 5-22
RSTB Reset Bit-of-Word 5-23
RSTI Reset Immediate 5-34
RSTWT Reset Watch Dog Timer 5-123
RT Subroutine return 5-127
RTC Subroutine Return Conditional | 5-127
RTOB Real to Binary 5-108

=%
35

25
oA

EQ'
o2
=0
o

S5 X0
wil—
—
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Standard RLL Instructions
Boolean Instructions
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Using Boolean Instructions

END Statement

Simple Rungs

Normally Closed
Contact

Contacts in Series

Do you question why many PLC manufacturers quote the scan time for a 1Kboolean
program? It is because most all programs utilize many boolean instructions. These
are typically very simple instructions designed to join input and output contacts in
various series and parallel combinations. Since the DirectSOFT package allows the
use of graphic symbols to build the program, you don’t absolutely have to know the
mnemonics of the instructions. However, it may helpful at some point, especially if
you ever have to troubleshoot the program with a Handheld Programmer.

All programs require an END statement as the last instruction. This tells the CPU itis
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. The
instruction set at the end of this chapter discussed this in detail.

X0 YO0
| (our)
| GEND

All programs must have and END statement

You will use a contactto start rungs that contain both contacts and coils. The boolean
instruction, Store or, STR instruction performs this function. 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.

DirectSOFT Example Handheld Mnemonics
X0 Y0
| g STR X0
— | \OUD OUT Y0
END
| (o)

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 vo Handheld Mnemonics
| /g STRN X0
_|/ I \OUD OUT YO0
END
| (=)

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
are STR X0, AND X1, followed by OUT YO.

%0 “ DirectSOFT Example vo Handheld Mnemonics
| '@ STR X0
_| |_| I \OUD AND X1
f OUT YO
| COMLE

DL350 User Manual, 2nd Edition



Standard RLL Instructions m
Boolean Instructions

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

DirectSOFT Example
X0 X1 Y0 Handheld Mnemonics
— (o)

STR X0

X2 Y1 AND X1

I QUD OUT YO

I \C AND X2

OUT Y1

@ ND) END

Parallel Elements You may also have to join contacts in parallel. The OR instruction allows you to do
this. The following example shows two contacts in parallel and a single output coil.
The instructions would be STR X0, OR X1, followed by OUT YO.

DirectSOFT Example
X0 Y0

| (oon)

Handheld Mnemonics

X1 STR X0
_| |7 OR X1
OUT YO
CEN[D END
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
X0 X ! xamp YO__ Handheld Mnemonics
— H | (our)
| S STR X0
X2 X3 AND X1
— H AND X3
fEN[D ORSTR
\GE OUT Y0
END
Joining Parallel You can also join one or more parallel branches in series. The And Store (ANDSTR)

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

DirectSOFT Example
X0 X1 Yo Handheld Mnemonics
I
I

_| I I COUD STR X0
X2
hE

STR X1
OR X2
ANDSTR

I [D OUT Y0

\EN END

=%
35

25
oA
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o
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—
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m Standard RLL Instructions
Boolean Instructions

Combination You can combine the various types of series and parallel branches to solve most any
Networks application problem. The following example shows a simple combination network.
X0 X2 X5 FYO
I | |
_I | | | \OUD
X3 X4
X1
I | /|
_| I I/ I
b
I
o)
Boolean Stack There are limits to how many elements you can include in arung. This is because the

DL350 CPU uses 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 stack.

X0 STR , X1 ORST AND X4 Y
STR | | 1 i (our)  Output
STR X2 AND X3 ANDSTR
X5 OR
| /|
STR X0 STR X1 STR X2 AND X3
1 | STR X0 1| STRX1 1 | STRX2 1 | X2 AND X3
2 2 | STR X0 2 | STRX1 2 | STRX1
3 3 3 | STR X0 3 | STR X0
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8
ORSTR AND X4 ORNOT X5
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 | STR X0 2 | STR X0 2 | STRX0
3 3 3
L8] | [8] | (8]
ANDSTR

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

(2]
=
(o]
=
[&]
>
-
—
(2]
o=

-
—
o
o
S
©
o
c
©
Y
n
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Standard RLL Instructions
Boolean Instructions

Comparative
Boolean

Immediate Boolean

The DL350 CPU provides Comparative Boolean instructions that allow you to
quickly and easily compare two numbers. The Comparative Boolean provides
evaluation of two 4-digit values using boolean contacts. The valid evaluations are:
equal to, not equal to, equal to or greater than, and less than.

In the following example when the value
in Vmemory location V1400 is equal to
the constant 1234, Y3 will energize.

| V14OOI |K1234 y Y3
= ( out )

The DL350 CPU usually can complete an operation cycle in milliseconds. However,
in some applications you may not be able to wait a few milliseconds until the next I/O
update occurs. The DL350 CPU offers 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. This is
normally performed 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
performed until the read inputs or the write outputs portion of the CPU cycle.

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

L

QG
CPU Scan
The CPU reads the inputs from
the Ioca! base and stores the
Read Inputs féztiztserm an input image
x128| .. | x2 | X1 | X0 \
OfFF| .. | oN | oFf[ OFF OFF <«— X0
Input Image Register
| OFF <€— X1
| Read Inputs from Specialty /O |
[
|
Solve the Application Program | Immediate instruction does
not use the input image
X0 YO register, but instead reads the
—| II—( )— status from the module
immediately.
| ~ I/O Point X0 Changes
| Write Outputs |
[ ON <«— X0
| Write Outputs to Specialty 1/0 | OFF <—— N
I
| Diagnostics |

N J
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Standard RLL Instructions
Boolean Instructions
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Boolean Instructions

Store
(STR)

Store Not
(STRN)

The Store instruction begins a new rung
or an additional branch in a rung with a
normally open contact. Status of the Aaaa
contact will be the same state as the

associated image register point or

memory location.

The Store Not instruction begins a new
rung or an additional branch in a rung
with a normally closed contact. Status of Aaaa

the contact will be opposite the state of

the associated image register point or —J/l/—
memory location.

Operand Data Type DL350 Range
A aaa
Inputs X 0-777
Outputs Y 0-777
Control Relays (¢} 0-1777
Stage S 0-1777
Timer T 0-377
Counter CcT 0-177
Special Relay SP 0-0777

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

DirectSOFT Handheld Programmer Keystrokes
X1 Y2 SR || > 1 ENT
| ( our ) E1EY RN ES
Lo (> ][ 2 Jlow]

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

DirectSOFT Handheld Programmer Keystrokes
X1 Y2
|STRN|| -> ” 1 |ENT |
J/ ( our )
I \
Lo > ] 2 Jlor]

DL350 User Manual, 2nd Edition



Standard RLL Instructions

Boolean Instructions

Store Bit-of-Word
(STRB)

Store Not
Bit-of-Word
(STRNB)

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.

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

_||_

Aaaa.bb

Operand Data Type

DL350 Range

aaa

bb

V-memory

All (See p.3-29)

BCD,0to 15

Pointer

PB

All (See p 3-29)

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 Jlswer ][ 8 || =>J[ v J[ «+ J[ & J[ o J[ o]
= [« JL + J[ 2 J[ enr]
[ oot || = || 2 || ent |

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 v2
1 F ( our )
Handheld Programmer Keystrokes
Lstan [ swer|[ 8 J[ > J[ v J[ + J[ 4 o |[L o]
= [« J[+ J[ 2 |[en]
ouT — 2 ENT
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Standard RLL Instructions
Boolean Instructions

Or The Or instruction logically ors a normally
(OR) open contact in parallel with another
contact in a rung. The status of the ||
contact will be the same state as the L
associated image register point or Aaaa

memory location. —| |—

Or Not The Or Not instruction logically ors a
(ORN) normally closed contact in parallel with
another contact in a rung. The status of |
the contact will be opposite the state of I
the associated image register point or Aaaa

memory location. —/I/ I/—

Operand Data Type DL350 Range
A aaa
Inputs X 0-777
Outputs Y 0-777
Control Relays C 0-1777
Stage S 0-1777
Timer T 0-377
Counter CT 0-177
Special Relay SP 0-777

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

DirectSOFT Handheld Programmer Keystrokes

( ouT )

X1
||
[ \
X2
] Lon][> ] > Jlor ]

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

DirectSOFT Handheld Programmer Keystrokes

X1 Y5

s | > || 1 ] =]
| ( our ) | -
ESNEI R El

A Lowr | > | = Jlo

-
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Standard RLL Instructions

Boolean Instructions

Or Bit-of-Word
(ORB)

Or Not Bit-of-Word
(ORNB)

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

The Or Not Bit-of-Word instruction
logically ors a normally closed contact in
parallel with another contact in a rung.
Status of the contact will be opposite the

Aaaa.bb

—

state of the bit referenced in the
associated memory location. —/I/r—
Operand Data Type DL350 Range
A aaa bb
V-memory All (See p. 3-29) BCD, 0to 15
Pointer PB All (See p.3-29) BCD

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

Y7 will energize.

DirectSOFT

Csm][ = ][+ ][ ent]
Lor Jlswr ][ 8 |[ = ]| [l JL s J[ o J[ o |
L—=> |« J[ 7 J[ enr |
[ oot |[[ = || 7 || ent]

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

Y7 will energize.

DirectSOFT

X1 Y7

|| (
|| \OUT)

Handheld Programmer Keystrokes

=%
35
25
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o
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Csm][ = ][+« ][ ew]
Lor [ suer ][ 8 |[ = | I+ J e J[ o J[ o |
(= I« ][ 7 J[er ]
[ ot |[[ = || 5 || ent |
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Standard RLL Instructions
Boolean Instructions
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And The And instruction logically ands a

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

And Not The And Not instruction logically ands a

(ANDN) normally closed contact in series with

another contact in a rung. The status of
the contact will be opposite the state of
the associated image register point or
memory location.

Operand Data Type DL350 Range
A aaa
Inputs X 0-777
Outputs Y 0-777
Control Relays C 0-1777
Stage S 0-1777
Timer T 0-377
Counter CT 0-177
Special Relay SP 0-777

Aaaa

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

DirectSOFT

X1 X2 Y5

| | | | (
\

ouT )

Handheld Programmer Keystrokes

STR || —> 1 ENT
AND || = 2 ENT
Lo ][> ] = Jlen]

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

energize.
DirectSOFT

X1 X2 Y5
(

out
\

Handheld Programmer Keystrokes

EJEI BN ES
|ANDN|| -> ” 2 ” ENT|
Lo > ] s Jlev ]
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Standard RLL Instructions
Boolean Instructions

And Bit-of-Word The And Bit-of-Word instruction logically
(ANDB) 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
bit referenced in the associated memory ] ]
location.

And Not The And Not Bit-of-Word instruction
Bit-of-Word logically ands a normally closed contact in
(ANDNB) series with another contact in a rung. The
status of the contact will be opposite the | |
state of the bit referenced in the ] 4/|r
associated memory location.

Aaaa.bb

Operand Data Type DL350 Range

A aaa bb
V-memory B All (See p. 3-29) BCD, 0 to 15
Pointer PB All (See p. 3-29) 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
(o)
out
[ [ \

Handheld Programmer Keystrokes

Lsm |l > |+ |[ew ]
[awo J[seer|[ 8 [ = J[ v J[ + J[ 4 J[ o J[ o]
= |[ « ][ 4 || &t ]
[our J[ > |[ s J[en ]

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
/ ( ouT )
|1 ! \ )
23
=0
Handheld Programmer Keystrokes (S._ g
sm |[ = [ 1+ |[ & ] C;f':_u
Lavon [ ser [[ 8 J[ > J[ v [[ « J[ 4 J[ o J[ o | -
= |[ « || 4 ]| ent]
ouT —> 5 ENT
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m Standard RLL Instructions
Boolean Instructions

And Store The And Store instruction logically ands
(AND STR) two branches of a rung in series. Both
branches must begin with the Store | | | | ( OUT>
instruction. I I \
@ @
|| |
[ [
Or Store The Or Store instruction logically ors two
(OR STR) branches of a rung in parallel. Both ®
branches must begin with the Store | | | | ( OUT)
instruction. I L \
@
| ] |
[ [

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
X1 X2 X
8 Y5 |STR||9||1 |ENT|
| | ( our )
S \ [sm ][> ] 2 o]
X4
| ] |AND||9||3||ENT|

out ” -> ” 5 ” ENT|

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
X1 X2
i B R
| ] | (
| |1 Lo
AND || — | 2 | ENT
X3 X4
I I I SR || > | 3 | ENT
AND|9|| 4 ||ENT|

Lo > | = Jlo |

-
2
mO
2B
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T =
C-l—‘
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Standard RLL Instructions
Boolean Instructions

Out
(OUT)

The Out instruction reflects the status of
the rung (on/off) and outputs the discrete
(on/off) state to the specified image
register point or memory location.
Multiple Out instructions referencing the
same discrete location should not be
used since only the last Out instruction in
the program will control the physical
output point.

Operand Data Type DL350 Range

aaa

Inputs 0-777

Outputs 0-777

O <| X[ »

Control Relays 0-1777

Aaaa

ouT )

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

DirectSOFT

X1 Y2

N ( our

Y5
ouT )

Handheld Programmer Keystrokes

B3 BN E]
E I BN E)
Lo > | s Jlo ]

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. If you need to have an output controlled by multiple inputs see the

OROUT instruction on page 5-17.

=%
35

25
oA

EQ'
a2
=0
o

S5 X0
wi—
—
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m 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
the discrete (on/off) state to the specified
bit in the referenced memory location. Aaaa.bb
Multiple Out Bit-of-Word  instructions —( our

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 DL350 Range

A aaa bb
V-memory B All (See p. 3-29) BCD, 0to 15
Pointer PB All (See p. 3-29) 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

|| ( )

| { ouT

B1401.6
Handheld Programmer Keystrokes
—( ouT )

STR —> 1 ENT
Lour J[swer [ 8 J[ > J[ v J[ + J[ &« J[ o J[ o ]

- [« JL s J[ e |
[our Jlswer ][ 8 J[=>J[ v [+ J[ & J[ o J[ o |
= J[ < JL ¢ J[ e |

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.

(2]
=
(o]
=
[&]
>
-
—
(2]
o=

-
—
o
o
S
©
o
c
©
Y
n
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Standard RLL Instructions
Boolean Instructions

Or Out The Or Out instruction has been

(OR OUT) designed to used more than 1 rung of
discrete logic to control a single output.
Multiple Or Out instructions referencin
the same output coil may be used, sincg _<OR OUT)
all contacts controlling the output are
ored together. If the status of any rung is
on, the output will also be on.

Operand Data Type DL350 Range

aaa

Inputs 0-777

Outputs 0-777

o <| X[ »

Control Relays 0-1777

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

DirectSOFT Handheld Programmer Keystrokes
X1 Y2
y (o) [ ] o]
||NST#|| 3 || 5 || ENT || ENT || N || 2 || ENT |
: EJEI RN
. ||NST#|| 3 || 5 || ENT || ENT || N || 2 || ENT |
X4 ° Y2
I I ( OR OUT)
Not The Not instruction inverts the status of
(NOT) 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
|X1| y Y2 [str || = ][ 1 ][ ent |
N [~ (o) Gl w1l o[ [ ew]
[our [ = ][ 2 ][ &~ )
=)
(28]
=Q
33
129993 NOTE: DirectSOFT Release 1.1i and later supports the use of the NOT instruction. ST
ﬁg 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.
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Standard RLL Instructions
Boolean Instructions

Positive The Positive Differential instruction is
Differential typically known as a one shot. When the
(PD) input logic produces an off to on A
transition, the output will energize for one _( oo
CPU scan.
Operand Data Type DL350 Range
A aaa
Inputs X 0-777
Outputs Y 0-777
Control Relays C 0-1777

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

DirectSOFT
X1 co
| ( )
PD
o \
Cco
|| LD
| | V2000
ouT
V3000
Handheld Programmer Keystrokes
|STR||9 ” 1 |ENT|
[swer | » Jlswer|l o | > | o [ ewr ]

-
2
G:O
2B
TS
T =
C-l—‘
(U(D
= C
n
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Standard RLL Instructions m
Boolean Instructions

Store Positive The Store Positive Differential instruction

Differential begins a new rung or an additional branch

(STRPD) in a rung with a normally open contact.
The contact closes for one CPU scan Aaaa
when the state of the associated image —U |—
register point makes an Off-to-On
transition. Thereafter, the contact remains
open until the next Off-to-On transition
(the symbol inside the contact represents
the transition). This function is sometimes
called a “one-shot”.

Store Negative The Store Negative Differential instruction

Differential begins a new rung or an additional branch

(STRND) in a rung with a normally closed contact.
The contact closes for one CPU scan
when the state of the associated image —1—
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

Operand Data Type DL350 Range
A aaa
Inputs X 0-777
Outputs Y 0-777
Control Relays C 0-1777
Stage S 0-1777
Timer T 0-377
Counter CT 0-177

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

DirectSOFT

Handheld Programmer Keystrokes
o v [ ] [owr] e 1[5 ] [—]
I ( ouT )
121 Cx L+ J[ en]
[ oot |[[ v ]| 4 || ent|]

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

DirectSOFT

Handheld Programmer Keystrokes (d))

=

. Y4 [ ] [ower] (v [0 ] [—] 28
i1 (our) 22
[ e 28

QL

[ oot |[[ v ]| 4 || ent | ==

>3

o

=
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Standard RLL Instructions
Boolean Instructions
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Or Positive
Differential
(ORPD)

Or Negative
Differential
(ORND)

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
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
On-to-Off transition, closing it for one CPU
scan. Thereafter, it remains open until
another On-to-Off transition.

Operand Data Type DL350 Range
A aaa
Inputs X 0-777
Outputs Y 0-777
Control Relays C 0-1777
Stage S 0-1777
Timer T 0-377
Counter CT 0-177

In the following example, Y 5 will energize
when X2 transitions from Off to On.

DirectSOFT

X1 Y5
|| (
|| { our )

X2
_U‘
In the following example, Y 5 will energize
when X2 transitions from On to Off.

DirectSOFT

X1 Y5

|| (
|| \OUT)

whenever X1 is on, or for one CPU scan

Handheld Programmer Keystrokes

[ str |[ x [ 1+ ][ ent |

Lor Jlswr ][ p |[ o [[—]
Cox ] 2 [ en |

[ oot |[ v ]| s |[ ent ]

whenever X1 is on, or for one CPU scan

Handheld Programmer Keystrokes

[sm [ x ][« J[e&v |

Lor |[swr][ ~n J[ 0o [[—]
Cx I 2 [ en ]

[ oot |[[ v || s |[ ent]
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Standard RLL Instructions
Boolean Instructions

And Positive
Differential
(ANDPD)

And Negative
Differential
(ANDND)

The And Positive Differential instruction
logically ands a normally open contact in
series with another contact in a rung. The
status of the contact will be open until the
associated image register point makes an
Off-to-On transition, closing it for one CPU
scan. Thereafter, it remains open until
another Off-to-On transition.

The And Negative Differential instruction
logically ands a normally open contact in
series with another contact in a rung. The

Aaaa

status of the contact will be open until the - Alaaa

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

Operand Data Type DL350 Range
A aaa
Inputs X 0-777
Outputs Y 0-777
Control Relays C 0-1777
Stage S 0-1777
Timer T 0-377
Counter CT 0-177

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
X X2 Y5 [ st | x [ 1+ ][ ent|
| | | J‘l { our )
| 1] \ Law |[swer|[ P |[ D |[—]
Cx ][ 2 Jlew ]
[ oot |[[ v ]| s |[ ent ]

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
I><1I |X2| p Y5 [ sr |[ xawm ][ 1+ ][ ent |
| 1L ( our) o [ ][ v 1[5 |[—]
[xv | [ 2 |[ ent |
[ our |[voun]| s |[ ent |
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Standard RLL Instructions
Boolean Instructions

Set The Set instruction sets or turns on an

(SET) image register point/memory location or
a consecutive range of image register e ange

points/memory locations. Once the Aaaa  aaa

point/location is set it will remain on until it _( SET )

is reset using the Reset instruction. It is

not necessary for the input controlling the

Set instruction to remain on.

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

for the input to remain on.

Operand Data Type DL350 Range

aaa

Inputs 0-777

Outputs 0-777

Control Relays 0-1777

Stage 0-1777

| 0| O <| X[ >

Timer* 0-377

Counter* CcT 0-177

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

NOTE: You cannot set inputs (X’s) that are assigned to input modules

In the following example when X1 is on, Y5 through Y22 will energize.

DirectSOFT
X1

O /Y5 Y22
| ] { sET )

Handheld Programmer Keystrokes
EESE
L=l > e > =] 2 o]

|ENT|

In the following example when X1 is on, Y5 through Y22 will be reset or
de-energized.

DirectSOFT

X1 Y5 v22

N ( rsr )

Handheld Programmer Keystrokes
1 E3 BN E2
51 3 N ES N BN E2
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Standard RLL Instructions m
Boolean Instructions

Set Bit-of-Word The Set Bit-of-Word instruction sets or

(SETB) turns on a bit in a V-memory location.
Once the bitis set it will remain on until it is Aaaa.bb
reset using the Reset Bit-of-Word —( SET )

instruction. Itis not necessary for the input
controlling the Set Bit-of-Word instruction
to remain on.

Reset Bit-of-Word The Reset Bit-of-Word instruction resets

(RSTB) or turns off a bit in a V-memory location.
Once the bit is reset it is not necessary for A aaa.bb
the input to remain on. —( RST )
Operand Data Type DL350 Range
A aaa bb
V-memory B All (See p. 3-29) Oto 15
Pointer PB All (See p. 3-29) Oto 15

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

DirectSOFT

X1 B1400.0

| ( )
‘ | | \ SET
Handheld Programmer Keystrokes
[sr |[ = J[ 1+ ][ ent]
[ser J[sorrf[ 8 J[ > J[ v J[ + J[ ¢ J[ o J[ o]
= |[ « ][ 1 [ ent ]

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

DirectSOFT

V1400.15
‘ I I ( RST )
Handheld Programmer Keystrokes
Lsm ][> ][+ JL en|
Last Jlswer ][ 8 JL=>J[ v [+ J[ & J[ o J[ o |

=> L« J JLs J[ev]

=%
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Standard RLL Instructions
Compatrative Boolean

Comparative Boolean

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. The contact will be on when Viaaa Bbbb

Vaaa =Bbbb . -

Store If Not Equal  The Store If Not Equal instruction begins

(STRNE) a new rung or additional branch in a rung

with a normally closed comparative Vasa B bbb
contact. The contact will be on when
Vaaa % Bbbb.
Operand Data Type DL350 Range

aaa bbb
V-memory Vv All (See page 3-29) All (See page 3-29)
Pointer P -— All V mem.

(See page 3-29)

Constant K - 0-FFFF

In the following example, when the value in V-memory location V2000 = 4933, Y3

will energize.
DirectSOFT Handheld Programmer Keystrokes
Y3 $ E C A A A
| V2000  K4933 | STR || SHFT || . | % || 5 0 0 0
—‘\ ouT )

a Ea o °s [°s Jlov ]
‘ - 4 9 3 3 ENT
GX

D
om|9” 3 ||ENT|

In the following example, when the value in V-memory location V2000 £ 5060, Y3
will energize.

DirectSOFT Handheld Programmer Keystrokes
| P = 2 OO S P S Y
ouT )
7 o1 e e o]
1 ES SN El

N

-
2
mO
2B
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T =
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n
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Standard RLL Instructions m
Comparative Boolean

Or If Equal The Or If Equal instruction connects a
(ORE) normally open comparative contact in
parallel with another contact. The I I
contact will be on when Vaaa = Bbbb. V aaa B bbb
Or If Not Equal The Or If Not Equal instruction connects
(ORNE) anormally closed comparative contactin |
parallel with another contact. The |
contact will be on when Vaaa # Bbbb. V aaa Bbbb
Operand Data Type DL350 Range
aaa bbb
V-memory \% All (See page 3-29) All (See page 3-29)
Pointer P -- AllV mem.
(See page 3-29)
Constant K -- 0-FFFF

In the following example, when the value in V-memory location V2000 = 4500 or
V2002 = 2345 , Y3 will energize.

