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Introduction
The DL405 instruction set can perform many different types of operations. This
chapter shows you how to use these individual instructions. The following table
provides a quick reference listing of the instruction mnemonic and the page(s)
defining the instruction. Each instruction definition will show in parentheses the HPP
keystrokes used to enter the instruction. There are two ways to locate instructions:
» If you know the instruction category (Boolean, Comparative Boolean,
etc.) just use the header at the top of the page to find the pages that
discuss the instructions in that category.
* If you know the individual instruction mnemonic, use the following table.
The DL450 provides all of the instructions in the
table, the DL440 provides a subset, and the DL430  Example 1 Example 2
a smaller subset. The instruction definitions indicate 57" /[ 7] [ /] /] /]
which CPUs feature the instruction. In Example 1
- Pl 1, 430 440 450 430 440 450
only the DL440 and DL450 have the instruction. In
Example 2, all CPUs have the instruction.
Instruction Page Instruction Page Instruction Page
ACON 5-195 ANDSTR 5-117 DEGR 5-133
ACOSR 5-118 ASINR 5-117 DISI 5-185
ADD 5-86 ATANR 5-118 DIV 5-95
ADDB 5-98 ATH 5-134 DIVB 5-103
ADDBD 5-99 ATT 5158 DIVBS 5-115
ADDBS 5-112 BCALL 7 7 DIVD 5-96
ADDD 5-87 BCD 5128 DIVF 5-107
ADDF 5-104 —
BCDCPL 5-130 DIVR 597
ADDR 588 SEND 57 DIVS 5-111
ADDS 5-108 DLBL 5195
BIN 5-127
AND 5-13,  5-30, DRUM 6-16
5-69 BLK 7-27
ANDD 5-70 BREAK 5-177 EDRUM 619
ANDND 575 STon Y ENCO 5-125
ANDS 575 i 1 END 5-176
ENI 5-185
ANDSTR 5-15 CVPD FarT
ANDB 514 FAULT 5-194
CMPF 5-83
ANDE 527 CMPR 585 FILL 5141
ANDF =71 CMPS 5-84 FIND 5-142
ANDI 533 CNT 5-46 FINDB 5-172
ANDMOV 5-170 COSR s-17 FOR 5-179
ANDN 5-13, 5-30 cv 725 GOTO 5178
ANDNB 5-14 CVJMP 7-25 GRAY 5-138
ANDNE 5-27 DATE 5-174 GTS 5-180
ANDNI 5-33 DEC 5-116 HISTRY 5-196
ANDPD 5-22 DECB 5-119 HTA 5-135
ANDS 5-72 DECO 5-126 INC 5-116
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Standard RLL Instructions

Instruction Page Instruction Page
INCB 5-119 ORND 5-21
INT 5-184 ORNE 5-26
INV 5-129 ORNI 5-32
IRT 5-185 OROUT 5-18
IRTC 5-185 OROUTI 5-34
ISG 7-24 ORPD 5-21
JMP 7-24 ORS 5-76
LBL 5-178 ORSTR 5-15
LD 5-58 ouT 5-16, 5-64
LDA 5-60 OUTB 5-17
LDD 5-58 ouTD 5-64
LDF 5-59 OUTF 5-65
LDI 5-36 OuTI 5-34
LDIF 537 OUTIF 5-39
LDLBL 5-161 OUTL 5 67
LDR 563 OUTM 567
LDSX 562 ouTX 5-66
LDX 5-61 PAUSE 5-19
MDRMD 6-22 FD 510
MDRMW 6-25 FOP 568
MLR 5-182 PRINT 5-200
MLS 5-182 RADR 5133
MOV 5-145 ) =188
MOVMC 5-161 RDF NOTAG
MUL 592 RFB 5149
MULB 5-102 oFT s1eE
MULBS 5-114 SOTL =123
MULD > ROTR 5-124
MULF 5-106 RsT =23
MULR 594 RSTB 5-24
MULS 5110 RSTBIT 5-166
NCON 5-196
NEXT 5179 RST 5%
VS i RSTWT 5-177
NOP 5-176 ill >~180
o - RTC 5-180
on i 5o RTOB 5-132

5-73 RX 5-190
ORB 5-12 SBR NO TAG
ORD 5-74 SEG 5-137
ORE 5-26 SET 5-23
ORF 5-75 SETB 5-24
ORI 5-32 SETBIT 5-166
ORMOV 5-170 SETI 5-35
ORN 5-11, 5-29 SFLDGT 5-139
ORNB 5-12 SG 7-23

Instruction Page
SGCNT 5-48
SHFL 5-121
SHFR 5-122
SINR 5-117
SQRTR 5-118
SR 5-52
STOP 5-176
STR 5-9, 5-28
STRB 5-10
STRE 5-25
STRI 5-31
STRN 5-9, 5-28
STRNB 5-10
STRND 5-20
STRNE 5-25
STRNI 5-31
STRPD 5-20
STT 5-152
SuB 5-89
SUBB 5-100
SUBBD 5-101
SUBBS 5-113
SUBD 5-90
SUBF 5-105
SUBR 5-91
SUBS 5-109
SUM 5-120
SWAP 5-173
TANR 5-117
TIME 5-175
TMR 5-41
TMRA 5-43
TMRAF 5-43
TMRF 5-41
TSHFL 5-168
TSHFR 5-168
TTD 5-146
ubC 5-50
WT 5-189
WX 5-191
XOR 5-77
XORD 5-78
XORF 5-79
XORMOV 5-170
XORS 5-80
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Standard RLL Instructions
Boolean Instructions

Using Boolean Instructions

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

The following paragraphs show how these boolean instructions are used to build
simple ladder programs.

END Statement DL405 programs require an END statement (coil) as the last instruction. This tells
the CPU this is the end of the program. Normally, any instructions placed after the
END statement will not be executed. There are exceptions to this such as interrupt
routines, etc. Chapter 5 discusses the instruction set in detail.

X0 YO

— | uT)
B

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

o)

All programs must have
and END statement _

(m

DirectSOFT32 Example Handheld Mnemonics
STR X0
X0 YO
| - OUT YO
— | @UT> END
(enp)
\END
Normally Closed Normally closed contacts are also very common. This is accomplished with the
Contact Store Not or, STRN instruction. The following example shows a simple rung with a
normally closed contact.
DirectSOFT32 Example Handheld Mnemonics
STRN X0
X0 Yo OUT YO

END
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Standard RLL Instructions
Boolean Instructions

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

Midline Outputs

Parallel Elements

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

DirectSOFT32 Example Handheld Mnemonics

X0 X1 rYO STR X0
\ ) AND X1
% H | \OuT OUT YO
END
(Enp)
(END

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.

DirectSOFT32 Example Handheld Mnemonics

— | \E)U'D AND X1
OUT YO
AND X2
XZ‘ /Y1 OUT Y1
| @UT> AND X3
OUT Y2
X3 Y2 END
el e— OUT>
cH

You also have to join contacts in parallel. The OR instruction allows you to do this.
The following example shows two contacts in parallel and a single output coil. The
instructions would be STR X0, OR X1, followed by OUT YO0.

DirectSOFT32 Example Handheld Mnemonics

X0 YO

S
Wy o) S

OUT YO
% X1 END

By
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Standard RLL Instructions
Boolean Instructions

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.
DirectSOFT32 Example Handheld Mnemonics
X0 X1 YO %FS >)<((1J
| (A
— H | @UT> STR X2
AND X3
X2 X3 ORSTR
— M OUT YO
/- > END
\END
Joining Parallel Quite often it is also necessary to join one or more parallel branches in series. The

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

DirectSOFT32 Example Handheld Mnemonics
X0 X1 YO STR X0
| || WOUTD STR X1
N OR X2
X2 ANDSTR
OUT YO
END
&)
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 Y0 Handheld Mnemonics
% | || || /OUT>
| - - = STR X0
X1 X3 X4 OR X1
‘ |/ STR X2
— = H TR G
ANDN X4
X6 ORSTR
| AND X5
_{/ \ ORN X6
ANDSTR
CEN@ OUT YO
Boolean Stack There are limits to how many elements you can include in a rung. This is because the

DL405 CPUs use an 8-level boolean stack to evaluate the various logic elements.
The boolean stack is a temporary storage area that solves the logic for the rung.
Each time you enter a STR instruction, the instruction is placed on the top of the
boolean stack. Any other STR instructions on the boolean stack are pushed down a
level. The ANDSTR, and ORSTR instructions combine levels of the boolean stack
when they are encountered. Since the boolean stack is only eight levels, an error will
occur if the CPU encounters a rung that uses more than the eight levels of the
boolean stack.
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Standard RLL Instructions 5—7
Boolean Instructions

All of you software programmers may be saying, “l use DirectSOFT32, so | don’t
need to know how the stack works.” Not quite true. Even though you can build the
network with the graphic symbols, the limits of the CPU are still the same. If the stack
limit is exceed when the program is compiled and error will occur.

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

X0 STR X1 ORSTR AND x4 YO
| | N ( Output
STR | | | \PUT utpu
X2 AND X3
\ | ANDSTR
STR _{ | |
X5 OR
\
—/

STR X0 STR X1 STR X2 AND X3

1 | STR X0 1 | STR X1 1 | STR X2 1 | X2 AND X3

2 2 | STR X0 2 | STR X1 2 | STR X1

3 3 3 | STR X0 3 | STR X0

4 4 4 4

5 5 5 5

6 6 6 6

7 7 7 7

8 8 8 8

ORSTR AND X4 OR X5

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

2 | STR X0 2 | STR X0 2 | STR X0

3 3 3
8] | [8] 8]

ANDSTR

1

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

2

3

2]

Comparative

Boolean

The Comparative Boolean evaluates two 4-digit BCD/hex values using boolean =
contacts. The valid evaluations are: equal to, not equal to, equal to or greater than, g%
and less than. g%
In the following example when the value in | V1400 K1234 Y3 §_‘—§_
V-memory location V1400 is equal to the = (‘out ) S
constant BCD value 1234, Y3 will »
energize.
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Standard RLL Instructions
Boolean Instructions

Immediate Boolean The DL405 CPUs usually can complete an operation cycle in a matter of
milliseconds. However, in some applications you may not be able to wait a few
milliseconds until the next I/0O update occurs. The DL405 CPUs offer Immediate
input and outputs which are special boolean instructions that allow reading directly
from inputs and writing directly to outputs during the program execution portion of
the CPU cycle. You may recall this is normally done during the input or output update
portion of the CPU cycle. The immediate instructions take longer to execute
because the program execution is interrupted while the CPU reads or writes the
module. This function is not normally done until the read inputs or the write outputs
portion of the CPU cycle.

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.

\A
16pt

8pt 16pt 8pt 8pt 8pt
@) In%ul In;‘))ut Ingut Ouﬁaut Ouﬁaut Output

II

X0 X10 | X30 Yo Y10 | Y20

X07 | X27 | X37 | YO7 [ Y17 | Y37

CPU Scan

4 P

Read Inputs

The CPU reads the inputs from the local
and expansion bases and stores the
status in an input image register.

[xs20] .. [ xo [ x1 [ xo] \

[oFr] .. [ on [ oFF] oFF] OFF <«— X0
Input Image Register

OFF <—— X1

Read Inputs from Specialty 1/0 ‘

Solve the Application Program
Immediate instruction does not use the
X0 YO input image register, but instead reads
| : )_ the status from the module immediately. I/O Point X0 Changes
\\
ON <«— X0
| OFF <— X1
Write Outputs
[

‘ Write Outputs to Specialty I/0 ‘
\

‘ Diagnostics ‘

N J
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Standard RLL Instructions
Boolean Instructions

Boolean Instructions

Store
(STR)

Store Not
(STRN)

430 440 450

The Store instruction begins a new rung or
an additional branch in a rung with a
normally open contact. Status of the
contact will be the same state as the
associated image register point or
memory location.

Aaaa

_{}_

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

Aaaa

_/‘/’/_

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

Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320617 0-137 320-717 0-137, 320-717
Global GX 0-777 0-1777 0-2777
Global GY - - 0-2777

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

DirectSOFT32 Handheld Programmer Keystrokes
v v [sr [[xav |[ 1+ [[«—]
} } ( out ) [ out |[voun|[ 2 |[<—]

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

DirectSOFT32 Handheld Programmer Keystrokes
‘ xi \& [ st |[ not [[xem |[ 1 ][ <]
V ( our )
| \ [ out |[voun]|[ 2 ][ <—]
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Standard RLL Instructions
Boolean Instructions
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Store Bit-of-Word
(STRB)

430 440 450

Store Not
Bit-of-Word
(STRNB)

430 440 450

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

DL450 Range

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

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

is on, output Y2 will energize.

DirectSOFT32
B1400.12 Y2
| | ( )
‘ ‘ \ ouT
Handheld Programmer Keystrokes
Lsm |[swer|[ 8 |[swer|[ v J[ 1 | Lo J[ o |
[kem |[ 1+ J[ 2 |[«—]
[ outr |[voun]|[ 2 |[e—]

In the following Store Not Bit-of-Word example, when bit 12 of V-memory location

V1400 is off, output Y2 will energize.

DirectSOFT32
‘ B1400.12 v2
L F ( our )
Handheld Programmer Keystrokes
[ sr [[ s |[swer [ B [[ s |[ v [ L4 J[ o J[ o |
[Keom [[ 1+ |[ 2 |[e—]
[ outr |[voun|[ 2 |[e—]
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Standard RLL Instructions
Boolean Instructions

Or
(OR)

430 440 450

Or Not
(ORN)

430 440 450

The Or instruction logically ors a normally
open contact in parallel 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.

The Or Not instruction logically ors a
normally closed contact in parallel 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 DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320617 0-137 320-717 0-137, 320-717
Global GX 0-777 0-1777 0-1777
Global GY - - 0-1777

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

DirectSOFT32 Handheld Programmer Keystrokes

Y5 [str [ xvy |[ 1+ ][]

X1

|| (

| (o) Co]Gm][z =]
x2 | out |[voun][ s |[e—]

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

energize.
DirectSOFT32 Handheld Programmer Keystrokes
Xt Y5 [sm ] [xam ][+ ][]
I ( our ) T
| \ [ or [ not |[xav |[ 2 [ <] ||:
x2 [ our |[voun]|| s ][] 5%
M a5
\ E:l
S8
=
S
7
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Standard RLL Instructions
Boolean Instructions
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Or Bit-of-Word
(ORB)

[ X[ X[ /]

430 440 450

Or Not Bit-of-Word

(ORNB)
[ X[ X[ ]

430 440 450

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
state of the bit referenced in the
associated memory location.

|
Aaaa.bb

—

[
Aaaa.bb

_/‘/r_

Operand Data Type

DL450 Range

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

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

Y5 will energize.
DirectSOFT32

X1 7
| | (
( our )

‘ ‘ Handheld Programmer Keystrokes

[sm J[xm |[ 1 J[ <]

L or |[swrr][ 8 J[swr [ v J[ 1+ J[ 4 J[ o |
LKeon) |[ 7 [ ]

[ outr |[voun|[ s |[e—]

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

Y5 will energize.
JirectSOFT32

X1 Y7
| | (
( our )

Handheld Programmer Keystrokes

s J[xmn [ 1 ][]

L or |[swrr][ ~ J[ 8 Jlswr [ v J[ 1+ J[ 4 | |
LKeon |[ 7 [ ]

[ out |[voun]|[ s |[e—]
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Standard RLL Instructions
Boolean Instructions

And
(AND)

430 440 450

And Not
(ANDN)

430 440 450

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

The And Not Bit-of-Word instruction
logically ands a normally closed contact in
series with another contact in a rung. The
status of the contact will be opposite the

Aaaa

state of the associated image register
point or memory location.

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

Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320617 0-137 320-717 0-137, 320-717
Global GX 0-777 0-1777 0-1777
Global GY - - 0-1777

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

DirectSOFT32 Handheld Programmer Keystrokes
Xt x2 Y5 s [xm ][+ ][]
| | | | (o) Cw)Gwd[ e J[—]
[ out |[voun][ s ][]

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

energize.
DirectSOFT32 Handheld Programmer Keystrokes
X1 X2 Y5 [ s [ xv |[ 1+ ][ <]
S ( our )
| ] \ \ [ ano [ not |[xaw |[ 2 J[ <]
| out |[voun][ s |[e—]
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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

430 440 450 of the contact will be the same state as the Aaaa.bb
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 o Aa‘aa'bb

430 440 450 state of the bit referenced in the ] /\(
associated memory location.

Operand Data Type DL450 Range

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

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

DirectSOFT32
X1 B1400.4 Y5
| | | | ( )
| | Lo
Handheld Programmer Keystrokes
s [xan ][ 1+ J[—]
[ ano |[swer [ 8 [[sorr ][ v J[ 1+ || 4 ]| o J[ o
|K(con)|‘ 4 H(—“
[ out |[voun|[ 5 |[e—]

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

DirectSOFT32
‘ ‘X‘l‘ 81‘400.4 Y5
( ouT )
o N s (
o
o5
C S
-8 ..3 Handheld Programmer Keystrokes
©
oo (o] Gl [ ][]
5 Lo [ swer [ ~ |[ 8 J[swr|[ v J[ + J[ 4 J[ o |[ o |
|K(con)|‘ 4 H(—"
[ outr |[voun|[ 5 |[e—]
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Standard RLL Instructions
Boolean Instructions

And Store The And Store instruction logically ands
(ANDSTR) two branches of a rung in series. Both
branches must begin with the Store } } } } (OUT )
430 440 450 instruction. ) )
| |
Or Store The Or Store instruction logically ors two
(ORSTR) branches of a rung in parallel. Both ©
branches must begin with the Store || || { ouT >
430 440 450 instruction. | | \
| | ’ | |
I I

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.

DirectSOFT32 Handheld Programmer Keystrokes
X1 X2 X3 Y5 [str [ xavy |[ 1 ][<—]
—r o) GG ]—]
X4 [ a0 [[ xavy |[ 3 J[e—]
| Con ) o[« J[—]

| anp || stR || e—1]
[ our |[voun][ s ][]

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

DirectSOFT32 Handheld Programmer Keystrokes
X1 X2 Y5 [ s [ xvy |[ 1+ ][<—]
| (o) o] Gwl [ I =]
X3 X4 [ str [[ xavy |[ 5 J[e—]
B (oo ) ] [+ J[—]

| or || s |[ e—]
[ out |[voun][ s |[e—]
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Standard RLL Instructions
Boolean Instructions

Out The Out instruction reflects the status of
(OUT) the rung (on/off) and outputs the discrete
(on/off) state to the specified image
430 440 450 register point or memory location. Multiple Aaaa

Out instructions referencing the same _< OUT)

discrete location should not be used since
only the last Out instruction in the program
will control the physical output point.

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

Inputs X 0-477 0-477 0-1777

Outputs Y 0-477 0-477 0-1777

Control Relays C 0-737 0-1777 0-3777

Global I/0 GX 0-777 0-1777 0-2777 (GX + GY)

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

DirectSOFT32 Handheld Programmer Keystrokes
x BN i | [ K=
|| \ ot [ our |[voun]| 2 ][]

Y5 [ out |[voun][ s ][]
out )

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.
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Standard RLL Instructions
Boolean Instructions

517

Out Bit-of-Word
(OUTB)

430 440 450

The Out Bit-of-Word instruction reflects
the status of the rung (on/off) and outputs
the discrete (on/off) state to the specified
bit in the referenced memory location.
Multiple Out Bit-of-Word instructions
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.

Aaaa.bb
—< ouT )

Operand Data Type DL450 Range

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

In the following Out Bit-of-Word example, when input X1 is on, bit 3 of V1400 and bit
6 of V1401 will turn on.

DirectSOFT32

X1 B1400.3

| | (
| \OUT>

B1401.6

—< OUT)

Handheld Programmer Keystrokes

[str [ xv ][ 1+ J[<—]
[our |[swer [ B8 [[sorr ][ v J[ 1+ [ 4 || o J[ o [Ikem]|[ s |[e—]
[our |[swer [ B8 [[sorr ][ v J[ 1+ [ 4 | o J[ 1 [lkem][ 6 |[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.

8 y)
-
=2
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o
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o
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Standard RLL Instructions
Boolean Instructions

Or Out
(OROUT)

430 440 450

Not
(NOT)

430 440 450
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The Or Out instruction has been designed
to use more than 1 rung of discrete logic to
control a single output. Multiple Or Out
instructions referencing the same output
coil may be used, since all contacts
controlling the output are ored together. If
the status of any rung is on, the output will

A aaa
—<OROUT>

also be on.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777
Global /0 GX 0-777 0-1777 0-2777 (GX + GY)

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

DirectSOFT32 Handheld Programmer Keystrokes
x B N A 7 | R K=
| \OROUT> [ or || out |[voun]| 2 |[e—]
s [[xam [ 4 J[—]
\ [ or || our |[voun|| 2 |[e—]
| X4 v2
} } ( OR ow)

The Not instruction inverts the status of
the rung at the point of the instruction.

o

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

DirectSOFT32 Handheld Programmer Keystrokes
x RN u | [ =1

|| >° \ UT) [sorr || N || o || 1 |[e—]
[ out J[voun][ 2 ][« ]

NOTE: DirectSOFT32 Release 1.1i and later supports the use of the NOT
instruction. The above example rung is merely intended to show the visual
representation of the NOT instruction. The rung cannot be created or displayed in
DirectSOFT32 versions earlier than 1.1i.
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Standard RLL Instructions
Boolean Instructions

Pause
(PAUSE)

430 440 450

Positive
Differential
(PD)

430 440 450

The Pause instruction disables the output
update on a range of outputs. The ladder
program will continue to run and update Y aaa  aaa
the image register however the outputs in _<pAUSE>
the range specified in the Pause
instruction will be turned off at the output
module.

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

aaa

aaa

Outputs

0-477

0-477

0-1777

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

DirectSOFT32 Handheld Programmer Keystrokes
X1 Yio  v17 [ str [[ xav |[ 1 |[e—]
} } (PAUSE) [sier ][ P ][ A J] v ][ s [ E |
[ strr | [voun][ 1 || o |
o] [ + J[ 7 |[«]

The Positive Differential instruction is
typically known as a one-shot. When the
input logic produces an Off-to-On Aaaa
transition, the output will energize for one —( PD
CPU scan. Thereafter, it remains off until
its input makes another Off-to-On
transition.

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

A aaa aaa aaa
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays C 0-737 0-1777 0-3777

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

DirectSOFT32 Handheld Programmer Keystrokes
‘ ‘X1‘ co [ sr |[ xanm [ 1 ][]
( eo > [strr ][ P J[ o |[swFr|[cem|[ o |[«—]

o \

By
-
Lo
a5
é"o_
o2
=To1
o
=)
(/2]

Note that you can place a “Not” instruction immediately before the PD instruction to
generate a “one-shot” pulse on an on-to-off transition.
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Standard RLL Instructions
Boolean Instructions
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Store Positive
Differential
(STRPD)

430 440 450

Store Negative
Differential
(STRND)

430 440 450

The Store Positive Differential instruction
begins a new rung or an additional branch
in a rung with a normally open contact.
The contact closes for one CPU scan
when the state of the associated image — T
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”.

Aaaa

The Store Negative Differential instruction
begins a new rung or an additional branch
in a rung with a normally closeéj contact. Aaa
The contact closes for one CPU scan

when the state of the associated image —m—
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).

Operand Data Type DL450 Range
A aaa

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

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

DirectSOFT32
Handheld Programmer Keystrokes

X1 Y4
T Y OUT> [ s |[swer || P || D || sHer ]
| \ [xaw ][+ J[«—]
[ our |[voun]|[ 4 |[<—]

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

DirectSOFT32 Handheld Programmer Keystrokes

‘ ‘X1‘ y Y4 [ s |[swer || N || D |[ sHer ]
\-L\ \OUT> [xvy [ 1 ][]
[ out |[voun|| 4 |[e—]
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Standard RLL Instructions
Boolean Instructions

Or Positive The Or Positive Differential instruction

Differential logically ors a normally open contact in

(ORPD) parallel with another contact in a rung. The ||

status of the contact will be open until the I

430 440 450 associated image register point makes an Aaaa
Off-to-On transition, closing it for one CPU —m—

scan. Thereafter, it remains open until
another Off-to-On transition.

Or Negative The Or Negative Differential instruction

Differential logically ors a normally open contact in

(ORND) parallel with another contact in a rung. The |

status of the contact will be open until the |

430 440 450 associated image register point makes an Aaaa
On-to-Off transition, closing it for one CPU —M—

scan. Thereafter, it remains open until
another On-to-Off transition.

Operand Data Type DL450 Range
A aaa

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

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

DirectSOFT32 Handheld Programmer Keystrokes
x1 Y5 [str [ xavy |[ 1 ][]
| (o) [l 7 1[5 ][]

x2 [xv [ 2 J[ ]
—M [ out |[voun][ s |[e—]

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

DirectSOFT32 Handheld Programmer Keystrokes
Xt v [sm | [xam ][ 1+ ][]
| our )
| \ [ or |[swrr [[ N || D || sHFr]
7 D[z ][ —]
\-L\ | out |[voun][ s |[e—]

By
=
Lo
a5
é"o_
o2
=To1
o
=)
(/2]
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Standard RLL Instructions
Boolean Instructions
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And Positive
Differential
(ANDPD)

430 440 450

And Negative
Differential
(ANDND)

430 440 450

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 o P“aa‘a
associated image register point makes an | \f |
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

status of the contact will be open until the o A‘aa“"‘
associated image register point makes an ] \1\
On-to-Off transition, closing it for one CPU
scan. Thereafter, it remains open until
another On-to-Off transition.

Operand Data Type DL450 Range
A aaa

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

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

DirectSOFT32 Handheld Programmer Keystrokes
X x ¥6 (s | [xn [ 1 ][]
} } H} ( OUT> [ ano |[swer [[ P || D || sHrr]
[xam [ 2 J[<]
[ our |[voun][ s |[e—]

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

DirectSOFT32 Handheld Programmer Keystrokes
™ ] . Com | ][+ J[+=—]
|| 11| ( our) [awo |[seer |[ v [ o |[srer]
[xmv [ 2 J[«]
| out |[voun][ s |[e—]
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Standard RLL Instructions
Boolean Instructions

Reset
(RST)

430 440 450

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

The Reset instruction resets or turns off an
image register point/memory location or a
range of image registers points/memory
locations. Once the point/location is reset
it is not necessary for the input to remain
on.

Optional
memory range
Aaaa aaa
—( SET
Optional
memory range
A aaa aaa
—( RST )

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

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

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

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

DirectSOFT32
xi v5  vez
‘ } } ( SET
Handheld Programmer Keystrokes
[sm J[xam [ 1+ =]
[ seT J[voun][ 5 |[voun][ 2 [ 2 J[<—]

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

state.
DirectSOFT32
X Y5 Y22
} } ( RST )
Handheld Programmer Keystrokes
[sr ][ xv ][ 1+ J[<—]
[ msT |[voun][ 5 |[voun][ 2 [ 2 |[<—]
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Standard RLL Instructions
Boolean Instructions

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

(SETB) turns on a bitin a V. memory location. Once
the bit is set it will remain on until it is reset Aaaa.bb
430 440 450 using the Reset Bit-of-Word instruction. It —( SET )

is 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 Aaaa.bb
430 440 450 the input to remain on. —( RST )
Operand Data Type DL450 Range
A aaa bb
Vmemory B All (See p. 3-42) Oto 15
Pointer PB All (See p. 3-42) Oto15

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

DirectSOFT32
xi B1400.0
| ()
Handheld Programmer Keystrokes
[str [ xv ][ 1+ J[<—]
L ser [[swer|[ 8 [[swer ][ v |[ 1+ [[ 4 J[ o [ o |
|K(con)|‘ 0 H(—"

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

DirectSOFT32
X1 Va0

| (s )

Handheld Programmer Keystrokes

s [ [xm [ 1 J[—]

Lmst [[swer|[ 8 [[swer ][ v |[ + [[ 4 J[ o [[ o |

[Kkeom [[ 1 |[ 5 |[e—]
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Standard RLL Instructions
Comparative Boolean Instructions

Comparative Boolean Instructions

Store If Equal The Store If Equal instruction begins a

(STRE) new rung or additional branch in a rung

with a normally open comparative contact.