DirectSOFT Handheld Programmer Keystrokes
$ E C A A A
;o Pom o0 |2 12 [0 % % 2]
p— ouTt
| = \ E F A A ENT
4 5 0 0
V2002 K2345 Q E C A A C
[ or || SHFT 4 —~ 2 0 0 2 —~
1=l o] D E F
2 3 4 5 ENT

GX D
|om||9|| 3 ”ENT|

In the following example, when the value in V-memory location V2000 = 3916 or
V2002 7 2500, Y3 will energize.

DirectSOFT Handheld Programmer Keystrokes

$ E c A A A
P s Lo =2 [ %0 %0 |0 | 2]
el ad ) D J B G ENT
3 9 1 6
R E c A A c
vao s omn L 1 =2 [ %0 120 [ | 2]
[ c F A A
2 5 0 o || BVT

GX D
out ” - ” 3 ” ENT |
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Standard RLL Instructions
Compatrative Boolean
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And If Equal
(ANDE)

And If Not Equal The And If Not Equal instruction connects

(ANDNE)

DirectSOFT

V2000 K5000

The And If Equal instruction connects a
normally open comparative contact in
series with another contact. The contact | \ aaT B bbb

will be on when Vaaa = Bbbb. I | |:}

a normally closed comparative contact in
series with another contact. The contact | v aa B bbb
will be on when Vaaa 7 Bbbb | |

Operand Data Type DL350 Range

A/B aaa bbb

V-memory \% All (See page 3-29) All (See page 3-29)

Pointer P -- All' V mem.
(See page 3-29)

Constant K — 0-FFFF

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

Handheld Programmer Keystrokes

DirectSOFT

V2000  K2550

V2002 K2345 Y3 $ E C A A A

_ / s o 50 L2 % % 20 %6 [ =]

[ Lo F A A A
| 5 ” 0 ” 0 ” 0 ” ENT|
\ E C A A C
Lo o 50 L= % [%0 20 % [ =]
C D E F
%2 % |5 |75 Jlov ]

GX D
Sor | > [°s JL& ]

In the following example, when the value in V-memory location V2000 = 2550 and
V2002 £ 2500, Y3 will energize.

Handheld Programmer Keystrokes

V2002 K2500 Y3 $ E [¢] A A A
/ EEE R N N e
| \OUT c
F F A
N e
W E [¢] A A [¢]
|ANDN||SHFT” 4 ”9 ” 2 ” 0 ” 0 ” 2 ”9|
[¢] F A A
N e

GX D
out ” - ” 3 ” ENT |
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Standard RLL Instructions
Comparative Boolean

Store The Comparative Store instruction

(STR) begins a new rung or additional branch in
a rung with a normally open comparative Aaaa B bbb
contact. The contact will be on when —|2
Aaaa > Bbbb.

Store Not The Comparative Store Not instruction
(STRN) begins a new rung or additional branch in
a rung with a normally closed Aaaa B bbb
comparative contact. The contact will be —|<
on when Aaaa < Bbbb.

Operand Data Type DL350 Range

A/B aaa bbb
V-memory \% All (See page 3-29) All (See page 3-29)
Pointer P - All V mem.

(See page 3-29)

Constant K - 0-FFFF
Timer T 0-377
Counter CT 0-177

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

DirectSOFT Handheld Programmer Keystrokes
SRR P 53 £ (Y 0 G G
\ =3 PN PN N Ea
GI(;(UT % P 3 ENT

In the following example, when the value in V-memory location V2000 < 4050, Y3

will energize.
DirectSOFT Handheld Programmer Keystrokes
V2000  K4050 Y3 SP \% c A A A
| | / | STRN ” - ” SHFT ” AND 2 0 0 0
I~ LT )

E A F A
(> 5 " s % Jlow ]

GX D
o | > s =]
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Standard RLL Instructions
Compatrative Boolean
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Or
(OR)

Or Not
(ORN)

DirectSOFT

V2000I |K6045

The Comparative Or instruction
connects a normally open comparative
contact in parallel with another contact.
The contact will be on when Aaaa >
Bbbb.

Aaaa Bbbb

The Comparative Or Not instruction
connects a normally open comparative
contact in parallel with another contact.
The contact will be on when Aaaa < Bbbb.

Aaaa Bbbb
<

Operand Data Type DL350 Range

A/B aaa bbb
V-memory \% All (See page 3-29) All (See page 3-29)
Pointer P -- All V mem.

(See page 3-29)

Constant K -- 0-FFFF
Timer T 0-377
Counter CT 0-177

In the following example, when the value in V-memory location V2000 = 6045 or

V2002 > 2345, Y3 will energize.

Handheld Programmer Keystrokes

V2002I |K2345

>
1=l

DirectSOFT

V2000 K1000

,» Fom o 52 5 1% T s e =
ouT
Com ) [y 7% e e o)
N e Y
02 D3 E4 F5 ENT

GX D
|om||9|| 3 ”ENT|

In the following example when the value in V-memory location V2000 = 1000 or

V2002 < 2500, Y3 will energize.

Handheld Programmer Keystrokes

E
SHFT || 4

$
Y3 STR

c A A A
I3 P G S

V2002 K2500

<
[

((our )
ouT B A A A
\ 1 ” 0 ” 0 ” 0 ” ENT|

[¢] F A A
2 ” 5 ” 0 ” 0 ”ENT|

GX D
out ” - ” 3 ” ENT |

R \% C A A [¢]
|0RN”9”SHFT” AND” 2 ” 0 ” 0 ” 2
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Standard RLL Instructions

Comparative Boolean

And
(AND)

The Comparative And instruction
connects a normally open comparative
contact in series with another contact.
The contact will be on when Aaaa >

Aaaa

[>|
=1

Bbbb.

And Not

The Comparative And Not instruction
(ANDN)

connects a normally open comparative
contact in series with another contact. Aaaa Bbbb
The contact will be on when Aaaa < | ] H

Bbbb.

Operand Data Type DL350 Range

A/B aaa bbb

V-memory \% All (See page 3-29) All (See page 3-29)

Pointer P -- All' V mem.
(See page 3-29)

Constant K — 0-FFFF

Timer T 0-377

Counter CT 0-177

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

DirectSOFT Handheld Programmer Keystrokes

V2000  K5000 V2002 K2345 Y3 $ E c A A A
str || SHFT 4 - 2|0||0||0||%|

|~ | / )

out

[~ = \ F A A A
5 0 0 0

\" \" C A A C
o || |SHFT” AND” 2 ” 0 ” 0 ” 2 ”9|

|ENT|

ENT

ax D
our || ENT

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

Handheld Programmer Keystrokes

C A A A
2> " % 2o =]

DirectSOFT

E
SHFT || 4

$
STR

H A A A
7 ” 0 ” 0 ” 0 ”ENT|

w v c A A c
von L= 37 Y %2 %0 10 %2 | 2]
|c

‘ V2000 K7000 V2002 K2500 Y3

|| (
‘ Il 1= ad )

F A A
2 ” 5 ” 0 ” 0 ”ENT|

GX Y D
out ” —~ ” SHFT ” AND ” 3 ” ENT |

—®
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m Standard RLL Instructions
Immediate Instructions

Immediate Instructions

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

Store Not The Store Not Immediate instruction

Immediate begins a new rung or additional branch in

(STRNI) a rung. The status of the contact will be
opposite the status of the associated input X asa
point on the module at the time the
instruction is executed. The image
register is not updated.

Operand Data Type DL350 Range

aaa

Inputs X 0-777

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

Y2

L
(
|I| { our )

Handheld Programmer Keystrokes

$ I B
Com [ ' o | > |° [o |
GX C

(B | > J[°2 | |

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

DirectSOFT
| X1 Y2

‘ 2t —( our )

Handheld Programmer Keystrokes

SP | B
EMEL] N Y S 3

STRN

GX C
B | > J[°2 | |
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Standard RLL Instructions
Immediate Instructions

Or Immediate
(ORI)

Or Not Immediate
(ORNI)

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

The Or Not Immediate connects two
contacts in parallel. The status of the
contact will be opposite the status of the ||
associated input point on the module at I
the time the instruction is executed. The X aaa
image register is not updated.

Operand Data Type DL350 Range

aaa

Inputs X 0-777

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

DirectSOFT

X1 Y5
|| (
{ our )

Handheld Programmer Keystrokes
$ B

| STR ” 2 ” 1

Q | C

on /o' s | > ]/, Lo |

Ol
GX F
out ” - ” 5 | ENT

|ENT|

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

DirectSOFT
X1 Y5

| | (
|| \OUT)

Handheld Programmer Keystrokes
$ B
STR ” - ” 1

R | C
o [ ' 0 | > |[°2 [ o |
GX F

B | > I7s [ |

|ENT|
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m Standard RLL Instructions
Immediate Instructions

And Immediate The And Immediate connects two

(ANDI) contacts in series. The status of the
contact will be the same as the status of
the associated input point on the module | Xla"}a
at the time the instruction is executed. [ 1 1]

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
associated input point on the module at | X asa
the time the instruction is executed. The I A/I/Ir

image register is not updated.

Operand Data Type DL350 Range

aaa

Inputs X 0-777

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

DirectSOFT
| X1 X2 Y5

i)

Handheld Programmer Keystrokes
$ B
| STR ” 4 ” 1
\Y | (e}
| AND ” ST ” 8 ” 4 ” 2 ” ENT |
GX F

N E el

|ENT|

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

M s -
—( o)
ouTt
‘ || p2ds
Handheld Programmer Keystrokes
$ B
o | > |

w | C
w57 ' 0 | > [[°2 | o |
GX F

B | > 75 [ |

|ENT|
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Standard RLL Instructions m
Immediate Instructions

Out Immediate The Out Immediate instruction reflects the

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

Y aaa
—( ouTI )

Or Out Immediate  The Or Out Immediate instruction has

(OROUTI) 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.

Y aaa
—(OROUTI)

Operand Data Type DL350 Range

aaa

Outputs Y 0-777

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

DirectSOFT Handheld Programmer Keystrokes
X ;o |$sm ” 4 ||B1 T |
OROUTI)
;. \ |?NST#”D3 ”Fs ”Ao ” ENT ” ENT|
™ v2 ENEd
(oroun)
N SN Y S N

(6] D F A
|INST#|| 3 ” 5 ” 0 ” ENT ” ENT|

(>, Jlow ]
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m Standard RLL Instructions
Immediate Instructions

Set Inmediate The Set Immediate instruction

(SETI) immediately sets, or turns on an output or
a range of outputs in the image register
and the corresponding output module(s)
at the time the instruction is executed.
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.

Y aaa aaa
—( SETI )

Reset ] The Reset Immediate instruction
Immediate immediately resets, or turns off an output
(RSTI) or a range of outputs in the image register

Y aaa aaa

and the output module(s) at the time the _( RSTI )

instruction is executed. Once the outputs
are reset itis not necessary for the input to

remain on.

Operand Data Type DL350 Range
aaa

Outputs Y 0-777

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

DirectSOFT

|x1 | Ys  v22
( sem)
SETI
[ \

Handheld Programmer Keystrokes

PAEYA

X | F C C
Cser o] s > 76 [ >, %2 Jlo ]

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

DirectSOFT

‘ |X1| Y5 Y22
{ mom )
RSTI
s I \
c
mO
°%B
®© S
T =
C"—‘
[72]
..(EE Handheld Programmer Keystrokes
n
$ B
Com | > |°1 ] o |
S | F (¢} (¢}
P EL Y S S G A
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Standard RLL Instructions m
Timer, Counter and Shift Register

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
— T Yo
| { ouT )
Current 0 10 20 30 40 50 60 0 I \
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
[ X2
X2 |
Reset Input
TO I
Current 0 10 10 20 30 40 50 0
Value 1/10 Seconds

=%
35

25
oA
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o2
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o
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wil—
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m Standard RLL Instructions
Timer, Counter and Shift Register

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

. . . . . TMR T aaa
instruction is a 0.01 second single input B bbb
timer that times up to a maximum of 99.99 \
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
timer number.

TMRF T aaal

Preset Value (Bbbb): Constant value BOOd 1\
(K), V-memory location, or Pointer (P). \
Current Value: Timer current values are Preset Timer #

accessed by referencing the associated
V or T memory location*. For example,
the.tlme.r current value fOf_T3 physically The timer discrete status bit and the
resides in V-memory location V3. current value are not specified in the timer
Discrete Status Bit: The discrete status instruction.

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 DL350 Range
A/B aaa bbb

Timers T 0-377 --
V-memory for preset v . All Data Words
values (See Page 3-29)

X All Data Words
Pointers (preset only) P - (See Page 3-29)
Constants
(preset only) K o 0-9999
'tl)'!mer discrete status ™ 0-377

its

Timer current values vV [T* 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.

TA2). Current values may also be accessed by the V-memory location.

ﬁ NOTE: The current value of a timer can be accessed by using the TA data type (i.e.,
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Standard RLL Instructions
Timer, Counter and Shift Register

Timer Example In the following example, a single input timer is used with a preset of 3 seconds. The
Using Discrete timer discrete status bit (T2) will turn on when the timer has timed for 3 seconds. The
Status Bits timer is reset when X1 turns off, turning the discrete status bit off and resetting the
timer current value to 0.
DirectSOFTX 1 Timisnegl 0I:(::gram
| TVR K30 T2 0 1 2 3 4 5 6 7 8
l l X1 A I_
|T2| y OT;)T T2 | I_
| ( our )
YO | I_
Handheld Programmer Keystrokes CL\J/r;(leunel 0 10 20 30 40 50 60 0
| o || % || | ot | 1/10 Seconds
P || > % [ [ "o [=r |
=N EL N B
[Bor )L % Lo ]
Timer Example In the following example, a single input timer is used with a preset of 4.5 seconds.
Using Comparative Comparative contacts are used to energize Y3, Y4, and Y5 at one second intervals
Contacts respectively. When X1 is turned off the timer will be reset to 0 and the comparative
contacts will turn off Y3, Y4, and Y5.
oi N
lrectSOFTx 1 T|m|2§al)3n|dasgram
I I MR K45 T20 0 1 2 3 4 5 6 7 8
v N [
TA20 K10
= (or) | -
TA20 K20 Y4 Y4 | I_
IzI ( our ) | |
Y5
TA20 K30 Y5 l—\_
IEI ( T ) CL\J/rr;:t 0 10 20 30 40 50 60 0
e 1/10 Seconds
Handheld Programmer Keystrokes
|$STR ” 4 ” | ENT |
P || > % Ao >[50 |75 [ ]
MBI NN E
ENT
| our ” 4 ” ” | =%
N I N Y N B N 3 23
[Bor | > |5 [ | ]
B Y N B N 3 3
(B )L 7 L= ]
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Standard RLL Instructions
Timer, Counter and Shift Register

Accumulating The Accumulating Timer is a 0.1 second
Timer (TMRA) two input timer that will time to a Enable | TMRA T aaa
Accumulating Fast maximum  of  9999999.9. The B bbb
Timer (TMRAF) Accumulating Fast Timer is a 0.01
second two input timer that will time to a Reset
maximum of 99999.99. These timers
have twe-ihputs, an enable and a reset. _
Preset Timer #

timer will start timing when the
Incorrect. Should enable is on and stop timing when the
be 999999.99 enable is off without resetting the current
value to 0. The reset will reset the timer
when on and allow the timer to time when
off. Reset
Instruction Specifications

Timer Reference (Taaa): Specifies the
timer number. Preset Timer #
Preset Value (Bbbb): Constant value
(K), V-memory location,or Pointer (P).

Current Value: Timer current values are | ihe preset can now be 8 digits, which
accessed by referencing the associated | (qquires two V-memory locations. For
V or T memory location (See Note). For | o amuie, if TMRA T is used in the
example, the timer current value for T3
resides in V-memory location V3.
Discrete Status Bit: The discrete status
bit is accessed by referencing the
associated T memory location. It will be

Enable | TMRAF T aaq
B bbb

Caution: The TMRA uses two
consecutive timer locations, since

program, the next available timer
would be T2. Or if TO was a normal
timer, and T1 was an accumulating
timer, the next available timer would

. . be T3.
on if the current value is equal to or
greater than the preset value. For The ti;nerldiscrete S€atus bfi_t gn_d :Ee
example the discrete status bit for timer 2 e n oo e are ot spectied in The
would be T2.
Operand Data Type DL350 Range
AB aaa bbb
Timers T 0-377 --
V-memory for preset v . All Data Words
values (See Page 3-29)
Pointers (preset only) P - (Qg eDPataZZVggZ)
Constant
(p?gze?rgﬁly) K - 0-9999
pimer discrete status 1y 0-377 or V41100-41117
Timer current values VT 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.

NOTE: The current value of a timer can be accessed by using the TA data type (i.e.,
TA2). Current values may also be accessed by the V-memory location.
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Standard RLL Instructions m
Timer, Counter and Shift Register

Accumulating Inthe following example, a two input timer (accumulating timer) is used with a preset
Timer Example of 3 seconds. The timer discrete status bit (T6) will turn on when the timer has timed
using Discrete for 3 seconds. Notice in this example the timer times for 1 second , stops for one
Status Bits second, then resumes timing. The timer will reset when C10 turns on, turning the

discrete status bit off and resetting the timer current value to 0.

DirectSOFT Timing Diagram

X1 Seconds

TMRA T6

K30

|
- ar.

| | { our ) Current 0 10 10 20 30 40 50
1/10 Seconds

Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)

Com [ > [° | o | P

st || |SHFT ”Cz ”B1 ”Ao ” ENT| st || |SHFT ”TMLR ”Gs ” ENT|
ENE N ES SN EY B = %0 " =]

Accumulator Timer In the following example, a single input timer is used with a preset of 4.5 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
DirectSOFTX . Timing Diagram
S
l l TMRA T20 0 1 2 3 ec:nds 5 6 7

K45 x1 |
|
| c10

TA20 K10 Y3 Y3 g

IR

|2| ( out ) |
1=l va
TA20 K20 Y4 Y5 |
IZ' ( out ) l_\_
T20
TA20 K30 Y5
- | 14 ouT ) Current 0 10 10 20 30 40 50 0
|_| \ Value 1/10 Seconds
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)

$ B GX E
| STR ” 4 ” 1 | T | | our | 2 " |l BV
$ ¢ B A $ T ¢ A

% SHFT ENT | STR || % | SHFT | | MLR 2 0 %

STR 2 1 0 %))
N A c A E F |D ”A ” ENT | 58
P | o %6 > % %0 | > [Fe s [ ] [P % 28

=Q

: L °, ] [Bor L2 7 Lo ] 5
| STR ” - ” SHFT ” MLR ” 2 ” 0 ” - ” 1 ” 0 ” ENT | our || 2 )" s gg
GX D o
[Bor | > |°s [ | Sz

BE

$ T (e} A (e} A

| STR ” 4 ” SHFT ” MLR ” 2 ” 0 ” 2 ” 2 ” 0 ” ENT |

DL350 User Manual, 2nd Edition



Standard RLL Instructions
Timer, Counter and Shift Register

Counter The Counter is a two input counter that

(CNT) 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 ama
maximum count of 9999. The maximum B bbb
value will be held until the counter is reset.

Instruction Specifications

Counter Reference (CTaaa): Specifies
the counter number.

Preset Value (Bbbb): Constant value (K),
V-memory location, or Pointer (P).
Current Values: Counter current values
are accessed by referencing the
associated V or CT memory locations*.
The V-memory location is the counter The counter disorete status bit and he
location + 1000. For example, the counter 23[{,?{; ,\%ﬁﬁcﬁﬁno spectiied i the
currentvalue for CT3 resides in V-memory

location V1003.

Discrete Status Bit: The discrete status

bit is accessed by referencing the

associated CT memory location. It will be

onifthe valueis equalto or greater than the

preset value. For example the discrete

status bit for counter 2 would be CT2.

Counter #

Reset

7
Preset

Operand Data Type DL350 Range

A/B aaa bbb
Counters CT 0-177 --
V-memory v . All Data Words
(preset only) (See Page 3-29)

Pointers (preset only) P - ( QgeDPataag (\eNé)Igz )
Constants

(preset only) K - 0-9999
Counter discrete

status bits CTv 0-177 or V41140-41147
Counter current V/CT* 1000-1177

values

NOTE: The current value of a counter can be accessed by using the CTA data type
(i.e., CTA2). Current values may also be accessed by the V-memory location.
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Standard RLL Instructions m
Timer, Counter and Shift Register

Counter Example In the following example, when X1 makes an off to on transition, counter CTA2 will

Using Discrete increment by one. When the current value reaches the preset value of 3, the counter

Status Bits status bit CTA2 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 CTA2 will be held in V-memory location V1002.

DirectSOFT Counting diagram

i S N

K3

C10
| ] clo
CT2 Y10 Y10 | I_

I I ( ouT ) Current 1 2 3 4 0
Value

Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)

|$sm ” 2 ||B1 | T | | STR ” 2 ” ST |Cz |SHFT ”TMLR ”Cz ” ENT |

Com [ > [omr [° |°0 %o |[or ] B > 20 2 Lo ]

e > [0 > P Jlor ]

Counter Example In the following example, when X1 makes an off to on transition, counter CTA2 will

Using Comparative increment by one. Comparative contacts are used to energize Y3, Y4, and Y5 at

Contacts different counts. When the reset C10 turns on, the counter status bit will turn off and
the counter current value will be 0, and the comparative contacts will turn off.

DirectSOFT Counting diagram
X1
I I CNT CT2 ,—l | ,7
X1
K3
C10
| ] c1o
[
CTA2 K1 Y3 Y3 4 I_
| ( our )
= \
Y4
CTA2 K2 Y4
IzI ( our ) e
Current 1 2 3 4 0
Value
CTA2| le Y5
> ( our )
= \
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
$ $ o] T [
| STR ” - ” ENT | | STR ” - ” SHFT | 2| SHFT ” MLR ” 2 |
$ B A
s || = || cad o el P S E || e | _
i
D a0
o | xd N Qur | 2 ENT =3
cQ
s T c $ [¢] T C Q
| STR ” - ” SHFT ” ” SHFT ” MLR ” 2 | | STR ” - ” SHFT ” 2 ” SHFT ” MLR ” 2 | =g
S
ESNES EIRES 22
5 I
IOUTII%IISIIENTI IOUTII%II =

DL350 User Manual, 2nd Edition



Standard RLL Instructions
Timer, Counter and Shift Register

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 from other counters since it will hold SGONT  CT aag
its current value until reset using the RST B bbb
instruction. The Stage Counter is designed
for use in RLLPLUS programs but can be
used in relay ladder logic programs. When
the current value equals the preset value, The counter discrete status bit and the
the counter status bit turns on and the current value are not specified in the
counter continues to count up to a counter instruction.
maximum count of 9999. The maximum
value will be held until the counter is reset.

Preset

Instruction Specifications

Counter Reference (CTaaa): Specifies
the counter number.

Preset Value (Bbbb): Constant value (K),
V-memory location or Pointer (P).
Current Values: Counter current values
are accessed by referencing the
associated V or CTA memory locations*.
The V-memory location is the counter
location + 1000. For example, the counter
currentvalue for CT3 resides in V-memory
location V1003.

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

Operand Data Type DL350 Range

A/B aaa bbb

Counters CT 0-177 --

V-memory v All Data Words
(preset only) (See Page 3-29)

All Data Words

Pointers (preset only) P - (See Page 3-29)

Constants

(preset only) K o 0-9999

Counter discrete

status bits CTv 0-177 or V41140-41147

Counter current
values

V/CTA* 1000-1177

(i.e., CTA2). Current values may also be accessed by the V-memory location.
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Standard RLL Instructions m
Timer, Counter and Shift Register

Stage Counter
Example Using
Discrete Status
Bits

DirectSOFT

X1
| |
o

In the following example, when X1 makes an off to on transition, stage counter CTA7
willincrement by one. When the current value reaches 3, the counter status bit CTA7
will turn on and energize Y10. The counter status bit CTA7 will remain on until the
counter is reset using the RST instruction. When the counter is reset, the counter
status bit will turn off and the counter current value will be 0. The current value for
counter CTA7 will be held in V-memory location V1007.

Counting diagram

CT17

SGCNLS cT7 “ |
Y10 Y10 | |_
( ouT ) Current 1 2 3 4 0
Value
Pl RST [
{ msT ) cT7

[ |
[
C5
[ |
[

Handheld Programmer Keystrokes

$ B
HNEE

|ENT|

Handheld Programmer Keystrokes (cont)

B A
Bor | 2> %0t

|ENT|

SHFT ” s SHFT ”

RST ||

G
o o) S | >

D
> ]°s Jo

$ F
Corm || > /o[ |75 | o |

S T H
= L S EL1 Y AP

| H

” SHFT ” T

$ [¢]
o B

H
L

Stage Counter
Example Using
Comparative
Contacts

DirectSOFT

In the following example, when X1 makes an off to on transition, counter CTA2 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 CTA2 will be held in V-memory location
V1007.

Counting diagram

|| SGCNT  CT2
K10
L X1
CTA2| |K1 Y3 v
3
> ( our )
=1 \ |
v L
CTA2| le Y4
> ({
=] (oor) v
CTA2| |K3 Y5 Current ! 2 8 40
> ( our )
=1 \
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
$ $ C T C
| STR ” 4 ” | ENT | | STR ” =4 ” ST | 2 || ST ” MLR ” 2 |
Elad P S ELA PR B [ ][ |l=r |
C
2 | > P [* o] Bl | o]
$ C T C C T C
N B N B A e N B B A e
M%II Lo ] M%II HWTI
= P ENT - ENT
OUT 3 OUT
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oA

EQ'
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o

S5 X0
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m Standard RLL Instructions
Timer, Counter and Shift Register

Up Down Counter  This Up/Down Counter counts up on each

(UDC) off to on transition of the Up input and _Up |uUDC CT aag
counts down on each off to on transition of B bbb
the Down input. The counter is reset to 0 Down
when the Reset input is on. The count Counter #
range is 0-99999999. The count input not
being used must be off in order for the Reset| Preset

active count input to function.

Instruction Specification L
Counter Reference (CTaaa): Specifies Caution : The U.DC uses two
the counter number. V memory Iocathns for the 8 digit
Preset Value (Bbbb): Constant value (K), | Current value. This means the
V-memory locations, or Pointer (P). UDC uses tw'o consecutive .
Current Values: Current count is a double | counter locations. If UDC CT1 is
word value accessed by referencing the | US€d in the program, the next
associated V or CT memory locations*, | @vailable counter is CT3.

The _V'memory location is the counter The counter discrete status bit and the
location + 1000. For example, the counter current value are not specified in the
current value for CT5 resides in V-memory counter instruction.

location V1005 and V1006.

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 DL350 Range
A/B aaa bbb
Counters CT 0-177 --
V-memory v . All Data Words
(preset only) (See Page 3-29)
Pointers (preset only) P - (Q 2 eDg;ag\eNggZ)
c
(p‘:gzte?’gﬁly) K - 0-99999999
Sounter discrete cTv 0-177 or V41140-41147
Count t Y
valios T curren V/CTA 1000-1177
129993 NOTE: The current value of a counter can be accessed by using the CTA data type
ﬁg (i.e., CTA2). Current values may also be accessed by the V-memory location.
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Standard RLL Instructions m
Timer, Counter and Shift Register

Up / Down Counter In the following example if X2 and X3 are off ,when X1 toggles from off to on the

Example Using counter will increment by one. If X1 and X3 are off the counter will decrement by one
Discrete Status 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

N e IR T v N e B e B
| LM —
, —

X2

X3

CTA2 Y10
| ] / Current 1 2 1 2 3 0
| | \ ouT ) Value
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
$ B D
|sm||9||1 |ENT| 9|3”ENT
$ C $ T C
Com [ > [° | = | s || > o [0 o [Tn [[° Lo |
$ D
st |l 2 s || BV | our ” 4 ” ” ” T |
u D C C
SHFT || isa 3 2 | - ” 2 |

Up / Down Counter In the following example, when X1 makes an off to on transition, counter CTA2 will

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

DirectSOFT Counting Diagram

X1

ubc CT2 |
V2000 X1

|
I
| X2
I
I

X3

e
-

CTA2  Ki Y3 Y3

ouT ) y I_

N

CTA2 K2 Y4 Current 1 2 3 4 0
> ( ouT ) Value
=1
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
Com || > |° 4 [ = | EX R EN
7]
Csm || > % [ | Bl o s o] =2
s
$ D c T c =
| TR”%” 3 ”ENT| |STR”9”SHFT” 2 ”SHFT” MLR” 2 | cS
Q=
(o] (o] =0
o] se % [ | > ]% | > | 2 El 5
=gy
A A A wil—
o Mo %2 %o %o "o |l =7 | Bl I o] =

$ [¢] T [¢]
STR ” - ” SHFT ” 2 ” SHFT ” MLR ” 2 |
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m Standard RLL Instructions
Timer, Counter and Shift Register

Shift Register The Shift Register instruction shifts data
(SR) through a predefined number of control
relays. The control ranges in the shift
register block must start at the beginning
of an 8 bit boundary and end at the end of

an 8 bit boundary. DATA | SR
The Shift Register has three contacts. From Aaaa
e Data — determines the value (1 or CLOCK

0) that will enter the register To B bbb
¢ Clock — shifts the bits one position RESET

on each low to high transition

* Reset —resets the Shift Register to
all zeros.

With each off to on transition of the clock input, the bits which make up the shift
register block are shifted by one bit position and the status of the data input is placed
into the starting bit position in the shift register. The direction of the shift depends on
the entry in the From and To fields. From CO to C17 would define a block of sixteen
bits to be shifted from left to right. From C17 to CO would define a block of sixteen
bits, to be shifted from right to left. The maximum size of the shift register block
depends on the number of available control relays. The minimum block size is 8
control relays.

Operand Data Type DL350 Range
A/B aaa bbb
Control Relay C 0-1777 0-1777
DirectSOFT Handheld Programmer Keystrokes
$ B
|X1| Data Input SR | STR || % || 1 | ENT |
[ $ c
STR % 2 ENT
X2 From CO
1 Clock Input |$STR || - ||D s || ENT |
l l S R A
3 To  Ci7 |S“':T ” RST ” SHFT ” ORN ” SHFT ” - ” 0 |
| | Reset Input | ||B ||H || |
] -> ’ . ENT
\
Inputs on Successive Scans Shift Register Bits
Data Clock Reset CO C‘] 7
1 1 0 — I
0 1 0o
jm CITTTTTITTITITITITTITITIT]
rs 0 1 0 — IO
g k=]
8 1 1 0 — OIIIIIIIIIIIrrr
°E
g2 0 1 0 — MO
c",—)‘_
0 1 — [[IIIIIIIIITIITIT]
[] - indicates on [ ] - indicates off
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Standard RLL Instructions
Accumulator/Stack Load

Accumulator / Stack Load and Output Data Instructions

Using the
Accumulator

Copying Data to
the Accumulator

The accumulator in the DL350 CPU is a 32 bit register which is used as a temporary
storage location for data that is being copied or manipulated in some manor. 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.

The Load and Out instructions and their variations are used to copy data from a
V-memory location to the accumulator, or, to copy data from the accumulator to
V-memory. The following example copies data from V-memory location V1400 to
V-memory location V1410.

V1400
efo]s]s]
Unused accumulator bits l
are set to zero

e —
[ofofofo]fefe]z]s]

—_—

|

i LD
[ V1400

Copy data from V1400 to the
lower 16 bits of the
accumulator

Acc.

ouTt
viato lefo]s]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[o]2]6]

Copy data from V1400 and l l
V1401 to the accumulator

aco.[8]7[3]e][s]0]2]e]

L

M [el7]e]e][s[o]2]¢]

Copy data from the accumulator to

V1410 and V1411 vi4n V1410

=%
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Standard RLL Instructions
Accumulator/Stack Load

-
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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
[ K4935 // \\
Load the value 4935 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|3 2 1 0
Acc. o|o|o|o o|o|o|o o|o|o|o o|o|o|o o|1|o| 1|o|o| o|o|1|1 0|1|0|1
The upper 16 bits of the accumulator
will be setto 0 l
M Shifted out of
accumulator
SHFR 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15141312 11 109 87 65432410
Ka Acc. 0|0|0|o o|o|o|o o|o|o|o o|o|o|o o o o 0| o 1|o|o 1|o|o|1 o|o|1|1
Shift the data in the accumulator
4 bits (K4) to the right
out \\ //
V1410
Output the lower 16 bits of the nﬂ.
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.

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

I K67053101
!.oad 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] o[ o[ 1] 0] 0] 0] o] 0] o] o] 1

ROTR Jy
K2 31 30 29 28 27 26 2524 232221 2019 1817 16 15141312 1110 9 8 7 6 5 4 3 2 1 0

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

Rotate the data in the
accumulator 2 bits to the right

=1 N\ N\

Output the value in the .n 1
accumulator to V1410 and V1411

V1411 V1410
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Standard RLL Instructions
Accumulator/Stack Load

Using the The accumulator stack is used for instructions that require more than one parameter

Accumulator Stack to execute afunction 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 thereis a
value in the eighth location when a new value is placed onto the stack, the value in
the eighth location is pushed off the stack and cannot be recovered.

|X1| LD Constant n
b K3245 Current Acc. value l
Load the value 3245 into the Acc.[0]ofo]o][s]2]4]s] Accumulator Stack
accumulator Level1 [X X X X X X X X
Previous Acc. value Level2 1X X X X X X X X >
ace. [ 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 >
— Gonstant Level7 [X X X X X X X X g
K5151 Current Acc. value | Levelg | X X X X X X X X \
Load the value 5151 into the Acc.l 0 | 0 |0 |0 ” 5 | ! |5 | ! | @ Bucket
aceumulator, pushing the value 1294 Previous Acc. vaue Accumulator Stack
Acc.|0|0|0|0||3|2|4|5| — levelt |O 0 O O 38 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 >
Level6 | X X X X X X X X g
o Constant nn Level7 | X X X X X X X X >
Level8 | X X X X X X X X
Ke363 Current Acc. value l \
Load the value 6363 into the ACC'l 0 | 0 | 0 | 0 ” ° | S | ° | 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.[ofofoo][s]1]s][1] —— tLevelt [0 0 0 0 5 1 5 1 S
Level2 |0 O O 0 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 >
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 %
@ 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/Stack Load

1] POP

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

ouT

V1400

Copy data from the accumulator to
V1400

POP

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

ouT

V1401

Copy data from the accumulator to
V1401

POP

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

ouT

V1402

Copy data from the accumulator to
V1402

-
2
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Previous Acc. value

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

Current Acc. value

Acc.[0o]ofofo][4]5]a]5] «——

[ —

vis00 [4]5]4]5]

Previous Acc. value

Acc.[0]o]o]o][a]5]4]5]

Current Acc. value

Acc.[o]o]o]o][s]7]e]2] ——

[ ——

Previous Acc. value

Ace.[0]o]o]o][s]7]9]2]

Current Acc. value

Ace. [ x| x[x]x][7]9]3]0] «——

—_—

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

Level 8

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7
Level 8

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

Level 8

Accumulator Stack

AVAVAVAVAVAV,

AVAVAVAVAVAV,

000037 9 2
00007 9 30
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
Accumulator Stack
00007 9 30
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
Accumulator Stack
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X

VAVAVAVAVAVAV,
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Standard RLL Instructions
Accumulator/Stack Load

Using Pointers Many of the instructions will allow V-memory pointers as a operand. Pointers can be
useful in ladder logic programming, but can be difficult to understand or implementin
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: 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 3000 is the pointer location. V3000 contains the value 400 which is the HEX
equivalent of the Octal address V-memory location V2000. The CPU copies the data
from V2000 into the lower word of the accumulator.

1 LD
I P3000
V2000 (2|6 |3 |5
V3000 (P3000) contains the value 400
Hex. 400 Hex. = 2000 Octal which V2001 [ X | X |[X|[X
contains the value 2635. Vo002 | X |X | X | X
V3000 V2003 (X | X |X|X
ﬂnn V2004 | X |X[X[X Accumulator
V2005 | X | X |X|X H
ouT

V3100 . _—/
Copy the data from the lower 16 bits of V3100 |2 |6 |3 |5

the accumulator to V3100.
V3101 [ 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.

|X1 LDA Load the lower 16 bits of the
accumulator with Hexadecimal
I 02000 equivalent to Octal 2000 (400)) nnn
U d ator bit 2000 Octal is converted to Hexadecimal
arrzeu:eet tgcz%urgm ator bits 400 and loaded into the accumulator
ouT Copy the data from the lower 16 bits of i\
the accumulator to V3000
V 3000 ace. [0 0 ]0fo][ofa]o]0]
[ —
LD V3000 (P3000) contains the value 400 l
HEX 400 HEX. = 2000 Octal which
P 3000 contains the value 2635 nnnn
V3000
ouT Copy the data from the lower 16 bits of .
V 3100 the accumulator to V3100 .
V2000 (2 |6|3 |5
V2001 [ X | X | X [X
v2002 | X [ X [x|x 0
Accumulator Y
V3000 V2003 [ X | X | X [X (,E.. 5
[o«]o[o] vaoos [x[x[x[x| []o[e]o][z[s]s]5] 58
v2005 | X [X|X|X 83
(@]
. S
. wni
—

V3100 (2|6 |3 |5
V3101 [X [ X | X X
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Standard RLL Instructions
Accumulator/Stack Load

Load The Load instruction is a 16 bit instruction
(LD) that loads the value (Aaaa), which is either
a V-memory location or a 4 digit constant,
into the lower 16 bits of the accumulator. ___|b
The upper 16 bits of the accumulator are Aaaa
set to 0.
Operand Data Type DL350 Range
A aaa
V-memory \ All (See page 3-29)
Pointer P All' V. mem. (See page 3-29)
Constant K 0-FFFF
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 value in V2000 will be loaded into the
accumulator and output to V2010.

DirectSOFT
I)(1I LD V2000
[ V2000 ﬂﬂ
Load the value in V2000 into l
. The unused accumulator
the lower 16 bits of the bits are set to zero
accumulator

—_
ace.[0]0o]o][efo]a]s]

~—

|

out [e]o]a]5]

V2010 V2010

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

Handheld Programmer Keystrokes

$ B
s | 2 |

| | ENT |
L D
|SHFT ”ANDST” 3 ” - |
C A A A
BN E

GX \" C A B A
out ” - ”SHFT” AND ” 2 ” 0 ” 1 ” 0 ” ENT|

-
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o
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Standard RLL Instructions
Accumulator/Stack Load

Load Double The Load Double instruction is a 32 bit
(LDD) instruction that loads the value (Aaaa),
which is either two consecutive
V-memory locations or an 8 digit constant ___|LbD
value, into the accumulator. Aaaa
Operand Data Type DL350 Range
A aaa
V-memory \ All (See page 3-29)
Pointer P All' V. mem. (See page 3-29)
Constant K 0-FFFF
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 32 bit value in V2000 and V2001 will be
loaded into the accumulator and output to V2010 and V2011.

DirectSOFT
X1 LDD V2001 V2000
| | V2000 lel7]se][s[o]2]e]
Load the value in V2000 and l l
V2001 into the 32 bit

accumulator

aco.[8]7]3]0][s]0]2]e]

—_— —

L

[el7]2]e][s[o]2]¢]

OuUTD

V2010 V2011 V2010

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

Handheld Programmer Keystrokes

|$sm ” - ”B1 ENT|
|SHFT ”I&NDST”Ds ”Ds ” —~ |
N e
e Y
N
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Standard RLL Instructions
Accumulator/Stack Load

Load The Load Formatted instruction loads

Formatted 1-32 consecutive bits from discrete

(LDF) memory locations into the accumulator.
The instruction requires a starting location LDF Aaaa
(Aaaa) and the number of bits (Kbbb) to be K bbb
loaded. Unused accumulator bit locations
are set to zero.

Operand Data Type DL350 Range

A aaa bbb
Inputs X 0-777 -
Outputs Y 0-777 -
Control Relays C 0-1777 -
Stage Bits S 0-1777 -
Timer Bits T 0-377 --
Counter Bits CT 0-177 --
Special Relays SP 0-777 -
Constant K -- 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.

DirectSOFT
Cco Location Constant
171 LDF C10 C16| C15[ C14| C13|C12[ C11| C10
[ K7 |C10 | |K7 | OFF| OFF| OFF| ON | ON | ON |OFF
Load the status of 7
consecutive bits (C10-C16) The unused accumulator bits are set to zero \

into the accumulator

313029 28 27 26 2524 232221201918 1716 1514131211109 8 7 6 5 4 3 2 1 0
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[ o[ ] [ ] ]

OUTF Y20 /
K7
Locati tant
Copy the value from the ocation Constan Y26| Y25| Y24| Y23| Y22| Y21| Y20
specified number of bits in [yoo | | | oFF| oFF| oFF| oN | on | on]|oFF

the accumulator to Y20-Y26

Handheld Programmer Keystrokes

o $ = || sHrT || © A ENT
Tc STR 2 0
o
o= L D F
a*g) | SHFT ||ANDST|| 3 5 -
TE c B A H
22 I O N
=
‘n— GX F
2 | our || SHFT 5 =
c A H
N
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Standard RLL Instructions
Accumulator/Stack Load

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
loads the HEX value into the accumulator. LDA
This instruction is useful when an address 0 aaa
parameter is required since all addresses
for the system are in octal.

Operand Data Type DL350 Range
aaa
Octal Address o All V. mem. (See page 3-29)
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 V2000 using the Out

instruction.
DirectSOFT
IX1I LDA Octal Hexadecimal
b 0 40400 [4]o]a]ofo] — (4]t ]o]o]
o e sl o ssgemioer |
lower 16 bits of the bits are set to zero —
accumulator Acc.|0|0|0|0”4|1|0|0|
N ——
out (41 ]o]o]
V2000 V2000

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

Handheld Programmer Keystrokes

$ B
Pom | > |°s |l & |
L D A
[ fvosr| ° % [ > |
E A E A A
P S P G 3

GX \ C A A A
ot I K %S S P P 3
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Standard RLL Instructions
Accumulator/Stack Load

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
in the first stack location. This instruction X
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 DL350 Range
A aaa

V-memory \ All (See p. 3-29)

Pointer P All (See p. 3-29)

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.

IX 1| DA Octal Hexadecimal
'} 025 —  [o]o]1]s]
Load The HEX equivalent to The unused accumulator l
octal 25 into the lower 16 bits are set to zero

bits of the accumulator

—_—
ace.[0]0o]o][ofo[]s]

Lox /_\
V1410 HEX Value in 1st

Move he offset to the stack Octal stack location Octal Accumulator Stack
Loogfth::ccsfmlﬁatoisvﬁr?' V|1|4|1|0|+|1|5|= V|1|4|3|5| Level1 |0 0 0 0 0 0 1 5
the address to be offset Level2 | X X X X X X X X
— Tope unused aceumulator l Level3 |X X X X X X X X
Level4 | X X X X X X X X
V1500 A°°'|0|0|0|0||\2|3|4|5,| Level5 [X X X X X X X X
Copy the value in the lower ;;h;s\gue |nV1435l Level6 | X X X X X X X X
16 bits of the accumulator Level7 [ X X X X X X X X
fo V1500 Level8 | X X X X X X X X
Handheld Programmer Keystrokes V1500
E‘é’ Lsm [ 2 X[ 1 J[ enr |
) Lswer | v [ o J[ A J[ > ][ 2 J[ 5 J[ ent]
L
g‘:j Lsoer | v [ o J[ x J[ S [ ][ 1 J[ & J[ 1+ J[ o |[ enr |
C"—‘
82 Lour | = JEv J[ 1+ J[ s J[ o J[ o |[en |
n
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Standard RLL Instructions 5 - 57
Accumulator/Stack Load

Load Accumulator The Load Accumulator Indexed from Data

Indexed from Constants is a 16 bit instruction. The

Data Constants instruction specifies a Data Label Area

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

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

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

Operand Data Type DL350 Range

Constant K 1-FFFF

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

In the following example when X1 is on, the offset of 1 is loaded into the accumulator.

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

Hexadecimal Value in 1st. level of stack is
X1 .
I I LD nnn used as offset. The value is 1
K1 The unused accumulator !
) bits are set to zero . Accumulator Stack
Load the offset value of 1 (K1) into the lower 16
bits of the accumulator. oo |0 JoJoTo][o]ofo]1]— tLever1 [0 0 0 0 0 0 0 1
Level2 [X X X X X X X X
LDSX K2 Level3 [X X X X X X X X
Constant Level4 |[X X X X X X X X
. Move the offset to the stack. K _
. Load the accumulator with the data label nnn. Level5 | X X X X X X X X
. number The unused accumulator l Level6 [X X X X X X X X
(END ) bisaresettozero Level7 [X X X X X X X X
ace. 000 fo][o]o]o]z] Level8 |X X X X X X X X
DLBL K2
The unused accumulator
NCON bits are set to zero
Offset 0 —
K3333
acc.0]0fofo][2]3]2]a]
[ —
NCON l
Offset 1
K2323
V2000
=L
NCON S50
K4549 Offset 2 QS
=Q
co
Q=
=0
(@]
ouT S
V2000 wil—
—
Copy the value in the lower
16 bits of the accumulator

to V2000
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Standard RLL Instructions
Accumulator/Stack Load

-
28
mO
2B
© S
o
C-l—‘
m(l)
= C
n

Load Real Number The Load Real Number instruction loads a

(LDR)

$ B Handheld Programmer Keystrokes
sm”%” 1 ” ENT| o g

L D K B
|SHFT ”ANDST” 3 ” - ” SHFT ” P ” 1
L D S X C
B AN E el

E N D
a0 Y G 3

ENT

D L B L o]
SHFT 3 ||ANDST|| 1 ANDST - 2 ENT
N o] o) N D D D D
SHFT || "R 2 INST# || TMR - 3 3 | 3 ” 3 ” ENT|

N C (6] N C D C D

|SHFT ” MR ” 2 ” INST#” MR ” - ” 2 ” 3 ” 2 ” 3 ” ENT |
N C (o] N E F E J

|SHFT ” MR ” 2 ” INST#” MR ” - ” 4 ” 5 ” 4 ” o ” ENT |

GX \ C A A A
I =3 EL1 VS S G P G 22

real number contained in two consecutive LDR
V-memory locations, or an 8-digit constant A aaa
into the accumulator.

Operand Data Type DL350 Range

A aaa
V-memory \ All V. mem (See p. 3-29)
Pointer P All V. mem (See p. 3-29)
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 enter a constant such as LDR
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, LDR

you can use exponential notation. The number to R5.3E6
the right is 5.3 million. The OUTD instruction
stores it in V1400 and V1401. ouTD

V1400

These real numbersare in the IEEE 32-bit floating point format. 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. 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 that now we want to DR
retreive that number. Just use the Load Real with V1400
the V data type, as shown to the right. Next we
could perform real math on it, or convert it to a
binary number.
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Standard RLL Instructions
Accumulator/Stack Load

Out The Out instruction is a 16 bit instruction
(OUT) that copies the value in the lower 16 bits of
the accumulator to a specified V-memory ouT
location (Aaaa). T Aaaa
Operand Data Type DL350 Range
A aaa
V-memory \ All (See page 3-29)
Pointer P All V. mem. (See page 3-29)

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

DirectSOFT
|X1| LD V2000
A vaooo [e]ss]5]
Load the value in V2000 into
the lower 16 bits of the The unused accumulator
accumulator bits are set to zero

—
ncc.[0] 0o o][s s s ]s]

~—

|

ouT nﬂ

V2010 V2010

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

Handheld Programmer Keystrokes

$ B

EEIEl
L D

|S“':T ”ANDST” 3 ” - |

A A A
2 ” 0 ” 0 ” 0 ”ENT|

C
GX \% C A B
out ” - ” SHFT ” AND ” 2 ” 0 ”

A
[0 )=

-

=%
35

25
oA

EQ'
52
=0
o

S5 X0
wil—
—
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Standard RLL Instructions
Accumulator/Stack Load

-
28
mO
2B
© S
o
C-l—‘
m(l)
= C
n

Out DOUBLE The Out Double instruction is a 32 bit

(OUTD) instruction that copies the value in the
accumulator to two  consecutive
V-memory locations at a specified starting
location (Aaaa).