430 440 450 The contact will be on when Aaaa B bbb
Aaaa = Bbbb. -

Store If Not Equal The Store If Not Equal instruction begins a

(STRNE) new rung or additional branch in a rung

with a normally closed comparative

430 440 450 contact. The contact will be on when Aaaa B bbb
Aaaa # Bbbb.

Operand Data Type DL430 Range DL440 Range DL450 Range

A/B aaa bbb aaa bbb aaa bbb
Vmemory \ All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P — — All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K — 0-FFFF — 0-FFFF — 0-FFFF

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

energize.
DirectSOFT32
V1400 ‘K4933 Y3
I=| ( our )
Handheld Programmer Keystrokes
Lsm J[swer ]| e Jlswer [ v J[ « J[ o J[ o J[ o ]
[keom| [« J[ o J[ 3 J[ s J[e=]

[ outr |[voun|[ s |[e—]

In the following example, when the value in Vmemory location V1400 % 5060, Y3
will energize.

DirectSOFT32
v14oo‘ K5060 / Y3 my)
out ) —
XZ/\( \ "o

25
Sa
co

Handheld Programmer Keystrokes 2.. a

L s |[ vor [[swFr|[ e [[swr|[ v J[ 1+ J[ 4 J[ o |[ o | %

[xeom|[ 5 [ o J[ & |[ o |[«]

[ out |[voun|[ s |[e—]
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Standard RLL Instructions
Comparative Boolean Instructions

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

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

DirectSOFT32

V1400 K4500

Y3

| — ( >
- \OUT
v1402‘ K2345
1=
Handheld Programmer Keystrokes
L sm |[swrr ][ e Jlswer [ v J[ + J[ 4 J[ o J[ o |
[xeom|[ 4 J[ s J[ o o J[—]
or |[serr ]| & |[swer ][ v [ 1+ [ 4 J[ o ]| =2
[xeom|[ 2 J[ s [[ 4 s | —]
[ out |[voun]|[ s |[e—]

In the following example, when the value in Vmemory location V1400 = 3916 or

V1402 £ 2500, Y3 will energize.
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DirectSOFT32
V1400‘ K3916 / Y3
‘:‘ \ ouT )
V1402‘ K2500
\
Handheld Programmer Keystrokes
Lsm JLswer J[ e Jlswer J[ v J[ + J[ & J[ o J[ o |
[kcon]|[ s |[ o 1 6 |[—]
[ or J[ wor J[swer [| e J[swer [ v J[ + J[ & J[ o J[ 2 |
keom][ 2 J[ s J[ o o |[e—]
[ outr |[voun|[ s |[e—]
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Standard RLL Instructions
Comparative Boolean Instructions

And If Equal The And If Equal instruction connects a

(ANDE) normally open comparative contact in

series with another contact. The contact Aaaa Bbbb
430 440 450 will be on when Aaaa = Bbbb. } } }:}

And If Not Equal The And If Not Equal instruction connects a

(ANDNE) normally closed comparative contact in

series with another contact. The contact Aaaa Bbbb

430 440 450 will be on when Aaaa # Bbbb } } %
Operand Data Type DL430 Range DL440 Range DL450 Range

A/B aaa bbb aaa bbb aaa bbb

Vmemory \ All (See p. 3-40) All (See p. 3-40) All (See p. 3—41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P — — All (See p. 3-41) All (See p. 3—41) All (See p. 3-42) All (See p. 3-42)
Constant K — 0-FFFF — 0-FFFF — O0-FFFF

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

DirectSOFT32
V1400  K5000 V1402 K2345 v3

‘ = = (o)

Handheld Programmer Keystrokes

L s |[swrr ][ e Jlswr [ v J[ + J[ 4 J[ o J[ o |
[xeom|[ s J[ o J[ o [ o Jle—]

Lano |[srr ][ e Jlswer [ v J[ + J[ 4 J[ o J[ 2 |
xeom|[ 2 J[ s J[ 4 J[ s J[«]

[ outr |[voun|[ s |[e—]

In the following example, when the value in Vmemory location V1400 = 2550 and
V1402 £ 2500, Y3 will energize.

DirectSOFT32
v14oo‘ ‘K2550 v1402‘ K2500 / Y3
1= *z{ \°UT>
By
—
Handheld Programmer Keystrokes . %))
5-—0—
Lsm J[suer || e [[swer || v J[ 1 J[ 4 J[ o J[ o | 35
[keon] [ 2 J[ s J[ s J[ o J[«] g%
[ ano |[ not [[sher [ e J[swer ][ v |[ 1+ J[ 4 ][ o || 2 | g.a
[keon] [ 2 J[ s J[ o J[ o J[e] 7
[ outr |[voun|[ s |[e—]
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Standard RLL Instructions
Comparative Boolean Instructions
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Store The Comparative Store instruction begins
(STR) a new rung or additional branch in a rung
with a normally open comparative contact. Aaaa Bbbb
430 440 450 The contact will be on when >
Aaaa > Bbbb.
Store Not The Comparative Store Not instruction
(STRN) begins a new rung or additional branch in
a rung with a normally closed comparative Aaaa Bbbb
430 440 450 contact. The contact will be on when Aaaa <
< Bbbb.

Operand Data Type DL430 Range DL440 Range DL450 Range

A/B aaa bbb aaa bbb aaa bbb
Vmemory \ All (See p. 3-40) All (See p. 3-40) All (See p. 3—41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P — — All (See p. 3-41) All (See p. 3—41) All (See p. 3-42) All (See p. 3-42)
Constant K — 0-FFFF — 0-FFFF — O0-FFFF
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377

In the following example, when the value in Vmemory location V1400 > 1000, Y3

will energize.
DirectSOFT32
V1400 K1000 Y3
=] (o)

Handheld Programmer Keystrokes

Lsm ]l v ||+ J[ 4 J[ o J[ o |
[keon] [ 1 J[ o J[ o J[ o J[e]
[ out |[voun|[ s |[e—]

In the following example, when the value in Vmemory location V1400 < 4050, Y3 will

energize.
DirectSOFT32
V1400 K4050 Y3

}<} ( out >

Handheld Programmer Keystrokes

Lsm [ vor ][ v J[ 1 J[ 4 J[ o J[ o |
[kecon]| [ 4 J[ o || 5 [ o |[e—]
[[our J[voun][ s |[«—]
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Standard RLL Instructions
Comparative Boolean Instructions

Or The Comparative Or instruction connects
(OR) a normally open comparative contact in
parallel with another contact. The contact ||
430 440 450 will be on when Aaaa > Bbbb. I
Aaaa Bbbb
>
Or Not The Comparative Or Not instruction
(ORN) connects a normally open comparative
contact in parallel with another contact. The ||
430 440 450 contact will be on when Aaaa < Bbbb. I
Aaaa Bbbb
<
Operand Data Type DL430 Range DL440 Range DL450 Range
A/B aaa bbb aaa bbb aaa bbb
Vmemory \ All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P — — All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Constant K — 0-FFFF — 0-FFFF — O0-FFFF
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377

In the following example, when the value in Vmemory location V1400 = 6045 or
V1402 > 2345, Y3 will energize.

DirectSOFT32 Handheld Programmer Keystrokes
V1400 K6ods vs [ st [ s ][ e J[swer|[ v J[ 1+ J[ 4 J[ o J[ o |
=] (o) e[ e I+ 1= J[—]
Lor JL v J[ + J[ 4 J[ o J[ 2 |
T lkeow|[ 2 [ s J[ 4 || 5 [[«—]
1= [ outr |[voun|[ s |[e—]
In the following example when the value in Vmemory location V1400 = 1000 or
V1402 < 2500, Y3 will energize.
JirectSOFT32 Handheld Programmer Keystrokes
[ s [ swr ][ e J[swer ][ v J[ + |J[ 4 J[ o [ o |
V1400  K1000 Y3
B (w) [xeom|[ 1+ J[ o J[ o J[ o J[«]
Lor J[ ot J[ v [ + J[ & J[ o [ 2 |
e s koo [z ][5 J[ o ][0 J[+—]
1< [ out |[voun|[ s |[e—]

ny)
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Standard RLL Instructions
Comparative Boolean Instructions

And The Comparative And instruction

(AND) connects a normally open comparative

contact in series with another contact. The L A aaa ‘B bbb

430 440 450 contact will be on when Aaaa > Bbbb. | 1=

And Not The Comparative And Not instruction

(ANDN) connects a normally open comparative

contact in series with another contact. The Aaaa Bbbb

430 440 450 contact will be on when Aaaa < Bbbb. } } H
Operand Data Type DL430 Range DL440 Range DL450 Range

A/B aaa bbb aaa bbb aaa bbb

Vmemory \ All (See p. 3-40) All (See p. 3-40) All (See p. 3-41) All (See p. 3-41) All (See p. 3-42) All (See p. 3-42)
Pointer P — — All (See p. 3—41) All (See p. 3—41) All (See p. 3-42) All (See p. 3-42)
Constant K — 0-FFFF — 0-FFFF — 0-FFFF
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377

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

DirectSOFT32
V1400  K5000 V1402 K2345 Y3
=| 2| (oor )
Handheld Programmer Keystrokes
Lsm |[swer ][ e J[swer | v [ + J[ & J[ o J[ o |
[xeow|[ s J[ o J[ o | o |[[«]
Law J[[ v J[ 1+ J[ & J[ o J[ 2 |
keow|[ 2 J[ s J[ 4 || s |[[«]
[ our |[youn|| s ][]

In the following example, when the value in V-memory location V1400 = 7000 and
V1402 < 2500, Y3 will energize.

DirectSOFT32
V1400 K7000 V1402 K2500 Y3
[0 }:‘ }<} (OUT >
[
5 |
gs ;
S andheld Programmer Keystrokes
25 Lsm |[swer|[ e J[swer|[ v J[ + J[ 4 J[ o J[ o |
T C
nh xeow|[ 7 J[ o J[ o J[ o |[[«]
T Law |[ wor J[ v JL « J[ 4 J[ o J[ 2 |
keow|[ 2 |[ 5 J[ o J[ o [[«]
[ out |[voun|[ s |[e—]
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Standard RLL Instructions

Immediate Instructions

Immediate Instructions

Store The Store Immediate instruction begins a
Immediate new rung or additional branch in a rung. The
(STRI) status of the contact will be the same as the
status of the associated input point on the X aaa
430 440 450 module at the time the instruction is 1
executed. The image register is not
updated.
Store Not The Store Not Immediate instruction begins
Immediate a new rung or additional branch in a rung.
(STRNI) The status of the contact will be opposite
the status of the associated input point on X aaa
430 440 450 the module at the time the instruction is
executed. The image register is not
updated.
Operand Data Type DL430 Range DL440 Range DL450 Range
Inputs X 0-477 0-477 0-1777

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

DirectSOFT32
X1 Y2

‘ }I} ( out )

Handheld Programmer Keystrokes

[ stR |[sorr |[ 1 [ swrr [ xom |[ 1 ][]

[ our J[voun][ 2 |[<—]

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

DirectSOFT32
‘ X1 Y2

M j/ OUT)

Handheld Programmer Keystrokes

[ st [ not |[sHrr [[ 1 [ swrr [[ xom |[ 1 ][ <]

[ out J[voun][ 2 |[<—]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Immediate Instructions

Or Immediate
(ORI)

430 440 450

is not updated.

Or Not Immediate The Or Not

(ORNI)

430 440 450

register is not updated.

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
instruction is executed. The image register

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 the
time the instruction is executed. The image

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

aaa

aaa

aaa

Inputs

0-477

0-477

0-1777

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

DirectSOFT32
X1 Y5
} } ( out )
2
1]
Handheld Programmer Keystrokes
stR |[[xen [ 1 ][]
[ or J[swrr ][ o+ |[swer [ xav |[ 2 |[ <]
[ outr |[voun][ 5 |[e—]

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

DirectSOFT32
X1 Y5
} } ( o)
» X2
c \
5 pods
o5
©
82
Cw
-9 E Handheld Programmer Keystrokes
U)_I
2 [ ] G [ ] =]
[ or J[ not |[swer | 1+ [ serr [ xan |[ 2 ][ «—]
[ outr |[voun][ 5 |[e—]
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Standard RLL Instructions
Immediate Instructions

And Immediate The And Immediate connects two contacts
(ANDI) in series. The status of the contact will be
the same as the status of the associated
430 440 450 input point on the module at the time the o P
instruction is executed. The image register | 1L
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

430 440 450 associated input point on the module at the o X‘ aaa
time the instruction is executed. The image | A/I/\r

register is not updated.

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

aaa

aaa

aaa

Inputs

0-477

0-477

0-1777

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

DirectSOFT32

L <l N

‘ N 1L ( our )

Handheld Programmer Keystrokes

s | [xan ][ 1+ J[<—]

[ ano J[swer [ 0 [ swer [ xan || 2 ][ <]
| outr |[voun][ 5 |[e—]

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

DirectSOFT32

Handheld Programmer Keystrokes

s | [xan ][ 1+ J[—]
[ ano J[ not |[swer [ 0 [ serr [ xany |[ 2 |[«—]
[ out |[voun|[ 5 |[e—]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
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
430 440 450 module output point and the image register Y aaa

at the time the instruction is executed. If —(oum )

multiple Out Immediate instructions
referencing the same discrete point are
used it is possible for the module output
status to change multiple times in a CPU
scan. See Or Out Immediate.

Or Out Immediate The Or Out Immediate instruction has been

(OROUTI) designed to use more than 1 rung of
discrete logic to control a single output.
430 440 450 Multiple Or Out Immediate instructions Y aaa

referencing the same output coil may be _<OROUT'>

used, since all contacts controlling the
output are ored together. If the status of any
rung is on at the time the instruction is
executed, the output will also be on.

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

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

turn on.
DirectSOFT32
X1 2
—] ( am )
Handheld Programmer Keystrokes
[ str |[ xav || 1 ][]
[ our |[ sher || 1 ][ sorr |[vooun]| 2 |[e—]

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

DirectSOFT32

X1 Y2
| } } ( OR OUTI)
°
o °
c L4 X4 Y2
-2 ‘ || ( or OUTI)
=0 ‘ | \
TS
o=
% g Handheld Programmer Keystrokes
-
& Cow ) ] [+ ][]
EI [ or |[ our |[sHrr || 1 [ shFr |[voun]| 2 |[e—]
(st J[xmn ][ 4 J[<—]
[ or || our |[shrr || 1+ ][ sHFT |[voun]| 2 |[e—]
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Standard RLL Instructions
Immediate Instructions

Set Immediate
(SETI)

430 440 450

Reset
Immediate
(RSTI)

430 440 450

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

Y aaa aaa
—( SETI )

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

Operand Data Type DL430 Range DL440 Range DL450 Range

aaa aaa aaa

Outputs Y 0-477 0-477 0-1777

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

DirectSOFT32
X1 Y5 Y22

} } <SET|>

Handheld Programmer Keystrokes
[str [ xv ][ 1 J[<—]

[ seT |[swrr |[ 1 |[ sHFT |[voun][ s |[voun]| 2 |[ 2 ][e—]

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

DirectSOFT32

‘x1‘ Y5 va22
( msm)
| ( RsT
By
—
)
=R
Handheld Programmer Keystrokes 2.. 8_
[sr [ xv ][ 1+ J[«<] SO
=0
[ msT |[shrr |[[ 1 |[ sHFT|[voun]|[ s |[woun]| 2 |[ 2 ][e—] S
%)
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Standard RLL Instructions
Immediate Instructions

[2]
C
o
°%
TS
o
=R
Sc
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Load Immediate The Load Immediate instruction loads a

(LDI) 16-bit V-memory value into the accumulator.

The valid address range includes all input

430 440 450 point addresses on the local base. The ___|LDI
value reflects the current status of the input V aaa

points at the time the instruction is executed.
This instruction may be used instead of the
LDIF instruction which requires you to
specify the number of input points.

Operand Data Type DL450 Range

Inputs Vv 40400 — 40477

In the following example, when CO is on, the binary pattern of X10-X17 will be loaded
into the accumulator using the Load Immediate instruction. The Out Immediate
instruction could be used to copy the 16 bits in the accumulator to output points, such
as Y40-Y57. This technique is useful to quickly copy an input pattern to output points
(without waiting on a full CPU scan to occur).

DirectSOFT32
‘ 9 LDI Location x17| x16| x15| x14] x13| x12| x11[x10] x7 | x6 | x5 | xa | x3| x2 | x1 | x0
[ V40400 V40400 ON | OFF| ON | ON | OFF| ON | OFF| OFF| ON | OFF| ON | ON | OFF| ON | OFF| ON
Load the inputs from X0 to
X17 into the accumulator, \
immediately. Unused accumulator bits

are set to zero
31 30 29 28 27 26 25 24 232221 2019181716 1514131211109 8 7 6 5 4 3 2 1 0
acc.| 0] o[ o[ o] o] o] o[ 0] o] o] 0] 0] o] o o] o[ 1] 0] 1[ 1] 0] 1] o] o] 1] 0] 1] 1] 0] 1] 0]1]

ouTI
V40502 /

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

Location Y57| Y56 Y55| Y54 | Y53| Y52| Y51 | Y50( Y47 | Y46| Y45 Y44|Y43|Y42|Y41| Y40
V40502 ON | OFF| ON | ON | OFF| ON | OFF|OFF] ON [ OFF| ON | ON | OFF| ON | OFF| ON
Handheld Programmer Keystrokes
[ str |[cem || o |[e—]
 |[swer || J[ewer [ v J[ 4 [ o J[ 4 J[ o J[ o Jle]
Lour JLswer J[ o+ Jlswer [ v J[ 4 J[ o J[ s J[ & [ o J[e]
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Standard RLL Instructions
Immediate Instructions

937

Load Immediate The Load Immediate Formatted instruction
Formatted loads a 1-32 bit binary value into the
(LDIF) accumulator. The value reflects the current
status of the input module(s) at the time the LDIF X aaa
. . . p ( ) . - K bbb
430 440 450 instruction is executed. Accumulator bits
that are not used by the instruction are set to
Zero.
Operand Data Type DL440 Range DL450 Range
aaa bbb aaa bbb
Inputs X 0-477 — 0-1777 —
Constant K — 1-32 — 1-32
In the following example, when CO is on, the binary pattern of X10-X17 will be loaded
into the accumulator using the Load Immediate Formatted instruction. The Out
Immediate Formatted instruction could be used to copy the specified number of bits
in the accumulator to the specified outputs on the output module, such as Y30-Y37.
This technique is useful to quickly copy an input pattern to outputs (without waiting
on the CPU scan).
DirectSOFT32
| ©9 LDIF X10 Location Constant x17] x16] x15] x14 x18[ x12] x11] x10
I K8 ‘X10 ‘ ‘KS ON | OFF| ON | ON | OFF| ON | OFF| ON
Ic_gr?get:lii\\lliltljcfcgiign into the Unused accumulator bits \

accumulator starting with are set to zero

X10 3130292827 26252423222120191817 16 15141312 11109 8 7 6 5 4 3 2 1 0
ace.| 0] 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]0]1]0]1
OUTIF Y30 e
Ks
Cony the value of fhe | Location Constant Y37[Y36[Y35[Y34|Y33|Y32|Y31|Y30
§ bite of the acoumuiator 0 vso | ks on [orr{ on| on [ore] on|orF] on
Y30 -Y37
Handheld Programmer Keystrokes
[ sm |[cemn || o |[e—]
[ w |[swer [ o [ F J[swer [ xan || 1 ]| o |[kecom]|[ &8 ][]
[ our |[swer [[ o+ || F [ swer|[voun|| s ]| o |[kecom]|[ & ][e—]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Immediate Instructions
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Out Immediate The Out Immediate instruction outputs a
(OUTI) 16-bit binary value from the accumulator to
a V-memory address at the time the
430 440 450 instruction is executed. The valid address ouTl

V aaaaa

range includes all output point addresses on
the local base. This instruction may be used
instead of the OUTIF instruction which
requires you to specify the number of input

points.
Operand Data Type DL450 Range
aaaaa
Inputs Vv 40400 — 40477

In the following example, when CO is on, the binary pattern of X10-X17 will be loaded
into the accumulator using the Load Immediate instruction. The Out Immediate
instruction could be used to copy the 16 bits in the accumulator to output points, such
as Y40-Y57. This technique is useful to quickly copy an input pattern to outputs
(without waiting on the CPU scan).

DirectSOFT32
‘ 9 LDI Location x17| x16| x15| x14] x13| x12| x11[x10] x7 | x6 | x5 | xa | x3| x2 | x1 | x0
[ V40400 V40400 ON | OFF| ON | ON | OFF| ON | OFF| OFF| ON | OFF| ON | ON | OFF| ON | OFF| ON
Load the inputs from X0 to
X17 into the accumulator, \
immediately. Unused accumulator bits

are set to zero

31 30 29 28 27 26 25 24 232221 2019181716 1514131211109 8 7 6 5 4 3 2 1 0
acc.| 0] o[ o[ o] o] o] o[ 0] o] o] 0] 0] o] o o] o[ 1] 0] 1[ 1] 0] 1] o] o] 1] 0] 1] 1] 0] 1] 0]1]

ouTI
V40542 /

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

Location Y57| Y56 Y55| Y54 | Y53| Y52| Y51 | Y50( Y47 | Y46| Y45 Y44|Y43|Y42|Y41| Y40
V40542 ON | OFF| ON | ON | OFF| ON | OFF|OFF] ON [ OFF| ON | ON | OFF| ON | OFF| ON
Handheld Programmer Keystrokes
[ str |[cem || o |[e—]
Lw Jlswer J[ o+ Jlewer v J[ 4 J[ o J[ & J[ o [ o Jle]
Lour JLswer J[ o+ Jlswer [ v J[ 4 J[ o J[ s J[ & [ o J[e]
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Standard RLL Instructions
Immediate Instructions

Out The Out Immediate Formatted instruction
Immediate outputs a 1-32 bit binary value from the
Formatted accumulator to specified output points at OUTIF Y aaa
(OUTIF) the time the instruction is executed. | Kbbb
Accuml_JIator bits that are not used by the
430 440 450 instruction are set to zero.
Operand Data Type DL440 Range DL450 Range
aaa bbb aaa bbb
Output Y 0-477 — 0-1777 —_
Constant K —_ 1-32 —_ 1-32
In the following example when CO is on,the binary pattern for X10 —X17 is loaded into
the accumulator using the Load Immediate Formatted instruction. The binary
pattern in the accumulator is written to Y30-Y37 using the Out Immediate Formatted
instruction. This technique is useful to quickly copy an input pattern to outputs
(without waiting on the CPU scan).
DirectSOFT32
‘ 9 LDIF X10 Location Constant x17| x16| x15| x14| x13| x12[ x11[ x10
I K8 [x10 | [xe ON | OFF| ON | ON | OFF| ON | OFF| ON
Load the value of 8 Unused accumulator bits \

consecutive location into the

accumulator starting with are set to zero

X10 3130292827 26252423222120191817 16 15141312 11109 8 7 6 5 4 3 2 1 0
acc.| o] o] o] o] o] o] o] o] o] o] 0] 0] 0] 0] 0] 0][ 0] 0] 0] 0] 0] 0] 0] 0] 1] 0] 1] 1] 0] 1] 0] 1]
OUTIF Y30 S
Ks
. Location Constant Y37|Y36|Y35|Y34|Y33|Y32|Y31| Y30
5 o0 f e pecumtor vso | ke ON [OFF| ON| ON | OFF] ONOFF| ON
Y30 -Y37
Handheld Programmer Keystrokes
[ str |[cem || o |[e—]
w [seer [ 0 ][ F [ st ][ xanm [ 1 ][ o J[kecon]|[ 8 |[e—]
[ our |[swer |[ o+ || F [ st |[vooun|| s ]| o |[kecowm]|[ & ][]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Timer, Counter, and Shift Register Instructions

Using Timers Timers are used to time an event for a desired length of time. There are those
applications that need an accumulating timer, meaning it has the ability to time, stop,
and then resume from where it previously stopped.

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

Seconds
0 1 2 3 4 5 6 7 8 ‘X1‘ ™R T
X1 I K30
Timer preset
T
— T1 p Y0
Current 0 10 20 30 40 50 60 0 | ] { out )
Value 1/10 Seconds

The accumulating timer works similarly to the regular timer, but two inputs are
required. The start/stop input starts and stops the timer. When the timer stops, the
elapsed time is maintained. When the timer starts again, the timing continues from
the elapsed time. When the reset input is turned on, the elapsed time is cleared and
the timer will start at 0 when it is restarted. There is a tenth of a second and a
hundredth of a second timer available with a maximum time of 9999999.9 and
999999.99 seconds respectively. The timing diagram below shows the relationship
between the timer input, timer reset, associated discrete bit, current value, and timer

preset.
Seconds
0 1 2 3 4 5 6 7 8 ‘X1‘ TMRA To
[ K30
X1 Start/Stop
X2
X2 } }
Reset Input
TO L
Current 0 10 10 20 30 40 50 0
Value 1/10 Seconds

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Standard RLL Instructions 5—41
Timer, Counter, and Shift Register Instructions

Timer (TMR) and The Timer instruction is a 0.1 second
Timer Fast (TMRF) single input timer that times to a maximum
I T 7 of 999.9 seconds. The Timer Fast

instruction is a 0.01 second single input ___|™R T aaa
timer that times up to a maximum of 99.99 BObb 1\
seconds. These timers will be enabled if \
the input logic is true (on) and will be reset Preset Timer #
to 0 if the input logic is false (off).
Instruction Specifications
Timer Reference (Taaa): Specifies the TMRF T aaa
timer number. ] Bbbb  \
Preset Value (Bbbb): Constant value (K) \
or a V. memory location. (V locations are .
16-bit words.) Preset Timer #
Current Value: Timer current values are
accessed by referencing the associated V
or T memory location*. For example, the The timer discrete status bit and the
timer current value for T3 physically current value is not specified in the timer

. . . instruction.
resides in V-memory location V3. (V

locations are 16-bit words.)
Discrete Status Bit: The discrete status bit is accessed by referencing the

associated T memory location. It will be on if the current value is equal to or greater
than the preset value. For example the discrete status bit for timer 2 would be T2.

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

Timers T 0-177 —_ 0-377 —_ 0-377 —_
Vmemory for preset 1400-7377 1400-7377
values v - 1400-7877 - 10000-17777 - 10000-17777

. 1400-7377 1400-7377
Pointers (preset only) P - - - 10000-17777 - 10000-37777
Constants
(preset only) K — 0-9999 — 0-9999 — 0-9999
I:trrsmer discrete status T 0-177 0-377 0-377
Timer current values v /T 0-177 0-377 0-377

There are two methods of programming timers. You can perform functions when the
timer reaches the specified preset using the 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: * For the Handheld Programmer, both the Timer discrete status bits and
current value can be accessed with the same data type (example T2). The way the
data type is used determines if it is a status bit or a current value. Any comparative
instruction using T2 will access the current value, all other instructions using T2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT32, the use of T2 will refer to the timer’s discrete status bit. You
should use V2 (or the alias TA2) to refer to the current value.