Operand Data Type DL350 Range

A aaa
V-memory \ All (See page 3-29)
Pointer P All' V. mem. (See page 3-29)

OuUTD
A aaa

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

DirectSOFT

[ LDD
[ V2000

Load the value in V2000 and
V2001 into the accumulator

OuTD
V2010

Copy the value in the
accumulator to V2010 and
V2011

Handheld Programmer Keystrokes
$ B
STR ” 4 ” 1 ” T |
L D D
SHAT ”ANDST” 3 ” 3 ” 9|

C A A A
|2||0||0”0”ENT|

GX D
out ” SHFT ” 3 ” - |

C A B A
2 ” 0 ” 1 ” 0 ”ENT|

V2001 V2000
Le[7]a]o]ls[o]2]6]

L

ace.[8]7]2]0][5]0]2]6]

|

[e]7]e]e][s[o]2]¢]

V2011 V2010
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Standard RLL Instructions
Accumulator/Stack Load

Out The Out Formatted instruction outputs

Formatted 1-32 bits from the accumulator to the

(OUTF) specified discrete memory locations. The
instruction requires a starting location ____|OUTF  Aaaa
(Aaaa) for the destination and the number K bbb
of bits (Kbbb) to be output.

Operand Data Type DL350 Range

A aaa bbb
Inputs X 0-777 --
Outputs Y 0-777 --
Control Relays C 0-1777 --
Constant K -- 1-32

In the following example, when CO is on, the binary pattern of C10-C16 (7 bits) will
be loaded into the accumulator using the Load Formatted instruction. The lower 7
bits of the accumulator are output to Y20-Y26 using the Out Formatted instruction.

DirectSOFT

o LDF c1o Location Constant cie] c15] c14[ c13[ci2] ci1[cto

[ K7 |C10 | |K7 | OFF| OFF| OFF| ON | ON | ON |OFF

Load the status of 7

consecutive bits (C10-C16) The unused accumulator bits are set to zero \
into the accumulator

313029 28272625242322212019181716 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] 0] 0] 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 [ y20 | [« | oFF| oFr|orF| on| on| on]oFF
from the accumulator to
Y20-Y26

Handheld Programmer Keystrokes
$ C A
3 EL N N

L D F
SHFT ”ANDST” 3 ” 5 ” 9|

C B A H
£l S P P S P 52

GX F
out ” SHFT ” 5 ” - |

C A H
e %o J =2 " o]

=%
35
25
oA
EQ'
o2
=0
o
50
wil—
—
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Standard RLL Instructions
Accumulator/Stack Load

Out Indexed The Out Indexed instruction is a 16 bit

(OUTX) instruction. It copies a 16 bit or 4 digit value
from the first level of the accumulator stack
to a source address offset by the value in OouTX
the accumulator(V-memory + offset).This A aaa
instruction interprets the offset value as a
HEX number. The upper 16 bits of the
accumulator are set to zero.

Operand Data Type DL350 Range
A aaa

V-memory \ All (See p. 3-29)

Pointer P All (See p. 3-29)

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
X1 onstan
[ K3544 ....
Lo o et i Ttz |
nco.[0]0]0 o[ ]s[a]4]
LDA Octal HEX
025 —— [oJefa]5]
Load The HEX equivalent to The unused accumulator l
octal 25 into the lower 16 bits bits are set to zero
of the accumulator. This is the e——
offset for the Out Indexed ACC|0|0|0|0||0|0|1 |5|
instruction, which determines )
the final destination address
Octal Octal Octal
oumx V1500 VIEsjofe +| 2 | ° | B Vl ! |5 |2 |5 | Accumulator Stack
Copy the value in the first :;h§5hce>:t;|?‘l\?ﬁi2m:s nn «—— Level1 |10 0 0 0 3 5 4 4
level of the stack to the added to 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
1 |STR||%||1||ENT| Level7 | X X X X X X X X
D—:'g [swer [ o || o | 8 J[ s |[ 4 || 4 ][ ent] Level8 |[X X X X X X X X
oE LswerJ[ v [ o J[ ~ J[ 2> [0 [ 2 J[ s |[ en]
4]
=F= Lour Jlswer ]l x J[ = JEEV [« J[ s J[ o J[ o J[ enr|
Cn
S
0p]
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Standard RLL Instructions
Accumulator/Stack Load

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

value in the stack up one level.

In the example, when CO is on, the value 4545 that was on top of the stack is moved
into the accumulator using the Pop instruction The value is output to V2000 using the
Out instruction. The next Pop moves the value 3792 into the accumulator and
outputs the value to V2001. The last Pop moves the value 7930 into the accumulator
and outputs the value to V2002. Please note if the value in the stack were greater
than 16 bits (4 digits) the Out Double instruction would be used and two V-memory
locations for each Out Double need to be allocated.

Discrete Bit Flags Description
SP63 on when the result of the instruction causes the value in the accumulator to be zero.
ICOI POP Previous Acc. value
H ace. [ x [x [x [x][x[x]x]x]
Pop the 1st. value on the stack into the Current Acc. value Accumulator Stack
accumulator and move stack values
— 000 0 3 7 9 2
up one location AC°-|0|0|0|0”4|5|4|5| Level 1 >
ouT —_— Level200007930>
X X X X X X X X
V2000 Level 3 >
LeveI4XXXXXXXX>
Copy the value in the lower 16 bits of Level5 [ X X X X X X X X >
the accumulator to V2000
V2000 n Level6 [X X X X X X X X >
POP LeveI7XXXXXXXX>
Level8 [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 Previous Acc. value
Acc.[0]o]o]o][a]5]4]5]
T
ov Current Acc. value Accumulator Stack
V2001
Ace.[0]o]o]o][a]7]9]2] «— Levet1 [0 0 0 0 7 9 3 o>
Copy the value in the lower 16 bits of Level2 |X X X X X X X X
the accumulator to V2001 >
LevelaXXXXXXXX>
POP LeveI4XXXXXXXX>
LeveISXXXXXXXX>
vaoor [a]7]o ] X X X X X XX X
Pop the 1st. value on the stack into the .H. Level 6 >
accumulator and move stack values Level7 [ X X X X X X X X >
up one location Level8 [X X X X X X X X
ouT
V2002 Previous Acc. value
Copy the value in the lower 16 bits of Ace.[0]ofool[a]7]o]2]
the accumulator to V2002 Current Acc. value Accumulator Stack
Handheld Programmer Keystrokes ace.[ofofofo][7]a]3]o] «— revelt [x X X X X X X X B
— Level2 [X X X X X X X X
- || sHFT C A ENT >
STR J Level 3 ><xxx><><><><>
|SHF-|- ” ” SHET ” INST#” o ” ENT | Level 4 [X X X X X X X X[
LeveI5XXXXXXXX> o
|GOUT ” > ” SHFT ” AND ” ” o ”A o ”A o ” ENT | vao02 [7[9[3]0] Level6 [X X X X X X X X S Sa
Leve|7xxxxxxxx> ‘Z’..g_
=
|SHFT ” ” SHFT ” INST#” cv ” ENT | Level8 [X X X X X X X X gm
=
% || =2 iad VY P P O G 53 85
(@]
| AND 0 0 1 =Y
SHFT SHFT ENT i
INST# cv -
G A (o]
B e e N BN 2
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Standard RLL Instructions
Accumualtor Logical Instructions

Accumulator Logical Instructions

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

Operand Data Type DL3540 Range
aaa
V-memory \% All (See page 3-29)
Pointer P All V mem. (See page 3-29)
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero

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

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

DirectSOFT

X1 LD V2000

|

b V2000 2[8]7[A]

Load the value in V2000 into The upper 16 bits of the accumulator ﬂ \\
the lower 16 bits of the —_——

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

AND

VZOOG\\ Acc. 00 000O00O0O0O0ODO0OO0OO0OO0O0OOO0O0OT1TO01000O0T1T111010
AND the value in the 6A38
accumulator with AND (V2006) 0 0 0 0 0 0 0 0 0O OOOOOOO OT11TH1TO041010O0O0T1TT1TH100O00O0
the value in V2006

ace.[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] o[ ]

out \ \ / /
V2010
Copy the lower 16 bits of the nﬂ

| accumulator to V2010 V2010
10
o CC) Handheld Programmer Keystrokes
Ti=
= O $ B
55 IS ES N ES
-
cn L D c A A A
S SHFT ”ANDST” 3 ” =4 ” 2 ” 0 ” 0 ” 0 ” ENT|
0p]

\" \" C A A G
| AND ” - ” SHFT ” AND ” 2 ” 0 ” 0 ” 6 ” ENT |
|G

X \" C A B A
out ” - ”SHFT” AND ” 2 ” 0 ” 1 ” 0 ” ENT|
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Standard RLL Instructions
Accumulator Logical Instructions

And Double The And Double is a 32 bit instruction that

(ANDD) logically ands the value in the
accumulator with an 8 digit (max.)
constant value (Aaaa). The result ANDD
resides in the accumulator. Discrete K aaa
status flags indicate if the result of the
And Double is zero or a negative number
(the most significant bit is on).

Operand Data Type DL350 Range
aaa
Constant K 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: The status flags are only valid until another instruction that uses the same
flags is executed.

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

DirectSOFT V2001 V2000

xi o 5T+ ]7]e] [z o] [

- V2000 / / \\ / / \\

Load the value in V2000 and

V2001 into the accumulator 31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16([15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0

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

ANDD
K36476A38\ Acc. 01t ototooott1t1+1110 001010O0O0OO0OT1TTI1TT11010
AND hovalie nthe T
accumulator with AND36476A38 0 0 1 1 01 1 001000111 01101010001 11000
the constant value
36476A38 ace. [ o[ o[ o[ 1] o[ 1] o] o[ o[ +] o[ o[ o[ 1] +]o[[o[ o] 1[0 1] o[ 0] o[ o[ o] 1[ 4] 1] o o] ]

ouTo \\// \\//

vaoto [2[e]eTe]

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

Handheld Programmer Keystrokes

P | > |0 | o

D c A A A )
Lo Lawost[®s s [ > %2 %0 %0 1% ]2 ] S5
=
v K D G E H G A D | =a
S 1 N I B G G G G 53 P 1 B P 8 8
2
A B A =0

B Lo s > 0% %0 )50 % Jlov ] 5
ouT 3 2 0 1 0 S1
wil—
-
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Standard RLL Instructions
Accumualtor Logical 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
starting location (Aaaa) and number of bits K bbb
(Kbbb) to be ANDed. Discrete status flags
indicate if the result is zero or a negative
number (the most significant bit =1).

Operand Data Type DL350 Range

A/B aaa bbb
Inputs X 0-777 -
Outputs Y 0-777 -
Control Relays C 0-1777 -
Stage Bits S 0-1777 -
Timer Bits T 0-377 -
Counter Bits CcT 0-177 -
Special Relays SP 0-777 -
Constant K - 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 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-C13 (4 binary bits) into the accumulator. The accumulator contents is logically
ANDed with the bit pattern from Y20-Y23 using the And Formatted instruction. The
Out Formatted instruction outputs the accumulator’s lower four bits to C20-C23.

DirectSOFT
x LDF c10 Location Constant c13]c12] ci1]c1o
[ K4 |C10 | |K4 | ON|[ ON| ON|OFF
Load the status of 4 -
consecutive bits (C10-C13) The unused accumulator bits are set to zero
into the accumulator
313029 282726252423222120191817 16 1514131211109 8 7 6 5 4 3 2 1 0
ANDF Y20 Lo o] o[ o[ o[ o[ o[o[ o[ o] o[ o] o] o 0] o][ o] o] o 0] o o] 0] o o] o o[ o] 1] 1] 1] o]
Ka Accumulator
VLA o Acc. 0 0 0 000000000 O0O0OO 00O0OO0O0O0O0O00O0O0O0T 110
the accumulator Y23|Y22| Y21| Y20
AND (Y20-Y23) [ ON|OFF| OFF| OFF 1000
T ace. [ 0] o[ o[ o[ o[ o] o] o 0] o o] o[ 1] 0] o] o]
il : -
) Copy the value in the lower /
c (- 4 bits in accumulator to
'0'9 C20-C23
Eg) Handheld Programmer Keystrokes Location Constant C23| c22| c21{C20
OE [c2o | [ka | [lon[orr[orF|orr
=47 Lsm |l = J[ + |[ev |
c
n— Lswer |l v | o JL F [l =>e [ + J[ o |l =>JL &k [ 4 J[en |
cawo sl F [ > [y J[ 2 |[ o J[ > JL &k J[ 4 J[ewn ]
Lot Jlswer |l F J[ > J[ e J[ 2 |[ o J[ > JL &k J[ 4 J[ewv ]
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Standard RLL Instructions 5 -— 67
Accumulator Logical Instructions

Or The Or instruction is a 16 bit instruction

(OR) that logically ors the value in the lower 16
bits of the accumulator with a specified
V-memory location (Aaaa). The result OR
resides in the accumulator. The discrete Aaaa
status flag indicates if the result of the Or
is zero.

Operand Data Type DL350 Range

A aaa

V-memory \ All (See page 3-29)

Pointer P All V. mem. (See page 3-29)

Discrete Bit Flags Description

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

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

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

DirectSOFT
I)(1I LD V2000
I V2000 ﬂ
Load the value in V2000 into The upper 16 bits of the accumulator // \\
the lower 16 bits of the 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
Acc. 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|1|0 1|0|0|0 0|1|1|1 1|0|1|0
OR
V2006 \\ Acc. 0 00O OOOOOOOOOOOOOTOOT11TOT11TOOOOT11TH1T1 1010
Or the value in the 6A38
accumulator with OR(V2006) 0 0 0 0 0O OO OOOOOOOOOOT11T1O010100O0T1TT1T1000
the value in V2006
Acc.l0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0”0|1|1|0|1|0|1|0|0|1|1|1|1|0|1|0|
ouT \ \ //
V2010
Copy the value in the lower
16 bits of the accumulator to V2010
V2010
Handheld Programmer Keystrokes
e
o Jwoer| s | > [ %0 %0 Mo o]
S B Y N DN DN N
AEEMA NN

=%
35
25
oA
EQ'
o2
=0
o
50
wil—
—
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Standard RLL Instructions
Accumualtor Logical Instructions

Or Double The Or Double is a 32 bit instruction that

(ORD) ors the value in the accumulator with an 8
digit (max.) constant value. The result
resides in the accumulator. Discrete ORD
status flags indicate if the result of the Or K aaa
Double is zero or a negative number (the
most significant bit is on).

Operand Data Type DL350 Range
A aaa
Constant K 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
ﬁ = NOTE: The status flags are only valid until another instruction that uses the same
— flags is executed.

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

DirectSOFT
X1
||

LDD V2001 vzooo

Il V2000

Load the value in V2000 and / / \\ / / \\
V2001 into 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 o|1|1|1 1|1|1|o 0|0|1|0 1|0|0|0 o|1|1|1 1|o|1|o

ORD
K36476A38 ~|

\Acc.01010100011111100010100001111010

OR the value in the
accumulator with OR36476A38 0 0 1 1 0 1 1 0 0 1 0 0 O 1 1 1
the constant value

36476A38

o11010100O0111 000
see oL [aTo[s[ Tolo [+ [+ [+ [+ AL+ e[+ [+ [l [ o[ o[ o[ -[+[ [+ e[ 1]

" o T~ \\\\N\ —

Copy the value in the .n

accumulator to V2010 and V2011 V2010
V2011

Handheld Programmer Keystrokes

EE N E
D c A A A
¥ Lo st ®s 1% JL=> %2 %0 %0 %o | & |
)

c Q K D G E H G A D I
s I E G aH-%IFWﬂIMPHa 1% J5a 1% 1% e fo Jlorr|®s | o Jlov ]
°5 D c A B A
s3 IwJPWﬂlall%llzlloll1H S Ea
=)
© c
-

n
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Standard RLL Instructions
Accumulator Logical 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
location (Aaaa) and the number of bits K bbb
(Kbbb) to be ORed. Discrete status flags
indicate if the resultis zero or negative (the
most significant bit =1).

Operand Data Type DL350 Range

A/B aaa bbb
Inputs X 0-777 -
Outputs Y 0-777 -
Control Relays [} 0-1777 -
Stage Bits S 0-1777 -
Timer Bits T 0-377 -
Counter Bits CT 0-177 --
Special Relays SP 0-777 -
Constant K - 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 Will be on is the result in the accumulator is negative

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

In the following example, when X1 is on the Load Formatted instruction loads
C10-C13 (4 binary bits) into the accumulator. The Or Formatted instruction logically
ORs the accumulator contents with Y20-Y23 bit pattern. The Out Formatted
instruction outputs the accumulator’s lower four bits to C20-C23.

DirectSOFT
“ LDF cio Location Constant c13[c12]ci1]c1o
t Ka leo | [k | orF| 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 232221201918 1716 151413121110 9 8 7 6 5 4 3 2 1 0
ORF Y20
o 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]
Or the binary bit pattern
(Y20-Y23) with the value in
the accumulator Y23| Y22| Y21| Y20
OR (Y20-Y23) [ ON|OFF| OFF| OFF 1000
OUTF C20
ka 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]
Copy the specified number _(D
of bits from the accumulator / S5
to C20-C23 035
Handheld Programmer Keystrokes Location Constant c23| c22| c21| c20 (_C;g
[swm ][ = [ 1 [ | [c2o | [ka | [on[on]on]orF =a
50
Lswerj[ v JL o JL F = JeJl « J[ o [ > [« [ ¢ J[en | =
Lor J[swer | F J[=> ¥ [ 2 J[ o J[=> [« [ « Jlew |
Lour J[swer [l F [ => [ e [ 2 J[ o J[ = J[ k[ & J[ew |
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5 — 70 Standard RLL Instructions
Accumualtor Logical Instructions

Exclusive Or The Exclusive Or instruction is a 16 bit

(XOR) instruction that performs an exclusive or
of the value in the lower 16 bits of the
accumulator and a specified V-memory XOR
location (Aaaa). The result resides in the Aaaa
in the accumulator. The discrete status
flag indicates if the result of the XOR is
zero.

Operand Data Type DL350 Range

A aaa

V-memory \ All (See page 3-29)

Pointer P All V. mem. (See page 3-29)

Discrete Bit Flags Description

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

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

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

DirectSOFT

, LD V2000

I V2000 2[8]7]A]
Load the value in V2000 into The upper 16 bits of the accumulator L// \\
the lower 16 bits of the

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

XOR
VZOOG\\ Acc. 0 00O OOOOOOOOOOOOOTOOT11TOOT1TOOOT1TH1T1 1010
XOR the value in the 6A38
accumulator with XOR(V2006) 0 0 0 0O 0O 0O OO OOOOOOOOOT11T10101000111000
the value in V2006

aco.[ o] o] o] o[ o[ o] o] o[ o] o[ o[ o] o] o[ o] o[ o] [ o[ o] ] :[ 1] o] o 1] o[ o[ o] o] : o]

T~

Copy the lower 16 bits of the n

accumulator to V2010 V2010

Handheld Programmer Keystrokes
$ X B
Corm || > o [Mser [[°1 || =7 |
L D \Y C A A A
Lo imost|® s [ = o Mo %2 [*o [0 "o | =7 |
X Q \Y C A A G
el Y E N I a1 V% P O O G 3

GX \ C A B A
ot I K %S S P P 3

-
28
mO
2B
© S
o
C-l—‘
m(l)
= C
n
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Standard RLL Instructions 5 - 7 1

Accumulator Logical Instructions

Exclusive Or The Exclusive OR Double is a 32 bit

Double instruction that performs an exclusive or

(XORD) of the value in the accumulator and the
value (Aaaa), which is a 8 digit (max.) XORD
constant. The result resides in the K aaa
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).

Operand Data Type DL350 Range
A aaa
Constant K 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: The status flags are only valid until another instruction that uses the same
flags is executed.

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

DirectSOFT V2001 V2000

X LoD [s[+]7]¢] [2[e]7]A]

- e / / \\ / / \\

Load the value in V2000 and
V2001 into the accumulator

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

XORD Acc. 0|1|0|1 0|1|0|o o|1|1|1 1|1|1|o 0|0|1|0 1|o|o|o o|1|1|1 1|o|1|o
K36476A38

XORD the value in the
accumulator with
the constant value

36476A38 XORD36476A38 0 0 1 1 0 1 1 0 0 1 0 00111 0110101000111 000

Acc. 01t 0t1t0t1t0O0OO0OT1TT1TT1T1110 O0O01010O0O0O0T1TT1TT11010

ouTD aco [ o] 11 o[ o[o] o[l o] :[ ] [ o[o] ][] [ o[o] o[ o[ 1] o] o 1] o[ o[ o] o] : o]
V2010

Copy the value in the \ \ // \ \ //
accumulator to V2010

and V2011 ﬂ..n

Handheld Programmer Keystrokes V2011 V2010
st ” 4 ” | et |

D C A A A
e o °a [0 | > [ Mo *o [*o Jl= ]

D E H G A D |
S P G P 3 G 3 G O 3

G D C A B A
o | o) I I I o]

D K
|S“':T ” SET ” oR ” SHFT ” 3 ” - ” SHFT ” JMP|

=%
35
25
oA
EQ'
o2
=0
o
50
wil—
—
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5 — 72 Standard RLL Instructions
Accumualtor Logical 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).

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

Operand Data Type DL350 Range

A/B aaa bbb
Inputs X 0-777 _—
Outputs Y 0-777 -
Control Relays C 0-1777 -
Stage Bits S 0-1777 -
Timer Bits T 0-377 -
Counter Bits CcT 0-177 -
Special Relays SP 0-777 -
Constant K - 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 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 Ored with the bit pattern from Y20-Y23 using
the Exclusive Or Formatted instruction. The value in the lower 4 bits of the
accumulator are output to C20-C23 using the Out Formatted instruction.

DirectSOFT Location Constant c13|ciz2lci1]cio
) LDF c1o o | [k | [oFr| on] on]oFF
[ K4
Load the status of 4 The unused accumulator bits are set to zero \
ponsecutive bits (C10-C13) —_—
into the acoumulator 3130 29 28 27 26 25 24 23 22 21 2019 18 1716 1514131211109 8 7 6 5 4 3 2 1 0
XORF Y20 |0|0|0|0|0|o|o|o|o|o|o|o|o|o|o|o||0|0|0|0|0|0|o|o|o|o|o|o|o|1|1|o|
Ka Accumulator
Extctlusivigt\f;;abinatrg&it Acc. 0 00 0 0OO0OOOOOOOOOO OO0OOOOOOOOO0OOOOT110
5:Iuir?n(the ;ccu%m;whe Y23| ¥22| v21] Y20
XORF (Y20-Y23) | ON|OFF| OFF| OFF 1000
OUTF C20
Ka acc. [ 0] o] o[ o[ o] o] o] o] o] o] o] o 1] 1] 1] 0]
_l —————r
1w Copy the specified number
< of bits from the accumulator /
o to C20-C23
gg’) Handheld Programmer Keystrokes Location Constant coal c22] c21] c20
-g*u:) Lsm|[ = |[ 1+ |[en | leceo | [ke | [on]on]|on[ore
SSc
h— Lswer ][ v JL o JL F J[=>Je [ + [ o [[> ]« [ 4 |[en ]
Lswrr [ x |[or |[swr|[ F [[ > J[ ¥ [ 2 |[ o |[[ > [ k][ 4 |[enr |
Lour J[swer|[ F [[ > |[e |[ 2 J[ o |[ > [[ k][ 4 |[e&nr |
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Standard RLL Instructions 5 -— 73
Accumulator Logical Instructions

Compare The compare instruction is a 16 bit

(CMP) instruction that compares the value in the
lower 16 bits of the accumulator with the
value in a specified V-memory location CcMP
(Aaaa). The corresponding status flag Aaaa
will be turned on indicating the result of
the comparison.

Operand Data Type DL350 Range
aaa
V-memory \Y All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
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 Or; when the value in the accumulator is greater than the instruction
value.

NOTE: The status flags are updated immediately after the instruction is carried out
during the scan of the CPU, therefore, it is only valid until another instruction that

uses the same flags is executed.

In the following example when X1 is on, the constant 4526 will be loaded into the
lower 16 bits of the accumulator using the Load instruction. The value in the
accumulator is compared with the value in V2000 using the Compare instruction.
The corresponding discrete status flag will be turned on indicating the result of the
comparison. In this example, if the value in the accumulator is less than the value
specified in the Compare instruction, SP60 will turn on energizing C30.

$ SP G A
STR ” - ” SHFT ” STRN ” 6 ” 0 ” ENT |

GX C D A
ol el Eld G S G 3

DirectSOFT
|><1| LD Constant
N Kas26 [+]s]2]e]
Load the constant value l
N ) The unused accumulator
4526 into the lower 16 bits of bits are set to zero
the accumulator —_—
ncc 0 fofofo][4]s]2]6]
Compared
with
CMP
e [efo]4]s]
Compare the value in the
accumulator with the value V2000
in V2000
SP60 C30
| ({ )
ouT
[ \
Handheld Programmer Keystrokes _'(_I._)
3
$ B [}
N El 2=
L D K E F c G c o
|SHFT ”ANDST” 3 ” 4 ” SHAT ” JMP ” 4 ” 5 ” 2 ” 6 ” ENT | 238
(@]
c M P c A A A T
Elad G E1 P 2 I G P O G A e
| [
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Standard RLL Instructions
Accumualtor Logical Instructions

Compare Double The Compare Double instruction is a

(CMPD) 32-bit instruction that compares the
value in the accumulator with the value
(Aaaa), which is either two consecutive ___|CmPD
V-memory locations or an 8-digit (max.) Aaaa

constant. The corresponding status flag
will be turned on indicating the result of
the comparison.

Operand Data Type DL350 Range
A aaa
V-memory \Y All (See page3-29)
Pointer P All V mem. (See page 3-29)
Constant K 1-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 Or; when the value in the accumulator is greater than the instruction
value.

NOTE: The status flags are updated immediately after the instruction is carried out
during the scan of the CPU, therefore, it is only valid until another instruction that
uses the same flags is executed.

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

X1 LDD V2001 V2000

| | V2000 [+]s[2]e][7]2]o]o]
Load the value in V2000 and l l
V2001 into the accumulator

P S p—
ace.[4]s]2]6][7[2]0]0]

Compared
CMPD with
V2010
Compare the value in the |6|7|3|9”5|0|2|6|
accumulator with the value
in V2010 and V2011 vaon V2010
SP60 C30
| ({ )
ouT
[ \
j ) Handheld Programmer Keystrokes
(= $ B
— srm || 7 =
-—
TS SHFT || L D D = ||© A A A ENT
ho ™ ANDST 3 3 2 0 0 0
]
(% 1]
= C
0p]

$ SP G A
STR ” - ” SHFT ” STRN ” 6 ” 0 ” ENT |

GX C D A
Sor | > ][0 P %o Lo ]

C M P D C A B A
Lo o [ |Pov [P0 || > %2 "0 [P %0 Jo
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Standard RLL Instructions 5 -— 75
Accumulator Logical 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 ____|CGMPF  Aaaa
(Aaaa) and the number of bits (Kbbb) to be K bbb
compared. The corresponding status flag
will be turned on indicating the result of the
comparison.
Operand Data Type DL350 Range
A/B aaa bbb
Inputs X 0-777 -
Outputs Y 0-777 -
Control Relays C 0-1777 -
Stage Bits S 0-1777 -
Timer Bits T 0-377 --
Counter Bits CT 0-177 --
Special Relays SP 0-777 -
Constant K -- 1-32
Discrete Bit Flags Description
SP60 On when the value in the accumulator is less than the instruction value.
SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction
value.

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

In the following example, when X1 is on the Load Formatted instruction loads the
binary value (6) from C10-C13 into the accumulator. The CMPF instruction
compares the value in the accumulator to the value in Y20-Y23 (E hex). The
corresponding discrete status flag will be turned on indicating the result of the
comparison. In this example, if the value in the accumulator is less than the value
specified in the Compare instruction, SP60 will turn on energizing C30.

DirectSOFT
X1 o 10| Load the value of the | Location | |C°"S‘am | c13[c12[c11]c10
| | specified discrete locations c10 K4
[ K4 (C10-C13) into the OFF| ON| ON |OFF
accumulator The unused accumulator
bits are set to zero
Compare the value in the o
CMPF Y20 accumulator with the value
K4 of the specified discrete Acc. | 0 | 0 | 0 | 0 ” 0 | 0 | 0 | 6 |
location (Y20-Y23)
Compared
‘T‘Pe‘l) / 30 va3[ v22[ v21] 20 .
| ] L ouT ) ON| ON| ON|OFF|
—

=%
35

25
oA

EQ'
o2
=0
o

S5 X0
wil—
—
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5 — 76 Standard RLL Instructions
Accumualtor Logical 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
number. The corresponding status flag will Aaaa
be turned on indicating the result of the
comparison. Both  numbers being
compared are 32 bits long.

Operand Data Type DL350 Range
A aaa
V-memory \ All (See p. 3-29)
Pointer P All (See p. 3-29)
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 SP60).

DirectSOFT
X1 LDR Load the real number
I I R70 representation for decimal 7
7. i
into the accumulator. Acc.l 4 | o | £ | o ” 0 | 0 | 0 | 0 |
CMPR Compare the value with the l l
real number representation
R6.0 for decimal 6.
cwer 4]0 [po][ofo]o]o]
| ( -
ouT )
[ \

Incorrect. Should be SP62

-
28
G:O
2B
© S
o
C-l—‘
m(l)
= C
n
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Standard RLL Instructions 5 - 77
Math Instructions

Math Instructions

Add Add is a 16 bit instruction that adds a

(ADD) BCD value in the accumulator with a
BCD value in a V-memory location
(Aaaa). The result resides in the ADD
accumulator. You cannot use a constant Aaaa
as the parameter in the box.

Operand Data Type DL350 Range
A aaa
V-memory \% All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
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.
ﬁ = NOTE: The status flags are only valid until another instruction that uses the same
= flags is executed.

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

DirectSOFT V2000
Xt o [4]9]3]s]
I V2000
Load the value in V2000 into
the lower 16 bits of the The unused accumulator
accumulator bits are set to zero —_——

0 0 00O 4 9 3 5 (Accumulator)
ADD

V2006 + 2 5 0 0 (V2006)

Add the value in the lower Acc. n

16 bits of the accumulator
with the value in V2006 J

ouT

V2010

Copy the value in the lower V2010
16 bits of the accumulator to _'(_/._)
V2010 JQ
Handheld Programmer Keystrokes c,f,_ >
=Q
$ B co
Corm || > |°0 | = | 5%
L D c A A A <}
|SHFT ”ANDST” 3 ” - ” 2 ” 0 ” 0 ” 0 ” ENT| 22
A D D c A A G r
Rl O G N S G O P O

GX A\ [¢] A B A
out ” - ”SHFT” AND ” 2 ” 0 ” 1 ” 0 ” ENT|
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5 -— 78 Standard RLL Instructions
Math Instructions

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

Operand Data Type DL350 Range
A aaa
V-memory \% All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
Constant K 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: The status flags are only valid until another instruction that uses the same
flags is executed.

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

DirectSOFT V2001 V2

000
X1 6|7|3|9]|5|0]|2]|6
y Loo [el7]e]e][s[o]2]¢]

l V2000

Load the value in V2000 and l l
V2001 into the accumulator

7 3 9 5 0 2 6 (Accumulator)
ADDD

V2006

+2 0 0 0 4 0 4 6 (V2006 andV2007)

- Acc|8[7]3 o] 9]o]7]2]
Add the value in the
accumulator with the value l l

in V2006 and V2007

OuTD

V2010 la]7]so]efo]7 2]
Copy the value in the V2011 V2010
| accumulator to V2010 and
Jdwn V2011
c
o Ke] Handheld Programmer Keystrokes
£B $ = ||B ENT
ge STR 1
cCHh L D D c A A A
Sc | SHFT ||ANDST 3 3 4 2 0 0 0 ENT
n
A D D D c A A G
oo 2 %0 %5 J%a |2 01% 1% % JI% Jlov ]
GX D v c A B A
|OUT ”SHFT” 3 ” 4 ”SHFT” AND ” 2 ” 0 ” 1 ” 0 ” ENT|
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Standard RLL Instructions 5 - 79

Math Instructions

Add Real
(ADDR)

Add Realis a 32-bitinstruction thatadds a
real number, which is either two
consecutive V-memory locations or a ADDR

32-bit constant, to a real number in the ] Aaaa
accumulator. Both numbers must conform
to the IEEE floating point format. The
result is a 32-bit real number that resides

in the accumulator.

Operand Data Type DL350 Range
A aaa
V-memory \% All (See p. 3-29)
Pointer P All V. mem (See p. 3-29)
Constant R -3.402823E+038 to
+3.402823E+038

Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP71 On anytime the V-memory specified by a pointer (P) is not valid.
SP72 On anytime the value in the accumulator is an invalid floating point number.
SP73 on when a signed addition or subtraction results in a incorrect sign bit.
SP74 On anytime a floating point math operation results in an underflow error.
SP75 On 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.

1, T

Lo [4]ofefo]ofo]o]o]
R7.0 l l
Load the real number 7.0
into the accumulator
7 (decimal) 4 0 E 0O O O O O (Accumulator)
+ 1 5 +4 1 7 0 0 0 0 0 (ADDR)
2 2 Accla[1]Bo]o]o]o]o]
ADDR
R15.0 V1401 V1400
Add the real number 15.0 to | 4 | 1 | B | 0 " 0 | 0 | 0 | 0 | (Hex number)

the accumulator contents,

which is in real number
format.
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 ace.[ o] 1]o]ofo]o]o]1][1]o][1]1]0]o]o]o][o]o]o]o]o]o][o][0][0]0]0]0]0]0]0]0
Copy the result in the accumulator /
to V1400 and V1401. Sign Bit Exponent (8 bits) Mantissa (23 bits)
128 +2+1 =131 1.011 x 2 (exp 4) = 10110. binary= 22 decimal
131 -127=4

Implies 2 (exp 4)

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.

=%
35
25
oA
EQ'
o2
=0
o
50
wil—
—
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Standard RLL Instructions
Math Instructions

Subtract Subtract is a 16 bit instruction that
(SUB) subtracts the BCD value (Aaaa) in a
V-memory location from the BCD value
in the lower 16 bits of the accumulator SuB
The result resides in the accumulator. ] Aaaa

You cannot use a constant as the
parameter in the box.

Operand Data Type DL350 Range
A aaa
V-memory Vv All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.
SP65 On when the 32 bit subtraction instruction results in a borrow.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

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

DirectSOFT V2000
" - 2] ]3]
_| l V2000

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

The unused accumulator l
bits are set to zero —_—

0 0 0 0 2 4 7 5 (Accumulator)

SuB

— 1 5 9 2 (V2008)
V2006

Subtract the value in V2006 Ace. nnu

from the value in the lower J

16 bits of the accumulator

our ofefe]a]

V2010
V2010
Copy the value in the lower
16 bits of the accumulator to
e V2010
o CC) Handheld Programmer Keystrokes
Ti=
= $ B
83 HE S El
-
cn L D o] A A A
52 Lo ivost|®s | > %2 %o |*s "o |[o]
n— s u B v c A A G
SHET | "Rst || 1sG 1 — || sHFT AND 2 0 0 6 ENT

GX v c A B A
ot I A Y GO G G v
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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
either two consecutive V-memory
locations or an 8-digit (max.) constant, SUBD
from the BCD value in the accumulator. o Aaaa

The result resides in the accumulator.

Operand Data Type DL350 Range
A aaa
V-memory \% All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
Constant K 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: The status flags are only valid until another instruction that uses the same
flags is executed.

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

DirectSOFT 001 V2

V2 000
nnooBREn
_|| V2000 l l

Load the value in V2000 and
V2001 into the accumulator

01 0 6 3 2 7 4 (Accumulator)
SUBD — 6 7 2 3 7 5 (V2006 andV2007)
V2006 acc. [o]o]s]9][o]8]e]9]

The in V2006 and V2007 is
subtracted from the value in

the accumulator

ouTD [o]o]a]o]lo]8]e]9]
V2010

V2011 V2010

Copy the value in the
accumulator to V2010 and
V2011

Handheld Programmer Keystrokes
o | > |°
[ | osr]® 0 [P0 |2 % [*o [0 %o | o]
Ead 6 E1 B G P I G P v S A
|

GX D c A B A
ot Gl N I GO G G v

|ENT|
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Standard RLL Instructions
Math Instructions

Subtract Real Subtract Real is a 32-bit instruction that
(SUBR) subtracts a real number, which is either

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

result is a 32-bit real number that resides
in the accumulator.

Operand Data Type DL350 Range

A aaa

V-memory \% All (See p. 3-29)

Pointer P All V. mem (See p. 3-29)

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.

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.

DirectSOFT Display

1, T

. Lo [4]+[e]o]ofo]o]o]
R22.0 l l
Load the real number 22.0
into the accumulator.
2 2 (decimal) 4 1 B 0O 0 0 O 0 (Accumulator)
-1 5 +4 17 0 0 0 0 0 (SUBR)
7 Acclafo]E]o]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 accululator

contents, which is in real
number format.
Real Value
—_—

8 421|842 1842 1|84 2 1|[8 421842 1|84 2 1|84 21
ace.| 0] 1]o]o]ofo]ofo]1]1][1][o]o]o[0]o][0]o]o]o]o][o][o]o]o[0]0]0]0]0]0]o0

Copy the result in the accumulator /
to V1400 and V1401. Sign Bit

OuTD
V1400

Mantissa (283 bits)

128 + 1 =129 1.11 x 2 (exp 2) = 111. binary= 7 decimal
129 -127=2
Implies 2 (exp 2)

(2]
=
(o]
=
[&]
>
-
—
(2]
o=

-
—
o
o
S
©
o
c
©
Y
n

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
(MUL)

Multiply is a 16 bit instruction that
multiplies the BCD value (Aaaa), whichis

either a V-mem
(max.) constant,

lower 16 bits of the accumulator The Aaaa

result can be up

the accumulator.

ory location or a 4-digit
by the BCD value in the MUL

to 8 digits and resides in

Operand Data Type DL350 Range
A aaa
V-memory \% All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
Constant K 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: The status flags are only valid until another instruction that uses the same
flags is executed.

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

DirectSOFT

V2000
xt o [+ [o]o]o]
I V2000 J
. K The unused accumulator
Load the value in V2000 into ;
the lower 16 bits of the bits are set to zero -
accumulator 000 0 1 0 0 0 (Accumulator)
X 2 5 2006,
MUL v )
V2006 Acc. [o]o]o]2][s]o]o]0]
The value in V2006 is
multiplied by the value in the
accumulator
Lofofo]z][s[ofo]o]
OouUTD
V2010 V2011 V2010

Copy the value in the
accumulator to V2010 and

V2011

Handheld Programmer Keystrokes

$ B
s | 2 |°

ENT |

L D
SHFT ||ANDST|| 3 ||

C A A A
=l P P P O 53

L C A A G
ANDST” - ” 2 ” 0 ” 0 ” 6 ” ENT|

M u
| SHFT ” ORST” ISG ”

GX D
out ” SHFT ” 3 ”

C A B A
> 0 % P %o Lo ]

=%
35
25
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o
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—
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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
the two consecutive V-memory locations MULD
specified in the instruction. You cannot o Aaaa

use a constant as the parameter in the
box. The lower 8 digits of the results reside
in the accumulator. Upper digits of the
result reside in the accumulator stack.

Operand Data Type DL350 Range
A aaa
V-memory \% All (See p. 3-29)
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.
ﬁ = 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
numberis stored in V1400 and V1401. After loading the constant K2 into the
accumulator, we multiply it times 12345678, which is 24691356.

DirectSOFT Display

1 2 3 4 5 6 7 8 (Accumulator)
LDD Load the hex equivalent l l

1

of 12345678 decimal into
I Kbc614e

the accumulator.

cD Convert the value to V1401 V1400
\ BCD format. It will [1]2]3]4]s]s]7T8]
Incorrect ladder coupy elght BOD cigts
example. See ouTD 81“2%%‘ g:,% r:mg?r utging X 2 (Accumulator)
the Errata V1400 the OUTD instruction. Acc. |2/I’([6 |9 || 1 |3 |5 |6 |
Sheet at the
beginning of l l
this file for a [2]4]e]e][1]3]s5]6]
correct

V1403 V1500

example.

Handheld Programmer Keystrokes

Lsm L > | A J[ et J[swer][ v [ o Jl o J[ > |

T LsooAl oo |[om |[swer ][ 6 J[ + J[ & ][ ent]
Lswer 78 J[ ¢ J[ o J[enr]
[o0r [ swer|[ o || = J[v [+ ]|

EN

| o J[ o [ enr|

-
28
mO
2B
© S
o
C-l—‘
m(l)
= C
n
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steve
Rectangle

steve
Text Box
Incorrect ladder example. See the Errata Sheet at the beginning of this file for a correct example.

steve
Line

steve
Line


Standard RLL Instructions
Math Instructions

Multiply Real The Multiply Real instruction multiplies a
(MULR) real number in the accumulator with either
areal constant or areal number occupying MULR
two consecutive V-memory locations. The E— Aaaa
result resides in the accumulator. Both
numbers must conform to the IEEE
floating point format.
Operand Data Type DL350 Range
A aaa
V-memory v All (See p. 3-29)
Pointer P All (See p. 3-29)
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.
SP75 On when a real number instruction is executed and a non-real number was
encountered.

T, |l

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

DirectSOFT Display

o [4]o]efo]lofo]o]o]
R7.0 l l
Load the real number 7.0
into the accumulator. - T
7 (decimal) 4 0 E 0O 0 O O O (Accumulator)
x 1 5 + 4 1 7 0 0 0 0 0 (MULR)
105 ace[4]2[p[2]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

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.| o] 1]ofolofo|1]o]1]1]o]1]o]o][1]0][0]o]o]o]o]o]o]o]o]o]o]o]0]0]0]0
Copy the result in the accumulator . / 4 . .
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)

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.

=%
35

25
oA
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52
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o

S5 X0
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Standard RLL Instructions
Math Instructions

Divide Divide is a 16 bit instruction that divides
(DIV) the BCD value in the 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 DL350 Range
A aaa
V-memory \% All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
Constant K 0-9999
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

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

DirectSOFT V2000

" — 5To[o[o]
_| I V2000

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

The unused accumulator l
bits are set to zero —_—

0 0 00O 5 0 0 0 (Accumulator)

DIV = 5 0 (V2006)

V2006

The value in the aco. | [1]ofo] [ofofofol]fofo]o]o]
accumulator is divided by J First stack location contains

the value in V2006 the remainder

ouT .nn

V2010 V2010
Copy the value in the lower
16 bits of the accumulator to
e V2010
o CC) Handheld Programmer Keystrokes
ok
= 0O $ B
53 Com | > [°, | o |
-
cn L D c A A A
52 Lo Jwoer| s | > [ % %o Mo o]
n- D I v c A A G
SHFT 3 8 anp || 2 2 0 0 6 ENT

GX \ C A B A
ot I K %S S P P 3
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Standard RLL Instructions 5 - 87
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
obtained from two consecutive V-memory DIVD
locations. You cannot use a constant as ] A aaa

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 DL350 Range
A aaa

V-memory \ All (See p. 3-29)

Pointer P All (See p. 3-29)

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.
ﬁ = 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 divided by the value in V1420 and V1421 using the Divide Double
instruction. The first part of the quotient resides in the accumulator an the remainder
resides in the first stack location. The value in the accumulator is copied to V1500
and V1501 using the Out Double instruction.

DirectSOFT Display

V1401 V1400
. LoD Lo]1]s[o]fofo]o]o]
— | V1400
Load the value in V1400 and The unused accumulator l l
V1401 into the accumulator bits are set to zero S S
015 0 0 0 0 0 (Accumulator)
DIVD =~ 0 0 0 0 0 0O 5 0 (Vi421andV1420)
V1420
acc.[0fofo]sflofofofo] [ofo]ofoffofofo]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 »
Lsm [ 2> J[ 1+ Jlen Jlswerf[ v [ o [ o [ =] a0
Cvl o JL s J[ o J[ o J[ enr] 2
Q
Cswer ][ o [ v JL v L > L « JL o J[ 2 J[ o J[ew] =d
By
Lour J[swer|[ o J[ = JEMJ[ « J[ s J[ o J[ o [[ en] 8;
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5 - 88 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
consecutive V-memory locations. The E— Aaaa
result resides in the accumulator. Both

numbers must conform to the IEEE
floating point format.

Operand Data Type DL350 Range
A aaa
V-memory \Y All (See p. 3-29)
Pointer P All (See p. 3-29)
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.
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.

DirectSOFT Display

1, T

o L«[1]7]o]fofofo]o]
R15.0 l l
Load the real number 15.0
into the accumulator. - T
1 5 (decimal) 4 1 7 0 0 0 0 0O (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.

8 42 1(8 42 1|8 42 1|8 4 2 1|8 4 2 1(8 4 2 1|8 4 2 1|8 4 2 1
ouTD nce.| ool 1] 1[1]1][1]1]1]1]o]o]o]o]o]o][o]o]o]o]o]o[o]o]o]o][o]o]0]0]0]0
V1400 Y
Copy the result in the accumulator
to V1400 and V1401. Sign Bit xpanent (8 bits) Mantissa (23 bits)
-l
28
D:o 64+32+16+8+4+2+1=127 1.1 x 2 (exp 0) = 1.1 binary= 1.5 decimal
ok
ag 127 -127 =0
'(CJ_': Implies 2 (exp 0)
| %)
Sc
wn

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

Increment The Increment instruction increments a
(INC) BCD value in a specified V-memory INC
location by “1” each time the instruction is Aaaa
executed.
Decrement The Decrement instruction decrements a
(DEC) BCD value in a specified V-memory DEC
location by “1” each time the instruction is A aaa
executed.
Operand Data Type DL350 Range
A aaa
V-memory \% All (See p. 3-29)
Pointer P All (See p. 3-29)
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.
ﬁ% 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.
X1 C5 V1400
F————(e0) e fo]a]s]
[ —;
cs INC |
V1400 V1400
Vriapay o vaen elefale]
Handheld Programmer Keystrokes
Lsm |l 2> J[e [ s J[ enr |
Lswer JL 0 JL ~ JL c | > JEA[L « J[ & J[ o J| o J[ e |

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

by one.
X1 cs V1400
(o) ooag 7,
cs DEC | cS
V1400 9'_3_
. V1400 C_)m
\[;;az[)%mbeyn}:be value in nn (?) B
Handheld Programmer Keystrokes [
Lswe [ = Jle [ s J[ ent |
Lswer [ o J[ e J[ c JL 2 JEEV[ « J[ 4 J[ o J[ o J[ ewn |
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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
which is either a V-memory location or a ] Aaaa

16-bit constant. The result can be up to 32
bits and resides in the accumulator.

Operand Data Type DL350 Range
A aaa
V-memory \% All (See p. 3-29)
Pointer P All V. mem (See p. 3-29)
Constant K 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
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 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 inthe
accumulator is copied to V1500 and V1501 using the Out instruction.

DirectSOFT Display V1400

. - o] 0[]
_| I V1400

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

The unused accumulator l
bits are set to zero —_——

0 0 00O 0 A O 5 (Accumulator)

ADDB + 1.2 C 4 (V1420)
V1420
The binary value in the ...E
accumulator is added to the
binary value in V1420

ouTD 1]e]e]e]

V1500 V1500
Copy the value in the lower
16 bits of the accumulator to
V1500 and V1501
i Handheld Programmer Keystrokes
E:Ig [sr |[[ > X ][ 1+ [ ent |
o5 (s ][ v J[ o JEEWAL + J[ o« J[ o J[ o J[ ewr]
4]
o= Lswrr ][ A J[ o JL o Jl 8 |l 2 N[+ J[ & J[ 2 J[ o J[ent]
Cn
%E Lour J[swer|[ o J[ = JEEW [« J[ s J[ o J[ o [ enwr]
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Standard RLL Instructions
Math Instructions

Subtract Binary Subtract Binary is a 16 bit instruction that
(SUBB) subtracts the binary value (Aaaa), which is
either a V-memory location or a 4-digit
(max.) binary constant, from the binary SUBB
value in the accumulator. The result ] Aaaa
resides in the accumulator.
Operand Data Type DL350 Range
A aaa
V-memory \% All (See p. 3-29)
Pointer P All (See p. 3-29)
Constant K 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
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 Display V1400

[+ [o]2]4]

X1I LD

I V1400

Il

The unused accumulator l
bits are set to zero

00 0 0 1

Load the value in V1400 into the

lower 16 bits of the accumulator

0 2 4 (Accumulator)

— 0 A 0 B (V1420

The binary value in V1420 is acc. [o]e[1]o]

subtracted from the value in l

SuUBB
V1420

the accumulator

out lofe[1]o]

V1500

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

Handheld Programmer Keystrokes C,:L”,_ %)
[sm [ = ][+ [ ent | cg
Cswer ][ ¢ J[ o JEV o+ J[ ¢ J[ o J[ o J[en] S5
Cowrr] s Il ][ v [ s [ s ][ >] i
V[ )« J 2 J[ o J[ew]
[our J[(swer [ o J[ > IV [+ J[ s J[ o J[ o J[ent ]
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Standard RLL Instructions
Math Instructions

Multiply Binary Multiply Binary is a 16 bit instruction that

(MULB) 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 DL350 Range
A aaa
V-memory \% All (See p. 3-29)
Pointer P All (See p. 3-29)
Constant K 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The binary value in V1420 is multiplied by
the binary value in the accumulator using the Multiply Binary instruction. The value in
the accumulator is copied to V1500 using the Out instruction.