»
—
Q
>
o
V)
=
o

8 y)
=
—
>
7]
=
=
c
Q
=
o
>
»
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

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 after 7.5 seconds turning the discrete status bit off
and resetting the timer current value to 0.
directSOFT32 Timing Diagram
X1 Seconds
} } T™MR K30 T2 0 1 2 3 4 5 6 7 8
X1 A \—
T2 Yo T2 |
N ( our )
YO | \_
Handheld Programmer Keystrokes Cl\J/r;ﬁJnet 0 10 20 30 40 50 60 0
| STR || X(N) || p || — | 1/10 Seconds
[ R |[ R || 2 |[keom][ s |[ o J[«—]
[ sm|[ ™R |[ 2 |[e—]
[ out |[youn|[ o |J[e—]
Timer Example In the following example, a single input timer is used with a preset of 234.5 seconds.
Using Comparative Comparative contacts are used to energize Y3, Y4, and Y5 at one second intervals
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.
DirectSOFT32 (see Note) Timing Diagram
X1 ™R T Seconds
} } L 0 1 2 3 4 5 6 7 8
o | L
TAZO‘ ‘K10 / Y3
1Z] (o) v3 I L
TAQO‘ ‘K20 Y4 Y4 | ‘_
> ( our
=] (o) . |
TA20 K30 Y5
|>| ( out ) T2
‘ ‘ Current 0 10 20 30 40 50 60 0
Value
Handheld Programmer Keystrokes 1/10 Seconds
[ sr | xav |[[ 1 [[e]
L J[mR [ 2 J[ o J[keow|[ 2 J[ s J[ 4 J[ 5 |[«=]
Lsm [ [ 2 J[ o J[keow|[ 1+ J[ o |[«—]
[ out |[voun|[ s |[e—]
Lsm [ [ 2 |[ o J[keow|[ 2 |[ o |[«—]
[ out |[voun|[ 4 |[e—]
Lsm [ |[ 2 J[ o J[keow][ s J[ o |[—]
[ out |[voun|[ 5 |[e—]

[2]
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NOTE: Since this representation is showing a DirectSOFT32 example, you would use the alias TA20 (or
V20) instead of T20, which would be necessary for the equivalent rung entered with the Handheld
Programmer.
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Standard RLL Instructions

Timer, Counter, and Shift Register Instructions

543

Accumulating

Timer (TMRA) and
Accumulating Fast

Timer (TMRAF)

430 440 450

The Accumulating Timer is a 0.1 second
two input timer that times to a maximum of
9999999.9. The Accumulating Fast Timer
is a 0.01 second two input timer that times
to a maximum of 999999.99. These timers
have two inputs, an enable and a reset. The
timer will start timing when the enable is on
and stop timing when the 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.

Instruction Specifications

Timer Reference (Taaa): Specifies the
timer number.

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

Current Value: Timer current value is a
double word accessed by referencing the
associated V or T memory location*. For
example, the timer current value for TO
resides in V-memory location VO and V1.
(V locations are 16-bit words.)

Discrete Status Bit: The discrete status bit
is accessed by referencing the associated T
memory location. It will be on if the current
value is equal to or greater than the preset
value. For example the discrete status bit for
timer 2 would be T2.

Enable

Reset

Preset

Enable

Reset

Preset

TMRA
B bbb

T aaq

Timer #

TMRAF
B bbb

T aaq

Timer #

The timer discrete status bit and the
current value is not specified in the timer

instruction.

Caution: The TMRA uses two
consecutive timer locations, since
the preset can now be 8 digits,
which requires two V memory
locations. For example, if TURA
TO is used in the program, the
next available timer is T2. Or if TO
was a normal timer, and T1 was
an accumulating timer, then the
next available timer would be T3.

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

Timers T 0-176 —_ 0-376 —_ 0-376 —
Vmemory for preset _ - _ 1400-7377 _ 1400-7377
values v 1400-7377 10000-17777 10000-17777

. 1400-7377 1400-7377
Pointers (preset only) P - - - 10000-17777 - 10000-37777
Constants
(preset only) K —_ 0-99999999 —_ 0-99999999 — 0-99999999
'tl)';tnswer discrete status T 0-177 0-377 0-377
Timer current values VIT* 0-177 0-377 0-377

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

NOTE:* For the Handheld Programmer, both the Timer discrete status bits and
current value can be accessed with the same data type (example T2). The way the
data type is used determines if it is a status bit or a current value. Any comparative
instruction using T2 will access the current value, all other instructions using T2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT32, the use of T2 will refer to the timer’s discrete status bit. You
should use V2 (or the alias TA2) to refer to the current value.
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Accumulating
Timer Example
using Discrete
Status Bits

DirectSOFT32

In the following example, a two input timer (accumulating timer) is used with a preset

of 3 seconds. The timer discrete status bit (T6) will turn on when the timer has timed

for 3 seconds. Notice in this example the timer times for 1 second , stops for one

second, then resumes timing. The timer will reset when C10 turn on after 5.5

seconds turning the discrete status bit off and resetting the timer current value to 0.
Timing Diagram

Seconds

‘ ‘ TVRA 6 0 1 2 3 4 5 6 7 8
N y ] | L
K30 |

C10 —l ,_
‘ ‘ C10
T6 Y10 T6 I_
| | ( ) Current 0 10 10 20 30 40 5 0
|| \ our l\J/g?une 1/10 Seconds

Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)

Lsm |[xm |[ 1+ |[<—] [xeon|[ s |[ o |[«—]

Lsm |[eem|[ 1+ J[ o |[«—] Lsm [ R |[ 6 |[—]

[ R | [ swrr |[[ A [[sHFrT ][ v |[ 6 | [ out |[voun|[ 1 ][ o |[e—]

Accumulator Timer In the following example, a single input timer is used with a preset of 23458.9 seconds.

Example Using

Comparative contacts are used to energized Y3, Y4, and Y5 at one second intervals

Comparative respectively. The comparative contacts will turn off when the timer is reset.
Contacts
DirectSOFT32 (see Note) Timing Diagram
X1
Seconds
} } TMRA T20 0 1 2 3 4 5 6 7 8
1o K234589 X1 | | | I—
N 1o J
TAZO‘ ‘K10 , Y3 Y3 g I—
> ouT
=] \ ) v |
TA20‘ ‘K20 y Y4 5 |
=] ( our )
T20
TAZO\ ‘KSO v 0 10 10 20 30 40 0 0
[ Current 5
\ = | \ out ) Value 1/10 Seconds
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
Lsm [[xm [[ 1 |[«] L s |[mr|[ 2 |[ o |[keow|[ 2 |[ o |[«—]
[ sr |[eemn || 1 |[ o |[e] [ out |[voun]|[ 4 |[e—]
LR [[swer [ A J[serr ][ R ][ 2 ][ o | [ s |[ R [ 2 || o |[keowm||[ 3 ]| o |[e—]
xeom|[ 2 [[ s J[ 4 J[ 5 J[ & |[ o [[«—=][ our |[voun|| s [[«—]
L sm [[mr ][ 2 |[ o [[keow|[ 1 |[ o |[«—]
[ out |[voun|[ s |[e—]

NOTE: Since this representation is showing a DirectSOFT32 example, you would use the alias TA20 (or
V20) instead of T20, which would be necessary for the equivalent rung entered with the Handheld

Programmer.
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Standard RLL Instructions 5—45
Timer, Counter, and Shift Register Instructions

Using Counters

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

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

|| CNT CT1
| U K3
P
X1 ‘xz‘
X2
Counter preset
CT1 I
Current 1 2 3 4 0
Value Counts
The up down counter has three inputs, a count up input, count down input and reset
input. The maximum count value is 99999999. The timing diagram below shows the
relationship between the counter input, counter reset, associated discrete bit,
current value, and counter preset.
‘X1‘ ubC CT2
| Up K3
X1 ‘xz‘
o Down
I
X3 r Reset
Counter preset
CT2
Current 1 2 1 2 3 0
Value Counts
The stage counter has a count input and is reset by the RST instruction. This
instruction is useful when programming RLLPLUS, by allowing you to refererence the
same counter from multiple stages. The maximum count value is 9999. The timing
diagram below shows the relationship between the counter input, associated
discrete bit, current value, counter preset and reset instruction.
\X1\ SGCNT CT2
X1 | Up K3
3]
"
cTi — Counter preset O
Current 1 2 3 4 0 ,@,_g
Value g
— o=
=0
o
RST 2
cT 2
Counts
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Counter
(CNT)

430 440 450

The Counter is a two input counter that
increments when the count input logic
transitions from off to on. When the counter
reset input is on the counter resets to O.
When the current value equals the preset
value, the counter status bit comes on and
the counter continues to count up to a
maximum count of 9999. The maximum

Count

Counter #

CNT

bT aaa
B bbb

Reset

value will be held until the counter is reset. /

Instruction Specifications

Counter Reference (CTaaa): Specifies
the counter number.

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

Current Values: Counter current values
are accessed by referencing the
associated V or CT memory locations™.
The V-memory location is the counter
location + 1000. For example, the counter
current value for CT3 resides in V memory
location V1003. (V locations are 16-bit
words.)

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

7
Preset

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

Operand Data Type DL430 Range DL440 Range DL450 Range

B aaa bbb aaa bbb aaa bbb

Counters CT 0-177 — 0-177 — 0-377 —

1400-7377 1400-7377

Vmemory
\Y — 1400-7377 - 10000-17777 - 10000-37777

(preset only)

1400-7377
10000-37777

1400-7377

Pointers (preset only) P — — - 10000-17777

Constants K
(preset only)

— 0-9999 — 0-9999 — 0-9999

Counter discrete
status bits cT

0-177 0-177 0-377

1000-1177 1000-1377

Counter current V/CT*

values 1000-1177

NOTE:* For the Handheld Programmer, both the Counter discrete status bits and
current value can be accessed with the same data type (example CT2). The way the
data type is used determines if it is a status bit or a current value. Any comparative
instruction using CT2 will access the current value, all other instructions using CT2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT32, the use of CT2 will refer to the timer’s discrete status bit. You
should use V1002 (or the alias CTA2) to refer to the current value.
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Standard RLL Instructions 5—47
Timer, Counter, and Shift Register Instructions

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

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

Status Bits status bit CT2 will turn on and energize Y10. When the reset C10 turns on, the
counter status bit will turn off and the current value will be 0. The current value for
counter CT2 will be held in Vmemory location V1002.

DirectSOFT32 Counting diagram

] R I [ Y O O

K3

c10 |
| | S

CT2 Y10 Y10

‘ ‘ ( ouT ) Current 1 2 3
Value

N

"

Handheld Programmer Keystrokes

[ sm | xav |[[ 1 |[e]

Lsm Jleem ][ 1+ |[ o J[«]

[ ont [ ont || 2 lkeonm]| s |[—]
L sm J[onr J[ 2 |[«—]

[ out |[voun||[ 1 || o |[e—]

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

C10 turns on, the counter status bit will tum off and the counter current value will be 0.

DirectSOFT32 (see Note) Counting diagram
X1
|| CNT cT2
|| “ [ N A
K3 |
c10
} } c10
CTA2‘ ‘K1 Y3 Y3 4 I_
> ( our
=] \ ) va
CTA2‘ ‘K2 Y4
/ Y5
=] ( our )
Current 1 2 3 4 0
Value
CTA2‘ ‘Ks / Y5
=] ( our )
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
[ sm | xav |[[ 1 [[e] [ st |[ ont || 2 J[keon]|[ 2 || ]
[ sr |[ecem || 1 || o |J[e—] [ our |[voun|[ 4 |[e—] |:_U
[ ont |[ ont |[ 2 [[keon]| s |[e—] [ str |[ ont |[ 2 J[keon]||[ 3 || ] :Q
S
[ st |[ ent [ 2 [[kecom]| 1 |[e—] [ out |[voun][ s |[e—] 9"%
=
[ out |[voun|[ s |[e—] SO
S"-Q_
NOTE: Since this representation is showing a DirectSOFT32 example, you would use the alias CTA2 (or 7]

V1002) instead of CT2, which would be necessary for the equivalent rung entered with the Handheld.
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Stage Counter

The Stage Counter is a single input counter

(SGCNT) that increments when the input logic Counter #
transitions from off to on. This counter differs
430 440 450 from other counters since it will hold its __ | SGCNT  CT aag
current value until reset using the RST B bbb
instruction. The Stage Counter is designed
for use in RLLPLUS programs but can be Preset
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 maximum ~ counter instruction.
count of 9999. The maximum value will be
held until the counter is reset.
Instruction Specifications
Counter Reference (CTaaa): Specifies the counter number.
Preset Value (Bbbb): Constant value (K) or a V. memory location. (V locations are
16-bit words.)
Current Values: Counter current values are accessed by referencing the
associated V or CT memory locations*. The V-memory location is the counter
location + 1000. For example, the counter current value for CT3 resides in V memory
location V1003. (V locations are 16-bit words.)
Discrete Status Bit: The discrete status bit is accessed by referencing the
associated CT memory location. It will be on if the value is equal to or greater than the
preset value. For example the discrete status bit for counter 2 would be CT2.
Operand Data Type DL430 Range DL440 Range DL450 Range
B aaa bbb aaa bbb aaa bbb
Counters CT 0-177 — 0-177 — 0-377 —
v - ~ e ~ e,
Poiters (presetonly) P - - - 10000-17777 - 1000037777
Constants K — 0-9999 — 0-9999 — 0-9999
Counter discrete cT 0-177 0-177 0-377
Sounter current vICT* 1000-1177 1000-1177 1000-1377

NOTE:* For the Handheld Programmer, both the Stage Counter discrete status bits
and current value can be accessed with the same data type (example CT2). The way
the data type is used determines if it is a status bit or a current value. Any comparative
instruction using CT2 will access the current value, all other instructions using CT2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT32, the use of CT2 will refer to the timer’s discrete status bit. You
should use V1002 (or the alias CTA2) to refer to the current value.
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Standard RLL Instructions 5—49
Timer, Counter, and Shift Register Instructions

Stage Counter In the following example, when X1 makes an off to on transition, stage counter CT7
Example Using will increment by one. When the current value reaches 3, the counter status bit CT7
Discrete Status will turn on and energize Y10. The counter status bit CT7 will remain on until the
Bits counter is reset using the RST instruction. When the counter is reset, the counter

status bit will turn off and the counter current value will be 0. The current value for
counter CT7 will be held in Vmemory location V1007.

DirectSOFT32 Counting diagram

X1

} } SGCN'II;3 CT7 1 | \_, \_’7

CT7 Y10 Y10 | I_

} } ( out ) Current 1 2 3 40
Value

‘Cs | S RST

| ( RsT ) c5

Handheld Programmer Keystrokes

[ sr | xav |[[ 1 |[e]

[ sa |[ ont [ ont || 7 Jlkecon]|[ s |[e—]

[ s |[ ent || 7 [[e—]

[ out |[voun|[ 1+ || o |J[e—]

[ str |[cem || 5 |[e—]

[ msT |[ ot || 7 [[ ]

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

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

Comparative different counts. Although this is not shown in the example, when the counter is reset

Contacts using the Reset instruction, the counter status bit will turn off and the current value
will be 0. The current value for counter CT2 will be held in Vmemory location V1002.

tSOFT32 (see Note) Counting diagram

X1

| | SGCNT CT2

CTA2 K1 Y3
Y3 |

| K10 |
X1
}2} ( out ) |_
Ya | \_
CTAZ‘ ‘K2 Y4
o (o) o
CTA2 K3 Y5 Cyrrent ! 2 8 40
o (o
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
[ str [[ xav |[ 1 J[e—] [ st |[ ont |[ 2 [[keon]| 2 |[e—] -
[ sa |[ ont [ ont || 2 J[keon|[ 1 ][ o ][] [ outr |[voun|[ 4 |[e—] 'C(/)
[ st |[ ot |[ 2 [[keon]| 1 |[e—] [ str |[ ont || 2 J[keowm][ s [[«—] %g"
[ out |[voun|[ s |[e—] [ out |[voun]| 5 |[e—] g%
9._—‘
=g
o
S
7

NOTE: Since this representation is showing a DirectSOFT32 example, you would use the alias CTA2 (or
V1002) instead of CT2, which would be necessary for the equivalent rung entered with the Handheld.
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Up/Down Counter
(UDC)

430 440 450

This Up/Down Counter counts up on each
off to on transition of the Up input and
counts down on each off to on transition of
the Down input. The counter is reset to O
when the Reset input is on. The count
range is 0-99999999. The count input not
being used must be off in order for the
active count input to function.

CT aag
B bbb

Up |uDC

Down Counter #

Reset] Preset

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

Instruction Specification

Counter Reference (CTaaa): Specifies
the counter number.

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

Current Values: Current count is a double
word value accessed by referencing the
associated V or CT memory locations™.
The V-memory location is the counter
location + 1000. For example, the counter
current value for CT5 resides in V. memory
location V1005 and V1006. (V locations
are 16-bit words.)

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

Caution: The UDC uses two
consecutive counter locations,
since the preset can now be 8
digits, which requires two V
memory locations. For example,
if UDC CTO is used in the
program, the next available
counter is CT2. Or if CTO was a
normal counter, and CT1 was an
up/down counter, then the next
available counter would be CT3.

Operand Data Type DL430 Range DL440 Range DL450 Range

B aaa bbb aaa bbb aaa bbb
Counters CT 0-176 —_ 0-176 — 0-376 —

1400-7377 1400-7377

Vmemory v - 1400-7377 - 1000017777 - 10000-37777
Pointers p . . . 1400-7377 _ 1400-7377
(preset only) 10000-17777 10000-37777
Constants K — 0-99999999 — 0-99999999 — 0-99999999
Counter discrete
status bits cT 0-177 0-177 0-a77
Counter current v/
values cT* 1000-1177 1000-1177 1000-1377

NOTE:* For the Handheld Programmer, both the Stage Counter discrete status bits
and current value can be accessed with the same data type (example CT2). The way
the data type is used determines if it is a status bit or a current value. Any comparative
instruction using CT2 will access the current value, all other instructions using CT2 will
access the status bit. Current values may also be accessed by the V-memory location.
For DirectSOFT32, the use of CT2 will refer to the timer’s discrete status bit. You
should use V1002 (or the alias CTA2) to refer to the current value.
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Standard RLL Instructions
Timer, Counter, and Shift Register Instructions

Up/Down Counter
Example Using
Discrete Status
Bits

DirectSOFT32
X1

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

Counting Diagram

ubc CT2 |

[ K3 X1

) |

| X2

. . —

| .

Y10 l_\_

cT2 Y10

N (our ) Oy ' 2 s 0
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
[ sr |[ xav [ 1 [[e] [keon| [ 3 || «e—]
[ sr |[ xav |[ 2 [[e—] [ s |[ ent |[ 2 |[e—]
[ sr |[ xav |[ 8 |[e] [ out |[voun|[ 1 || o |[e—]
[sorr || u |[ o || ¢ [ sher|[ ont || 2 ]

Up/Down Counter
Example Using

In the following example, when X1 makes an off to on transition, counter CT2 will
increment by one. Comparative contacts are used to energize Y3 and Y4 at different

Comparative counts. The comparative contacts will turn off when the counter is reset. When the
Contacts reset X3 turns on, the counter status bit will turn off and the current value will be 0.
DirectSOFT32 (see Note) Counting Diagram
X1
| | uDC cT2
| V1400 X1 | I_,
X2 |
|| %
X3 |
| -
CTA2‘ ‘K1 Y3 Y3 4 I_
> ( our )
[l \
Y4 |_
CTA2 K2 Y4 Current 1 2 3 4 0
}Z} ( ouT ) Value
Handheld Programmer Keystrokes Handheld Programmer Keystrokes (cont)
[ sr [ xav |[[ 1 |[e] | out |[voun][ s ][]
[ sr | xav || 2 [[e—] [ st |[ ont [ 2 J[keon]|[ 2 || ]
[ sr |[ xav |[ 8 |[e—] [ out |[voun][ 4 ][]
[swrr || u |[ o || ¢ [ swer|[ ont || 2 ]
Lv JL+ JL s J[ o J[ o Jle]
[ str |[ ont || 2 [keow][ 1+ |[«—]

NOTE: Since this representation is showing a DirectSOFT32 example, you would use the alias CTA2 (or

V1002) instead of CT2, which would be necessary for the equivalent rung entered with the Handheld.
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Shift Register
(SR)

430 440 450

The Shift Register instruction shifts data
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.

The Shift Register has three contacts.

DATA

CLOCK

SR

From C aaa

* Data — determines the value (1 or 0) To  C bbb
that will enter the register RESET

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

* Reset —resets the Shift Register to
all zeros.

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

Operand Data Type

DL430 Range DL440 Range DL440 Range

aaa bbb aaa bbb aaa bbb

Control Relay

0-737 0-737 0-1777 0-1777 0-3777 0-3777

DirectSOFT32 Handheld Programmer Keystrokes

X1 Lsr ][ xm [ 1+ J[«]
Data Input SR

| [ sr |[[ xavy |[ 2 |[ ]
o From €O s |[xv || 3 |[«]
| | Clock Input ‘
| sk |[ecem || o |

To Ci7 leem || 1+ [ 7 |[«—]
‘ X3 ‘ Reset Input
|

N

Inputs on Successive Scans Shift Register Bits

Data Clock Reset

L 0 —|C|o|||||||||||||C|1\7
o I O — [T}
o I O — MW
L 0 — EIEIIIIIrrrrm
o I 0

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

Accumulator / Data Stack Load and Output Instructions

Using the
Accumulator

Copying Data to
the Accumulator

The accumulator in the DL405 series CPUs 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
Vmemory location V1410.

V1400
[eo]s]s]

Unused accumulator bits l
are set to zero

X1 LD
[ V1400

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

—_—
aco.[0]00]o][e]o]3]5]

—_—

ouT l
V1410 Eﬂ

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 Vmemory address
or from a Vmemory address to the accumulator. For example if you wanted to copy
data from Vmemory location V1400 and V1401 to Vmemory location V1410 and
V1411 the most efficient way to perform this function would be as follows:

X1 oD V1401 V1400
I V1400 lel7[a]e][s]o]2]s]

Copy data from V1400 and l l
V1401 to the accumulator

et S e —

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

—_—

L

no Le]7]a]o]ls]o]2]e]

Copy data from the accumulator to

V1410 and V1411 V1411 V1410

By
-
Lo
a5
go_
o2
=To1
o
=)
(/2]
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Standard RLL Instructions
Accumulator / Data Stack, Load, and Output Instructions
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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.

\X1\ LD Constant n
[ K4935 / / \\

Load the value 4935 into the —_—— e ———

accumulator

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

The upper 16 bits of the accumulator
will be set to 0 l
A Shifted out of
accumulator

SHFR 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15141312 1109 8 7 65 43210
K4 ace.| 0] 0] o] o] o] o] o] o] o] o] o]o]o]0]o]o][o]o]o]o]o]1]o]o]]o]o]1]0]o]1]1

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

N\

Output the lower 16 bits of the .ﬂ.

accumulator to V1410 V1410

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

X1 LDD Constant | 6 |7 [0]5 ][] 1[o]1]

[ K67053101
Load the value 67053101
_— < G o s = ==

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

ROTR
K2

573020 26 27 26 25 24 23 22 21 20 19 1817 16 1514 1312 1110 8 8 7 6 5 4 3 2 1 0
ace.| o] 1] ol 1] 1]olo[ 1] 1] 1] o] o] o] o] o] 1][0]1]0]0]1][1]0]0] 0] 1]0]0]0]0]0]0

Rotate the data in the
accumulator 2 bits to the right

—_— o~ -~

w0 NV

Output the value in the .n..

accumulator to V1410 and V1411
V1411 V1410
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Standard RLL Instructions
Accumulator / Data Stack Load and Output Instructions

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

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

‘X‘l‘ LD Constant
o K3245 Current Acc. value ,_,l_
Load the value 3245 into the Acc.‘ 0 ‘ 0 ‘ 0 ‘ 0 H 3 ‘ 2 ‘ 4 ‘ 5 ‘ Accumulator Stack
accumulator Level 1 X X X X X X X X
Previous Acc. value level2 X X X X X X X X >
Ace. [ X [ [x [x|[x [x [x[x] Level 3 ><><><><><><><><>
Level4 [X X X X X X X X >
Level5 [X X X X X X X X >
Levels [X X X X X X X X >
5 Constant [5 [ 1[5 [1] Level7 [X X X X X X X X g
K5151 Current Acc. value l Level8 |X X X X X X X X \
Load the value 5151 into the Acc.‘ 0 ‘ 0 ‘0 ‘ 0 H 5 ‘ ! ‘ 5 ‘ ! ‘ @ Bucket
ﬁﬁfgm:lasggkpushing the value 1234 Previous Acc. value Accumulator Stack
acc[o]ofofo][s]2]a]s] — Levelt 00003245>
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
D Constant nn Level7 [ X X X X X X X X >
Level8 [X X X X X X X X
K6363 Current Acc. value l \
Load the value 6363 into the ACC" 0 ‘ 0 ‘ 0 ‘ 0 H 6 ‘ ° ‘ ° ‘ ° ‘ @ 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.[0JofoJo][s]1]5]1] —— tevet1 {0 0 0 0 5 1 5 1 S
Level2 |O O O O 3 2 4 5
Level3 [X X X X X X X X >
Level4 [X X X X X X X X >
Level5 [X X X X X X X X >
Levels | 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.

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions

Accumulator / Data Stack, Load, and Output Instructions

[2]
C
o
°%
TS
o
=R
Sc
UD_J
—
o

|1 POP

Previous Acc. value

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

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

Current Acc. value

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

—_—

ouT

V1400

V1400

V1400

Copy data from the accumulator to

POP

Previous Acc. value

ace.[ofofofo][4]s]4]s]

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

Current Acc. value

ace.[0fofofo][s]7]9]2]

—_—

ouT

viao0 [3]7]9]2]

V1401

V1401

Copy data from the accumulator to

Previous Acc. value

POP

ace.[0]o]o]o][a]7]9]2]

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

Current Acc. value

Ace. [ x [ x[x]x][7]9]3]0]

—_—

ouT

viaoo [7]5 5 ]0]

V1402

V1402

Accumulator and
Accumulator Stack
Memory Locations

430 440 450

Copy data from the accumulator to

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

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

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

Level 8

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

Level 8

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

Level 8

Accumulator Stack

X|X|X|X|[xX|X|o|o
X|X|[X|X|[xX|X|o|o
X|X|[X|X|[x]|X]|o
X|X|X|X|[X]|X|o
XXX X|[><]|<|~
XX |[X]|X|[x]|Xx]|©

XX |[X|X|[X]|X|w]|w©

X | X | X|X[X]|X|o|MN

Accumulator Stack

X|X[X|X|X|X]|x|o
X|X[X|X|X|X]|x|o
XX [ X X|x]|Xx]|Xx
X X[ X|X]|X]|X|X
XX [X|X|X|X]|Xx
XX [ X X|X<]|Xx]|Xx

XX | X|[X]|X|X|X|w

X|IX|X|[X|X|X|X]|o

Accumulator Stack

XXX [X]|X]|X]|X]|X
XX | X|X|[X]X]|X|X
X|IX|X| X[ X]|X]|X
X|IX|X| X[ X]|X]|X
XXX | X[ X]Xx|[Xx
X|IX|X| X[ X]|X]|X

XX | X|X|[X]|X]|X|X

XX | X|X|[X]X]|X|X

(VAVAVAVAVAVAV,

Accumulator

0 0 03 7 9

V701 V700

Accumulator Stack

Level 1

0 0(3 7

Level 2

Level 3

Level 4

Level 5

Level 6

Level 7

Level 8

X|X|X|X|X|X|o|o

X|IX|X|IX|X|X|o|o
X| X[ X|X]|X]|X|o
X| X[ X|IX]|X]|X|o
XX [ x| X|><]|X|~
X|X|X|X]|X|X]|©
XX | X|IX]|X|X|w|©

XX | X[X]|X|X|o|N

(VAVAVAVAVAVAV,

(VAVAVAVAVAVAV,

V703 - V702
V705 - V704
V707 - V706
V711 -V710
V713 -V712
V715 -V714
V717 -V716
V721 - V720
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Standard RLL Instructions 5—57
Accumulator / Data Stack Load and Output Instructions

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

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

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

Accumulator

[2]e]e]s]
ouT

V1600 : P/
Copy the data from the lower 16 bits of V1600 [2 [6 |3 |5

the accumulator to V1600.
V1601 | X [ X | X [ X

[0]s]+[0] visos

V1505

X1 LD V1476 | X | X [ X [ X
| |
[ P1400 V1477 | X | X [ X | X
V1500 |2 (6|3 |5
V1400 (P1400) contains the value 340
Hex. 340 Hex. = 1500 Octal which V1501 | X | X[ X | X
contains the value 2635. vis502 | X | x [ x| x
V1400 V1503 | X [ X | X [ X
X|X[X[X
XX [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
‘ 0O 1500 equivalent to Octal 1500 (340) ﬂﬂ
U " lator bit 1500 Octal is converted to Hexadecimal
ar’;”::t ts‘;‘;g’u ator bits 340 and loaded into the accumulator
ouT Copy the data from the lower 16 bits of !
V 1400 the accumulator to V1400 Acc.‘O‘O‘O‘OHO‘3‘4‘O‘
———
LD V1400 (P1400) contains the value 340 l
HEX 340 HEX. = 1500 Octal which
P 1400 contains the value 2635 nn
V1400
ouT Copy the data from the lower 16 bits of .
V 1600 the accumulator to V1600 .
V1476 [ X | X | X [ X
V1477 | X [ X | X | X
V1500 [2 |6 |3 |5
V1501 | X [ X [X | X \ )
V1502 [ X | X | X [ X —
Accumulator ™
V1400 V1503 [ X [ X | X | X SS
[o]3]4]o] visoa [x[x[x|x| [o]oofol[z]e[a]s] 25
vis0s | x| x [x [x c 8
o=
. =0
. o
=]
V1600 |2 |6 (3|5 »
V1601 [ X [ X | X | X
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Standard RLL Instructions
Accumulator / Data Stack, Load, and Output Instructions

Standard

0
c
9
=
o
=
-
=
1]
£
—
—
o

Load The Load instruction is a 16 bit instruction
(LD) that loads the value (Aaaa) (either a D
V-memory location or a 4 digit constant) into E— Aaaa
430 440 450 the lower 16 accumulator bits. The upper 16
accumulator bits are set to 0.
Load Double The Load Double instruction is a 32 bit
(LDD) instruction that loads the value (Aaaa), LDD
which is either two .cgnsecutive \Y memory E— Aaaa
430 440 450 locations or an 8 digit constant value, into
the accumulator.
Operand Data Type DL430 Range DL440 Range DL440 Range
A aaa aaa aaa
Vmemory \ All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All V. mem (See p. 3-40) All V. mem (See p. 3-41) All V. mem (See p. 3-42)
Constant K O0-FFFF 0-FFFF O0-FFFF
Discrete Bit Flags Description
SP76 on when the value loaded into the accumulator by any instruction is zero.
NOTE: Tv_vo cons_ecutive Load or Load Double instructions will place the value of the
first load instruction onto the accumulator stack.
In the following Load example, when X1 is on, the value in V1400 will be loaded into
the accumulator and output to V1500.
DirectSOFT32 Handheld Programmer Keystrokes V1400
X LD [ sr [ xav |[[ 1 |[e—] le]o]s]5]
[
S| | | e (vt
Load the value in V1400 into th C—
Io?:er1gg§su§fltr;1eacggrlr?ugto$ out |[[ v [ 1+ | 5 J[ o |[ o |[e—] ace. |0]0]o]o][8]o]3]5]

ouT

V1500

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

—_—

|
[e]o]e]s]

V1500

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

DirectSOFT32

m 0 V1400 \abjzll?ji?;\é:{#sg\gﬁoo "

ouTD ggcpuynm?a;frl l:c? \i?1 glgoaefnzit
V1500 V1501

Handheld Programmer Keystrokes
[ str |[ xav |[[ 1 ][]
L w |[swer|[ o J[swer|[ v |[ 1+ [ 4 [ o J[ o |[«—]
Lour |[swer|[ o [swer ][ v J[ 1+ J[ 5 J[ o |[ o |[«—]

V1401 V1400
le[7]s]e][s]o]2]e]

L

—_—
ace.[0]7[3]0][5]0]2]6]

—_—

L

[ef7]a]o][s]o]2]s]

V1501 V1500

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions
Accumulator / Data Stack Load and Output Instructions

Load The Load Formatted instruction loads 1-32
Formatted consecutive bits from discrete memory
(LDF) locations into the accumulator. The LDF Aaaa
X v v instruction requires a starting location ] K bbb
(Aaaa) and the number of bits (Kbbb) to be
loaded. Unused accumulator bit locations
are set to zero.

Operand Data Type DL440 Range DL450 Range

A aaa bbb aaa bbb
Inputs X 0-477 — 0-1777 —
Outputs Y 0-477 —_ 0-1777 —
Control Relays C 0-1777 — 0-3777 —
Stage Bits S 0-1777 — 0-1777 —
Timer Bits T 0-377 — 0-377 —
Counter Bits CT 0-177 — 0-377 —
Special Relays SP 0-137 320-717 — 0-137 320-717 —
Global I/0 GX 0-1777 — 0-2777 —
Constant K — 1-32 — 1-32
Discrete Bit Flags Description
SP76 on when the value loaded into the accumulator by any instruction is zero.

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

In the following example, when CO is on, the binary pattern of C10—-C16 (7 bits) will
be loaded into the accumulator using the Load Formatted instruction. The lower 6
bits of the accumulator are output to Y20-Y26 using the Out Formatted instruction.

JirectSOFT32
e LDF c10 Location Constant cis]c1s[c1a[cis]ciz[c1i[cio
I K7 ‘CWO ‘ ‘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 232221 2019181716 1514131211109 8 7 6 5 4 3 2 1 0

Ace.| 0] 0] o] o] o] o] 0] o[ 0] o] 0] 0] 0] 0] 0] 0][ 0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0 0] 1] 1] 1] 0

OUTF Y20 /

K7
Copy the value from the Location Constant Y26| 25| Y24 | Y23| Y22| Y21| Y20
specified number of bits in [ v20 | [k \ OFF| oFF| oFF| on | oN | o | oFF
the accumulator to Y20-Y26
By
—
Handheld Programmer Keystrokes — n
s J[cem ][ o |[—] =33
s
| o |[swer|[ F [[sHrr]lcemn || 1 || o J[kecon]|[ 7 |[e—] cg
[ outr |[shrr |[[ F |[sHrr|[voun]|[ 2 || o J[kecon]|[ 7 |[—] g".a
S
7
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Standard RLL Instructions

Accumulator / Data Stack, Load, and Output Instructions

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o

Load Address The Load Address instruction is a 16 bit

(LDA) instruction. It converts any octal value or

address to the HEX equivalent value and __|LDA

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

This instruction is useful when an address
parameter is required since all addresses
for the DL405 system are in octal.

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

Octal Address 0-77777 0-77777 0-177777

Discrete Bit Flags Description

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

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

In the following example when X1 is on, the octal number 40400 will be converted to
a HEX 4100 and loaded into the accumulator using the Load Address instruction.
The value in the lower 16 bits of the accumulator is copied to V1440 using the Out

instruction.
DirectSOFT32

LDA Octal Hexadecimal
0 40400 [¢lofafofo] —  [e]r]o]o]
Load The HEX equivalent to Th d at
the octal number into the © unused accumulator

bits are set to zero

lower 16 bits of the —_—
accumulator Acc.‘O‘O‘O‘OH4‘1‘O‘0‘
|
ouT [+[1]o]o]
V1440 V1440

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

Handheld Programmer Keystrokes

[ sr |[ xav |[[ 1 [[e—]
L J{swr ][ a Jloer || 4 J[ o J[ 4 J[ o J[ o [[«]
Lour J[ v J[ « J[ 4 | 4 J[ o J[«]
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Standard RLL Instructions
Accumulator / Data Stack Load and Output Instructions

Load Accumulator Load Accumulator Indexed is a 16 bit

Indexed instruction that specifies a source address

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

in the first stack location. This instruction LDX

430 440 450 interprets the value in the first stack location A aaa

as HEX. The value in the offset address
(source address + offset) is loaded into the
lower 16 bits of the accumulator. The upper
16 bits of the accumulator are set to 0.

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

Operand Data Type

DL430 Range

DL440 Range

DL440 Range

Vmemory

All (See p. 3-40)

All (See p. 3-41)

All (See p. 3-42)

Pointer

All (See p. 3-41)

All (See p. 3-42)

Discrete Bit Flags

Description

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

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

In the following example when X1 is on, the HEX equivalent for octal 25 will be
loaded into the accumulator (this value will be placed on the stack when the Load
Accumulator Indexed instruction is executed). V memory location V1410 will be
added to the value in the 1st. level of the stack and the value in this location (V1435 =
2345) is loaded into the lower 16 bits of the accumulator using the Load Accumulator
Indexed instruction. The value in the lower 16 bits of the accumulator is output to
V1500 using the Out instruction.

Load The HEX equivalent to
octal 25 into the lower 16

The unused accumulator
bits are set to zero

‘X1‘ LDA Octal Hexadecimal
|1 025 - [ofo]1]s]

l

bits of the accumulator

—_—
ace.[0]00o][o]o]1]5]

LDX /_\
«
V1410 HEX Value in 1st

Octal stack location Octal

Accumulator Stack

Load e acoumuiator wih v felfof o [n]s] = v[r[4[s[5] Lever1 [0 00 00 0 15
the address to be offset l Level2 | X X X X X X X X
— e unused aceumulator Level3 [X X X X X X X X
Level4 | X X X X X X X X
V1500 ace.[0[0]ofo][2]s[«]5] Level5 |X X X X X X X X
Copy the value in the lower ;I;h;s\‘/élue in V1435 l Level6 | X X X X X X X X
16 bits of the accumulator Level7 |X X X X X X X X By
o V1500 Level8 | X X X X X X X X ||: w
Handheld Programmer Keystrokes V1500 5 E)"
28]
Lsm |[xm [ 1 J[—] cs
L w |[swer][ A oot [[ 2 || s |[«] %3
L w J[swer [ x J[seer ][ v J[ 1 J[ 4 J[ 1+ J[ o |[«] 7]
Lo | v J[ + JL 5 J[ o J[ o |[«]
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Standard RLL Instructions
Accumulator / Data Stack, Load, and Output Instructions

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 __|1DbsX
(LDSX) (DLBL) where numerical or ASCII K aaa
constants are stored. This value will be

430 440 450 loaded into accumulator’s 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 DL440 Range DL450 Range
aaa aaa
Constant K 1-FFFF 1-FFFF

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

In the following example when X1 is on, the Load instruction loads the offset of 1 into
the accumulator. When the LDSX instruction executes, this value is placed into the
first level of the accumulator stack. The LDSX instruction specifies the Data Label
(DLBL K2) where the numerical constant(s) are located in the program. It loads the
constant value according to the offset value into the accumulator’s lower 16 bits.

X1 LD Hexadecimal

| | Value in 1st. level of stack is
[ K1 nun used as offset. The value is 1
) The unused accumulator !
Load the offset value of 1 (K1) into . Accumulator Stack
the lower 16 bits of the accumulator. bits are set to zero —————
ace. |00 foTo][ooo1]— tever1 [0 0 0 0 0 0 0 +
LDSX Level2 [X X X X X X X X
K2 Level3 [X X X X X X X X
Move the offset to the stack. n Level4 |X X X X X X X X
Load the accumulator with the K _
data label number Level5 |X X X X X X X X
The unused accumulator l Level6 [X X X X X X X X
oUT bits are set to zero Level7 |X X X X X X X X
V1500 aco, [0 ]0]0fo][ofofo]z] Level8 [X X X X X X X X
Copy the value in the lower
16 bits of the accumulator
. to V1500
: ( END )
\
DLBL K2
[0
[
'09 NCON The unused accumulator
E t') K3333 Offset 0 bits are set to zero P
>
=E ncc. [0 [0 fofo][2]3]2 ]3]
S 2 NCON —_—
— = Offset 1
K2323
2 |
o Noon
K4549 Offset 2 V1500
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Standard RLL Instructions
Accumulator / Data Stack Load and Output Instructions

Handheld Programmer Keystrokes

[ sr [ xv |[[ 1 [[e]

| o |[keon]|[ 1 |[e—]

[ w |[swer ][ s || x Jlkecon]|[ 2 |[e—]

Lo | v J[ + JL 5 J[ o J[ o |[«]

Lo J[ v J[ 8 J[ v J[keowm|[ 2 |[«—]

Lsorr J[ ~ J[ o J[ o J[ ~n J[ewr|[keon|[ 2 |[ 2 J[ 2 |[ 2 [[«]
Lsorr J[ ~ J[ o J[ o J[ ~n J[ewr][keon|[ 2 |[ s J[ 2 |[ s [[«—]
Lsorr J[ ~ J[ o J[ o J[ n [[swr|[keon]|[ 4 J[ 4 J[ 4 |[ 4 J[—]

Load Real Number The Load Real Number instruction loads a
(LDR) real number contained in two consecutive LDR
V-memory locations, or an 8-digit constant | Aaaa
430 440 450 into the accumulator.

Operand Data Type DL450 Range

A aaa

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

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

Real Constant R Full IEEE 32-bit range

DirectSOFT32 allows you to enter real
numbers directly, by using the leading “R”
to indicate a real number entry. You can ___|LbR
enter a constant such as Pi, shown in the
example to the right. To enter negative
numbers, use a minus (-) after the “R”.

R3.14159

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

V1400 and V1401. V1400

LDR
R5.3E6

These real numbers are in the IEEE 32-bit floating point format, so they occupy two
V-memory locations, regardless of how big or small the number may be! If you view a
stored real number in hex, binary, or even BCD, the number shown will be very
difficult to decipher. Just like all other number types, you must keep track of real
number locations in memory, so they can be read with the proper instructions later.

The previous example above stored a real

number in V1400 and V1401. Suppose DR

that now we want to retreive that number. V1400
Just use the Load Real with the V data
type, as shown to the right. Next we could
perform real math on it, or convert it to a
binary number.

»
—
Q
>
o
V)
=
o

uy)
=
=
5
7
@
b=
c
S
=
o
=
»

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions
Accumulator / Data Stack, Load, and Output Instructions

Out The Out instruction is a 16 bit instruction
(OUT) that copies the value in the lower 16 bits of out
the accumulator to a specified V memory Aaaa
430 440 450 location (Aaaa).
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Vmemory \ All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
In the following example, when X1 is on, the value in V1400 will be loaded into the
lower 16 bits of the accumulator using the Load instruction. The value in the lower 16
bits of the accumulator are copied to V1500 using the Out instruction.
DirectSOFT32
‘ ‘X1‘ LD Lhoald the \qalubt? in \f/1r:100 into V1400
I V1400 acoumuator o [8[o]3]s]
C h lue in the | The unused accumulator l
e
V1500 acc.[0]0o]o][s]o[a 5]
Handheld Programmer Keystrokes l
[ sm [ xav |[[ 1 [[e]
[e[o]aTs]
Lw JEv [« JL 4 J[L o J[ o [[e]
V1500
Lour JL v J[ + JL s J[L o J[ o ]
Out DOUBLE The Out Double instruction is a 32 bit
(OUTD) instruction that copies the value in the oUTD
accumulator to two consecutive V. memory — Aaaa
430 440 450 locations at a Specified starting location
(Aaaa).
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All V. mem (See p. 3-40) All V. mem (See p. 3-41) All V. mem (See p. 3-42)
In the following example, when X1 is on, the 32 bit value in V1400 and V1401 will be
loaded into the accumulator using the Load Double instruction. The value in the
accumulator is output to V1500 and V1501 using the Out Double instruction.
DirectSOFT32 V1401 V1400

4 4
le]7]s]o][s]o]2]¢]

Load the value in V1400 and

& LDD !
1 V1400 V1401 into the accumulator l l
g GEBOEDEE
c 6(7[3]|9][5|o]2]s
o) i Acc.
_9*3 ouTD ggggrr:ﬁ?a::rhtjg\lﬂghoeo and - T
c S V1500 V1501 l l
o=
gé’ Handheld Programmer Keystrokes [e]7]3]9]5]o]2]s]
U)j [ sr |[ xav || |[—] V1501 V1500
e o ][ sHrFT ] [[swer JL v J[ + J[ 4 J[ o J[ o J[e]
| out || suT || [Lsoer v J[ 1 J[ s J[ o J| o Jle]
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Standard RLL Instructions
Accumulator / Data Stack Load and Output Instructions

Out The Out Formatted instruction outputs 1-32
Formatted bits from the accumulator to the specified
(OUTF) discrete memory locations. The instruction
requires a starting location (Aaaa) for the __ |OuTF Aaaa
430 440 450 destination and the number of bits (Kbbb) to K bbb
be output.
Operand Data Type DL440 Range DL450 Range
A aaa bbb aaa bbb
Inputs X 0-477 — 0-1777 —
Outputs Y 0-477 — 0-1777 —
Control Relays C 0-1777 — 0-3777 —
Global I/0 GX 0-1777 — 0-2777 —
Constant K — 1-32 — 1-32
In the following example, when CO is on, the binary pattern of C10—-C16 (7 bits) will
be loaded into the accumulator using the Load Formatted instruction. The lower 7
bits of the accumulator are output to Y20-Y26 using the Out Formatted instruction.
DirectSOFT32
e LDF c10 Location Constant cis]c1s[c1a[cis]c1z[c11[cio
I K7 ‘CWO ‘ ‘W ‘ OFF| OFF| OFF| ON| ON | ON | OFF

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

The unused accumulator bits are set to zero

N

31 3029 28 27 26 2524 2322212019 1817 16 151413121110 9 8 7 6 5 4 3 2 1 0

Lo o[o[ o[ o[ o[ o] o] o] o] o] o] o] 0] 0] 0][ o[ o o[ o[ o[ o] o[ o] o[ o] o] o] 1] 1] 1] o]

Accumulator

OUTF Y20
K7
Copy the value of the Location Constant Y26| 25| Y24 | Y23 v22| Y21 Y20
specified number of bits [ v20 | [k \ ofF| oFfF| oFF| on| oN | oN | oFF
from the accumulator to
Y20-Y26
Handheld Programmer Keystrokes
[ s |[cem || o |J[—]
| w |[swer || F [ st |[cern || 1 ]| o |[kecowm||[ 7 ]J[—]
[ our |[ser || F ][ swrT |[voun]| 2 ]| o |[kecowm|| 7 ][]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Accumulator / Data Stack, Load, and Output Instructions

Out Indexed The Out Indexed instruction is a 16 bit
(OUTX) instruction. It copies a 16 bit or 4 digit value
from the first level of the accumulator stack
430 440 450 to a source address offset by the value in | 0uTX
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 DL430 Range DL440 Range DL450 Range
A aaa aaa aaa

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

Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

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

DirectSOFT32

X1 Constant
i o lele]e]
Lo e accumutor i meumsessm |
acc.[0]0fofo][a]s [4]¢]
LDA Octal HEX
0z —  [oJofxTs]
Load Tho HEX saialriic o unsadscoumiaor |
of the accumulator. This is the L ——
offset for the Out Indexed ace. [0 ]0]oo][o]o]1]5]
instruction, which determines .
the final destination address
Octal Octal Octal
OUTX =
V1500 v ‘ 11‘_:; L:mz C;Ljel:‘ V‘ ! ‘ > ‘ 2 ‘ > ‘ Accumulator Stack
Copy the value in the first to 25 octal, which is Level1 10 0 0 0 3 5 4 4
level of the stack to the Zggﬁgstsootfh\eﬁbsaggtoyield V1525 Level2 |X X X X X X X X
2)\1/113258(;1:1;653)31525 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
ol Lo D ][ o [
_9.% [ w [ « | s ][ 5 J[ & |[ & J[e—] Level8 [X X X X X X X X
ge w |[ st | A J[oet || 2 || 5 |[e—]
—
32 Lour |[srer | x [lswer [ v J| + [ s J[ o J[ o |[«]
n_
—
o
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Standard RLL Instructions
Accumulator / Data Stack Load and Output Instructions

9—67

Out Least
(OUTL)

430 440 450

Out Most
(OUTM)

430 440 450

The Out Least instruction copies the value in
the lower eight bits of the accumulator to the
lower eight bits of the specified V-memory
location (i.e., it copies the low byte of the low

OUTL
A aaa

word of the accumulator).

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

DirectSOFT32

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

[ V1400

Copy the value in the lower
OuTL 8 bits of the accumulator to
V1500 V1500.

Handheld Programmer Keystrokes

V1400

[e]o]a]s]

The unused accumulator l
bits are set to zero

——
ace.[0]0o]o][e]o]3]s]

—_—

|

[ sr [ xav |[[ 1 [[e]

R B e [ o e [ =3 S
Lour |[ser [ o Jlswer |l v JL + J[ s J[ o J[ o |[«]

The Out Most instruction copies the value in

the upper eight bits of the lower sixteen bits OUTM

of the accumulator to the upper eight bits of A aaa

the specified V-memory location (i.e., it

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

Operand Data Type DL450 Range

A aaa

Vmemory Vv All (See p. 3-42)

Pointer P All (See p. 3-42)

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

instruction.
DirectSOFT32
‘ ‘X1‘ LD Load the value_z in \f/1400 into V1400
| V1400 acoumiator (8o ]a]s]
ouTM 5 bite of the lower 16 bit of it aro s o610 l
V1500 the accumulator to V1500. Acc. ‘ 0 ‘ ) ‘0 ‘ ) H 8 ‘ 9 ‘ 3 ‘ 5 ‘
Handheld Programmer Keystrokes l
[ sr [ xav |[[ 1 [[e] ST ToTo]
(o] ] e[ J =]
Lour |[ser [ m [lswer [ v J| + J[ s J[ o J[ o [[«]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Accumulator / Data Stack, Load, and Output Instructions

Pop The Pop instruction moves the value from

(POP) the first level of the accumulator stack (32 ____|POP
bits) to the accumulator and shifts each

430 440 450 value in the stack up one level.

In the example below, when CO is on the Pop instruction moves the value 4545
currently on top of the stack into the accumulator. The value is output to V1400 using
the Out instruction. The next Pop moves the value 3792 into the accumulator and
outputs the value to V1401. The last Pop moves the value 7930 into the accumulator
and outputs it to V1402. Remember to use Out Double instructions if the value in the
stack uses more than 16 bits (4 digits). Each value will occupy two V-memory

locations.
Discrete Bit Flags Description
SP63 on when the result of the instruction causes the value in the accumulator to be zero.
DirectSOFT32 Accumulator Stack before POP
ce POP Levelt [0 0 0 0 4 5 4 5
b Level2 [0 O O O 3 7 9 2
Pop the 1st. value on the stack into the Level3 |0 0 0 0 7 9 3 0
accumulator and move stack values Level4 | X X X X X X X X
up one location Level5 [X X X X X X X X
ouT Level6 [X X X X X X X X
V1400 Previous Acc. value Level7 |X X X X X X X X
Copy the value in the lower 16 bits of Acc.|><|><|><|><||><|><|><|><| tovare [Z X X X X X X X
the accumulator to V1400 Current Acc. value Accumulator Stack
ace.[0fofofo][a]s]a]s] «— tevet1 [0 0 0 03 7 9 2>
POP —_— Level2 [0 O O O 7 9 3 O >
Level3 [X X X X X X X X
. Level4 [X X X X X X X X g
Sotumulator and move S1ack valuse. Lovel s [X X X X x X x X[
up one location V1400 Level6 |X X X X X X X X >
Level7 [ X X X X X X X X
out V1401 Previous Acc. value level8 |X X X X X X X X >
Acc.[0]ofo]o][4]5]4]5]
the soqumator o 1401 Curtent Acc. value Accumulator Stack
ace.[0fofofo][s]7]a]2] «— tevet1 [0 0 0 07 9 3 o>
POP —_— Level2 [X X X X X X X X >
Level3 [X X X X X X X X >
Level4 [X X X X X X X X
Pop the 1st. value on the stack into the Llevel5 | X X X X X X X X >
3;26;:2‘1?;;22(1 move stack values V1401 Level6 [X X X X X X X xg
Level7 [ X X X X X X X X
ouT Previous Acc. value level8 |X X X X X X X X >
V1402 Ace.[0]o]o]o][s]7]o]2]
Copy the value in the lower 16 bits of Current Acc. value Accumulator Stack
2 the accumulatorto V1402 acc.[o]ofolo][7]e[s]0] «—— tLevelt [X X X X X X X X
'09 Handheld Programmer Keystrokes Level2 |X X X X X X X X >
] —
E% [ sr |[cer || o |[«] Level 3 xxxxxxxxg
'85 (st ][ 7 [ o [ ¢ |[—] Lovel 4 [X X X X X X X X|<
Sc Level5 |X X X X X X X X
(D_l | out || v || 1 || 4 || 0 || 0 || | V1402 nn Level 6 X X X X X X X X >
a:' [seer [ P | o [ P |[e] Level 7 xxxxxxxxg
[our |[[ v |[ + [ &« ][ o J[ 1 ][] Level8 [X X X X X X X X
Lsoer JL P J[ o J[ P Jle=]lour J[ v J[ 1 J[ 4 |J[ o |[ 2 |[«]

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions
Accumulator Logic Instructions

Accumulator Logic 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

430 440 450 memory location (Aaaa). The result ____|AND
resides in the in the accumulator. The Aaaa
discrete status flag indicates if the result of
the And is zero.

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

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

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

Discrete Bit Flags Description

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

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in the accumulator is anded
with the value in V1420 using the And instruction. The value in the lower 16 bits of the
accumulator are output to V1500 using the Out instruction.