DirectSOFT Display V1400

i = ofafo]1]
_| |
l V1400

Load the value in V1400 into the l
lower 16 bits of the accumulator The unused accumulator
bits are set to zero _——
0 0 00O 0OA 0 1 (Accumulator)
MULB x 0 0 2 E (V1420
V1420

ace. [0]o]o]1][c[c]2]E]

The binary value in V1420 is

multiplied by the binary l l
value in the accumulator
ouTD [o]o]o]1][c]c]2]E]
V1500 V1501 V1500

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

Handheld Programmer Keystrokes

Lsm JL 2 JE][ 1 [ et |

[ser ][ v J[ o JEEMJ[ « JL ¢ J[ o J[ o J[ e |

Lswer ][ w J[ v JL v Jl 8 J[ 2 JENAL 1+ ][« J[ 2 J[ o J[en]
Lour J[swer [ o J[ > JEEV [+ J[ s J[ o J[ o |[ enr |
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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),
which is either a V-memory location or a DIVB
16-bit (max.) binary constant. The first Aaaa
part of the quotient resides in the
accumulator and the remainder resides in
the first stack location.

Operand Data Type DL350 Range
A aaa
V-memory \% All (See p. 3-29)
Pointer P All (See p. 3-29)
Constant K 0-FFFF
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The binary value in the accumulator is
divided by the binary value in V1420 using the Divide Binary instruction. The value in
the accumulator is copied to V1500 using the Out instruction.

DirectSOFT Display V1400
— [Falo]1]
— | V1400

Load the value in V1400 into the  The unused accumulator l
lower 16 bits of the accumulator  pits are set to zero

—_—

0 0 00O F A 0 1 (Accumulator)
-+ 0 0 5 0 (V1420

DIvB

V1420

- . ace. [0]3]2]o] [o]o]o]o]o]o]o]o]
The binary value in the
accumulator is divided by First stack location contains
the binary value in V1420 J the remainder

ouT nn

V1500

V1500

Copy the value in the lower 16

bits of the accumulator to V1500
Handheld Programmer Keystrokes 1)
Lsm [ > JE][ + J[ et | =1y
>
Conrr ][ v J[ o JEEW L + J[ ¢ J[ o J[ o J[ew ] co
Lswer JL o JL v JL v [ 8 JL 2 BN+ J[« J[2 J[ o J[enr ] %«’.a
Lour J[swer|[ o JL = JEEMI[ + J[ s J[ o J[ o J[ew] ‘?’E
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Standard RLL Instructions
Math Instructions

Increment Binary The Increment Binary instruction
(INCB) increments a binary value in a specified

V-memory location by “1” each time the
instruction is executed.

INCB
A aaa

Operand Data Type DL350 Range

A aaa

V-memory All (See page 3-29)

Pointer All V. mem. (See page 3-29)

Discrete Bit Flags Description

SP63

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

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

In the following example when C5 is on, the binary value in V2000 is increased by 1.

DirectSOFT V2000
cs NGB
li —

V2000
Increment the binary value l
in the accumulator by“1” V2000
[+][A]s]p]

Handheld Programmer Keystrokes

$ C F

Com || > o] |75 | o |

| N C B C A A A
|SHFT|| 8 ” TMR” 2 ” 1 ”9 " 2 ” 0 ” 0 ” 0 ” ENT|
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Standard RLL Instructions
Math Instructions

Decrement Binary The Decrement Binary instruction
(DECB) decrements a binary value in a specified
V-memory location by “1” each time the
instruction is executed. DECB
A aaa
Operand Data Type DL350 Range
A aaa
V-memory \% All (See page 3-29)
Pointer P All V. mem. (See page 3-29)
Discrete Bit Flags Description
SP63 on when the result of the instruction causes the value in the accumulator to be zero.
ﬁ% NOTE: The status flags are only valid until another instruction that uses the same
— flags is executed.

In the following example when C5 is on, the value in V2000 is decreased by 1.

DirectSOFT V2000
s +]aLs[c]
li —_—

V2000 l
Decrement the binary value
in the accumulator by“1” V2000
HRED

Handheld Programmer Keystrokes

$ C F

BN N

D E (e} B (e} A A A
Elad G G S G G S v G 1

=%
35

25
oA

EQ'
o2
=0
o

S5 X0
wil—
—
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Standard RLL Instructi

ons

Bit Operation Instructions
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Bit Operation Instructions

that are set to “1” in the accumulator. The

instruction counts number of bits

HEX result resides in the accumulator. SUM

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

Sum The Sum
(SUM)
value in th
DirectSOFT Display
< LDF X10
_| [ K8

Load the value represented by
discrete locations X10-X17
into the accumulator

SUM

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

ouT
V1500

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

Handheld Programmer Keystrokes

e accumulator is copied to V1500 using the Out instruction.

X17| X16| X15| X14| X13| X12| X11| X10
ON | ON |OFF|OFF| ON |OFF| ON| ON

b e s tos \
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[ o] 0] o] o] o] o] o o 0] 0] 0] 0] 0][ 0] 0] 0] 0] o] 0] 0] 0] 1] 1] 0] 0] 1] 0] 1] 1

ace.[0]0]ofo[ofo]o]s]

[ —

[ofo]o]s]

V1500

Lse [ 2> x| 1 J[ e ]
Lseerr [ v J[ o JL F J[ 2 JE [+ J[ o || 2> J &k J[ & J[ ent |
[swer |[[ s |[sHrr ]| u |[ m || ent ]

Lour JL > JEV L+ ]

s [ o J[ o |

DL350 User Manual, 2nd Edition



Standard RLL Instructions 5 -— 97
Bit Operation Instructions

Shift Left Shift Left is a 32 bit instruction that shifts
(SHFL) the bits in the accumulator a specified
number (Aaaa) of places to the left. The
vacant positions are filled with zeros and __|SHFRL
the bits shifted out of the accumulator are Aaaa
lost.
Operand Data Type DL350 Range
A aaa
V-memory \ All (See page 3-29)
Constant K 1-32

Inthe following example, when X1 is on, the value in V2000 and V2001 will be loaded
into the accumulator using the Load Double instruction. The bit pattern in the
accumulator is shifted 2 bits to the left using the Shift Left instruction. The value inthe
accumulator is copied to V2010 and V2011 using the Out Double instruction.

DirectSOFT V2001 V2000
xi lel7]ofs][a]+]o]1]

| LDD
I V2000
Load the value in V2000 and

V2001 into the accumulator

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

K2 —
The bit pattern in the l
accumulator is shifted 2 bit
positions to the left Shifted out of the
accumulator
OuUTD

V2010 3130292827 262524232221 2019181716 15141312 11109 8 7 6 5 4 3 2 10
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 V2010 and
- e S
c[4]o]4]

V2011
[ofc]1]4]

V2011 V2010
Handheld Programmer Keystrokes
$ B
o | > |°0 | o |

H F L [¢]
SHFT ” RST ” SHFT ” 7 ” 5 ”ANDST” - ” 2 ” ENT |

GX D [¢] A B A
OUT”SHFT” 3 ”9” 2 ” 0 ” 1 ” 0 ”ENT|

D [¢] A A A
|S”FT ”ANDST” ” 3 ” - ” 2 ” 0 ” 0 ” 0 ” ENT|
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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
vacant positions are filled with zeros and ____|SHFR
the bits shifted out of the accumulator are Aaaa
lost.
Operand Data Type DL350 Range
A aaa
V-memory \ All (See page 3-29)
Constant K 1-32

Inthe following example, when X1 is on, the value in V2000 and V2001 will be loaded
into the accumulator using the Load Double instruction. The bit pattern in the
accumulator is shifted 2 bits to the right using the Shift Right instruction. The value in

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

DirectSOFT V2001 V2000

_|X1| LDD Constant|6|7|0|5”3|1|0|1|

I V2000
Load the value in V2000 and

V2001 into the accumulator

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

SHFR nce.| o[ 1[1] o] o[ 1] 1] 1] o] o] o] o]0l 1]o]1][o]o]1]1]o]0]o]1]0]o]0]0]0]0]0]1
K2

The bit pattern in the l
accumulator is shifted 2 bit
positions to the right Shifted out of the
accumulator
OuUTD

V2010 31302928272625242322212019181716 15141312 1110 9 8 7 6 5 4 3 2 1 0
Copy the value in the ace.[0]olo|1]1]o]o]1][1]1] o] o] o] o]0 1][o]1]0]a]1][1]0]0]0]1]0]0]0]0]0]o0

V2011
[1TeTe]]

V2011 V2010
Handheld Programmer Keystrokes
Com || > °, [ o]
|SHFT||ANDST” ”Ds ” 4 ”02 ”Ao ”Ao ”Ao ” ENT|
EMN e e
2 Elal G IS G S G 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.
ROTL
] Aaaa

Operand Data Type DL350 Range
A aaa

V-memory \ All (See p. 3-29)

Constant K 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 Display
X LDD V1401 V1400
_|I V1400 |6|7|°|5”3|1|0|1|
Load the value in V1400 and //// \\\\
V1401 into the accumulator
ROTL 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
ke ace.[o] 1[0 o] 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]
The bit pattern in the _
accumulator is rotated 2
bit positions to the left

OouTD
V1500

Copy the value in the 3130292827 26 2524 232221 20191817 16 1514131211109 8 7 6 5 4 3 2 1.0
accumulator to V1500 Acc. 1|0|0|1 1|1|0|0 o|o|o|1 o|1|o|o 1|1|o|0 o|1|o|o o|o|o|o o|1|0|1

N N

V1501 V1500
Handheld Programmer Keystrokes
Lsm [ = JE]L « J[en ]
Lewer ][ o JL o JL o JL > JEV[ « J[ & J[ o J[ o ]
Lseer [ m JL o J[ 7 JL ¢ [ 2> JK [ 2 J[ev]
Lour Jlswer [ o [ 2 JEEW [ « J[ s J[ o J[ o |[en ]
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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
right. ____|ROTR
Aaaa
Operand Data Type DL350 Range
A aaa
V-memory \ All (See p. 3-29)
Constant K 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 Display V4401 V1400
X1 LDD 6|7]o|s|a|1]o]1
| L [els T o ]
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
e 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|i
The bit pattern in the
accumulator is rotated 2
bit positions to the right

ouTD
V1500 =
- 3130292827 262524232221 2019 181716 15141312 11 10 9 8 7 6 56 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]e]o] 1] 1]o]o]o]1]0]0]0]0]0]0
and V1501
HEICE [4]c]4]o]

Handheld Programmer Keystrokes V1501 V1500
Lswe |[ 2 JE[ « [ ewr ]
[swer ][ v J[ o JL o Jl > JEVI[ + JL & J[_o J[ o |
[swer ][ R J[ o JL 7 J[ r |[ 2> JEEJ[ 2 J[ et |
Lour J[swer ][ o J[ > JEEV][ « JL s J[ o J[ o [ ewr]
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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
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 setto a“1”, the least significant “1”
will be encoded and SP53 will be set on.

Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work
with.

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

In the following example, when X1 is on, The value in V2000 is loaded into the
accumulator using the Load instruction. The bit position set to a “1” in the
accumulator is encoded to the corresponding 5 bit binary value using the Encode
instruction. The value in the lower 16 bits of the accumulator is copied to V2010
using the Out instruction.

DirectSOFT V2000
X LD L1 ]o]o]o]

_| I V2000 / / \\

Load the value in V2000 into
the lower 16 bits of the 31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16(|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
accumulator
Acc. 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|0
l

Bit postion 12 is
converted

o binary \
ENCO

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

Encode the bit position set

to “1” in the accumulator to a Acc. 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 1|1|0|0
5 bit binary value [
out /
V2010
Copy the value in the lower 16 bits nnn

of the accumulator to V2010 .
V2010 Binary value
for 12.

Handheld Programmer Keystrokes
$ B
STR ” x4 ” 1

L D C A A A
[ hvosr| °a | > %2 "0 |*o %o o ]

|ENT|

=%
35
25
oA
EQ'
o2
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o
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E N [¢] (6]
SHFT ” 4 ” ™R ” 2 ” INST#” ENT|

GX v c A B A
ot I e Y GO G G v
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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
position to a 1. If the accumulator contains ____|DECO

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
X1I LDF X10 OFF| ON |OFF| ON | ON
_| -
I K5
Load the value in \
represented by discrete T —

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

Lololo[o]o]o]o]o]o]o]o]o]0]o]o]o][o]o]o]o]o]o]o]o]0]0]0]o]1]o]1]1

—_—

>
9
6

The binary vlaue
is converted to
DECO bit position 11.

31 30 29 28|27 26 25 24|23 22 21 2019 18 17 16|15 14 1312|1110 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

$ B
| STR ” - ” 1

L D F B A F
BN AN NE

D E C
el G

|ENT|

0
SES
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Standard RLL Instructions
Number Conversion Instructions

Number Conversion Instructions (Accumulator)

Binary The Binary instruction converts a BCD

(BIN) value in the accumulator to the equivalent
binary value. The result resides in the
accumulator.

BIN

In the following example, when X1 is on, the value in V2000 and V2001 is loaded into
the accumulator using the Load Double instruction. The BCD value in the
accumulator is converted to the binary (HEX) equivalent using the BIN instruction.
The binary value in the accumulator is copied to V2010 and V2011 using the Out
Double instruction. (The handheld programmer will display the binary value in
V2010 and V2011 as a HEX value.)

DirectSOFT V2001 V2000
lofofof2]e[s]2]s]

< LDD
I V2000
Load the value in V2000 and
—

V2001 into the accumulator

8 421|842 18 421|842 1|[8 42 1](8 421|842 1|8 421
Ace.| 0 o]o]o]o[o]o[o]o]o[o]o]ofo]1]o][1]0]o]ofo[1][o]1]o]o]1]a]1][0]0]H

BCD Value

28529 = 16384 + 8192 + 2048 + 1024 + 512 + 256 + 64 + 32 + 16 + 1

BIN Binary Equivalent Value

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

Convert the BCD value in Acc.| 0| o] o|o|o|ofo|oflo|o|o|ojofo|ofof{o|1|[1|ofl1]|1]1][1]of[1]1|1]0]0f0]1

the accumulator to the

binary equivalent value 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| 18|42 1
1/o|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
4/7|6(8|4(1]5[7(8[9]9|4(4|2/1]5||7|3|9/9|4/2(2|6]|8
7/3|/8/4/2/0|5|7|8/4|7|8/2]1/0/3| 6|82 6|84
417|738 1]8|4|7|6|3|1|5|8|4|7|6| 8|4
4/4/0[5|7(8|4]2/0[|0|5|7|8|4|2
8/1/9/4|7(6[3|1]8/4]2|6
3/8[1]/5(2(4]2|6
62268
4]4
8

ouTD
V2010
- - |0|0|0|0"6|F|7|1| The binary (HEX) value
Copy the binary value in the copied to V2010
accumulator to V2010 and V2011 V2011 V2010

Handheld Programmer Keystrokes

$ B

= E2
L D D C A A A

Lo ivost|®s [°s | =2 [[%2 %o %o "o [lo]

B | N

Elad G B

GX D c A B A
ot Kl G I GO G G v
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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 the equivalent BCD value. The result
resides in the accumulator. BCD
Inthe following example, when X1 is on, the binary (HEX) value in V2000 and V2001
is loaded into the accumulator using the Load Double instruction. The binary value in
the accumulator is converted to the BCD equivalent value using the BCD instruction.
The BCD value in the accumulator is copied to V2010 and V2011 using the Out
Double instruction.
DirectSOFT V2001 V2000
xt LoD lofofofofle]r]7]1]
_| | V2000 Binary Value
Load the value in V2000 and
V2001 into the accumulator
31 30 29 28(27 26 25 24(23 22 21 20(19 18 17 16(|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
Acc.|0|lo0|0fo0|0f[O0|0|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| 18| 4| 2|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
4/7|6(8|4(1|5(7(8|9|9|4(4|2|1|5(]7|3]9|94|2|2|6|8
7/3|8(4|2|0|5|7|8|4|7|8|2|1|0|3|/6(8|26|8|4
417|7(3|1(8|4(7|6(3|1|5|8|4|7|6(| 8|4
414|0(5|7(8|4(2|0|0|5|7|8|4|2
8(1|/9(4|7|/6|3|1|8|4|2|6
3|8|(1|/5|2|4|2|6
6/2|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 gccumulator to the BCD
equivalent 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
Acc. o|o|o|o o|o|o|o o|o|o|o o|o|1|o 1|o|o|o o|1|o|1 o|o|1|o 1|o|o|1
OouTD l
V2010
Copy the BCD value in the |0|0|0|2”g|5|2|9| The BCD value
accumulator to V2010 and V2011 copied to
V2011 V2010 V2010 and V2011
Handheld Programmer Keystrokes
$ B
|sm||9 ” 1 |ENT|
L D D C A A A
|SHFT ”ANDST” 3 ” 3 ” 4 ” 2 ” 0 ” 0 ” 0 ” ENT|
Ehal G O S
GX D C A B A
9 EL1 G S O O G G 3
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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
accumulator. INV

Inthe following example, when X1 is on, the value in V2000 and V2001 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is inverted using the Invert instruction. The value in the accumulator is
copied to V2010 and V2011 using the Out Double instruction.

DirectSOFT V2001 V2000
lof4fo]s]of2]s]o]

X LDD
I V2000
Load the value in V2000 and

V2001 into the accumulator

31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16{[15 14 13 1211 10 9 8|7 6 5 4|3 2 1 0
Acc.| o[ o[ o] o] o[ 1] o] o] o] oo o]o]1]0]1][0o]o]0]0]o]o]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|0|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]p]a]F]
V2010 V2011 V2010

Copy the value in the
accumulator to V2010 and
V2011

Handheld Programmer Keystrokes

|$sm ” - ”B1 |ENT |

|SHFT||IKNDST”D3 ”Ds ” - ”02 ”Ao ”Ao ”Ao ” ENT|
|S”FT ”I 8 ” “run ”VAND ” ENT |

e o]0 > 01%2 %0 B0 |6 Jlev ]
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Standard RLL Instructions
Number Conversion Instructions

Ten’s Complement The Ten’s Complement instruction takes
(BCDCPL) the 10’'s complement (BCD) of the 8 digit
accumulator. The result resides in the

accumulator. The calculation for this BCDCPL
instruction is :

100000000
- accumulator value
10’s complement value

In the following example when X1 is on, the value in V2000 and V2001 is loaded into
the accumulator. The 10’s complement is taken for the 8 digit accumulator using the
Ten’s Complement instruction. The value in the accumulator is copied to V2010 and
V2011 using the Out Double instruction.

DirectSOFT

[Telo[o][e]e[o[7]
v 5 olofofo]o]ols|7
_| I V2000 | b

Load the value in V2000 and Acc.|0|0|0|0”0|0|8|7|

V2001 into the accumulator

BCDCPL

ace.[9]o oo ][00 ]1]2]

—_— —

Takes a 10’s complement of
the value in the accumulator
ot Lofofofo]lo]o]1 5]
V2010
V2011 V2010
Copy the value in the
accumulator to V2010 and
V2011
Handheld Programmer Keystrokes
$ B
|sm||9|| 1 |ENT|
L D D (e} A A A
|SHFT ”ANDST” 3 ” 3 ” 4 ” 2 ” 0 ” 0 ” 0 ” ENT|
B (e} D (e} P L
|SHFT ” 1 ” 2 ” 3 ” 2 ” ov ”ANDST” ENT|
GX D (e} A B A
9 EL1 G S O O G O 3
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Standard RLL Instructions
Number Conversion Instructions

Binary to Real The Binary-to-Real instruction converts a

Conversion binary value in the accumulator to its

(BTOR) equivalent real number (floating point) BTOR
format. The result resides in the —
accumulator. Both the binary and the real
number may use all 32 bits of the
accumulator.
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
In the following example, when X1 is on, the value in V1400 and V1401 is loaded into
the accumulator using the Load Double instruction. The BTOR instruction converts
the binary value in the accumulator the equivalent real number format. The binary
weight of the MSB is converted to the real number exponent by adding it to 127
(decimal). Thenthe 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 Display V1401 V1400
| plole[s 712 ]<]1]

V1400
Load the value in V1400 and
—

V1401 into the accumulator

8 421|842 18 421|842 1|[8 42 1](8 421|842 1|8 421
Ace.| 0 o]o]o]o]o]ofo]o]ofo]o]o]t]o]1][o]1]1]1][o]o]1]o]o]o]1]0]0[0]0]H

Binary Value

2 (exp 18)
127 + 18 = 145
145=128 + 16 + 1

BTOR

Convert the binary value in
the accumulator to the real
number equivalent format

ace.| o 1]o]o]1]o]ofo]1]o[1]o]1]1][1]o][o]o]1]o]1][0]o]o]o]o]1]0]0]0]0]o0

/

Sign Bit Exponent (8 bits) Mantissa (23 bits)

Real Number Format

l

OuTD

V1500

|4 |8 |A|E "4 |8 |2 | 0 | The real number (HEX) value
copied to V1500

Copy the real value in the
accumulator to V1500 and V1501 V1501 V1500

Handheld Programmer Keystrokes

Lsr | 2> JLx J[ 1+ J[ ent |

Lswer [ v J[ o J[ o Jl 2> JEv [+ J[ 4 J[ o J[ o J[ ent |
[sirr || 8 || 7 ][ o |[ ®m || sHrr ]| ent |

Lour J[swer ][ o J[ 2> JE v J[ + J[ s J[ o J[ o J[ ent |
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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. The result resides in the RTOB

accumulator. Both the binary and the real
number may use all 32 bits of the
accumulator.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

SP72 On anytime the value in the accumulator is a valid floating point number.

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

SP75 On when a number cannot be converted to binary.

In the following example, when X1 is on, the value in V1400 and V1401 is loaded into
the accumulator using the Load Double instruction. The RTOB instruction converts
the real value in the accumulator the equivalent binary number format. The value in
the accumulator is copied to V1500 and V1501 using the Out Double instruction. The
handheld programmer would display the binary value in V1500 and V1501 as a HEX

value.
DirectSOFT Display
X1| LDD | 4 | 8 |A | E " 4 | 8 | 2 | 0 | Real Number Format
I V1400 V1401 V1400
Load the value in V1400 and H i i i R
V1401 into the accumulator Slgn Bit Exponent (8 bItS) Mantissa (23 b'ts)

\

ace.| o] 1]o]o]1[o]ofo]1]o[1][o]1]1][1]o][o]o]1]o]1][o]o]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

T e

Copy the real value in the
accumulator to V1500 and V1501 V1501 V1500

|0 |O |O | 5 " 7 |2 |4 | 1 | ;I'/qiob(;hary number copied to

| Handheld Programmer Keystrokes

10

xS Lsm J[ = |E[ 1 J[ enr |

£B Lswer JL ¢ JL o J[ o JL = JEEM[ « J[ & J[ o J[ o [ en |
g% [sorr ][ " | 7 [ o |[ & |[swer][ et |

gE Lour J[seer [ o J[ 2 JEV[ + J[ s J[ o J[ o [l en |
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Standard RLL Instructions m
Number Conversion Instructions

ASCII to HEX The ASCIl TO HEX instruction converts a

(ATH) 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 DL350 Range

V-memory \ All (See p. 3-29)

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
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m Standard RLL Instructions
Number Conversion Instructions

DirectSOFT Display Hexadecimal

ASCII TABLE Equivalents
X‘. LD ino the tower 18 bitsof the
_| I K4 accumulator. This value |
defines the number of V |
memory location in the et et
ASCI! table V1400 33 34
LDA gggveré tl)clzl t1h 400 tlo H‘Ei(
0 1400 the acoumdlator | 1234 | view
V1401 3132
R e TT
V1600
|
V1402 37 38
| 5678 |V1601
Handheld Programmer Keystrokes 35 36
[swm ][ 2 [T 1+ J[ent ] e ==
|
Lswer ][ ¢ [ o J[ 2>« J[ 4 [ et | |
(seer ][ c JL o J[ A~ J[ 2> e[+ J[« J[ o J[ o J[enr]
Lswer ] A [ 7 | v J[L > ][+ J[ e J[ o J[ o [ ent ]
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
their ASCII equivalents are two digits.