JirectSOFT32
‘X1‘ LD V1400
I V1400
Load the value in V1400 into the The upper 16 bits of the accumulator 4 : \
lower 16 bits of the accumulator will be set to 0

—_— e ——
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 O
Acc. 0|O|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|O|1|01|0|0|0 0|1|1|11|0|1|0

AND

V1420 Acc. 0 0 0OOOOOOOOOOOOOO OOT11O0OT11TO0OOOOT11T™1T11010
AND the value in the 6A38
accumulator with AND (V14200 0 0 0 0 0 0 0 0 0 0 0O O OOOO O11010100O0T1TH1 1000

the value in V1420

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

—_—— o~

ouT

V1500

Copy the lower 16 bits of the nn

accumulator to V1500

V1500 I:E

Handheld Programmer Keystrokes [ wn
= —

Lsm |[xm |[ + J[«—] 25
Sa

Lw JLv [« J[ 4 J[ o J[ o J[«=] ag
Lawo J[ v J[ « J[ 4 J[ 2 J[ o J[«=] S
Lour [l v [« J[ s J[ o J[ o J[«] ®
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5—70

Standard RLL Instructions

Accumulator Logic Instructions

And Double The And Double is a 32 bit instruction that
(ANDD) logically ands the value in the accumulator
with two consecutive V memory locations
430 440 450 or an 8 digit (max.) constant value (Aaaa). ____|ANDD
The result resides in the accumulator. Aaaa
Discrete status flags indicate if the result
of the And Double is zero or a negative
number (the most significant bit is on).
Operand Data Type DL430 Range DL440 Range DL440 Range
A aaa aaa aaa
Vmemory Vv — All (See p. 3-41) All (See p. 3-42)
Pointer P — All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 0-FFFF
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 Will be on is the result in the accumulator is negative
NOTE: Status flags are valid only until another instruction uses the same flag.
In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is anded with V1420 and V1421 using the And double instruction. The
value in the accumulator is output to V1500 and V1501 using the Out Double
instruction.
DirectSOFT32
X1 LDD V1401 V1400
N
Load the value in V1400 and . \ . . ) N .
V1401 into the accumulator —_— e ———
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|1|o|1 0|1|0|o o|1|1|1 1|1|1|o o|o|1|o 1|o|o|o o|1|1|1 1|o|1|o
ANDD
V1420 Acc. 01 01010O0O017T111110 0010100O0O0T1T111010
AND the value in the 36476A38
accumulator with AND (V1421andVi4200 0 0 1 1 0 1 1 001 00O0O111 0110101 000O0T1T11000
the value in

e o ace.[0] o] o] 1] o] 1] o] o[ o] 1] o] o o] 1] + ][ o] o] o] 1] o] o[ o] o] 1] ] 1 o] o] o]

—_— - - - - -

OuTD
V1500

nnnn

Copy the value in the
accumulator to V1500 and

V1501 V1500

17} V1501

c Handheld Programmer Keystrokes

o

gg [ str |[ xav || 1 ][]

>

25 L w Jlswer ][ o Jlewer|[ v J[ « J[ 4 J[ o [[ o |[[«—]
f< Lawo J[swrr ][ o Jlewer [ v J[ « J[ 4 J[ 2 [[ o |[[«—]

E Lour |[swer |[ o J[swer|[ v J[ + J[ 5 J[ o J[ o J[«=]
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Standard RLL Instructions 5—71
Accumulator Logic Instructions

And The And Formatted instruction logically
Formatted ANDs the binary value in the accumulator
(ANDF) and a specified range of discrete memory
bits (1-32). The instruction requires a ___ | ANDF Aaaa
230 440 450 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 DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 —_ 0-1777 —_
Outputs Y 0-477 — 0-1777 —
Control Relays C 0-1777 — 0-3777 —
Stage Bits S 0-1777 — 0-1777 —
Timer Bits T 0-377 — 0-377 —
Counter Bits CT 0-177 — 0-377 —
Special Relays SP 0-137 320-717 — 0-137 320-717 —
Global 1/0 GX 0-1777 — 0-2777 —
Constant K — 1-32 — 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 Will be on is the result in the accumulator is negative

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

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

DirectSOFT32
X LDF c1o Location Constant c13lciz[ci1|cio
I K4 ‘CWO ‘ ‘K4 ‘ ON| ON| ON|OFF
Load the status of 4 _’—/
consecutive bits (C10-C13) The unused accumulator bits are set to zero
into the accumulator —_—
313029 28 27 26 25 24 2322 21 2019 18 17 16 15141312 11109 8 7 6 5 4 3 2 1 0
ANDF v20 Lo ofo[of o] o[ o[ o[ o[ o] o] o o o] o] o][ o] 0] o o o 0] 0] o o[ 0] 0] o] *[ 1] 1] 0]
Ka Accumulator
é}‘;oﬁ]\(eztg)";rﬁ'ht’f;gigijgin Acc. 0 0 0 0 0 00000O0O0O0O0O0O 00DO0O0O0GOO0OO0OO0O0I1 110
the accumulator Y23|Y22|Y21| Y20
AND (Y20-Y23) [ ON|OFF| OFF| OFF 1000
o ace. [0[ o] o] o] o] o[ o] o] o[ o] o] o] 1] o] o] o]
Copy the value in the lower / I:E
4 bits in accumulator to | wn
C20-C23 5o
Handheld Programmer Keystrokes Location Constant C23|C22|C21|C20 9.'8_
=
‘ TR ‘ | X(N) | ‘ p ‘ ‘ — ‘ C20 ‘ ‘K4 ON | OFF| OFF| OFF ag
w |[ st || F |[svrr|[cem ]| 1 o |[keon]|[ 4 |[e—] g'
[ ano |[sher [ F |[ swrr | [voun]|[ 2 || o J[kecon]||[ 4 |[e—] @
[ outr |[swer |[[ F [[swrr]lcem || 2 || o J[kecon]|[ 4 |[e—]
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5—72 Standard RLL Instructions
Accumulator Logic Instructions

And with Stack The And with Stack instruction is a 32 bit

(ANDS) instruction that logically ands the value in
the accumulator with the first level of the
430 440 450 accumulator stack. The result resides in ANDS

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

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

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

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

DirectSOFT32
‘X1‘ LDD V1401 V1400
I V1400
Load the value in V1400 and . \ , . N .
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
ace.| o] 1] ol 1]o]1]of o] o] 1[1[ 1] 1] 1] 1]o][o] o] 1]0]1] 0] o] o] o] 1] 1] 1] 1]0]1]0
ANDS
Acc. 01t o0ot1totooo1tt1t1t1t110 0O01010O0O0OO0OT1TTI1T11010
AND the value in the 36476A38
accumulator with AND (topofstack 0 0 1 1 0 1 1 0 01 000111 011010100011 1000
the first level of the
e Sk nce.[o] o] o] 1] o] 1] o] o] o] 1] o] o] 1] 1] o][o] o] 1] o] 1] o] o] o] o] o] 1] 1] 1] o] o] o]
—_—— - -
OuTD y /
V1500 NS R
Copy the value in the
accumulator to V1500 and V1501 V1500

V1501
Handheld Programmer Keystrokes

[ str |[[ xav || 1 ][]
Lo J[swr ][ o J[swer ][ v J[ 1 J[ 4 J[ o J[ o |[«=]
| axo |[ s || s ][ e—]
Lour |[swer || o J[swr|[ v [ + J[ 5 J[ o J[ o [[«]

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Standard RLL Instructions

Accumulator Logic Instructions

5—73

Or
(OR)

430 440 450

JirectSOFT32

X1
| |

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

OR

A aaa

Operand Data Type DL430 Range

DL440 Range

DL440 Range

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

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in the accumulator is ored with
V1420 using the Or instruction. The value in the lower 16 bits of the accumulator are
output to V1500 using the Out instruction.

LD

V1400

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

V1400
[2]s[7]A]
/N
The upper 16 bits of the accumulator / g N
will be setto 0

—_— e — —

accumulator
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16||15 14 13 12(11 10 9 8|7 6 5 4|3 2 1 0
Acc. 0|0|0|0 0|O|0|0 O|0|0|0 0|0|0|0 0|0|1|0 1|0|0|0 0|1|1|1 1|0|1|0
OR
V1420 Acc. 0 0 0OOOOOOOOOOOOOOOOT11TOT11TOOOOT11T1T1 1010
Or the value in the 6A38
accumulator with OR(V14200) 0 0 0 0 0 0O 0O OO OOOOOOOOT1TT1TO0T1TO01O0O0OOT1TH1TT1TO0O0O
the value in V1420

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

— - -

ouTt
V1500

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

Handheld Programmer Keystrokes

[e]a]7]4]

V1500

[ sr [ xav |[[ 1 |[e]

Lw v JL o JL e JL o J[ o |[«]
Lor | v J[L o+ JL 4 J[ 2 J[ o |[«]
Lo | v J[ + JL 5 J[ o J[ o |[«]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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5—74 Standard RLL Instructions
Accumulator Logic Instructions

Or Double The OR Double is a 32 bit instruction that

(ORD) ORs the value in the accumulator with the

value (Aaaa), which is either two

430 440 450 consecutive V—-memory locations or an 8 | ORD
digit (max.) constant value. The result Aaaa
resides in the accumulator. Discrete
status flags indicate if the result of the Or
Double is zero or a negative number (the

most significant bit is on).

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

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

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

Constant K 0-FFFF 0-FFFF 0-FFFF

Discrete Bit Flags Description

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

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

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is ored with V1420 and V1421 using the Or Double instruction. The

value in the accumulator is output to V1500 and V1501 using the Out Double
instruction.

JirectSOFT32

x LDD V1401 V1400
o V1400

Load the value in V1400 and

. 4 y % N
V1401 into accumulator —_— e —

3130 20 28(27 26 25 24|23 22 21 20[19 18 17 16[[15 14 13 12|11 10 9 8|7 6 5 4(3 2 1 0
ace.{ o] 1] o[ 1] o] 1] oo o[ 1[1]1]1]1]1]0][o]o] 1]o] 1] 0] o]o]o]1]1]1]1]o]1]0

ORD
V1420 Acc. 01t 0tot1too0oo01111t1100010100O0OT1T111010
OR the value in the 36476A38
accumulator with OR(V1421andV1420) 0 0 1 1 0 1 1 0 01 000111 011010100011 1000
the value in V1420 and
V1421 Acc,|0|1|1|1|0|1|1|0|0|1|1|1|1|1|1|1H0|1|1|0|1|0|1|0|0|1|1|1|1|0|1|0‘
[N S
ouTD ' '
V1500

Copy the value in the n

accumulator to V1500 and

V1501 V1500
V1501
(%2}
CC) Handheld Programmer Keystrokes
o=
Eg [ sr [ xav |[[ 1 [[e]
%*g, L w Jlswer ][ o Jlswer ][ v J[ + J[ 4 J[ o J[ o J[=]
no L or Jlswer ][ o Jlswer ][ v J[ + J[ 4 J[ 2 J[ o J[<=]
T Lour J[swer ]| o Jlswer ][ v J[ + J[ s J[ o J[ o J[=]
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Standard RLL Instructions 5—75
Accumulator Logic Instructions

Or The Or Formatted instruction logically

Formatted ORs the binary value in the accumulator

(ORF) and a specified range of discrete bits

X T < (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 result is zero or negative (the
most significant bit =1).

Operand Data Type DL440 Range DL450 Range

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

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

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.

JirectSOFT32
X LDF c10 Location Constant c13|c12]ci1fcio
o K4 [c1o0 | ke | OFF| ON | ON | OFF
Load the status of 4
_consecutive bits (C10-C13) The unused accumulator bits are set to zero \
into the accumulator —_——
3130292827 2625242322212019 181716 1514131211109 8 7 6 5 4 3 2 1 0
ORF Y20
e ace.| 0] o] o[ o] o] o] o]o]o]o]o]o]o]o]o]o]lo]o]o]o]o]o]o]o]o]o]o]0]o]1]1]o0]
Or the binary bit pattern
(Y20-Y23) with the value in
the accumulator Y23|Y22|Y21| Y20
OR (Y20-Y23) ON | OFF| OFF| OFF 1 000
OUTF Cc20
ke ace.[a] o] o] o] o] o] o] o] o o] o] o] o] o] o] o][e] o] o] o] o] o] o] o] o] o[ o] o] ] 1] ] ]
Copy the specified number By
to; gisbf_rgr;ithe accumulator / E o
_ = )
Handheld Programmer Keystrokes Location Constant c23| coz|c21|c2o '@"8_
=
o | ][ [—] c2o | [ka | [on]on]on]orr ag‘-
| w |[swer ][ F [[swrr]lecemn || 1 || o J[kecon]||[ 4 |[e—] g'
| or |[swrr [ F [ sHrr][voun]|[ 2 || o J[kecon]|[ 4 |[e—] »
[ our |[srr |[[ F [[sHrr]lcem || 2 || o J[kecon]|[ 4 |[e—]
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5—76 Standard RLL Instructions
Accumulator Logic Instructions

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

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

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

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

directSOFT32
x LoD V1401 V1400
| V400 [2]e]7]A]
J R
Load the value in V1400 and \ . . N

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
Ac. o|1|o|10|1|0|0 0|1|1|11|1|1|0 0|0|1|o1|0|0|o 0|1|1|11|o|1|0

ORS

Acc. 01 01tO01tO0O0OO0OT1TT1TT1T1110 O0O01O010O0O0OO0OT1TT1TT11010

OR the value in the 36476A38

accumulator with the value  Or (Topofstackk 0 0 1 1 0 1 1 0 0 1 0 0 01 11 011010100011 1000
in the first level of the

Bccumiator stack ace.[o] [ 1] 1] o] 1] 1] o] o] 1] [ 1] [ 1] 1] ][] 1] +]o] o] 1] o] 1] 1] 1] o] 1] o]
—_—— - - -
ouTD
V1500 N/ N/
Copy the value in the n n
3ic:suor?ulator to V1500 and V1501 V1500

Handheld Programmer Keystrokes

[ sr [ xav |[[ 1 |[e]
L J{swer ][ o J[swer|[ v J[ 1+ J[ 4 J[ o J[ o J[«]
| or |[shrr || s [[e—]
Lour J[suer || o J[swer || v J[ 1+ J[ 5 J[ o J[ o J[e]

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Standard RLL Instructions 5—77
Accumulator Logic 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

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

Operand Data Type DL430 Range DL440 Range DL440 Range

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

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in the accumulator is exclusive
ored with V1420 using the Exclusive Or instruction. The value in the lower 16 bits of
the accumulator are output to V1500 using the Out instruction.

JirectSOFT32
‘X1‘ LD V1400
I V1400 ﬂ
/N
Load the value in V1400 into The upper 16 bits of the accumulator / N
the lower 16 bits of the will be set to 0

—

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

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

XOR

V1420 Acc. 00 0000O0O0O0O0O0O0O0OOOO0OOTO01T00001 111010
XOR the value in the 6A38
accumulator with XOR(V1420) 0 0 0 0 0 0 0 0 0 0 0 00000 011010100011 100°0

the value in V1420

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

- -

ouT

V1500

Copy the lower 16 bits of the

accumulator to V1500 V1500

Handheld Programmer Keystrokes

[ s [ xavy || 1 [ ]

Lw JLv JL v J[ e JL o J[ o |[«]

Lsoer [ x J[swer ][ or J[ v J[ + J[ 4 J[ 2 J[ o J[«]
Lour JL v J[ + J[ s J[ o J[ o |[e=]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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5—78 Standard RLL Instructions
Accumulator Logic Instructions

Exclusive Or The Exclusive OR Double is a 32 bit

Double instruction that performs an exclusive or of

(XORD) the value in the accumulator and the value

(Aaaa), which is either two consecutive V ___ | XORD

430 440 450 memory locations or an 8 digit (max.) Aaaa
constant. The result resides in the
accumulator. Discrete status flags
indicate if the result of the Exclusive Or

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

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

Vmemory Vv — All (See p. 3-41) All (See p. 3-42)

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

Constant K 0-FFFF 0-FFFF 0-FFFF

Discrete Bit Flags Description

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

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

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is exclusively ored with V1420 and V1421 using the Exclusive Or
Double instruction. The value in the accumulator is output to V1500 and V1501 using
the Out Double instruction.

JirectSOFT32
‘X1‘ LDD V1401 V1400
o V1400
Load the value in V1400 and u/ s u/ \

V1401 into the accumulator — e —

3130 29 28(27 26 25 24|23 22 21 20|19 18 17 16[[15 14 13 12|11 10 9 8|7 6 5 4(3 2 1 0
ace.| o] 1] o[ 1] o] 1] oo o[ 1[1]1]1]1]1]0][o]o] 1]o]1]o]o]o]o]1]1]1]1]o]1]0

XORD
V1420 Acc. 01t ot1totooo1t1t11t1110 0O01010O0O0OOT1T1T11010
XORD the value in the 36476A38
accumulator with XORD (V1421andV1420) 0 0 1 1 0 1 1 0 01 000111 011010100011 1000
the value in V1420
and V1421 Acc,|0|1|1|0|o|0|1|o|o|o|1|1|1|o|o|1Ho|1|o|o|o|o|1|o|o|1|o|o|o|o|1|o\
3
ouTD / /
V1500 A A
Copy the value in the nn
(%)) accumulator to V1500 V1501 V1500
C and V1501
_09 Handheld Programmer Keystrokes
=0
85 [s ] [xmn ][ 1+ ][]
—
32 Lw |[swer|[ o J[swer|[ v J[ + J[ 4 J[ o J[ o J[«=]
wn_ [srr || x [ swer || or |[swer [ o [ s [ v |[ 1+ J[ 4 || 2 J[ o ][]
—
o Lour |[swer|[ o J[swer|[ v J[ + J[ 5 J[ o J[ o J[«=]
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Standard RLL Instructions 5—79
Accumulator Logic Instructions

Exclusive Or The Exclusive Or Formatted instruction

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

430 440 450

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 DL440 Range DL450 Range

A/B aaa bbb aaa bbb
Inputs X 0-477 —_ 01777 —
Outputs Y 0-477 — 0-1777 —
Control Relays C 0-1777 — 0-3777 —
Stage Bits S 0-1777 — 0-1777 —
Timer Bits T 0-377 —_ 0-377 —_
Counter Bits CT 0-177 — 0-377 —
Special Relays SP 0-137 320-717 — 0-137 320-717 —
Global /0 GX 0-1777 —_ 0-2777 —_
Constant K —_ 1-32 —_ 1-32
Discrete Bit Flags Description
SP63 Will be on if the result in the accumulator is zero
SP70 Will be on is the result in the accumulator is negative

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

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

DirectSOFT32 Location Constant ci3lcizlci1] cio
Y LDF c10 [c1o | ke | [0 on| onoFF
[ K4
Load the status of 4 The unused accumulator bits are set to zero \
gonsecutive bits (C10-C13)
into the accumulator 313029 28 27 26 2524 232221 2019181716 1514131211109 8 7 6 5 4 3 2 1 0
XORF Y20 \o|0|0|0|0|o|0|0|0|0|0|0|o|0|0|oHo|o|o|o|o|o|o|o|o|o|o|o|o|1|1|o\
K4 Accumulator
Exglusivié)rt\r;gbina}tr%ﬁ:t Acc. 0 000 00O0OO0OOOOOOOOO 0O0OOOOOOO0OOO0O0TI1 10
SZIueer?n(theO;ccuarZ\m;tor.e Y23| Y22| 21| Y20
XORF (Y20-Y23) | ON|OFF|OFF| OFF 100 0
OUTF c20
Ka ace. [ 0] o[ o[ o[ o[ o[ o[ o[ o] o[ o[ o[ 1] 1]1]0]
—__
Copy the specified number / uy)
of bits from the accumulator v —
to C20-C23 -_— :U)
Handheld Programmer Keystrokes Location Constant c23|co2|c21| coo 8 )
L sr [ xn |[ 1 |[ ] ‘CZO ‘ ‘K4 ‘ ON| ON| ON |OFF é"§
| w |[swer ][ F [[swrr]lcemn || 1 || o J[kecon]||[ 4 |[e—] g‘:a
[ st || x [ swer || or |[ swer |[ F || surr |[voun][ 2 || o |[kecom|[ 4 ][] P
[ our |[swrr |[ F [[sHrr]lcem || 2 || o J[kecon|[ 4 |[e—]
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Standard RLL Instructions
Accumulator Logic Instructions

Exclusive Or with  The Exclusive Or with Stack instruction is

Stack a 32 bit instruction that performs an
(XORS) exclusive or of the value in the
accumulator with the first level of the | XORs
430 440 450 accumulator stack. The result resides in

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

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

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

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

JirectSOFT32
X LDD V1401 V1400
| V400 [2]e]7]A]
/ N
Load the value in V1400 and . \ . . N

V1401 into the accumulator —_————
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16||15 14 13 12(11 10 9 8|7 6 5 4|3 2 1 0
Acc. 0|1|0|10|1|0|0 0|1|1|11|1|1|0 0|0|1|01|0|0|0 0|1|1|11|0|1|0

XORS

Acec. 01 O101O0O0OO0OT1TT1T1T1110 001010000T1111010

Exclusive OR the value 36476A38
in the accumulator with XOR (1stlevelofstack 0 0 1 1 0 1 1 0 0 1 0 001 11 011010100011 1000
the value in the first

pikperdd nco.[o] ] 1] o] o] o] 1 o] o] o] 1] 1] 1] o] o] 1][ o] 1] o] o] o] o] ] o] o] 1] o] o] o] o] ] o]
accumulator stack R BN S N —
ouTD :
V1500 A
Copy the value in the
accumulator to V1500 and V1501 V1500
V1501

Handheld Programmer Keystrokes

[ str |[[ xav || 1 ][]

Lo Jlswr ][ o J[swer ][ v J[ 1 J[ 4 J[ o J[ o |[«=]
[ strr || x [ sHrr ]| om |[sHrT || s ][ e—]

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

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Accumulator Logic Instructions

Standard RLL Instructions

Compare
(CMP)

430 440 450

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

CMP
A aaa

Operand Data Type DL430 Range

DL440 Range DL450 Range

A aaa

aaa aaa

Vmemory Vv All (See p. 3-40)

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

Pointer P —

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

Discrete Bit Flags

Description

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 constant 4526 will be loaded into the
lower 16 bits of the accumulator using the Load instruction. The value in the
accumulator is compared with the value in V1410 using the Compare instruction.
The corresponding discrete status flag will be turned on indicating the result of the
comparison. In this example, if the value in the accumulator is less than the value
specified in the Compare instruction, SP60 will turn on energizing C30.

DirectSOFT32
‘)(1‘ LD Load the constant value Constant
Il e | e el 6o s 2 7]
) The unused accumulator l
CcMP Compare the value in the bits are set to zero
accumulator with the value ———
MOoooooaan
SP60 C30
| | ( ouT ) Compared
| \ with
Handheld Programmer Keystrokes nn
[sr [ xv ][ 1+ J[e—] V1410
L w |[xeow|[ 4 J[ s J[ 2 J[ & |[«—] ")
Lowe [ v [« J[ & J[ + J[ o J[e=] o
[ str |[speL |[[ 6 || o ][] S5
28]
Lour |[[eem|[ s |[ o |[<] cg
9._—‘
=0
o
=]
(7))
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Standard RLL Instructions
Accumulator Logic Instructions

Compare Double = The Compare Double instruction is a
(CMPD) 32-bit instruction that compares the value
in the accumulator with the value (Aaaa),
430 440 450 which is either two consecutive V. memory ___|CMPD
locations or an 8-digit (max.) constant. A aaa
The corresponding status flag will be
turned on indicating the result of the
comparison.You can compare either
binary or BCD numbers, as long as both
numbers are of the same data type.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Vmemory Vv — All (See p. 3-41) All (See p. 3-42)
Pointer P — All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFFFFFF 0-FFFFFFFF 0-FFFFFFFF
Discrete Bit Flags Description
SP60 On when the value in the accumulator is less than the instruction value.
SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction
value.

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

In the following example when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is compared with the value in V1410 and V1411 using the CMPD
instruction. The corresponding discrete status flag will be turned on indicating the
result of the comparison. In this example, if the value in the accumulator is less than
the value specified in the Compare instruction, SP60 will turn on energizing C30.

DirectSOFT32
X1 Load the value in V1400 and V1401 V1400
| | LDD V1401 into the accumulator ‘4 ‘5 ‘ 2 ‘6 H 7 ‘2 ‘9 ‘9 ‘
[ V1400 l l
cMPD eccumulator wih e value —_——
V1410 in V1410 and V1411 nco. 4] ]2]6][7]2]0]0]
SP60 C30 Compt?]red
| | ( ) .
|| \OUT
[e]7[3]o][s]o]2]s]
V1411 V1410
N Handheld Programmer Keystrokes
C
_9% [ sr [ xav |[[ 1 [[e]
83 L w [[swer|[ o Jlswer][ v J[ 1+ [[ & |[ o [[ o |[«—]
5o Low [[swer|[ o [[swer][ v J[ 1+ [[ & |[ 1 [[ o |[«—]
Sc
w7 [ st |[speL |[[ 6 || o ][]
—
o Lour [[eem|[ s |[ o [[e—]
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Standard RLL Instructions
Accumulator Logic Instructions

Compare The Compare Formatted compares the
Formatted value in the accumulator with a specified
(CMPF) number of discrete locations (1-32). The
instruction requires a starting location | CMPF Aaaa
230 440 450 (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 DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 — 0-1777 —
Outputs Y 0-477 — 0-1777 —
Control Relays C 0-1777 — 0-3777 —
Stage Bits S 0-1777 — 0-1777 —
Timer Bits T 0-377 — 0-377 —
Counter Bits CT 0-177 — 0-377 —
Special Relays SP 0-137 320-717 — 0-137 320-717 —
Global /0 GX 0-1777 — 0-2777 —
Constant K — 1-32 — 1-32
Discrete Bit Flags Description
SP60 On when the value in the accumulator is less than the instruction value.
SP61 On when the value in the accumulator is equal to the instruction value.
SP62 On when the value in the accumulator is greater than the instruction
value.

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

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

DirectSOFT32
- Location Constant
X1 Load the value of the C13|C12[C11|C10
} } LDF » c10 ?Cp?giiggjgi?ﬁtrgt&éocations ‘cwo ‘ ‘K4 ‘ ofr| on| on | oFF
————————— accumulator The unused accumulator
S ) bits are set to zero
[ |ower Y20 | O ator wit ne value e
K4 of the specified discrete Acc.‘ 0 ‘ 0 ‘ 0 ‘ 0 H 0 ‘ 0 ‘ 0 ‘ 6 ‘
L—— location (Y20-Y23)
‘SPG(‘) / C30 Y23| 22| Y21| Y20 Con\,]v'i)t?]red
|| { ouT > on] on] on|oFF -
—_— =
Handheld Programmer Keystrokes | w
st [ xany || 1 ][ e—] ag
| w |[swer|[ F [[serr]] ¢ |[ 1 || o J[kecon]||[ 4 ] cg
[ ovp | [ shrr [[ F |[ sHrr | [voun]|[ 2 || o J[kecon]||[ 4 |[e—] %.a
Lsr [[see |[ 6 |[ o [[e—] @
Lour [[eem|[ 3 [[ o [[—]
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Standard RLL Instructions
Accumulator Logic Instructions

Compare with The Compare with Stack instruction is a

Stack 32-bit instruction that compares the value ____|CMPS
(CMPS) in the accumulator with the value in the

first level of the accumulator stack.

430 440 450

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

Discrete Bit Flags Description

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

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

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

DirectSOFT32 V1401 V1400
X1 oD Load the value in V1400 and [e]s]o]o][3]s]4]4]
| | V1401 into the accumulator
b V1400 | |
—_—
i DD DIC EIEIENEY
V1410
cwps cccumdiator with the value Vit V1410
in the first level of the ‘5‘5‘0‘0“3‘5‘4‘4‘
accumulator stack l l
SP60 C30 e — e —
| (out ) nco.[8]5]0]0][s]5]4]4]
| \ —_—
Compared
with
Handheld Programmer Keystrokes Top of
Stack
[ sr [ xv |[[ 1 [[e—]
L w |[swer][ o Jlswr [ v J[ 1+ J[ 4 J[ o J[ o |[«]
L w J[swer ][ o Jlswer [ v J[ + J[ 4 J[ + J[ o |[«]
[ emp |[shrT [ s |[ ]
[ st |[speL |[[ 6 || o ][]
L our |[eem ][ s J[ o [[«]

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Standard RLL Instructions
Accumulator Logic Instructions

Compare Real The Compare Real Number instruction
Number compares a real number value in the
(CMPR) accumulator with two consecutive V
memory locations containing a real ____|CMPR
430 440 450 number. The corresponding status flag will Aaaa
be turned on indicating the result of the
comparison. Both numbers  being
compared are 32 bits long.

Operand Data Type DL450 Range
A aaa
Vmemory Vv All (See p. 3-42)
Pointer P All (See p. 3-42)
Constant R —3.402823E+038 to
+-3.402823E+038

Discrete Bit Flags Description

SP60 On when the value in the accumulator is less than the instruction value.

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

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

SP71 On anytime the V-memory specified by a pointer (P) is not valid.

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

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

In the following example when X1 is on, the LDR instruction loads the real number
representation for 7 decimal into the accumulator. The CMPR instruction compares
the accumulator contents with the real representation for decimal 6. Since 7 > 6, the
corresponding discrete status flag is turned on (special relay SP62).

DirectSOFT32
})(1} LDR ?eC);:'ist,};?\t:ﬁ)lnn?oTz:::imal 7
R7.0 into the accumulator. Acc. ‘ 4 ‘ o ‘ £ ‘ 0 H 0 ‘ 0 ‘0 ‘ 0 ‘
CMPR Compare the value with the l l
real number representation
R6.0 for decimal 6.
emer[4 ][00 [0]l0]o]o 0]
S‘PG‘Z / C1
| —(our )
Handheld Programmer Keystrokes
[ sr [[ xany || 1+ ][ o J[swer ][ o ][ sHFr || e—] -
xeow|[ 4 J[ o J[ e J[ o J[ o J[ o J[ o J[ o J[«=] o
[ ovp | [ shrT |[[ R ][ sHFT ] %5{
=]
[xeow|[ 4 J[ o J[ o J[ o J[ o J[ o J[ o J[ o J[«=] =1
[ st |[speL |[[ 6 || o ][] %a
[ out |[ecem || 8 || o ][] 2
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Standard RLL Instructions

Math Instructions

Math Instructions

Add
(ADD)

430 440 450

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

A aaa

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
Vmemory All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.
SP67 On when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in the lower 16 bits of the
accumulator are added to the value in V1420 using the Add instruction. The value in
the accumulator is copied to V1500 using the Out instruction.

DirectSOFT32 V1400

(4o ]e]5]

Load the value in V1400 into the

X1 LD
| lower 16 bits of the accumulator

_{ \ V1400

The unused accumulator l
bits are set to zero —_——
0 0 0 0 4 9 3 5 (Accumulator)

Add the value in the lower

ADD 16 bits of the accumulator + 2 5 0 0 (V1420)
V1420 with the value in V1420 ....
ouT Copy the value in the lower 16 J
bits of th lator to V1500
V1500 its of the accumulator to
V1500
%) Handheld Programmer Keystrokes
c
_9% [ sr | xav |[[ 1 [[e]
83 Lw JLv JL o JL e JL o J[ o J[«]
52 Laoo JL v JL + JL ¢ J[ 2 J[ o |[«]
+— =
2 Lour JLv JL + J[ s J[ o J[ o |[«]
—
o
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Standard RLL Instructions

5—87

Math Instructions

Add Double
(ADDD)

430 440 450

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

resides in the accumulator.

ADDD
A aaa

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-99999999 0-99999999 0-99999999
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.
SP67 On when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is added with the value in V1420 and V1421 using the Add Double
instruction. The value in the accumulator is copied to V1500 and V1501 using the
Out Double instruction.
DirectSOFT32 V1401 V1400

xi Lel7[a]s][s[o]2]e]

_{ } - V1400
|

Load the value in V1400 and
V1401 into the accumulator

—_— —

6 7 3 9 (Accumulator)

+2 0 0 O

5 0 2 6
4 0 4 6

ADDD
V1420

(V1421 and V1420)

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

accumulator with the value
in V1420 and V1421

Ut Lel7[a]o]lo]o]7]2]
V1500
V1501 V1500
Copy the value in the
accumulator to V1500
and V1501
Handheld Programmer Keystrokes I:E
Lsm |[xm |[ 1+ |[«—] )
Lw |[swer|[ o J[swer [ v J[ + J[ 4 J[ o J[ o |[«=] 25
=Q
Laoo |[swer [ o J[swer|[ v J[ + J[ 4 J[ 2 J[ o J[«=] 59
23
Lour |[swer|[ o J[swer|[ v J[ + J[ 5 J[ o J[ o J[«=] S
(7))
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Math Instructions

Standard RLL Instructions

Add Real The Add Real instruction adds a real
(ADDR) number in the accumulator with either a
real constant or a real number occupying ADDR
430 440 450 two consecutive V-memory locations. The ] Aaaa
result resides in the accumulator. Both
numbers must conform to the IEEE
floating point format.
Operand Data Type DL450 Range
A aaa
Vmemory \ All (See p. 3-42)
Pointer P All V. mem (See p. 3-42)
Constant R —3.402823E+038 to
+3.402823E+038
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP71 On anytime the V-memory specified by a pointer (P) is not valid.
SP72 On anytime the value in the accumulator is a valid floating point number.
SP73 on when a signed addition or subtraction results in a incorrect sign bit.
SP74 On anytime a floating point math operation results in an underflow error.
SP75 On when a real number instruction is executed and a non-real number was
encountered.
NOTE: Status flags are valid only until another instruction uses the same flag.
DirectSOFT32
xi on [+]o]efo]fofo]o o]
_{ \ R7.0
Load the real number 7.0 l l
into the accumulator -
7 (decimal) 4 0 E 0O 0 O O O (Accumulator)
+ 1 5 + 4 1 0 0 0 0O (ADDR)
2 2 ace|4]1]B]o][0]o]o]o]
ADDR
R15.0 V1401 V1400

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

[a]1]B]o]o]o]o]o] (Hexnumben

format.
8 42 1(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
ouTD ace.[o]1]olofo]o]o]1][1]o][1]1]0]0]o]o][0o]o]o]o]0]o]o][0]o]o]o]o]o]0]0]0
V1400
Copy the result in the accumulator /
to V1400 and V1401. Sign Bit Exponent (8 bits) Mantissa (23 bits)

128 +2 +1 =131
131-127=4
Implies 2 (exp 4)

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

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

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o

NOTE: The current HPP does not support real number entry with automatic
conversion to the 32-bit IEEE format. You must use DirectSOFT32 for this feature.
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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
430 440 450 the lower 16 bits of the accumulator The SuB
result resides in the accumulator. ] Aaaa
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
A aaa aaa aaa
Vmemory \ All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.
SP65 On when the 32 bit subtraction instruction results in a borrow.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in V1420 is subtracted from the
value in the accumulator using the Subtract instruction. The value in the accumulator
is copied to V1500 using the Out instruction.

DirectSOFT32 V1400
_{ \ V1400

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

0 0 00 2 4 7 5 (Accumulator)

suB — 15 9 2 (V1420

V1420
Subtract the value in V1420 Ace. nnn

from the value in the lower J

16 bits of the accumulator

our o]efe]e]

V1500
V1500

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

Handheld Programmer Keystrokes o]

[ sr [ xav |[[ 1 [[e] EQ

Lw v JL o JL e JL o J[ o |[«] §§

Lsue | v J[ 1+ JL 4 J[ 2 J[ o |[«] So

Lo | v J[ + JL s J[ o J[ o |[«] §'Q'
7
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Standard RLL Instructions

Math Instructions

Subtract Double

(SuBD)

430 440 450

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

either two

SUBD
A aaa

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-99999999 0-99999999 0-99999999
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.
SP65 On when the 32 bit subtraction instruction results in a borrow.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in V1420 and
V1421 is subtracted from the value in the accumulator. The value in the accumulator
is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
Loft[ofe][a]2]7]4]

X LDD
\ V1400 l l

Load the value in V1400 and
V1401 into the accumulator

—_— ——

01 0 6 3 2 7 4 (Accumulator)

SUBD — 6 7 2 3 7 5 (V1421 and V1420)
V1420 acc. [o]o]s]o][o]8]9]9]
The value in V1420 and
V1421 is subtracted from the l l
value in the accumulator
ouTD [o]o]s]o][o]8]o]9]
V1500 V1501 V1500
Copy the value in the
accumulator to V1500
%) and V1501
[
-9 % Handheld Programmer Keystrokes
32 Lsm J[xm [ 1+ [l ]
—
g2 L w Jlswer ][ o J[ewer|[ v J[ + J[ & [ o J[ o [[e«=]
D [sus J[swer [ o J[swer[[ v J[ + J[ & |J[ 2 J[ o |[«=]
—
o Lour |[swer [ o J[swer [ v J[ + J[ s J[ o J[ o J[e=]
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Standard RLL Instructions
Math Instructions

Subtract Real The Subtract Real instruction subtracts a

(SUBR) real number in the accumulator from either

a real constant or a real number occupying SUBR

430 440 450 two consecutive V-memory locations. The — Aaaa

result resides in the accumulator. Both
numbers must conform to the I|EEE
floating point format.

Operand Data Type DL450 Range
A aaa
Vmemory \ All (See p. 3-42)
Pointer P All V. mem (See p. 3-42)
Constant R —3.402823E+038 to
+3.402823E+038

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

encountered.

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

DirectSOFT32

xi on L4 [8]o][ofo]o]o]
_H R22.0 l l

Load the real number 22.0
into the accumulator.

— ——

2 2 (decimal) 4 1 B 0 0 0 0 0 (Accumulator)
- 1 5 + 4 1 7 0 0 0O 0 (SUBR)
7 ace| 4 Jo[E]o][o]o]o]o]
SUBR
R15.0 V1401 V1400
Subtract the real number ‘ 4 ‘ 0 ‘ E ‘ 0 H 0 ‘ 0 ‘ 0 ‘ 0 ‘ (Hex number)

15.0 from the accululator
contents, which is in real
number format.
ReaIVaIue
—_—
8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1(|8 4 2 1(8 4 2 1|8 4 2 1|8 4 2 1

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

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

OouTD
V1400

Mantissa (23 bits)

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

2]
—
Q
>
o
Q
=
o

uy)
—
[
5
7
@
b=
c
S
=
o
=
»

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

Multiply
(MUL)

430 440 450

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o

Multiply is a 16 bit instruction that
multiplies the BCD value (Aaaa), which is
either a V memory location or a 4—digit
(max.) constant, by the BCD value in the
lower 16 bits of the accumulator The result
can be up to 8 digits and resides in the

accumulator.

MUL
A aaa

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
Vmemory \ All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3—40) All (See p. 3—41) All (See p. 3-42)
Constant K 0-9999 0-9999 0-9999
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in V1420 is multiplied by the value
in the accumulator. The value in the accumulator is copied to V1500 and V1501

using the Out Double instruction.

DirectSOFT32

x1‘ b
\ V1400

Load the value in V1400
into the lower 16 bits of

The unused accumulator
bits are set to zero

V1400

[ ofo]o]

|

—_——

the accumulator 000 0 1 0 0 0 [(Accumulator)
X 2 5 (V1420)
MUL
V1420 Ace. [0 ]o]o]2]s]o]o]o0]
The value in V1420 is
multiplied by the value in
the accumulator

Lofofo]z]s]ofo]a

OuTD
V1500 V1501 V1500

Copy the value in the

accumulator to V1500

and V1501
Handheld Programmer Keystrokes
[ sm | xv |[[ 1 [[e]
Lw JEv [« JL s J[L o J[ o [[e]
v JE v JL 0 JL o JL 2 J[ o [[e]
Lour Jlswer J[ o J[swer |l v [+ [l s [ o J[ o [[«]
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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

430 440 450 the two consecutive V-memory locations MULD
specified in the instruction. The lower 8 ] Aaaa

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

Operand Data Type DL450 Range
A aaa
Vmemory Vv All (See p. 3-42)
Pointer P —
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

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

DirectSOFT32 1 2 3 4 5 6 7 8 (Accumulator)

X1‘ LDD Load the hex equivalent l l

—{ | of 12345678 decimal into
Kbc614e the accumulator.
S SIS

BCD Convert the value to V1401 V1400

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

ouTD Output the number to X 2 (Accumulator)
V1400 and V1401 using
V1400 the OUTD instruction. Acc. ‘ 2 ‘ 4 ‘ 6 ‘ 9 H 1 ‘ 3 ‘ 5 ‘ 6 ‘

LD Load the constant K2
K2 into the accumulator.

MULD Multiply the accumulator ‘ 2 ‘ 4 ‘ 6 ‘ 9 H ! ‘ 3 ‘ 5 ‘ 6 ‘
contents (2) by the
V1400 8-digit number in V1400
and V1401.

V1403 V1500

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

Handheld Programmer Keystrokes

o

| [ sHFT |
|[_em J[ «—= ][ Bop |[ «— ]
[ o J[ o Jle]

[ sr [ xv |[ 1 J[e—=]] o || snrr ]|

IS

[kcon] [ swer | [ Bmy |[ e |[ 6 |[ 1 ||

IS

[ our |[swrr [ o [[swrr ][ v |[ 1 ]|

[ w |[keon][ 2 J[e—][ mu |[swrr ][ o
Lv JL o JL e J[ o J[ o J[e]
\

2]
—
Q
>
o
Q
=
o

uy)
—
[
5
7
@
b=
c
S
=
o
=
»

L2 Jl<=]

IS
o

out |[sert ][ o [ swer [ v [ 1 ]
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Standard RLL Instructions
Math Instructions

Multiply Real The Multiply Real instruction multiplies a

(MULR) real number in the accumulator with either

a real constant or a real number occupying MULR

430 440 450 two consecutive V-memory locations. The — A aaa

result resides in the accumulator. Both
numbers must conform to the I|EEE
floating point format.

Operand Data Type DL450 Range
A aaa
Vmemory \ All (See p. 3-42)
Pointer P All (See p. 3-42)
Constant R —3.402823E+038 to
+3.402823E+038

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

encountered.

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

DirectSOFT32

xi on [4]o[efo]fofo]o]o]
_H R7.0 l l

Load the real number 7.0
into the accumulator.

— ——

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

contents by the real number
15.0
Real Value
—_—

8 42 1/8 4 2 1||8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1

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

Implies 2 (exp 6)

[2]
C
o
°%
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o
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o

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

Divide Divide is a 16 bit instruction that divides
(DIV) the BCD value in the 32-bit accumulator
by a BCD value (Aaaa), which is either a V
430 440 450 memory location or a 4-digit (max.) o
constant. The first part of the quotient Aaaa
resides in the accumulator and the
remainder resides in the first stack
location.
Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All V. mem (See p. 3-42)
Constant K 0-9999 0-9999 0-9999
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

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

DirectSOFT32 V1400

— 5100 ]0]
_{ \ V1400

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

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

0 00 0 5 0 0 0 (Accumulator)

biv + 5 0 (V1420)
V1420
The value in the accumulator is Ace. ‘ ‘1 ‘O‘O‘ ‘O‘O‘O‘OHO‘O‘O‘O‘
divided by the value in V1420 First stack location contains
J the remainder
ouT [ [1]o]o]
V1500 V1500

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

Handheld Programmer Keystrokes -
[ sr | xav |[[ 1 [[e] 'C(/)
Lw JLv JL o JL e JL o J[ o J[«] gg
Lov JLv JL + JL & J[ 2 J[ o |[«] cg
Lour JLv JL + J[ s J[ o J[ o |[«=] §'°-
»
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Standard RLL Instructions
Math Instructions

Divide Double

(DIVD) divides the BCD value in the accumulator

by a BCD value (Aaaa), which must be

430 440 450 obtained from two consecutive V memory DIVD
locations. (You cannot use a constant as ) Aaaa

Divide Double is a 32 bit instruction that

the parameter in the box.) The first part of
the quotient resides in the accumulator
and the remainder resides in the first stack

location.

Operand Data Type

DL440 Range

DL450 Range

aaa

Vmemory

All (See p. 3-41)

All (See p. 3-42)

Pointer

All (See p. 3-41)

All (See p. 3-42)

Discrete Bit Flags Description

SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in the
accumulator is divided by the value in V1420 and V1421 using the Divide Double
instruction. The first part of the quotient resides in the accumulator 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.

DirectSOFT32 V1401 V1400

4
X1 LDD ol1]s[olfo]oo]o
5 T [T [oTo]

Load the value in V1400 and
V1401 into the accumulator

V1400

The unused accumulator l l

bits are set to zero

01 5 0 0 0 0 0 (Accumulator)

DIVD =~ 0 0 0 0 0 0 5 O
V1420

(V1421 and V1420)

e Lo [o[o ][0 o o]0] [o]o]o]o][o o o 0]

The value in the accumulator
is divided by the value in
V1420 and V1421

First stack location contains
the remainder

OuUTD
V1500 [ofofofs]fofoo]o]
Copy the value in the V1501 V1500
accumulator to V1500
and V1501
g Handheld Programmer Keystrokes
-9% [ sr | xav |[[ 1 [[e]
83 L w J[swer [ o Jlswer ][ v J[ 1+ J[ 4 |[ o [ o |[«]
5o Lowv J[swer|[ o Jlswer ][ v J[ 1+ J[ 4 |[ 2 J[ o |[«]
Sc
U)j Lour |[swer ][ o Jlswer|[ v J[ 1+ J[ s |[ o |[ o |[«]
o
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Standard RLL Instructions 5—97
Math Instructions

Divide Real The Divide Real instruction divides a real

(DIVR) number in the accumulator by either a real

constant or a real number occupying two DIVR

430 440 450 consecutive V-memory locations. The — Aaaa

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

Operand Data Type DL450 Range
A aaa
Vmemory \ All (See p. 3-42)
Pointer P All (See p. 3-42)
Constant R —3.402823E+038 to
+3.402823E+038

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

encountered.

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

DirectSOFT32

xi on L[t [7]o][ofo]o]o]
_H R15.0 l l

Load the real number 15.0
into the accumulator.

— ——

1 5 (decimal) 4 1.7 0 0 0 0 0 (Accumulator)
10 =4 1 2 0 00 0 0 (DVR)
1.5 ace| 3 |F[c]o]lo]o]o]o]
DIVR
R10.0 V1401 V1400
Divide the accumulator contents ‘ 3 ‘ F ‘C ‘ 0 H 0 ‘ 0 ‘ 0 ‘ 0 ‘ (Hex number)

by the real number 10.0.
///A}a. v\\\\
—_—

8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1

ouTD ace.[ofol1[1]1]1]1]1][1]1]o]o]o]o]o]o][0o]o]o]o]0]o]o][o]o]o]o]o]o]0]0]0
V1400
Copy the result in the accumulator /
to V1400 and V1401. Sign Bit xpanert (8 bits) Mantissa (23 bits)
64+32+16+8+4+2+1=127 1.1 x 2 (exp 0) = 1.1 binary= 1.5 decimal
127-127=0

Implies 2 (exp 0)

»
—
Q
>
o
V)
=
o

uy)
=
=
5
7
@
b=
c
S
=
o
=
»

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

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o

Add Binary Add Binary is a 16 bit instruction that adds

(ADDB) the unsigned 2’s complement binary value

in the lower 16 bits of the accumulator with ____|ADDB

430 440 450 an unsigned 2’s complement binary value Aaaa

(Aaaa), which is either a V memory
location or a 16-bit constant. The result
can be up to 32 bits (unsigned 2’s
complement) and resides in the
accumulator.

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
Vmemory \ All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Pointer P All (See p. 3-40) All V. mem (See p. 3-41) All V. mem (See p. 3-42)
Constant K 0-FFFF 0-FFFF 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.
SP67 On when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP73 On when a signed addition or subtraction results in a incorrect sign bit.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The binary value in the accumulator will be
added to the binary value in V1420 using the Add Binary instruction. The value in the
accumulator is copied to V1500 and V1501 using the Out instruction.

DirectSOFT32 V1400

" — o]alo 7]
_{ \ 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 00 0 A O 5 (Accumulator)

ADDB
V1420

+ 1.2 C 4 (V1420

The binary value in the Ace. n

accumulator is added to the J

binary value in V1420

ouTD L1 [c]e]s]

V1500

V1500

Copy the value in the lower

16 bits of the accumulator to

V1500 and V1501
Handheld Programmer Keystrokes
[ sr [ xav |[[ 1 [[e]
Lw JLv [« J[ « J[ o J[ o J[«=]
Laoo |[swer [ 8 J[swer [ v J[ + J[ 4 J[ 2 J[ o |[«=]
Lour |[swer|[ o J[swer [ v J[ + J[ s J[ o J[ o J[«=]
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Standard RLL Instructions
Math Instructions

Add Binary Double Add Binary Double is a 32 bit instruction

(ADDBD) that adds the unsigned 2’s complement

binary value in the accumulator with the

430 440 450 value (Aaaa), which is either two ADDBD
consecutive V memory locations or 32-bit ] Aaaa

unsigned 2's  complement  binary
constant. The result resides in the
accumulator.

Operand Data Type DL440 Range DL450 Range
A aaa aaa
Vmemory Vv All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-41) All V. mem (See p. 3-42)
Constant K 0-FFFFFFFF 0-FFFFFFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.
SP67 On when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP73 On when a signed addition or subtraction results in a incorrect sign bit.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The binary value in the
accumulator is added with the binary value in V1420 and V1421 using the Add
Binary Double instruction. The value in the accumulator is copied to V1500 and
V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400

4 4
X1 — LofoJofo][ofafo]1]
_H V1400 l l

Load the value in V1400 and
V1401 into the accumulator

—_— ——

000 0 O A 0 1 (Accumulator)
+ 1 0 0 0 C 0 1 0 (V1421 andV1420)

ADDBD
V1420 ace. [1]o]o]o|c]al1]1]

accumulator is added with the

The binary value in the
value in V1420 and V1421

[ [ofofofcfa]r]1]

OuUTD
V1500

V1501 V1500

Copy the value in the
accumulator to V1500
and V1501

Handheld Programmer Keystrokes

[ sm |[ xavy [ 1 [«

I

[ Jlswer ][ o Jlswr [ v J[ + J[ 4 ||

»
—
Q
>
o
V)
=
o

[aoo [ swer || 8 J[ o J[swer ][ v J[ + J| ¢ J[ 2 J[ o |[«]

uy)
—
[
5
7
@
b=
c
S
=
o
=
»

t

[ our |[swer |[[ o [[swrr ][ v |[ 1+ || s ]|
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Standard RLL Instructions
Math Instructions

Subtract Binary Subtract Binary is a 16 bit instruction that

(SUBB) subtracts the unsigned 2—s complement

binary value (Aaaa), which is either a V

430 440 450 memory location or a 16-bit 2’s SUBB
complement binary value, from the binary ] Aaaa

value in the accumulator. The result

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

A aaa aaa aaa

Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.
SP65 On when the 32 bit subtraction instruction results in a borrow.
SP70 On anytime the value in the accumulator is negative.

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

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

DirectSOFT32

X1 LD
— |

V1400

[ [o]2]4]

V1400
lower 16 b ofthe sccumuiator 1T Unused accumulator
0 0 0 0 1 0 2 4 (Accumulator)
susB — 0 A 0 B (V1420)
V1420
The binary value in V1420 is Ace. nnn
subtracted from the value in
the accumulator J
ouT Lofe[r]e]
V1500 V1500
Copy the value in the lower 16
bits of the accumulator to V1500
g Handheld Programmer Keystrokes
o2 Lsm |[xm |[ + J[<—]
=0
3= Lw JLv [+ J[ ¢ J[ o J[ o J[«=]
c
g2 [sus |[swer [ 8 J[swer [ v J[ + J[ 4 J[ 2 J[ o |[«=]
D Lour [l v [+ J[ 5 J[ o J[ o J[«=]
—
o
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Standard RLL Instructions
Math Instructions

Subtract Binary Subtract Binary Double is a 32 bit
Double instruction that subtracts the unsigned 2’s
(SUBBD) complement binary value (Aaaa), which is
either two consecutive V memory ____|suBBD
430 440 450 locations or a 32-bit unsigned 2’s Aaaa
complement binary constant, from the
binary value in the accumulator The result
resides in the accumulator.
Operand Data Type DL440 Range DL450 Range
A aaa aaa
Vmemory Vv All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-42) All (See p. 3-42)
Constant K 0-FFFFFFFF O0-FFFFFFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.
SP65 On when the 32 bit subtraction instruction results in a borrow.
SP70 On anytime the value in the accumulator is negative.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The binary value in V1420
and V1421 is subtracted from the binary value in the accumulator using the Subtract
Binary Double instruction. The value in the accumulator is copied to V1500 and
V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
[ofofofe]fofofr]F]

X LDD
\ V1400 l l

Load the value in V1400 and
V1401 into the accumulator

—_— ——

0 006 0 0 F F (Accumulator)

— 0 0 0 0 1 A 0 1

(V1421 and V1420)

SUBBD
V1420

ace. [o]o]o]s|[e]s[F[E]

V1421 is subtracted from the

The binary value in V1420 and
binary value in the accumulator

[efofofs](efe]r €]

OuUTD
V1500

V1501 V1500

Copy the value in the
accumulator to V1500
and V1501

Handheld Programmer Keystrokes

|[—]

[ sr |[ xav || 1

o

w |[ s | o [[seer ][ v ][ o

[ sus J[swer ]| 8 J[ o J[swer ][ v JL « J| ¢ J[ 2 J[ o

2]
—
Q
>
o
Q
=
o

o
o

[ our |[swer |[[ o [[swrr ][ v |[ 1+ || s ]|

uy)
—
[
5
7
@
b=
c
S
=
o
=
»
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Standard RLL Instructions
Math Instructions

Multiply Binary
(MULB)

430 440 450

Multiply Binary is a 16 bit instruction that
multiplies the unsigned 2’s complement
binary value (Aaaa), which is either a V
memory location or a 16-bit unsigned 2’s
complement binary constant, by the16-bit
binary value in the accumulator The result

MULB
Aaaa

can be up to 32 bits and resides in the

accumulator.

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
Vmemory Vv All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 0-FFFF
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

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

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

DirectSOFT32

V1400

Lofafo]r]

X1 LD
— | V1400
Load the value in V1400 into the l
lower 16 bits of the accumulator The unused accumulator
bits are set to zero —_——
0 00 0 O A 0 1 (Accumulator)
MULB X 0 0 2 E (V1420)
V1420
: — acc. [0]ofo]r][cfc]2 [€]
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
[ sr |[ xav |[[ 1 [[e—]
Lw L v [+ J[ ¢ J[ o J[ o J[«=]
Lwo |[swer [ 8 J[swer J[ v J[ « J[ & J[ 2 J[ o [[«]
Lour |[swer [ o J[swer [ v J[ + J[ s J[ o J[ o J[]

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Standard RLL Instructions
Math Instructions

Divide Binary Divide Binary is a 16 bit instruction that

(DIVB) divides the unsigned 2’s complement

binary value in the accumulator by a

430 440 450 binary value (Aaaa), which is either a V DIVB
memory location or a 16-bit unsigned 2’s ] Aaaa

complement binary constant. The first part
of the quotient resides in the accumulator
and the remainder resides in the first stack

location.

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

Vmemory \ All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF 0-FFFF
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

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

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

DirectSOFT32 V1400
’ - FTalo[]
_{ \ V1400

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

0 00 0 F A 0 1 (Accumulator)

=+ 0 0 5 0 (V1420

—_——

DIVB

V1420

Ace. [0]3]2]0] [o]o]o]o]lo]o]o]o0]

The binary value in the

accumulator is divided by J First stack location contains

the binary value in V1420 the remainder

our [o]s]2]o0]

V1500 V1500

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

uy)

Handheld Programmer Keystrokes F »
«— S5

Lsm |[xmw |[ 1 | | 38
Lw JLv [+ J[ 4 J[ o J[ o J[e=] cg
Lov |[swer|[ 8 J[swer [ v J[ + J[ 4 J[ 2 J[ o |[«=] =
Lour [l v [+ J[ s J[ o J[ o J[] ?