This means a HEX table of two V-memory locations would require four V-memory
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
equivalent and load the value into the accumulator.

-

2e

Ts

g = Operand Data Type DL350 Range
ho] E aaa
C»

_.(E c V-memory \Y All (See p. 3-29)
B
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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 Display

Hexadecimal
X1I LD Equivalents ASCII TABLE

l 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 |

LDA

3132 V1401

Convert octal 1500 to HEX | |
340 and load the value into
the accumulator

0O 1500

|
HTA 37 38 V1402
V1400
V1400 is the starting V1501 | 5678 |
location for the ASCII table.
The conversion is executed
by this instruction. 35 36 V1403
——
|

Handheld Programmer Keystrokes |

Csw ][ = JEBA [ [Cav |

Lswer JL v JL o JL > JE [ 4 J[ e |
ser ][0 L o JL a JL > ]l 1+ J[ s J[ o J[ o J[ e |
Lewer JL 0 JL 7 J[ A JL 2> [« JL o JL o J[ o J[ e |

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
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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
resides in the accumulator. SEG

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 Display V1400

5 E OEaL

I V1400 \\\\
Load the value in V1400 nto the

lower 16 bits of the accumulator

31 30 29 28|27 26 25 24|23 22 21 20[19 18 17 16|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 o|o|o|1 o|o|o|o o|1|1|1 o|o|o|o o|1|1|o

-gf edcba-gfedcba - gfedcba-gf edc b a Segment
Labels

Q
TN

Segment
Labels

Y57|Y56| Y55)| Y54| Y53 Y24|Y23|Y22) Y21| Y20
OFF| ON| ON| ON| ON OFF|OFF| ON | ON | OFF|

g

B
7/ o >
./ .
./
D'

{
N
N

Handheld Programmer Keystrokes

s ] C2 )BT (e ]

-
—1 N
rs Lol o Jl 200 L 1+ J[ 4 J[ o J[ o J[ ent |
gﬁ [swer || s [ st ]| e |[ & || ent |
S
25 Lour J[swer ][ ¢ J[ 2> I [ 2 J[ o |[ 2>« [ s J[ 2 |
© c
-
n
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Standard RLL Instructions
Number Conversion Instructions

Gray Code
(GRAY)

The Gray code instruction converts a 16 bit
gray code value to a BCD value. The BCD
conversion requires 10 bits of the
accumulator. The upper 22 bits are set to
“0”. This instruction is designed for use
with devices (typically encoders) that use
the grey code numbering scheme. The
Gray Code instruction will directly convert
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 revolutionis 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.

GRAY

In the following example, when X1 is ON the binary value represented by X10-X27 is
loaded into the accumulator using the Load Formatted instruction. The gray code
value in the accumulator is converted to BCD using the Gray Code instruction. The
value in the lower 16 bits of the accumulator is copied to V2010.

DirectSOFT

X1

LDF

—}

X10

K16

Load the value represented
by X10-X27 into the lower
16 bits of the accumulator

GRAY

Convert the 16 bit grey code
value in the accumulator to a

BCD value

ouT

Acc.

Acc.

31 30 29 28

27 26 25 24

23 22 21 20

19 18 17 16

X27

X26

X25

OFF

OFF

OFF

X12

X11

X10

ON

OFF

ON

15 14 13 12

110 9 8

7 6 5 4

3 210

o[ o] o]0

o[ o[ o]0

o[ o[ o]0

o[ o] o]0

o[ o[ o]0

o[ o[ o]0

o[ o[ o]0

ANDE

31 30 29 28

27 26 25 24

23 22 21 20

19 18 17 16

15 14 13 12

110 9 8

7 6 5 4

3 210

o[ o] o]0

o[ o[ o]0

o[ o[ o]0

o[ o] o]0

o[ o[ o]0

o[ o[ o]0

o[ o[ o]0

o[ 1]1]0

l

V2010

V2010

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

Handheld Programmer Keystrokes

$ B
HEE

|ENT|

G R A Y
SHFT ” 6 ” ORN ” 0 ” mLS ” ENT |

GX A\ [¢] A B A
out ” - ”SHFT” AND ” 2 ” 0 ” 1 ” 0 ” ENT|

L D F B A B G
|SHFT||ANDST” 3 ” 5 ” - ” 1 ” 0 ” - ” 1 ” 6 ” ENT|

Gray Code

0000000000
0000000001
0000000011

0000000010
0000000110
0000000111

0000000101
0000000100

1000000001
1000000000

BCD

0000
0001
0002
0003
0004
0005
0006
0007

1022
1023
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m Standard RLL Instructions
Number Conversion Instructions

Shuffle Digits The Shuffle Digits instruction shuffles a
(SFLDGT) maximum of 8 digits rearranging them in a
specified order. This function requires
parameters to be loaded into the first level SFLDGT

of the accumulator stack and the
accumulator  with  two  additional
instructions. Listed below are the steps
necessary to use the shuffle digit function.
The example on the following page shows
a program for the Shuffle Digits function.

Step 1:— Load the value (digits) to be shuffled into the first level of the accumulator
stack.

Step 2:— Load the order that the digits will be shuffled to into the accumulator.

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 on the next page.

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 on the next page.

Step 3:— Insert the SFLDGT instruction.

Shuffle Digits There are a maximum of 8 digits that can Shaffed (frtstack locator
Block Diagram be shuffled. The bit positions in the first
level of the accumulator stack defines the sAaBCDEFO
digits to be shuffled. They correspond to [ |
the bit positions in the accumulator that
define the order the digits will be shuffled. 128736354
The dlglts are shuffled and the result Specified order (accumulator)
resides in the accumulator.
Bit Positons 8 7 6 5 4 3 2 1
B CEF O0DA?9

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 V2001 V2000 V2001 V2000 V2001 V2000
— V2000 Le]a[e[c]ofe]F]o] lolrlefp]lc[s]als]  [o]afe]c|o]e]F[o]
Load the value in V2000 and l l l l l l
V2001 into the accumulator -
Original 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
bit
posiions | 9 [A[B[C][D[E[Flofae  [o]F[e[p][cB]Alo]ac [o]alB]c[o[E[F0] ac
LDD V2007 V2006 V2007 V2006 V2007 V2006
V2006 L[2]e]7][3]e]s ][] lofo[s]a]lofof2]r]  [4fcf2]1]4]ef2]1]
l l l | l |

Load the value in V2006 and
V2007 into the accumulator  gpecified g 7 6 5 4 3 2 1
order

8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
Llefef7]lelels[4]ae  [ofofafallofofz]t]ne [4]2]2]t][4]2]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
Postins [ TeTe[F][0[o[Al® o [0[0]0 0][E[D]A]5] ae [0 00 [0[sTATE]C] rco

Shuffle the digits in the first

level of the accumulator
stack based on the pattern
in the accumulator. The

result is in the accumulator.

OouUTD

[elele[FIlo oA 5] Llelole]elelals]  [elololo]olAle]c]
V2011 V2010 V2011 V2010 V2011 V2010
Copy the value in the
accumulator to V2010 and
V2011
Handheld Programmer Keystrokes
MBI E
SHAT ”IKNDST”DS ”Ds ” 2 ”02 ”Ao ”Ao ”Ao ” T |

S F L D G T
SHFT ” RST ” SHFT ” 5 ”ANDST” 3 ” 6 ” MLR ” ENT |

GX D [¢] A B A
OUT”SHFT” 3 ”%” 2 ” 0 ” 1 ” 0 ”ENT|

L D D [¢] A A G
|S”FT ”ANDST” 3 ” 3 ” - ” 2 ” 0 ” 0 ” 6 ” ENT|
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Standard RLL Instructions
Table Instructions
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Table Instructions

Move The Move instruction moves the values

(MOV) from a V-memory table to another
V-memory table the same length. The
function parameters are loaded into the MoV
first level of the accumulator stack and the V 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.

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 DL350 Range

aaa

V-memory \ All (See page 3-29)

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 2000 (V2000), the starting location for the source table
is loaded into the accumulator. The destination table location (V2030) is specified in
the Move instruction.

X1

_| | LD Load the constant value 6 ° °
[ K6 (HEX) into the lower 16 bits
of the accumulator X | X | X | X V1776 X [ X | X [ X |v2026
X[ X[ X|X|Vv1777 X [ X | X |X|v2027
LDA Convert octal 2000 to HEX
-
0 2000 400 and load the value into 0128 |vao00 0|1]2]3 |va030
the accumulator 0(5(0|0|v2001 — > |0 |50 |0 |v2031
N 9(9|9|9|v2002 ———|9|9|9 |9 |v2032
MOV Copy the specified table
locations to a table 3|07 |4|v2008 ——— > |3 |0 |7 |4|V2033
V2030 beginning at location V2030 81989 |veoosa———————[8 9|89 |voosa
1]10f(1|0|v2005 —————*|1[0|1]|0|V2035
Handheld Programmer Keystrokes
X | X [ X | X |Vv2006 X [ X | X |X|Vv2036
$ B
STR”9”1 |ENT| X | X [ X | X |v2007 X [ X [ X [ X |v2037

L D A C A A A
oot st s %o | > % %o %6 |*o Jlo ]

M (6] \% C A D A
SHFT ” ORST” INST#” AND " - ” 2 ” 0 ” 3 ” 0 ” ENT|

L D K G ° *
|S“':T ”ANDST” 3 ” - ” SHFT ” P ” 6 ” ENT | . .
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Standard RLL Instructions
Table Instructions

Move Memory
Cartridge /
Load Label
(MOVMC)
(LDLBL)

The Move Memory Cartridge instruction is
used to copy data between V-memory
and program ladder memory. The Load
Label instruction is only used with the
MOVMC instruction when copying data
from program ladder memory fo
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. Listed below are the steps
necessary to program the Move Memory
Cartridge and Load Label functions.

MOVMC
V aaa

LDLBL
Kaaa

Step 1:— Load the number of words to be copied into the second level of the

accumulator stack.

Step 2:— Load the offset for the data label area in 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. This is where
the value will be copied from. If the source address is a V-memory location, the

value must be entered in HEX.

Step 4:— Insertthe MOVMC instruction which specifies destination (Aaaa). This is

where the value will be copied to.

Operand Data Type DL350 Range

A aaa

V-memory All (See page 3-29)

=%
35

25
oA

EQ'
o2
=0
o

S5 X0
wil—
—

DL350 User Manual, 2nd Edition



Standard RLL Instructions
Table Instructions
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Copy Data From a Inthe following example, datais copied from a Data Label Area to V-memory. When
Data Label Areato X1 is on, the constant value (K4) is loaded into the accumulator using the Load
V-Memory instruction. This value specifies the length of the table and is placed in the second
stack location after the next Load and Load Label (LDLBL) instructions are
executed. The constant value (KO0) is loaded into the accumulator using the Load
instruction. This value specifies the offset for the source and destination data, and is
placed in the first stack location after the LDLBL instruction is executed. The source
address where data is being copied from is loaded into the accumulator using the
LDLBL instruction. The MOVMC instruction specifies the destination starting
location and executes the copying of data from the Data Label Area to V-memory.

DirectSOFT

Data Label Area M
X1 Programmed .
| LD After the END
_| I K4 Instruction X[ X[ X|X|vi777
Load the value 4 into the DLBL K1
accumulator specifying the N C O N —> [ 1]2]|3 |4 |V2000
number of locations to be K
copied. 2 3 4
LD N C O N —> |4 |5|3|2]|Vv2001
Ko K 4 5 3 2
—> (6| 1|5 |1]|V2002
Load the value 0 into the N CON 00
accumulator specifying the K 6 1 5 1
offset for source and
destination locations N CON >|8]8)4)5|Vv2003
K 4
LDLBL 8 8 5
Ki X | X [ X | X |v2004
Load the value 1 into the °
accumulator specifying the .
Data Label Area K1 as the
starting address of the data
to be copied.
MOVMC
V2000
V2000 is the destination
starting address for the data
to be copied.
Handheld Programmer Keystrokes
$ B
Com || > ][°0 o |
L D K E
Lo o] ® o | > /o7 | |50 | = |
L D K A
Rl PP O I B P N A
L D L B L B
BN E
M (0] \% M C C A A A
il ) Y 1 A I G P P
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Standard RLL Instructions
Table Instructions

Copy Data From In the following example, data is copied from V-memory to a data label area. When
V-Memory to a X1 is on, the constant value (K4) is loaded into the accumulator using the Load
Data Label Area instruction. This value specifies the length of the table and is placed in the second

stack location after the next Load and Load Address instructions are executed. The
constant value (K2) is loaded into the accumulator using the Load instruction. This
value specifies the offset for the source and destination data, and is placed in the first
stack location after the Load Address instruction is executed. The source address
where 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
X1 Data Label Area
| LD Programmed
_| [ Ka After the END
* Instruction
Load the value 4 into the :
accumulator specifying the X[ X|x|x|vi777 DLBL K1
number of locations to be
copied.
LD 112(3|4(v2000 —> [N C O N
K Offset K70 % 1 et
Load the value 2 into the 41582 fvaooi >IN CON
accumulator specifying the K 4 6 4 8
offset for source and
destination locations. 6|[1|5[1|v2002 —> [N C O N
LDA K 6 1 5 1
0 2000 8(8|4|5|v2008 —> [N C O N
K 8 8 4 5
Convert octal 2000 to HEX
400 and load the value into 2(5|0|0|v2004 —> [N C O N
the accumulator. This K
specifies the source location 2500
where the data will be 6835 |ve005 5
copied from N CON
K 6 8 3 5
MOVMC X | X [ X | X |V2006

K1

K1 is the data label
destination area where the .
data will be copied to

Handheld Programmer Keystrokes

Corm || > ][, | & |

[ svosr|® s | =[5 e [0 [ &7

Kl G S E %S S A

[ ivosr| ° o | = JI% |*o %o %0 | o]
[Ead P O Y P A I a3 WY G 3
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Standard RLL Instructions
Clock / Calendar Instructions

Clock / Calendar Instructions

Date The Date instruction can be used to set the

(DATE) date in the CPU. The instruction requires
two consecutive V-memory locations
(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 DL350 Range

A aaa

V-memory All (See p. 3-29)

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 Display

& LDD
l K94010301

Load the constant
value (K94010301)
into the accumulator

OouTD
V2000

Copy the value in
the accumulator to
V2000 and V2001

DATE

V2000

Set the date in the CPU
using the value in V2000

Constant (K)
[efafof1]o]s]o]r]

l L

ncc. @40 1][o]a]o]1]

In this example, the Date
instruction uses the value set in
V2000 and V2001 to set the date
in the appropriate V. memory
locations (V7771-V7774)

nce. [0 4]0[1][o]s]o]1]
l l

———— ———t———
[e]4]ofr]lo]a o]

V2001 V2000

Format
V2001 V2000
(9 Ja fo |1 ][o]s fo 1]

———— e e e ——

(é) Handheld Programe:rr::\:(zeoyoslrokes L L L L
g% ExliEslraimniesa Year Month Day Day of Week
g% Lswer J[L ¢ JL o JL o JL > JEERTJ[ o J[ & J[ o J[ ]
(‘Dﬂf Lo Jl s J[ o J[ + J[en]

- Lour J[swer|[ o J[ = JEEWI[ 2 J[ o J[ o J[ o J[ en]

- Lswer J[L o [ A J[ 7 J[ e J[ 2> JEEWT[ 2 J[ o J[ o J[ o J[ ew |
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Standard RLLInstructions
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-memory locations (Vaaa) which are used TIME
to set the time. If the values in the specified V aaa
locations are not valid, the time will not be
set. The current time can be read from
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 DL350 Range
A aaa
V-memory \ All (See p. 3-29)

In the following example, when CO is on, the constant value (K73000) is loaded into
the accumulator using the Load Double instruction (CO should be a contact from a
one shot (PD) instruction). The value in the accumulator is output to V2000 using the
Out Double instruction. The Time instruction uses the value in V2000 to set the time

in the CPU.
DirectSOFT Display Constant (K)
co op [o]o]o]7][s]o]o]o] |The Time instruction uses the
— | K73000 I | value set in V2000 and V2001 to
[o]olo]7][3]o]0]0] set the time in the appropriate V
o esoor o Acc. memory locations (V7766-V7770)

the accumulator

ace.[0]0 o] 7][a]o]o]o]

OuUTD
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 Jofo 7 ][3 oo o]
Set the time in the CPU
ing the value in V.
:ﬁgg\;/tzo%¥aueln 2000 l l l l
Handheld Programmer Keystrokes Not Hour Minutes ~Seconds
Used
Lsm J[ > e[ o |[ew | =y
—
Lseer J[ o J[ o JL o J[ 2 JEERTJL 7 J[ s J[ o J[ o [ e ] ~ o
Lour J[swer|[ o || = JEEW [ 2 J[ o J[ o J[ o J[ew | )
—
Lswrr JL v JL v [ w JL e J[ 2> V[ 2 J[ o J[ o J[ o |[ e | cS
23
o
3
(72}
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m Standard RLL Instructions
CPU Control Instructions

CPU Control Instructions

No Operation The No Operation is an empty (not
(NOP) programmed) memory location.
—(nor )
DirectSOFT
% ( NOP )

Handheld Programmer Keystrokes

EAEN e
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 program body. If the End instruction
is omitted an error will occur and the CPU _< END )
will not enter the Run Mode. Data labels,
subroutines and interrupt routines are
placed after the End instruction. The End

instruction is not conditional; therefore, no
input contact is allowed.

DirectSOFT

\

i ( END)

Handheld Programmer Keystrokes

E N D
il G CY G NS
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Standard RLL Insturctions m
CPU Control Instructions

Stop The Stop instruction changes the
(STOP) operational mode of the CPU from Run to
Program (Stop) mode. This instruction is
typically used to stop PLC operation in a
shutdown condition such as a I/O module _<STOP)
failure.

In the following example, when SP45 comes on indicating a /O module failure, the
CPU will stop operation and switch to the program mode.

SP45

Handheld Programmer Keystrokes
$ SP E F
| | (sor ) Lom]l > | [ S0 |75 |7

S T o] P
SP45 will turn on |SHFT || RST || SHFT || MLR || INST#” oV || ENT |

if there is an I/O
module falure

Reset Watch Dog The Reset Watch Dog Timer instruction

Timer resets the CPU scan timer. The default
(RSTWT) setting for the watch dog timer is 200ms.
Scan times very seldom exceed 200ms,
but it is possible. For/next loops, _<RSTWT)

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

ENT |

R T w T
| | SHFT ” MLR ” ANDN” MLR ”

S
/ ORN RST
| { RSTWT )

=%
35

25
oA
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o
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Program Control Instructions
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Program Control Instructions

Goto Label The GOTO / Label skips all instructions

(GOTO) between the GOTO and the

(LBL) corresponding LBL instruction. The K aaa
operand value for the GOTO and the —(GOTo)

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.

LBL K aaa

Operand Data Type DL350 Range

Constant K 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 Handheld Programmer Keystrokes

$ C H
N Y Y= e S
( omo )
GOTO G o) T o) F
L \ |S“':T ” 6 ” INST#” MLR ” INST#” - ” 5 ” ENT ‘
$ B
BB E
) iy % |
o =l O
I I ( OUT) out 2 2

L B L F
. |S“':T ”ANDST” 1 ”ANDST” - ” 5 ” ENT |
LBL K5 $ F
B EIE
GX [¢]
S EI e

X5 Y2
ouT )

N
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Instruction Set
Program Control Instructions

For / Next
(FOR)
(NEXT)

The For and Next instructions are used to
execute a section of ladder logic between
the For and Next instruction a specified
numbers of times. When the For
instruction is enabled, the program will
loop the specified number of times. If the
For instruction is not energized the section
of ladder logic between the For and Next
instructions is not executed.

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/Nextloop. 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, 1/0 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, itmay be necessary to reset the
watch dog timer inside of the For / Next
loop using the RSTWT instruction.

Operand Data Type DL350 Range

A aaa
V-memory \ All (See page 3-29)
Constant K 1-9999

Aaaa
FOR )
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m Instruction Set
Program Control Instructions

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 1 2 3
| | (
|| { FoR )_
{
{ RSTWT)
X20 Y5
|| (
|I| { our )
( —
{ Next )

Handheld Programmer Keystrokes

$ B

STR ” - ” 1
F (0] R D

ad P o P S O

R s T w T
SHFT ” ORN ” RST ” MLR ” ANDN” MLR ” ENT |
$

| C A
Corm [ ' 0 || > %2 %o | o |

|ENT|

GX F
Sor | > |75 ] & |

N E X T
ad G0 R 3 LY NS
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Instruction Set 5 — 1 27
Program Control Instructions

Goto Subroutine The Goto Subroutine instruction allows a
(GTS) section of ladder logic to be placed outside
(SBR) the main body of the program execute only

K aaa

when needed. There can be a maximum _( GTS )

of 128 GTS instructions and 64 SBR
instructions used in a program. The GTS
instructions can be nested up to 8 levels.
An error E412 will occur if the maximum
limits are exceeded. Typically this will be
used in an application where a block of
program logic may be slow to execute and
is not required to execute every scan. The SBR K aaa
subroutine label and all associated logic is
placed after the End statement in the
program. When the subroutine is called
from the main program, the CPU will
execute the subroutine (SBR) with the
same constant number (K) as the GTS
instruction which called the subroutine.

By placing code in a subroutine it is only
scanned and executed when needed
since it resides after the End instruction.
Code which is not scanned does not
impact the overall scan time of the

program.

Operand Data Type DL350 Range
aaa

Constant K 1-FFFF

Subroutine Return When a Subroutine Return is executed in

(RT) the subroutine the CPU will return to the
point in the main body of the program from
which it was called. The Subroutine Return
is used as termination of the subroutine —( A7)
which must be the last instruction in the
subroutine and is a stand alone instruction
(no input contact on the rung).

Subroutine Return The Subroutine Return Conditional

Conditional instruction is a optional instruction used
(RTC) with a input contact to implement a
conditional return from the subroutine. The
Subroutine Return (RT) is still required for _< RTC )

termination of the Subroutine.
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Instruction Set
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 Display X1 K3
| | ( GTS ) - -

| | LD
| K10

—|
|
1

( END)

SBR K3

T T T

X20 Y5

| III ( ouTl )

| x21 Y10

| /E\ III ( ouTI )

| : X35

| T——( )
L]

| X35 Yo Y17

|

/N
T
=

N

Handheld Programmer Keystrokes
Lswm J[ = JEXT[ 1+ |[ e |
Lswrr ][ e JL 7 J[ s |l = JEEx [ s J[ enr |

Cswer] [ 1w ][ o ][ e ]

Cswer ][ s s ][ 8 [ » [ > I[K 3 ENT
Lsr J[swer ][ o+ J[ 2> JEx [ 2 J[ o J[ e ]
Cour J[Cswer | JL > I [ s | [evr ]

jcé) Csm s ][0 > ][ 2 [+ J[ent ]

%.9 Lour J[swer ][ 1+ J[ 2> JE ¥ J[ 1+ J[ o J[ enr ]

=

§§ Csm s ][0 1 > X[ s [ s J[ent ]

25 o] =] (7)o Lew ]

c

n— Lsan |[swer ][ 1 J[ 2> JEx [ s J[ s [ enr ]
Lest Jlswer ][+ J[ 2> I I o JEx J[ 1+ J[ 7 J[ et |
[swer || m || 1 [ ent |
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Instruction Set m
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. The CPU will return to the main body of the program after the RT

instruction is executed.