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions
Math Instructions

Add Formatted Add Formatted is a 32 bit instruction that
(ADDF) adds the BCD value in the accumulator
with the BCD value (Aaaa) which is a ADDF  Aaaa
430 440 450 range of discrete bits. The specified range B K bbb
(Kbbb) can be 1 to 32 consecutive bits.
The result resides in the accumulator.
Operand Data Type DL440 Range DL450 Range
A aaa bbb aaa bbb
Inputs X 0-477 — 0-1777 —
Outputs Y 0-477 — 0-1777 —
Control Relays C 0-1777 — 0-3777 —
Stage Bits s 0-1777 — 0-1777 —
Timer Bits T 0-377 — 0-377 —
Counter Bits CT 0-177 — 0-377 —
Special Relays SP 0-137 320-717 — 0-137 320-717 —
Global /0 GX 0-1777 — 0-2777 —
Constant K — 1-32 — 1-32
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.
SP67 when the 32 bit addition instruction results in a carry.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.
NOTE: Status flags are valid only until another instruction uses the same flag.
In the following example, when X6 is on, the value formed by discrete locations
X0-X3 is loaded into the accumulator using the Load Formatted instruction. The
value formed by discrete locations CO—C3 is added to the value in the accumulator
using the Add Formatted instruction. The value in the lower four bits of the
accumulator is copied to Y10-Y13 using the Out Formatted instruction.
DirectSOFT32 31 x2 ] x1 ] xo
L r 0| ey on[orelorelorr
into the accumulator
o unused accuratr |
ADDF co Qgguﬁﬁlz?cl)lrjivii?ht?ﬁe value 0000 0008 (Aecumiae cejc2lolyco
Ka represented by discrete + 3 (co-c3) —  |OFF|OFF| ON| ON
location CO-C3 Acc.‘O‘O‘O‘OHO‘O‘WM‘
OUTF Y10 Copy the lower 4 bits of the
N accumulator to discrete
c K5 locations Y10-Y14
2% —
% E Handheld Programmer Keystrokes vialvizlviilvio
%“g [ sm | xiv |[ & [[e—] oFF| oFF| oFF| oN
(7'): | w |[swer [ F [[serr ][ xam || o |[kecon]| 4 |[e—]
EI | aop ][ ser ][ F [ swrr |[cem || o |[keon]| 4 [[ <]
[ our |[shrr |[[ F |[swrr|[voun|[ 1+ || o J[kecon]||[ 4 |[e—]
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Standard RLL Instructions
Math Instructions

Subtract Formatted Subtract Formatted is a 32 bit instruction
(SUBF) that subtracts the BCD value (Aaaa),
which is a range of discrete bits, from the
430 440 450 BCD value in the accumulator. The SUBF Aaaa
specified range (Kbbb) can be 1 to 32 ] K bbb
consecutive bits. The result resides in the
accumulator.
Operand Data Type DL440 Range DL450 Range
A aaa bbb aaa bbb
Inputs X 0-477 — 0-1777 —
Outputs Y 0-477 —_ 0-1777 —_
Control Relays C 0-1777 — 0-3777 —
Stage Bits s 0-1777 — 0-1777 —
Timer Bits T 0-377 — 0-377 —
Counter Bits CT 0-177 — 0-377 —
Special Relays SP 0-137 320-717 — 0-137 320717 —
Global /0 GX 0-1777 — 0-2777 —
Constant K — 1-32 — 1-32
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.
SP65 On when the 32 bit subtraction instruction results in a borrow.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.
NOTE: Status flags are valid only until another instruction uses the same flag.
In the following example, when X6 is on, the value formed by discrete locations
X0-X3 is loaded into the accumulator using the Load Formatted instruction. The
value formed by discrete location CO—C3 is subtracted from the value in the
accumulator using the Subtract Formatted instruction. The value in the lower four
bits of the accumulator is copied to Y10-Y13 using the Out Formatted instruction.
DirectSOFT32 x3a ] x2 | xi ] xo
L F 0] ke ek
into the accumulator The unused accumulator l
bits are set to zero
SUBF co| Subtract the value 00 0 0 0 0 0 9 (Accumulator) c3lcolct] co
Ka e value s acoumulator — g (co-cy —  |on|orr|orFoF
acc.[o]o]o]o]o]o]o]1]
OUTF Y10 Copy the lower 4 bits of the
Ka focations V10013 S
=
S T
Handheld Programmer Keystrokes = —+
Y13 Y12/ Y11 Y10 8 Q
Lsmr [[xm |[ 6 |[—] OFF| oFF| OFF| ON =3
[ w [[ser ][ F J[sorr [ xan |[ o J[kecom][ 4 |[«—] §_g‘_
[ susr |[ srr |[[ F [[serr][cem || o |[kecon]| 4 |[e—] S
[ outr |[shrr |[[ F |[swrr|[voun|[ 1+ || o J[kecon]||[ 4 |[e—] @

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions
Math Instructions

Multiply Formatted Multiply Formatted is a 16 bit instruction
(MULF) that multiplies the BCD value in the
accumulator by the BCD value (Aaaa)
430 440 450 which is a range of discrete bits. The MULF Aaaa
specified range (Kbbb) can be 1 to 16 ] K bbb
consecutive bits. The result resides in the
accumulator.
Operand Data Type DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 — 0-1777 —
Outputs Y 0-477 — 0-1777 —
Control Relays C 0-1777 — 0-3777 —
Stage Bits S 0-1777 — 0-1777 —
Timer Bits T 0-377 — 0-377 —
Counter Bits CT 0-177 — 0-377 —
Special Relays SP 0-137 320-717 — 0-137 320-717 —
Global I/0 GX 0-1777 — 0-2777 —
Constant K — 1-16 — 1-16
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator
to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was
encountered.
NOTE: Status flags are valid only until another instruction uses the same flag.
In the following example, when X6 is on, the value formed by discrete locations
X0-X3 is loaded into the accumulator using the Load Formatted instruction. The
value formed by discrete locations CO-C3 is multiplied by the value in the
accumulator using the Multiply Formatted instruction. The value in the lower four bits
of the accumulator is copied to Y10-Y 13 using the Out Formatted instruction.
DirectSOFT32 31 x2 ] x1 ] %o
Load the value represented OFF|OFF| ON | ON

by discrete locations X0-X3
into the accumulator

[

xe LDF X0
\ K4

The unused accumulator l
bits are set to zero

co Multiply the value in the
accumulator with the value

K4 represented by discrete X

locations CO-C3

0000 0 0 0 3 (Accumulator) c3| c2|ct]co

2 (co-c3 —  |OFF|OFF| ON|OFF

MULF

ace.[0JoJoo][o]o]o]s]

Copy the lower 4 bits of the

n OUTF Y10 accumulator to discrete

CC) K4 locations Y10-Y13
gg Handheld Programmer Keystrokes S —
© E Y13[Y12[Y11[Y10
%z’ Lsm [ xm|[ 6 |[«—] orr] on | onoFF
-
N | w [ st |[ F [[serr ][ xam || o |[kecon]| 4 |[e—]

EI [ mue |[sher [[ F [[serr][cem || o |[kecon]| 4 |[e—]

[ our |[shrr || F J[ sHrT |[voun]|[ 1 || o J[keconm|| 4 ][]
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Standard RLL Instructions

Math Instructions

Divide Formatted Divide Formatted is a 16 bit instruction that
(DIVF) divides the BCD value in the accumulator
by the BCD value (Aaaa), a range of
430 440 450 discrete bits. The specified range (Kbbb) ____|DIVF A aaa
can be 1 to 16 consecutive bits. The first K bbb
part of the quotient resides in the
accumulator and the remainder resides in
the first stack location.
Operand Data Type DL440 Range DL450 Range
A/B aaa bbb aaa bbb
Inputs X 0-477 — 0-477 —
Outputs Y 0-477 — 0-477 —
Control Relays C 0-1777 — 0-1777 —
Stage Bits S 0-1777 — 0-1777 —
Timer Bits T 0-377 — 0-377 —
Counter Bits CT 0-177 — 0-177 —
Special Relays SP 0-137 320-717 — 0-137 320-717 —
Global I/0 GX 0-1777 — 0-1777 —
Constant K — 1-16 — 1-16
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.
NOTE: Status flags are valid only until another instruction uses the same flag.
In the following example, when X6 is on, the value formed by discrete locations
X0-X3 is loaded into the accumulator using the Load Formatted instruction. The
value in the accumulator is divided by the value formed by discrete location CO—C3
using the Divide Formatted instruction. The value in the lower four bits of the
accumulator is copied to Y10-Y13 using the Out Formatted instruction.
DirectSOFT32 x3 | xo | x1| xo
X6 Load the value represented ON | OFF| OFF| OFF

| LDF X0
I K4

by discrete locations X0-X3
into the accumulator

[

The unused accumulator l

bits are settozero Y

0000 0 0 0 8 (Accumulator) c3| c2|c1]co

2 (Co-c3 — |OFF|OFF| ON|OFF

Divide the value in the
DIVF co accumulator with the value

K4 represented by discrete
location CO-C3

ace.[0Joofo][ofo]of4] [ofofofoffofofo]o]

First stack location contains

Copy the lower 4 bits of the

OUTF Y10 | accumulator to discrete the remainder
K4 locations Y10-Y13 I:E
P —
Handheld Programmer Keystrokes —_ Q
Y13|Y12]|Y11]| Y10 8 [
Lsmr J[xm [ s [[«—] oFF] on | oFF|oFF =3
[ w [[swer ][ F J[serr [ xan |[ o J[kecom][ 4 |[«—] Eg‘_
[ ov |[swer [[ F [[serr][cemn || o |[kecon]| 4 |[e—] S
[ our |[shrr || F J[ sHrT |[voun]|[ 1 ]| o J[keconm|| 4 ][] o
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Standard RLL Instructions
Math Instructions

Add Top Add Top of Stack is a 32 bit instruction that
of Stack adds the BCD value in the accumulator
(ADDS) with the BCD value in the first level of the ADDS
accumulator stack. The result resides in ]
430 440 450 the accumulator. The value in the first level
of the accumulator stack is removed and
all stack values are moved up one level.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.

SP67 On when the 32 bit addition instruction results in a carry.

SP70 On anytime the value in the accumulator is negative.

SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in V1420 and
V1421 is loaded into the accumulator using the Load Double instruction, pushing the
value previously loaded in the accumulator onto the accumulator stack. The value in
the first level of the accumulator stack is added with the value in the accumulator
using the Add Stack instruction. The value in the accumulator is copied to V1500 and
V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
X1 oD Load the value in V1400 and loJoae][s]o]2]e] Accumulator stack
_{ } Via V1401 into the accumulator ! ! after 1st LDD
00 —_ Level1 [X X X X X X X X
ACC.‘O‘O‘B‘QHS‘O‘Z‘G‘ Level2 [X X X X X X X X
Level3 |X X X X X X X X
V1421 V1420 Level4 [X X X X X X X X
oD Load the value in V1420 and lofof1][7][2]o]s 6] Level5 | X X X X X X X X
V1420 V1421 into the accumulator l l level6 | X X X X X X X X
——— Level7 |[X X X X X X X X
nce. [0]0]1[7][2]0]5]6]
: Level8 | X X X X X X X X
ADDS :ggutrzilzitaohrj?/vii?ht?ﬁe value
in the first level of the ace |0]0]s]6][7]o]8]2]
accumulator stack - - Accumulator stack
after 2nd LDD
ouTD Copy the value in the l l Level1 |0 0 3 9 5 0 2 6
V1500 zﬁzu\mg‘f””mo ) Level2 [X X X X X X X X
o [o]o]s]e][7]o]8]2] Level3 |X X X X X X X X
CC) Handheld Programmer Keystrokes V1501 V1500 Level4 | X X X X X X X X
gk~ Level5 |X X X X X X X X
gg Lsm J[xm |[ 1 |[e] Level6 |X X X X X X X X
%"J’; [ w |[swer ][ o [[swer ][ v [ 1+ || & ][ o |[ o J[e] Level7 [X X X X X X X X
c
nh L J{swer ][ o J[swer|[ v J[ 1 J[ 4 J[ 2 J[ o J[«] tovars 2 2 X X X X X R
EI [ aoD | [ shrT || s || sHrT ][ e—]
Lour J[swer || o J[swer || v J[ 1 J[ 5 J[ o J[ o J[e]
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Standard RLL Instructions
Math Instructions

Subtract Top Subtract Top of Stack is a 32 bit instruction
of Stack that subtracts the BCD value in the first
(SUBS) level of the accumulator stack from the
BCD value in the accumulator. The result __|suBs
430 440 450 resides in the accumulator. The value in
the first level of the accumulator stack is
removed and all stack values are moved
up one level.
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.
SP65 On when the 32 bit subtraction instruction results in a borrow.
SP70 On anytime the value in the accumulator is negative.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in V1420 and
V1421 is loaded into the accumulator using the Load Double instruction, pushing the
value previously loaded into the accumulator onto the accumulator stack. The BCD
value in the first level of the accumulator stack is subtracted from the BCD value in
the accumulator using the Subtract Stack instruction. The value in the accumulator
is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
X1 oD Load the value in V1400 and Lofof1]7][2]o]s]6] Accumulator stack
_{ } V1401 into the accumulator ! ! after 1st LDD
V1400 — Level 1 X X X X X X X X
Acc.‘0‘0‘1‘7“2‘0‘5‘6‘ Level2 | X X X X X X X X
Level3 [X X X X X X X X
LDD Loadth_evalueinVMZOand V1421 V1420 Level4 | X X X X X X X X
V1420 V1421 into the accumulator ‘0‘0‘3‘9“5‘0‘2‘6‘ level5 |X X X X X X X X
l l Level6 [X X X X X X X X
T T Level7 |[X X X X X X X X
o acc.[0]0]3]9][s]o]2]6] Level8 [X X X X X X X X
SUBS Subtract the value in the first
level of the accumulator
stack from the value in the
accumulator
acc. 002 [2][2]9]7 [o]
—_— Accumulator stack
after 2nd LDD
outo cotumutaior o VA500 | | Level1 [0 0 1 7 2 056
V1500 and V1501 — Level2 [X X X X X X X X
lofol2]2][2]e]7]0] Level3 [X X X X X X X X l:_U
Handheld Programmer Keystrokes V1501 V1500 lovel4 | X X X X X X X X I_U)
s [[xivn |[[ 1 |[e—] Level5 |[X X X X X X X X %g"
Lw |[swer|[ o J[swer|[ v J[ + J[ 4 J[ o J[ o J[«=] toveto 42 F P P2 X 2 2 =
Level7 [X X X X X X X X o =
Lw |[swer|[ o J[swer|[ v J[ + J[ 4 J[ 2 J[ o J[«=] Levels [X X X X X X X X o
[ su |[strr |[ s |[ swFT |[e—] 7
Lour |[swer|[ o J[swer|[ v J[ + J[ 5 J[ o J[ o J[«=]
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Standard RLL Instructions
Math Instructions

Multiply Top Multiply Top of Stack is a 16 bit instruction
of Stack that multiplies a 4-digit BCD value in the
(MULS) first level of the accumulator stack by a
4-digit BCD value in the accumulator. The __|MuLs
430 440 450 result resides in the accumulator. The
value in the first level of the accumulator
stack is is removed and all stack values
are moved up one level.

Discrete Bit Flags Description

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

SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in V1420 is loaded into the
accumulator using the Load Double instruction, pushing the value previously loaded
in the accumulator onto the accumulator stack. The BCD value in the first level of the
accumulator stack is multiplied by the BCD value in the accumulator using the
Multiply Stack instruction. The value in the accumulator is copied to V1500 and
V1501 using the Out Double instruction.

DirectSOFT32 V1400
X1 D Load the value in V1400 into ﬂﬂﬂ Accumulator stack
_{ | the accumulator The unused accumulator after 1st LDD
‘ V1400 bits are set to zero ! Lovel1 TX X X X X X X x
P S

aco. 000 ]o][s]ofo]o] Level2 [X X X X X X X X
Level3 [X X X X X X X X
V1420 Level4 | X X X X X X X X
D Load the value in V1420 into [o]2]0]0] Level5 |X X X X X X X X
V1420 he accumulator phe unused acoumulator ! Level6 [X X X X X X X X
Level7 | X X X X X X X X
ace. 000 ]o][o]2]0 o] Level8 |X X X X X X X X

MULS gﬂcﬂﬂmﬁ Ifaht?)rv ve\lllitjr?tir?eﬂ\]/:Iue

in the first level of the
accumulator stack Acc_‘O‘W ‘O‘OHO‘O‘O‘O‘
—_— Accumulator stack
after 2nd LDD
ouTD Copy the value in the i l Levelt [0 0 O O 5 0 0 O
V1500 Zﬁﬁ“&"%%'f”””m —_— Level2 [X X X X X X X X
Lo]1]ofo]fofo]o o] Level3 |X X X X X X X X
Handheld Programmer Keystrokes VisoT V1500 Level4 | X X X X X X X X
g Level5 [X X X X X X X X
) Lsr J[xm [ 1+ [[«] Level6 [X X X X X X X X
S [ w v [+ [« ] o J[ o J[e] Level7 |X X X X X X X X
25 [ | | | o =)
(‘,")E [ muL |[shrr || s || sHrT ][ e—]
T Lour |[swrr ][ o Jlswer [ v J[ + J[ s J[ o |[ o J[«]
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Standard RLL Instructions
Math Instructions

Divide by Top Divide Top of Stack is a 32 bit instruction
of Stack that divides the 8-digit BCD value in the
(DIVS) accumulator by a 4-digit BCD value in the DIVS
first level of the accumulator stack. The —
430 440 450 result resides in the accumulator and the
remainder resides in the first level of the
accumulator stack.

Discrete Bit Flags Description

SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

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

In the following example, when X1 is on, the Load instruction loads the value in
V1400 into the accumulator. The value in V1420 is loaded into the accumulator using
the Load Double instruction, pushing the value previously loaded in the accumulator
onto the accumulator stack. The BCD value in the accumulator is divided by the BCD
value in the first level of the accumulator stack using the Divide Stack instruction.
The Out Double instruction copies the value in the accumulator to V1500 and V1501.

DirectSOFT32 V1400 Accumulator stack
X1 LD Load the value in V1400 into nnn after 1s1£0D
_{ \ the accumulator The unused accumulator Level1 [X X X X X X X X
[ V1400 bits are set to zero L Level 2 XX X X X X X X
ace. [0 0]0]o][ofo]2]o0] Level3 [X X X X X X X X
Level4 |[X X X X X X X X
V1421 V1420 Level 5 X X X X X X X X
LDD Load the value in V1420 and ‘O‘O‘B‘OHO‘O‘O‘O‘ Level6 |X X X X X X X X
V1421 into the accumulator Level7 |X X X X X X X X
V1420 | ! eve
Level8 | X X X X X X X X
ace. | 005 ]0][o]o]o]o0]
Accumulator stack
after 2nd LDD
DIVS Divide the value in the ) Level 1 00000020
heimstiavoine " aw[o]o]o]2][e]o]o]o] Leveiz [X X X X X X XX
accumulator stack —_—
Level3 |[X X X X X X X X
l l Level4 [X X X X X X X X
outd cotumulaior o VA500 T Levels [X X X X X X X X
V1500 and V1501 Lofofof2][s[o]o]o] Level6 |X X X X X X X X
V1501 V1500 Level 7 |[X X X X X X X X
Level8 |[X X X X X X X X
Handheld Programmer Keystrokes
[ sr | xav |[[ 1 |[e] frststack locaton
L w [[ v [+ ][ 4 ][ o |[ o J[e—] Leveli [0 0 0 0 0 0 0 O l_'._U
w |[swer |[ o |[swer|[ v J[ 1+ J[ 4 [ 2 |[ o |[«—] tover2 (7 7 PP 2 X 2 2 7))
Level3 [X X X X X X X X 56
L ov J[surr || s |[ swrT ||| Level4 [X X X X X X X X ,‘1’..8_
=
Covr ] (s ] [0 ][] v ][ s 1o 1o ][] 8
Level6 [X X X X X X X X g.a
Level7 | X X X X X X X X 5
Level8 |[X X X X X X X X @
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Standard RLL Instructions
Math Instructions

Add Binary Add Binary Top of Stack instruction is a 32
Top of Stack bit instruction that adds the binary value in
(ADDBS) the accumulator with the binary value in
the first level of the accumulator stack. | ADDBS
430 440 450 The result resides in the accumulator. The
value in the first level of the accumulator
stack is removed and all stack values are
moved up one level.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP66 On when the 16 bit addition instruction results in a carry.

SP67 On when the 32 bit addition instruction results in a carry.

SP70 On anytime the value in the accumulator is negative.

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

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in V1420 and
V1421 is loaded into the accumulator using the Load Double instruction, pushing the
value previously loaded in the accumulator onto the accumulator stack. The binary
value in the first level of the accumulator stack is added with the binary value in the
accumulator using the Add Stack instruction. The value in the accumulator is copied
to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
X1 LoD Load the value in V1400 and [ofofs]a][s]o]c]e] Accumulator stack
_{ } V1400 V1401 into the accumulator | ! after 1st LDD

e Level1 [X X X X X X X X
ncc. [0 ]0]3]a][s]o]c 6] Level2 [X X X X X X X X
Level3 |[X X X X X X X X
V1421 V1420 Level4 |[X X X X X X X X
oD Load the value in V1420 and Lofof+]7][Bo]sF] Level5 [X X X X X X X X
V1420 V1421 into the accumulator | | Level6 |X X X X X X X X
e Level7 |[X X X X X X X X
aco. (001 [7][B]o]5[F] Level8 |X X X X X X X X

ADDBS Add the binary_value in_ the

Veluo i the st lovel of acc. [0]0]5 [2][o]1[2]5]
accumulator stack —_— Accumulator stack
after 2nd LDD
ouTD Copyth?;,ah:e\i/nggo l l Level1 |0 0 3 A 5 0 C 6
V1500 :ﬁg“\ﬂggf” ‘0‘0‘5‘2”0‘1‘2‘5“ Level2 |[X X X X X X X X
CC) Handheld Programmer Keystrokes Level 4
o b= Level5 |[X X X X X X X X
c S Lsm J[xm [ 1+ [[«] Level6 [X X X X X X X X
2% |l | e | o | =3 Love 7 [X X X X X X X X
e L w J[swr ][ o J[swer|[ v J[ 1+ J[ 4 J[ 2 J[ o |[[«—] tverg X X X RX XXX
U)_I
a:l [ aop |[shrT || B |[ s || sHrT ][ e—]
Lour [[swer [ o J[swer|[ v J[ 1+ J[ 5 J[ o J[ o |[«=]
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Standard RLL Instructions
Math Instructions

Subtract Binary Subtract Binary Top of Stack is a 32 bit

Top of Stack instruction that subtracts the binary value
(SUBBS) in the first level of the accumulator stack
from the binary value in the accumulator. ___|suBBs
430 440 450 The result resides in the accumulator. The

value in the first level of the accumulator
stack is removed and all stack locations
are moved up one level.

Discrete Bit Flags Description

SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP64 On when the 16 bit subtraction instruction results in a borrow.

SP65 On when the 32 bit subtraction instruction results in a borrow.

SP70 On anytime the value in the accumulator is negative.

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The value in V1420 and
V1421 is loaded into the accumulator using the Load Double instruction, pushing the
value previously loaded in the accumulator onto the accumulator stack. The binary
value in the first level of the accumulator stack is subtracted from the binary value in
the accumulator using the Subtract Stack instruction. The value in the accumulator
is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
. oO[0|1[A]l2]0]|5|B
| e e I s
V1400 — Level 1 X X X X X X X X
aco.[0]0]1[a][2]0]s [B] Level2 [X X X X X X X X
Level3 [X X X X X X X X
V1421 V1420 Level4 [X X X X X X X X
LDD Load the value in V1420 and ‘0\0\3\%\“5\0\0\6\ Level5 [X X X X X X X X
V1420 V1421 into the accumulator l l Level6 | X X X X X X X X
e e Level7 |[X X X X X X X X
nce.[0]0]3]A][s]ofc]s] Level8 [X X X X X X X X
SUBBS Subtract the binary value in
the first level of the
ag:cumulatorgackfromthe Acc_‘O‘O‘Z‘OHS‘O‘G‘B‘
glcncirr):]lﬂtjoerm e _— Atﬁ:ur;uléat&gack
after 2n
OouUTD Copy the value in the l l Levelt |O 0 1 A 2 0 5 B
V1500 accumulator to V1500 [ Level2 | X X X X X X X X
anavieot [ofof2[o][s[o]e 8] Level3 [X X X X X X X X
Handheld Programmer Keystrokes V1501 V1500 Level4 | X X X X X X X X I:E
—
‘STRHX(IN)H p H(_" tevel5 X X X X X X X X 59
evel6 [ X X X X X X X X U)m
Lw |[swer|[ o J[swer|[ v J[ + J[ 4 J[ o J[ o J[«=] Level 7 [X X X X X X X X 22
TN R R | | e { e | I | K= 52
[ su |[srr || B |[ s || swrr ][ e—] S
w
Lour |[swer|[ o J[swer|[ v J[ + J[ 5 J[ o J[ o J[«=]
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5—1 1 4 Standard RLL Instructions
Math Instructions

Multiply Binary Multiply Binary Top of Stack is a 16 bit

Top of Stack instruction that multiplies the 16 bit binary
(MULBS) value in the first level of the accumulator
stack by the 16 bit binary value in the ____|MuLBs
430 440 450 accumulator. The result resides in the

accumulator and can be 32 bits (8 digits
max.). The value in the first level of the
accumulator stack is removed and all
stack locations are moved up one level.

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 Load instruction moves the value in
V1400 into the accumulator. The value in V1420 is loaded into the accumulator using
the Load instruction, pushing the value previously loaded in the accumulator onto
the stack. The binary value in the accumulator stack’s first level is multiplied by the
binary value in the accumulator using the Multiply Binary Stack instruction. The Out
Double instruction copies the value in the accumulator to V1500 and V1501.

DirectSOFT32 V1400 Accumulator stack
after 1st LDD

X1‘ LD Load the value in V1400into L L ator n
— | V1400 the accumulator B o | Level1 |X X X X X X X X
— Level2 [X X X X X X X X
nce. 0 [0 [0 [o][c]s]s]o] Level3 |X X X X X X X X
Level4 |[X X X X X X X X
V1420 Level5 | X X X X X X X X
_ _ [ofo]+]4] Levels [X X X X X X X X

LD Load the value in V1420 into The unused accumulator

V1420 the accumulator bits are set to zero | Level7 |[X X X X X X X X
Level8 |X X X X X X X X

acc.[0]0fofo][ofo]1]4]

MULBS Multiply the binary value in
the accumulator with the

binary value in the first level Acc. ‘ 0 ‘ 0 ‘ 0 ‘ F H 4 ‘ 2 ‘ 4 ‘ 0 ‘
of the accumulator stack

Accumulator stack
after 2nd LDD

—_— —

Level1 |O 0 O 0 C 3 5 0
l L Level2 [X X X X X X X X
OouTD Copy the value in the —_ Level3 |X X X X X X X X
V1500 anavisor Lofofo]r][¢]2]4]0] Level4 [X X X X X X X X
V1501 V1500 Level5 [X X X X X X X X
) Handheld Programmer Keystrokes Level | X X X X X X X X
c Level7 | X X X X X X X X
‘O'..Cz) Lsm J[xm [ 1+ [[«] Level8 [X X X X X X X X
83 Lw L v [« J[ e J[ o J[ o J[«=]
=7 Lw JLv [« J[« J[ 2 J[ o J[«=]
Sc
h [ muL |[swer || B |[ s || sorr ][ e—]
T Lour |[swer|[ o J[swer|[ v J[ + J[ 5 J[ o J[ o J[«=]
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Standard RLL Instructions
Math Instructions

Divide Binary by Divide Binary Top of Stack is a 32 bit
Top instruction that divides the 32 bit binary
OF Stack value in the accumulator by the 16 bit
(DIVBS) binary value in the first level of the __ |DIVBS
accumulator stack. The result resides in
430 440 450 the accumulator and the remainder
resides in the first level of the accumulator
stack.
Discrete Bit Flags Description
SP53 On when the value of the operand is larger than the accumulator can work with.
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.