DirectSOFT

X1 K3
I_ ] I I ( GTS ) —
| .
| ( END )
|
| SBR K3
|
| X20 Y5
| T ar)
| x21 Y10
| iy (o)
|— — ( A )

Handheld Programmer Keystrokes
$ B
| STR ” 4 ” 1

G T S D
|S”FT ” 6 ” MLR ” RST ” —~ ” 3 ” ENT |

|ENT|

E N D
SHFT ” 4 ” ™R ” 3 ” ENT|

S B R D
SHFT ” RST ” SHFT ” 1 ” ORN ” - ” 3 ” ENT |

$ | C A
o L O S G P 12
$ | C B
s ' || > |0, [°0 Jo

GX B A
ow”9” 1 ” 0 ”ENT|

SHFT ||

GX F
B || > |75 | |

R T
o | e || = |
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Program Control Instructions
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Master Line Set
(MLS)

Master Line Reset
(MLR)

Understanding
Master Control
Relays

The Master Line Set instruction allows the
program to control sections of ladder logic
by forming a new power rail controlled by
the main left power rail. The main left rail is
always master line 0. When a MLS K1
instruction is used, a new power rail is
created at level 1. Master Line Sets and
Master Line Resets can be used to nest
power rails up to seven levels deep. Note
that unlike stages in RLLPLUS, the logic
within the master control relays is still
scanned and updated even though it will
not function if the MLS is off.

K aaa
—( MLS )

Operand Data Type DL350 Range

aaa

Constant K 1-7

The Master Line Reset instruction marks
the end of control for the corresponding
MLS instruction. The MLR referenceis one

less than the corresponding MLS. K aaa

—( R )

Operand Data Type DL350 Range

Constant K 0-7

The Master Line Set (MLS) and Master Line Reset (MLR) instructions allow you to
quickly enable (or disable) sections of the RLL program. This provides program
control flexibility. The following example shows how the MLS and MLR instructions
operate by creating a sub power rail for control logic.

X0 — MLS When contact X0 is on, logic under the first MLS
_| _‘ will be executed.
X1 FYm
mi (our)
X2 MLS When contact X2 and X0 is on, logic
_| under the second MLS will be
executed.
X3

MLR MLR The MLR instructions note the end of the Master Control area. (They will be entered in
adjacent addresses.)
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Instruction Set m
Program Control Instructions

MLS/MLR Example In the following MLS/MLR example logic between the first MLS K1 (A) and MLR KO
(B) will function only if input X0 is on. The logic between the MLS K2 (C) and MLR K1
(D) will function only ifinput X10 and X0 is on. The last rung is not controlled by either
of the MLS caoils.

DirectSOFT Handheld Programmer Keystrokes
| X0 s
A
iy (o3 Pl 2 e o]
\%
| X1 co | MLS || % || || ENT |
— | (o) o] > |°0 o]
X2 c A
| = o [l o]l [P o]
| (oor) T3
| s | > % | = |
. . i e
| I I ( out ) |0UT ” - ” SHFT ” 2 ” |
$
1 xo o Usm| > s o
| | ( [Bor | > %0 ] = |
| || { ms ouT ||l = ENT
| Com | > %4 %6 Jov ]
|"] |X5| y v s || 2 0 ENT
. R S N E
| X4 Y2
$
B (o) [Tl
i DIOUTII%II =
$
| (wn ) o] > [ o]
s o a5 o]
| Cor) ua] =] o]
X6 Y3 $
I . Com | > |75 | o]
| | | \ OUT) c c
| [%Br || = IISHFTII 2 ]% Jlov
| ( ® s - ENT
| \ MLR STR
@ e (%l 2> % || e |
I | (
| Com ) ] > J*o Jlow ]
$
Psm | > "7 ] = |
c
Bor | > %2 % Jlov
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m Standard RLL Instructions
Interrupt Instructions

Interrupt Instructions

Interrupt The Interrupt instruction allows a section
(INT) of ladder logic to be placed outside the
main body of the program and executed INT O aaa

when needed. Interrupts can be called
from the program or by external interrupts
via the counter interface module which

provides 4 interrupts.

Typically, interrupts will be used in an application where a fast response to an input
is 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 statement
in 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. Interrupt
module interrupts are labeled in octal to correspond with the hardware input signal
(X1 willinitiate interrupt INT1). There is only one software interrupt and it is labeled
INT 0. The program execution will continue from where it was before the interrupt
occurred once the interrupt is serviced.

The software interrupt is setup by programming the interrupt time in V7634. The
valid range is 3-999 ms. The value must be a BCD value. The interrupt will not
execute if the value is out of range.

NOTE: See the example program of a software interrupt.

Operand Data Type DL350 Range

Constant o 0-3
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Standard RLL Instructions
Interrupt Instructions

Interrupt Return

(IRT)

Interrupt Return
Conditional

(IRTC)

Enable Interrupts
(ENI)

Disable Interrupts
(DISI)

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
condtional return from the interrupt
routine. The Interrupt Return is 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 )

—( Enn )

—( DISI )
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m Standard RLL Instructions
Interrupt Instructions

Interrupt Example Inthe following example, when X1 is on, the value 10 is copied to V7634. 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 interrupt will be disabled. Every 10 ms the CPU will
jump to the interrupt label INT O 0. The application ladder logic in the interrupt
routine will be performed. If 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
SPO
LD
i s | > |° 4 [ = |
K40
K B A
aad e 0 S K51 VS S G 51
ouT

\ H G D E
il > ol iae | ] ], e JLor]
$ A
s | > %2 |0 | o]

SHFT ||

V7633

T

K104 * |
e | s | & ]

C A
T > %2 | | o]

Load the constant value
(K10) into the lower 16 bits
of the accumulator

LD I

SHFT ” ”'

S |
out 8 ” RST ” 8 ” ENT|
V7634
Copy the value in the lower
16 bits of the accumulator to N D
V7634 |SHFT ” ” MR ” 3 ” ENT |
N T A
X20 |SHFT ” ” TMR ” MLR| - | 0 | ENT
|| ( ) $ I c A
ENI
1 { sTR || SHFT s - 5 o ENT
X | F
Cser o' o > |75 Jon ]
X20 | D F
| / N EL Y =
[ L os ) I B A B H
= EL Y I P O S G 2
R T
el P P
(e )
END
\
INT 00 * The value entered, 0-999 must be followed by the
digit 4 to complete the instruction.
X20 Y5
|I| { sem )
=1 \

X35 YO Y17

N

RSTI )

N

IRT )
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Standard RLL Instructions m
Intelligent I/O Instructions

Intelligent I/O Instructions

Read from The Read from Intelligent Module
Intelligent Module nstruction reads a block of data (1-128 RD
(RD) bytes maximum) from an intelligent 1/0 — V aaa

module into the CPU’s V-memory. It loads
the function parameters into the first and
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 DL350 Range
aaa
V-memory \ All (See p. 3-29)
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.

T

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 Display

><1I LD The constant value K1020 CPU Intelllgent MOdUIe
— oo | B
number (02) viaoo [3]a]1 ]2 12 Address 0
vidor [7 8|56 e 8 Address 1
E it waoe [o[1 o o o
Ké bytes to be read V1403 [ X | X | X | X
90 Address 4 T
vidoa [X XXX o1 Address 5 —
LD The constant value KO |_(/)
specifies the starting address Handheld Programmer Keystrokes s54aF
Ko in the intelligent module 7 %)
Lsm [ = JECI[ 1+ |[ e | =3
Lsoer [ o J[ o JEERTAL o JL « J[ o J[ 2 [[ enr] G2
RD y1400 is the starting location :'-3_
V1400 ?pg::?ﬁgg tijavtv;\euriﬁ tt?eestored | SHFT | | L || D | -m |I| %
Lsoer J[ o J[ o JETR[ o [ ent ]
Lswrr [ m J[ o J[ > JEEV [ + J[ & J[ o J[ o |[enr]
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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 W
function parameters are loaded into the first Vaaa

and second level of the accumulator stack,
and the accumulator by three additional
instructions. Listed below are the steps
necessary to program the Read from
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 DL350 Range
aaa
V-memory \ All (See p. 3-29)
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 V-memory locations V1400-V1402.

DirectSOFT Display CPU Intelligent Module
_|X1I Lb K0102 -srgeec(i:f?%ss ttEgtg:sh;er}E(r?boezr Data
ﬂlgg (})26; ase slot viazz [ x [ x [x[x 12 Address 0
V1400 |3 |4 |1 |2 34 Address 1
LD The constant value K6 viso1 |7 ]85 |6 56 Address 2
specifies the number of 78 Address 3
K6 bytes to be written V1402 [0 |1 (9|0 % Address 4
E’:) V1403 | X | X | X | X 01 Address 5
o LD The constant value KO V1404 | X | X X | X
-E -05 specifies the starting address
c S KO in the intelligent module Handheld Programmer Keystrokes
25 Lsm |[ = JE[ 1+ J[ e |
L= wr V1400 s the starting Lswer [ v J[ o JERJL o JL « J[ o J[ 2 [[ enr]
| location in the CPU where
V1400 ifi i K
E wﬁttse%efcrgﬁd data will be | SHFT | | L || D | |I|
Lswer J[ v J[ o JEERJ[ o [[ enr |
Lswer JL w J[ v J[ 2> JEV [+ J[ & J[ o J[ o J[enr]
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Standard RLL Instructions 5 - 1 37
Network Instructions

Network Instructions

Read from Network

(RX)

Replace Step 1
with the following:
Step 1: - Load the
slave address (0-90
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.
When using Port 2
of the CPU, the
formatting should
be Kflxx

where xx is the
slave address (0-90
BCD).

The Read from Network instruction is used
by the master device on a network to read
a block of data from another CPU. The
function parameters are loaded into the
first and second level of the accumulator
stack and the accumulator by three
additional instructions. Listed below are

RX
A aaa

the steps necessary to program the Read
from Intelligent module function.

Step 1: — Load the slave address (0-90 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.

Step 2: — Load the number of bytes to be transferred into the first level of the
accumulator stack.

Step 3: — Load the address of the data to be read into the accumulator. This
parameter requires a HEX value.

Step 4: — Insert the RX instruction which specifies the starting V memory location
(Aaaa) where the data will be read from in the slave.

Helpful Hint: — For parameters that require HEX values, the LDA instruction can
be used to convert an octal address to the HEX equivalent and load the value into
the accumulator.

Operand Data Type DL350 Range

V-memory All (See page 3-29)

Pointer All V. mem. (See page 3-29)

Inputs 0-777

Outputs 0-777

Control Relays 0-1777

Stage 0-1777

—H| 0| O <| X| T <| >

Timer 0-377

Counter

(@]
pi 1

0-177

2]
o

Special Relay 0-777

@

Program Memory 0-7679 (7.5K program mem.)

0-15873 (15.5K program mem.)
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steve
Text Box
Replace Step 1 with the following:
Step 1: - Load the slave address (0-90 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. When using Port 2 of the CPU, the formatting should be Kf1xx
where xx is the slave address (0-90 BCD).

steve
Highlight


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 (V2000 - V2004) will be read from a CPU at
station address 5 and copied into V-memory locations V2300-V2304 in the CPU
with the master DCM.

DirectSOFT

X1I Sll:’1 24 LD
_| I ,l/lr K0205
s ——— Master Slave

e constant value
specifies the slot number (2) CPU CPU

and the slave address (5)

LD . .
K10

V2277

The constant value K10 V2300
specifies the number of
bytes to be read V2301

V2302

V1777
V2000
V2001
V2002
V2003
V2004
V2005

LDA

0 2300 V2303
V2304

Octal address 2300 is

converted to 4CO HEX and V2305
loaded into the accumulator.

V2300 is the starting . .
location for the Master CPU . .
where the specified data will

be read into

X|=2|lo|[=|0o]|w]|X

X|p|lo|o|o|s|X
X[ v[N|w|w|o|Xx
X|lw|[=|o|s|~]|Xx
X|=|lo|[=|o]|w]|X
X|p|lo|o|o|s|X

X[ v[N|w|w|o|Xx
X|lw|[=|o|s]|~]|x

RX

V2000

V2000 is the starting
location in the for the Slave
CPU where the specified
data will be read from

Handheld Programmer Keystrokes
$ B
Com | > ], | |

W SP B C E
AnDN || 2 |SHFT ” STRN ” 1 ” 2 ” 4 ” ENT|

|SHFT||5NDST|D3 ” - ”SHFT”KJMP ”Cz ”Ao ”Fs ” ENT|
|SHFT ”I&NDST”Ds | - |SHFT ”KJMP ”B1 ”Ao ” ENT|
|SHFT|||5NDST”D3 |A0 —~ |Cz ”Ds ”Ao ”Ao ” ENT|
P B N Y N N 5
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Standard RLL Instructions m
Network Instructions

Write to Network
(WX)

Replace Step 1
with the following:
Step 1: - Load the
slave address (0-90
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.
When using Port 2
of the CPU, the
formatting should
be Kflxx

where xx is the
slave address (0-90
BCD).

The Write to Network instruction is used to
write a block of data from the master
device to a slave device on the same
network. The function parameters are WX

loaded into the 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
Write to Network function.

Step 1: — Load the slave address (0-90 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.

Step 2: — Load the number of bytes to be transferred into the first level of the
accumulator stack.

Step 3: — Load the address of the data in the master that is to be written to the
network into the accumulator. This parameter requires a HEX value.

Step 4: — Insertthe WX instruction which specifies the starting V-memory location
(Aaaa) where the data will be written to the slave.

Helpful Hint: — For parameters that require HEX values, the LDA instruction can
be used to convert an octal address to the HEX equivalent and load the value into
the accumulator.

Operand Data Type DL350 Range

V-memory All (See page 3-29)

Pointer All V. mem. (See page 3-29)

Inputs 0-777

Outputs 0-777

Control Relays 0-1777

Stage 0-1777

—H| 0| O <| X| T <| >

Timer 0-377

(@]
pi 1

Counter 0-177

2]
o

Special Relay 0-777

@

Program Memory 0-7679 (7.5K program mem.)

0-15873 (15.5K program mem.)
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steve
Text Box
Replace Step 1 with the following:
Step 1: - Load the slave address (0-90 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. When using Port 2 of the CPU, the formatting should be Kf1xx
where xx is the slave address (0-90 BCD).
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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. 10 consecutive bytes of data is read from the CPU at station address 5 and
copied to V-memory locations V2000-V2004 in the slave CPU.

DirectSOFT

><1I ST1 24 D
_| [ | K0205
e Master Slave

e constant value
specifies the slot number (2) CPU CPU

and the slave address (5)

LD . .
K10

V2277

The constant value K10 V2300
specifies the number of
bytes to be read V2301

V2302

V1777
V2000
V2001
V2002
V2003
V2004
V2005

LDA

0 2300 V2303
V2304

Octal address 2300 is

converted to 4CO HEX and V2305
loaded into the accumulator.

V2300 is the starting © ©
location for the Master CPU . .
where the specified data will

be read from.

X|=|lo|[=|o|w]|X
X|[p|lo|lo|lo|s|X
X[ v|[N|w|w|o| X
X|lw|=|lo| s~ X
X|=|lo|[=|o|w]|X
X|p|lo|lo|o|s|X
X[ v|[N|w|w|o|Xx
X|lw|=|lo|s|~]|X

WX

V2000

V2000 is the starting
location in the for the Slave
CPU where the specified
data will be written to

Handheld Programmer Keystrokes

STR ” - ”
B [¢] E
ANDN” - ” SHFT ” STRN ” 1 ” 2 ” 4 ” ENT |

|ENT|

K

|

| SHFT ”ANDST” ” - ” SHFT ” e ”C 2 ”A 0 ”F 5 ” ENT |

|S”FT ”ANDST” ” - ” SHFT ” e ”B1 ”A 0 ” ENT |

|S”FT ”ANDST” ”A ” - ” SHFT ”?NST#”Cz ”Ds ”Ao ”Ao ” ENT |
|S”FT ” ANDN” SET ” - ” SHFT ” AND ” ”A 0 ”A 0 ”A 0 ” ENT |
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Standard RLL Instructions
Message Instructions

Message Instructions

Fault
(FAULT)

The Fault instruction is used to display a
message on the handheld programmer or
DirectSOFT. The message has a
maximum of 23 characters and can be
either V-memory data, numerical
constant data or ASCII text.

To display the value in a V-memory
location, specify the V-memory location in
the instruction. To display the data in
ACON (ASCIlI constant) or NCON
(Numerical constant) instructions, specify
the constant (K) value for the
corresponding data label area.

Operand Data Type DL350 Range

A aaa
V-memory \ All (See page 3-29)
Constant K 1-FFFF

FAULT
Aaaa

NOTE: The FAULT instruction takes a considerable amount of time to execute. This
is because the FAULT parameters are stored in EEPROM. Make sure you consider
the instructions execution times (shown in Appendix C) if you are attempting to use
the FAULT instructions in applications that require faster than normal execution

cycles.
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m Standard RLL Instructions
Message Instructions

Fault Example In the following example when X1 is on, the message SW 146 will display on the
handheld programmer. The NCONSs use the HEX ASCII equivalent of the text to be
displayed. (The HEX ASCII for a blank is 20, a 1 is 31, 4 is 34 ...)

DirectSOFT

X1

] FAULT .
( END )
a 0/00/ee)
ACON Q O
ASW O OO
QO 0/@)
QO 0@
NCON Q Ol
K 2031 O O O
Q 0)@)
© QO

K 3436

Handheld Programmer Keystrokes

$

EEIEl

|S“FT ” ” ” IsG ”ANDST” MLR ” - ” ” ENT |
E N D

e e N B

D L B L B
SHFT ” 3 ”ANDST” 1 ”ANDST” - ” 1 ” ENT|

o %o °

(o] N S w
|| INST# || TMR || % || RST || ANDN || ENT |
(o] N C A D B
SHFT ” ™R ” ” INST# ” ™R ” - ” 2 ” 0 ” 3 ” 1 ” ENT |
(6] N D E D G
SHFT ” ™R ” ” INST# ” ™R ” 4 ” 3 ” 4 ” 3 ” 6 ” ENT |

-
2
mO
2B
TS
T =
C-l—‘
m(l)
= C
n

DL350 User Manual, 2nd Edition



Standard RLL Instructions
Message Instructions

Data Label
(DLBL)

ASCII Constant
(ACON)

Numerical
Constant
(NCON)

The Data Label instruction marks the
beginning of an ASCII / numeric data area.
DLBLs are programmed after the End
statement. A maximum of 64 DLBL
instructions can be used in a DL350
program. Multiple NCONs and ACONs can
be used in a DLBL area.

Operand Data Type DL350 Range

Constant K 1-FFFF

The ASCII Constant instruction is used
with the DLBL instruction to store ASCII
text for use with other instructions. Two
ASCIl characters can be stored in an
ACON instruction. If only one character is
stored in a ACON a leading space will be
printed in the Fault message.

Operand Data Type DL350 Range

ASCII A 0-9A-Z

The Numerical Constant instruction is
used with the DLBL instruction to store the
HEX ASCII equivalent of numerical data
for use with other instructions. Two digits
can be stored in an NCON instruction.

Operand Data Type DL350 Range

aaa

Constant K 0-FFFF

DLBL

K aaa

ACON

A aaa

NCON

K aaa
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m Standard RLL Instructions
Message Instructions

Data Label In the following example, an ACON and two NCON instructions are used within a
Example DLBL instruction to build a text message. See the FAULT instruction for information
on displaying messages.
DirectSOFT
( END )
DLBL
K1
ACON
ASW
NCON
K2031
NCON
K 3436

Handheld Programmer Keystrokes

E N D
ol e N 22
D L B L B
SHFT ” 3 ”ANDST” 1 ”ANDST” - ” 1 ” ENT|

A [¢] (6] N S w
|S“':T ” 0 ” 2 ” INST#” ™R ” - ” RST ” ANDN” ENT |

N [¢] (6] N [¢] A D B
SHFT ” ™R ” 2 ” INST#” ™R ” - ” 2 ” 0 ” 3 ” 1 ” ENT|

N [¢] (6] N D E D G
SHFT ” ™R ” 2 ” INST#” ™R ” - ” 3 ” 4 ” 3 ” 6 ” ENT|
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Standard RLL Instructions m
Message Instructions

Print Message
(PRINT)

The Print Message instruction prints the
text
message to Port 2 on the DL350 CPU, which
the communications port

embedded

must
configured.

have

or text/data variable
PRINT A aaa

“Hello, this is a PLC message”

Data Type

DL350 Range

A

aaa

Constant

K

1

You may recall from the CPU specifications in Chapter 3 that the DL350’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 the PLC menu, then Setup,

then Setup Secondary Comm Port.
e Port: From the port number list box at the top, choose “Port 2.

e Protocol: Click the check box to the left of “Non-sequence”, and then
you’ll see the dialog box shown below.

Setup Communication Ports

Port 2: 15 Fin

Port: | Port 2 :I' Cloze

Frotocol:

[ K-Seguence
| DirectMET
[ MODBLUS

Baze Timeout:
200 mz
200 mz
500 mz

4.

Help

v Hon-Sequence

™ Bemote 170

Fdemaon Address: | TAD *

[ Use Far printing only

I
sgon ]
IR
jodd ]

¢ Memory Address: Choose a V-memory address for DirectSOFT to use
to store the port setup information. You will need to reserve 9 words in
V-memory for this purpose. Select “Use for printing” if you are only using
the port for print instructions output.

e Baud Rate: Choose the baud rate that matches your printer.

e Stop Bits, Parity: Choose number of stop bits and parity setting to
match your printer.

| |

Then click the button indicated to send the Port 2 configuration
to the CPU, and click Close. Then see Chapter 3 for port wiring
information, in order to connect your printer to the DL350.
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m Standard RLL Instructions
Message Instructions

Port 2 on the DL350 has standard RS232 levels, and should work with most printer
serial input connections.

Text element - this is used for printing character strings. The character strings are
defined as the character (more than 0) ranged by the double quotation marks. Two
hex numbers preceded by the dollar sign means an 8-bit ASCII character code. Also,
two characters preceded by the dollar sign is interpreted according to the following

table:
# Character code Description
1 $$ Dollar sign ($)
2 $” Double quotation (”)
3 SL 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

. Length 1 with double quotation mark
"$R$L” Length 2 with one CR and one LF
"$0DSOA” Length 2 with one CR and one LF
"8 $” Length 1 with one $ mark

In printing an ordinary line of text, you will need to include double quotation marks
before and after the text string. Error code 499 will occur in the CPU when the print
instruction contains invalid text or no quotations. It is important to test your PRINT
instruction data during the application development.

The following example prints the message to port 2. We use a PD contact, which
causes the message instruction to be active for just one scan. Note the $N at the end
of the message, which produces a carriage return / line feed on the printer. This
prepares the printer to print the next line, starting from the left margin.

PRINT K2 Print the message to Port 2 when
“Hello, this is a PLC message.$N” X1 makes an off-to-on transition.

X1
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Message Instructions

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 all
capital letters.

NOTE: There must be a space entered before and after the V-memory address to
separate it from the text string. Failure to do this will result in an error code 499.

# Character code Description

1 none 16-bit binary (decimal number)

2 =) 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.

XI1 PRINT K2 Print the message to Port 2
“Reactor temperature = ” V2000 “deg. $N” when X1 makes an off-to-on
A A transition.

Message will read: A represents a space

Reactor temperature = 0156 deg

V-memory text element - this is used for printing text stored in V-memory. Use the
% followed by the number of characters after V-memory number for representing the
text. If you assign “0” as the number of characters, the print function will read the
character count from the first location. Then it will start at the next V-memory location
and read that number of ASCII codes for the text from memory.

Example:
V2000 % 16 16 characters in V2000 to V2007 are printed.
V2000 % 0 The charactersin V2001 to Vxxxx (determined by the number

in V2000) will be printed.

=%
35

25
oA

EQ'
o2
=0
o

S5 X0
wil—
—

DL350 User Manual, 2nd Edition



m Standard RLL Instructions
Message Instructions

Bit element - this is used for printing the state of the designated bit in V-memory or a
relay bit. The bit element can be assigned by the designating point (.) and bit number

preceded by the V-memory number or relay number. The output type is described as
shown in the table below.

# Data format Description

1 none Print 1 for an 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 Maximum
Characters
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.

Special relay flags SP116 and SP117 indicate the status of the DL350 CPU ports

(busy, or communications error). See the appendix on special relays for a
description.

(2]
=
(o]
=
[&]
>
-
—
(2]
o=

-
—
o
o
S
©
o
c
©
Y
n

ﬁ% NOTE: You must use the appropriate special relay in conjunction with the PRINT
= command to ensure the ladder program does not try to PRINT to a port that is still
busy from a previous PRINT or WX or RX instruction.
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