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

In the following example, when X1 is on, the value in V1400 will be loaded into the
accumulator using the Load instruction. The value in V1420 and V1421 is loaded
into the accumulator using the Load Double instruction also, pushing the value
previously loaded in the accumulator onto the accumulator stack. The binary value
in the accumulator is divided by the binary value in the first level of the accumulator
stack using the Divide Binary Stack instruction. The value in the accumulator is
copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 V1400 Accumulator stack
X1 LD Load the value in V1400 into nn afler1st LoD
—{ ‘ the accumulator Theunusedaccumulator Level 1 X X X X X X X X
[ V1400 bits are set to zero |
—_— Level2 [X X X X X X X X
nce. 000 fo][o]o1]4] Level3 |[X X X X X X X X
Level4 [X X X X X X X X
V1421 V1420 Level5 [X X X X X X X X
[oJoJoJo][c]a]s]0] Level6 [X X X X X X X X
LDD Load the value in V1420 and
V1421 into the accumulator | | Level7 | X X X X X X X X
V1420 e | o e Level8 |[X X X X X X X X
oo LT T0 0] [3[5 0]
Accumulator stack
after 2nd LDD
ety Lovit [0 0 0 0 0 0 1 3
binary value in the first level ace. [0 [0 [0 fo]fofe]c]4] Level2 |[X X X X X X X X
of the accumulator stack
Level3 [X X X X X X X X
Level4 [X X X X X X X X
c l l Level5 [X X X X X X X X
OuUTD opy the value in the S, Levels |X X X X X X X X
V1500 e Eoy V1500 Lofofofol[o]efc4] Level7 IX X X X X X X X
visot V1500 Level8 [X X X X X X X X
The remainder_resides in the
Handheld Programmer Keystrokes first stack location
Levelt |O O O O O O O O X
[ sr |[ xav [ 1 [[e—] -
Level2 [X X X X X X X X _U)
Lw v |+ J[ 4 J[ o J[ o [[«] Level3 [X X X X X X X X 8%"
T R I | e | o | K= 23
Level5 |[X X X X X X X X o
[ ov |[swer || B |[ s || sHrr ][ e—] a3
Level6 [X X X X X X X X o
Lour |[swer |[ o J[swer|[ v J[ + J[ s J[ o J[ o J[«=] Level 7 [X X X X X X X X >
Level8 [X X X X X X X X
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Increment
(INC)

430 440 450

Decrement
(DEC)

430 440 450

The Increment instruction increments a
BCD value in a specified V memory location INC

by “1” each time the instruction is executed. A aas

The Decrement instruction decrements a
BCD value in a specified V memory location DEC
by “1” each time the instruction is executed. A aaa

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa
Vmemory Vv All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Discrete Bit Flags Description
SP63 on when the result of the instruction causes the value in the accumulator to be zero.
SP75 on when a BCD instruction is executed and a NON-BCD number was encountered.

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

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

DirectSOFT32 V1400
cs NG [eo]s 5]
F_______ [
V1400
Increment the value in l
V1400 by “1”. V1400

[e]o]e]e]

Handheld Programmer Keystrokes

[ sr |[cem || 5 |[e—]

o |[e—]

N c |[swer ][ v ]|

IERII

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

DirectSOFT32 V1400
cs DEG [eo]s]s]
V1400
Decrement the value in l
V1400 by “1”.
V1400

[efo]a]4]

Handheld Programmer Keystrokes
[ sr |[cem || 5 |[e—]

[swer J o JL & J c JlswerJ[ v J[ + J[ & J[ o J[ o J[
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Standard RLL Instructions
Math Instructions

Transcendental Functions

Sine Real The Sine Real instruction takes the sine of
(SINR) the real number stored in the accumulator. SINR
The result resides in the accumulator. Both —
430 440 450 the original number and the result are in
IEEE 32-bit format.
Cosine Real The Cosine Real instruction takes the
(COSR) cosine of the real number stored in the COSR
accumulator. The result resides in the —
430 440 450 accumulator. Both the original number and
the result are in IEEE 32-bit format.
Tangent Real The Tangent Real instruction takes the
(TANR) tangent of the real number stored in the SINR
accumulator. The result resides in the —
430 440 450 accumulator. Both the original number and
the result are in IEEE 32-bit format. |:—U
)
S
Arc Sine Real The Arc Sine Real instruction takes the 2%
(ASINR) inverse sine of the real number stored in the ASINR 593
accumulator. The result resides in the o o<
430 440 450 accumulator. Both the original number and 7
the result are in IEEE 32-bit format.

The DL450 CPU features special numerical functions to complement its real number
capability. The transcendental functions include the trigonometric sine, cosine, and
tangent, and also their inverses (arc sine, arc cosine, and arc tangent). The square
root function is also grouped with these other functions.

The transcendental math instructions operate on a real number in the accumulator
(it cannot be BCD or binary). The real number result resides in the accumulator. The
square root function operates on the full range of positive real numbers. The sine,
cosine and tangent functions require numbers expressed in radians. You can work
with angles expressed in degrees by first converting them to radians with the Radian
(RAD) instruction, then performing the trig function. All transcendental functions

utilize the following flag bits.

Discrete Bit Flags Description

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

SP70 On anytime the value in the accumulator is negative.

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

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

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

Math Function Range of Argument

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

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions
Math Instructions
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Arc Cosine Real The Arc Cosine Real instruction takes the
(ACOSR) inverse cosine of the real number stored in ACOSR
the accumulator. The result resides in the —
430 440 450 accumulator. Both the original number and
the result are in IEEE 32-bit format.
Arc Tangent Real = The Arc Tangent Real instruction takes the
(ATANR) inverse tangent of the real number stored in ATANR
the accumulator. The result resides in the —
430 440 450 accumulator. Both the original number and
the result are in IEEE 32-bit format.
Square Root Real The Square Root Real instruction takes the
(SQRTR) square root of the real number stored in the Py
accumulator. The result resides in the
430 440 450 accumulator. Both the original number and
the result are in IEEE 32-bit format.

NOTE: The square root function can be useful in several situations. However, if you
are trying to do the square-root extract function for an orifice flow meter
measurement as the PV to a PID loop, note that the PID loop already has the
square-root extract function built in.

The following example takes the sine of 45 degrees. Since these transcendental
functions operate only on real numbers, we do a LDR (load real) 45. The trig
functions operate only in radians, so we must convert the degrees to radians by
using the RADR command. After using the SINR (Sine Real) instruction, we use an
OUTD (Out Double) instruction to move the result from the accumulator to
V-memory. The result is 32-bits wide, requiring the Out Double to move it.

Accumulator contents

DirectSOFT32 (viewed as real number)
X1 LDR Load the real number 45 into
—{ } Ras the accumulator. ‘ 45.000000 ‘

RADR Convert the degrees into radians,
leaving the result in the 07358981
accumulator.

SINR Take the sine of the number in
the accumulator, which is in 07071 067
radians.

OouTD Copy the value in the
accumulator to V2000 ‘ 0.7071067 ‘

V2000 and V2001.

NOTE: The current HPP does not support real number entry with automatic
conversion to the 32-bit IEEE format. You must use DirectSOFT32 for entering real
numbers, using the LDR (Load Real) instruction.

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions
Math Instructions

Increment Binary The Increment  Binary instruction

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

Decrement Binary The Decrement Binary instruction

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

Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa

Vmemory Vv All (See p. 3-40) All (See p. 3-40) All (See p. 3-42)

Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

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

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

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

DirectSOFT32 V1400
ca INCB
V1400
Increment the binary value l
in V1400 by “1”. V1400
[+]a]s]o]
Handheld Programmer Keystrokes
| sir |[cem || 5 |[e—]
Lswer J[ 0 [~ J[ o J[ 8 Jlewer ][ v J[ « J[ 4 J[ o J[ o [[«]

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

DirectSOFT32 V1400
V1400

Decrement the binary value i By

in V1400 by “1”. V1400 II:
[+]a]3]e] =@
Handheld Programmer Keystrokes 8 g
| str |[[cem || 5 ][] 58
Lswer J[ o J[ e J[ o J[ & Jlewer [ v JI « J[ 4 J[ o J[ o [[«] %a

=}

w
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Standard RLL Instructions
Bit Operation Instructions

Bit Operation Instructions

Sum The Sum instruction counts number of bits

(SUM) that are set to “1” in the accumulator. The SoM
HEX result resides in the accumulator. —

430 440 450

In the following example, when X1 is on, the value formed by discrete locations
X10-X17 is loaded into the accumulator using the Load Formatted instruction. The
number of bits in the accumulator set to “1” is counted using the Sum instruction. The
value in the accumulator is copied to V1500 using the Out instruction.

DirectSOFT52 x17] xae[ xis[ x14] x13[ x12[ x11] x10
X1‘ LDF X10 ON [ ON | OFF| OFF| ON | OFF| ON | ON
! k8 The unused accumulator
bits are set to zero \

Load the value represented by
discrete locations X10-X17
into the accumulator 31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16{(15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0

Ace.[ 0] 0] o[ o] o] o] o] o] o] o]o]o]o]o]o]o][o]o]o]o]o]o]o]o]]1]o]o]1]0]1]1

oO|0|0fOflO|OfO|>5
sum ace.[0[00]0][0]o]0]5]

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

out [o]o]o]5]

V1500 V1500

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

Handheld Programmer Keystrokes

[ sm | xav |[[ 1 |[e]

[ w |[swer ][ F [[xm ]| 1+ |[ o |[xkecon]| & |[e—]
Lsorr [ s J[ v J[ wm [[«]

Lo | v J[ + JL 5 J[ o J[ o |[«]
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Standard RLL Instructions
Bit Operation Instructions

Shift Left Shift Left is a 32 bit instruction that shifts the

(SHFL) bits in the accumulator a specified number

(Aaaa) of places to the left. The vacant

430 440 450 positions are filled with zeros and the bits __ | SHFL
shifted out of the accumulator are lost. Aaaa
Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa

Vmemory Vv All (See p. 3—-40) All (See p. 3-41) All (See p. 3-42)
Constant K 1-32 1-32 1-32

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The bit pattern in the
accumulator is shifted 2 bits to the left using the Shift Left instruction. The value in the
accumulator is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
xt LoD Lol7]ofs]fa]+]o]1]
— | V1400
Load the value in V1400 and
V1401 into the accumulator —_— e —  — —
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 Acc. o|1|1|o o|1|1|1 o|o|o|o o|1|o|1 o|o|1|1 o|o|o| o|o|0| 0|0|o|
K2 Jo—
The bit pattern in the l
accumulator is shifted 2 bit e e e e
positions to the left Shifted out of the
accumulator
OouTD
V1500 3130 29 28 27 26 25 24 23 22 21 2019 18 1716 15141312 11109 8 7 6 5 4 3 2 1 0
Copy the value in the Acc. 1|o|0|1 1|1|o|o o|o|o|1 o|1|o|o |1|o| o|1|o|o o|o|o 0 o|1|o|

accumulator to V1500
and V1501

—_— - -

DNV

Handheld Programmer Keystrokes V1501 V1500
[ sr |[ xanm |[ 1 |[e—]

L w J[swer][ o Jlswr ][ v J[ + J[ 4 J[ o |[ o |[«]

[sorr || s [ w [ F || ¢ [ swrr][keon]|[ 2 |[e—]

Lour |[swFr ][ o Jlswr|[ v J[ + J[ 5 J[ o |[ o |[«]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Bit Operation Instructions

Shift Right Shift Right is a 32 bit instruction that shifts

(SHFR) the bits in the accumulator a specified

number (Aaaa) of places to the right. The

430 440 450 vacant positions are filled with zeros and | SHFR
the bits shifted out of the accumulator are Aaaa
lost.
Operand Data Type DL430 Range DL440 Range DL450 Range

A aaa aaa aaa

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The bit pattern in the
accumulator is shifted 2 bits to the right using the Shift Right instruction. The value in
the accumulator is copied to V1500 and V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
Lof7]ofs]ls]1]o]1]

X1 LDD Constant
— | V1400 //// \\\\‘
Load the value in V1400 and
V1401 into the accumulator _——— Y Y Y Y
31 30 29 28(27 26 25 24|23 22 21 20|19 18 17 16{(15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
SHFR Acc. 0|1|1| o|1|1|1 o|o|o|o o|1|o|1 o|o|1|1 o|o|o|1 o|o|o|o o|o|o|1
K2 JE——
The bit pattern in the l
accumulator is shifted 2
bit positions to the right Shifted out of the
accumulator
OuUTD
V1500 31 30292827262524232221 2019181716 151413121110 9 8 7 6 5 4 3 2 1 0
Copy the value in the Acc.00|01 1 0|0|1 |1|0|0 0|0|0|1 0|1|0|01|1|0|0 O|1|0|0 0|0|0|0
accumulator to V1500
and V1501

—_— — o~~~

DNVZENTE

[Tefelt] [«TcT«]e]

V1501 V1500
Handheld Programmer Keystrokes
[ sr |[ xav |[[ 1 |[e—]
[ w J[swer][ o Jlswer [ v J 1+ J[ 4 J[ o |[ o J[«]
[swrr || s |[ n [ F || ®» [ sHrr][keon]|[ 2 |[e—]
Lour |[swrr ][ o Jlswer [ v J[ + J[ s J[ o |[ o J[«]

Standard

0
c
9
=
o
=
-
=
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—
—
o
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Standard RLL Instructions
Bit Operation Instructions

Rotate Left Rotate Left is a 32 bit instruction that rotates
(ROTL) the bits in the accumulator a specified
number (Aaaa) of places to the left.
430 440 450 ___|ROTL
Aaaa
Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Vmemory All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant 1-32 1-32 1-32
In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The bit pattern in the
accumulator is rotated 2 bit positions to the left using the Rotate Left instruction. The
value in the accumulator is copied to V1500 and V1501 using the Out Double
instruction.
DirectSOFT32
X1 LDD V1401 V1400
— | V1400 Le]7]o]s][s]r]o]"]
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
K2 Acc. o|1|1|0 o|1|1|1 o|o|o|o o|1|0|1 o|o|1|1 o|o|o|1 o|o|o|o o|o|o|1
The bit pattern in the T
accumulator is rotated 2
bit positions to the left

OouTD
V1500

Copy the value in the
accumulator to V1500
and V1501

313029 28 27 26 25 24 232221 2019 18 17 16 15141312 1110 9 8 7 6 5 4 3 2 1 0

1] o] o] 1

1|1|O|0 0|O|0|1

O|1|O|O 1|1|0|0

0|1|0|0

o[o]ofo[o]1]0]1

—_——— — e~~~ e~~~

DNV EENY

[cTToTs]

V1500

Handheld Programmer Keystrokes V1501

[ sm | xanv |[[ 1 [[e]

L w |[swr ][ o J[swr [ v [ L4 JL o J[ o J[«]
[sorr || R J[ o [ 1 [ ¢ |[swer][keon]| 2 |[e—]
Lour |[swrr ][ o J[swr[[ v | [Ls JL o J[ o J[«—]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Bit Operation Instructions

Rotate Right Rotate Right is a 32 bit instruction that

(ROTR) rotates the bits in the accumulator a

specified number (Aaaa) of places to the

430 440 450 right. ____|ROTR

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

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

In the following example, when X1 is on, the value in V1400 and V1401 will be loaded
into the accumulator using the Load Double instruction. The bit pattern in the
accumulator is rotated 2 bit positions to the right using the Rotate Right instruction.
The value in the accumulator is copied to V1500 and V1501 using the Out Double
instruction.

DirectSOFT32
V1401 V1400

X1 LDD [e]7]o]s][3]1]o]1]

|
\ V1400
Load the value in V1400 and
V1401 into the accumulator
— L < < - == = =

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]olo[1]1] 1] o] o] o] o] o] 1]o] 1][0o]o]1][1]0] 0] o] 1]0]0]0]0]0]0]0]1

ROTR

K2

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

OuTD
V1500

313029 28 27 26 25 24 2322212019 181716 15141312 1110 9 8 7 6 56 4 3 2 1 0

Sy e e i e acc.| o[ 1] o] 1] 1]ofo[ 1] 1] 1]0]o]o]o]o]1][o] 1[0 o[ 1][1]0]0]o0]1]0]0]0]0]0]0
and V1501

—_— -~

DNVZENTE

HE B [+TcT«]e]

Handheld Programmer Keystrokes V1501 V1500
[ sr | xav [ 1 |[e]

[ w J[swer][ o Jlswer [ v J| + J[ 4 J[ o |[ o J[«]

[sorr || R | o || 1 || ®» [ sHer][keon]| 2 |[e—]

Lour |[swrr ][ o Jlswer [ v J[ + J[ s J[ o |[ o J[«]

[2]
C
o
°%
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o
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U)_I
—
o
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Standard RLL Instructions
Bit Operation Instructions

Encode The Encode instruction encodes the bit
(ENCO) position in the accumulator having a value
of 1, and returns the appropriate binary
430 440 450 representation. If the most significant bit is ____|ENCO

set to 1 (Bit 31), the Encode instruction
would place the value HEX 1F (decimal 31)
in the accumulator. If the value to be
encoded is 0000 or 0001, the instruction will
place a zero in the accumulator. If the value
to be encoded has more than one bit
position set to a “1”, the least significant “1”
will be encoded and SP53 will be set on.
SP53 will also be set on when the
accumulator is equal to zero.

Discrete Bit Flags Description

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

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

In the following example, when X1 is on, The value in V1400 is loaded into the
accumulator using the Load instruction. The bit position set to a “1” in the
accumulator is encoded to the corresponding 5 bit binary value using the Encode
instruction. The value in the lower 16 bits of the accumulator is copied to V1500
using the Out instruction.

DirectSOFT32 V1400

X1 LD [1]ofofo]
— | V1400 // \\

_—
Load the value in V1400 into the

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

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

l
Bit postion 12 is

converted
t0 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
01" in the acoumulator to Ace.| 0] 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]0]0]]1]0]o0
a 5 bit binary value —_—
ouT /
V1500 -
Copy the value in the lower 16 nnn —
bits of the accumulator to V1500 ) I w
V1500 Binary value -2
for 12. 89)
Handheld Programmer Keystrokes = 8.
So
[ sr | xav [ 1 [[e] g.._a
Lw L v [+ J[« J[ o J[ o J[«=] >
Lswer J[ e J[ n J[ ¢ J[ o J[«=]
Lour [l v [« J[ s J[ o J[ o J[e=]
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Standard RLL Instructions
Bit Operation Instructions

Decode The Decode instruction decodes a 5 bit
(DECO) binary value of 0-31 (0—1F HEX) in the
accumulator by setting the appropriate bit
430 440 450 position to a 1. If the accumulator contains ____|DbECO

the value F (HEX), bit 15 will be set in the
accumulator. If the value to be decoded is
greater than 31, the number is divided by 32
until the value is less than 32 and then the
value is decoded.

In the following example when X1 is on, the value formed by discrete locations
X10-X14 is loaded into the accumulator using the Load Formatted instruction. The
five bit binary pattern in the accumulator is decoded by setting the corresponding bit
position to a “1” using the Decode instruction.

DirectSOFT32 xi4]xaa[xt2[x11[x10

X1 LDF X10 orr] on|oFF| on] on

— ——
I K5 \/

Load the value in represented
by discrete locations X10-X14

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

—_

—_—

The binary value
is converted to
bit position 11.

DECO —_—

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

Decode the five bit binary Acc. 0| 0| 0| 0 0| 0| 0| 0 o| 0| 0| 0 0| 0| o| 0 o| o| 0| 0 1| o| o| 0 o| o| o| 0 o| o| 0| 0
pattern in the accumulator
and set the corresponding
bit position to a “1”

Handheld Programmer Keystrokes

[ sr |[ xav |[ 1 [[e—]
[ o |[swer || F [[sHrr ][ xany |[ 1 || o ]| sHrT |[kecom][ 5 ][ ]
Lswer ][ o J[ e J[ c J[ o J[«]

[2]
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Standard RLL Instructions
Number Conversion Instructions

Number Conversion Instructions

Binary The Binary instruction converts a BCD
(BIN) value in the accumulator to the equivalent
binary value. The result resides in the
430 440 450 accumulator. ___|BIN

In the following example, when X1 is on, the value in V1400 and V1401 is loaded into
the accumulator using the Load Double instruction. The BCD value in the
accumulator is converted to the binary (HEX) equivalent using the BIN instruction.
The binary value in the accumulator is copied to V1500 and V1501 using the Out
Double instruction. The handheld programmer would display the binary value in
V1500 and V1501 as a HEX value.

DirectSOFT32 V1401 V1400
[ofofof2]le]s[2]s]
[

< LDD
V1400
Load the value in V1400 and
_— = = =

V1401 into the accumulator _— e —
8 4 2 1|8 42 1|8 4 2 1(8 4 2 1(|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1

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

BCD Value

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

Binary Equivalent Value

BIN
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16||15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
Convert the BCD value in Acc.| 0| 0| o|ofo|o|ofo|o|ofo|o|ofojo|oflo|1[1]o|1]|1][1]1]of1]1]1][0|0]0]1
the accumulator to the
binary equivalent value 211156|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|44 21
1/0(3|6|3|7|3|6|3|1|0|0|2|6|3|5||2|6|1]0/0|/0|1]|5]|2|4]|2|6
4|1716|8[4|1]5|7[8|9[9|4|4]2|1|5||7|3|9|94/2|2|6/|8
7183|8|4]2|0|5|7|8|4|7|8|2]1|0|3||6|8|2 6|84
41717|183[1|8|4|7[6|3|1|5(8|4|7|6]||8|4
41410|517|814|2]0|0|5|7|8]4|2
8|119|4|7|6(3|1(8|4(2]|6
3|8|1|5|2|4|2]|6
6|12]2|6|8
414
8
ouTD l
V1500
- - ‘0‘0‘0‘0“6“‘7‘1‘ The binary (HEX) value
Copy the binary value in the copied to V1500
accumulator to V1500 and V1501 V1501 V1500
uy)
Handheld Programmer Keystrokes —
)
st | [ xm J[ 1 J[<—] Sa
]
Lw |[swer|[ o J[swer [ v J[ + J[ 4 J[ o J[ o |[«=] g§
23
Lour |[swer ][ o Jlswer ][ v J[ + J[ s J[ o J[ o J[«] >
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Standard RLL Instructions
Number Conversion Instructions

Binary Coded The Binary Coded Decimal instruction

Decimal converts a binary value in the accumulator

(BCD) to a BCD value. The result resides in the

accumulator. BCD
430 440 450

In the following example, when X1 is on, the binary (HEX) value in V1400 and V1401
is loaded into the accumulator using the Load Double instruction. The binary value in
the accumulator is converted to the BCD equivalent value using the BCD instruction.
The BCD value in the accumulator is copied to V1500 and V1501 using the Out
Double instruction.

DirectSOFT32 V1401 V1400
xi LoD Lofofofolfefr]7]1]
_{ [ V1400 Binary Value

Load the value in V1400 and

V1401 into the accumulator —_—— Y Y ——— ———
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|o0|O0fo0f0|O0|O|O|O|O|OfOfOf[O|O|O|[Of[1|1]O|1|1|1[1f0f1|[1]1]0|0O|Of1
211|56(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
110(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
417|6|8|4(1|5|7|8[9|9|4|4|2|1|5||7|3|9]|9|4/2|2|6]|8
713/8|4(2|0|5]7|8]4|78|2]1|/0[3||6[8|2|6|8|4
4|1717(3|1|8|4|7]6|3|1|5/8|4|7|6||8|4
41410(5|7|8|4|2|0|0|5|7|8|4]2
8(1/9|4|7]|6|3|1|8|4]|2]|6
3|8|1(5]2|4 (2|6
612|268
4|4
8
BCD
16384 + 8192 + 2048 + 1024 + 512 + 256 + 64 + 32 + 16 + 1 = 28529

Convert the binary value in BCD Equivalent Value

the accumulator to the BCD

equivalent value 8 4 2 1|8 42 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1|8 4 2 1]8 4 2 1

Acc. o|o|o|o o|o|o|0 o|o|0|o 0|0|1|0 1|0|o|o o|1|o|1 o|o|1|0 1|0|o|1
OuUTD l
V1500

Copy the BCD value in the ‘ 0 ‘ 0 ‘O ‘ > H 3 ‘ 5 ‘2 ‘ 9 ‘ The BCD value
copied to

accumulator to V1500 and V1501

V1501 V1500 V1500 and V1501
Handheld Programmer Keystrokes
[ sm | xv |[[ 1 [[e]
w s J[ o Jlswer [ v J[ 1+ J[ 4 J[ o J[ o [[«]
Lour J[swer J[ o Jlswer|[ v J[ 1+ J[ s J[ o J[ o [[«]

Standard

0
c
9
=
o
=
-
=
1]
£
—
—
o
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Standard RLL Instructions
Number Conversion Instructions

Invert The Invert instruction inverts or takes the
(INV) one’s complement of the 32 bit value in the
accumulator. The result resides in the
430 440 450 accumulator. Y

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

DirectSOFT32 V1401 V1400
xi [of¢]ofs]o[2]s]o]

I LDD
\ V1400
Load the value in V1400 and
—_—

V1401 into the accumulator —_—
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16||15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0

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

INV ‘31302928272625242322212019181716 1514 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|O 1|1|1|1
Invert the binary bit pattern
in the accumulator L

OuTD ‘F‘B‘F‘AHF‘D‘A‘F‘
V1500 V1501 V1500

Copy the value in the
accumulator to V1500
and V1501

Handheld Programmer Keystrokes

[ sm [ xvy |[ 1 |[e—]

L w J[swer ][ o Jlswr [ v J[ 1+ J[ 4 J[ o J[ o |[«]
Lsorr [ 0 JL ~n J[ v [[«]

Lour J[swer || o Jlswer|[ v J[ + J[ 5 J[ o J[ o J[«]

ny)
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Standard RLL Instructions
Number Conversion Instructions
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Ten’s Complement The Ten’s Complement instruction takes
(BCDCPL) the 10’s complement (BCD) of the 8 digit
accumulator.

430 440 450 accumulator.

The result resides in the
The calculation

this BCDCPL

instruction is :

100000000
— accumulator value
10’s complement value

In the following example when X1 is on, the value in V1400 and V1401 is loaded into
the accumulator. The 10’s complement is taken for the 8 digit accumulator using the
Ten’s Complement instruction. The value in the accumulator is copied to V1500 and
V1501 using the Out Double instruction.

DirectSOFT32 V1401 V1400
[oToJo[o]o o] [7]
_{ [ V1400 Al _ _,_l
Load the value in V1400 and ace. [0 [0 ]0]o][o]o]8]7]
V1401 into the accumulator
aoo. P[P P10 5]
- ———
Takes a 10’s complement of l l
the value in the accumulator
et Lolofofo]lofo]1]s]
V1500
V1501 V1500
Copy the value in the
accumulator to V1500
and V1501
Handheld Programmer Keystrokes
[ str |[ xav || 1+ ][]
Lw Jlswer ][ o J[ewer [ v J[ + J[ & [ o J[ o [[«]
[ soo J[swer|[ c [[ P J[ ¢ [[]
Lour J[swer ][ o Jlswer ][ v J[ + J[ s J[ o J[ o Jle]

NOTE: If your program has a subtraction calculation which results in a borrowed
digit (noted by the status flag), the BCDCPL instruction can be used to find the
absolute difference between the two values in the subtraction.
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Standard RLL Instructions
Number Conversion Instructions

Binary to Real The Binary-to-Real instruction converts a binary
Conversion value in the accumulator to its equivalent real
(BTOR) number (floating point) format. The result BTOR
resides in the accumulator. Both the binary and ]
430 440 450 the real number may use all 32 bits of the
accumulator
NOTE: This instruction will not work for a signed decimal.
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
In the following example, when X1 is on, the value in V1400 and V1401 is loaded into the
accumulator using the Load Double instruction. The BTOR instruction converts the binary
value in the accumulator the equivalent real number format. The binary weight of the MSB is
converted to the real number exponent by adding it to 127 (decimal). Then the remaining bits
are copied to the mantissa as shown. The value in the accumulator is copied to V1500 and
V1501 using the Out Double instruction. The handheld programmer would display the binary
value in V1500 and V1501 as a HEX value.
DirectSOFT32 V1401 V1400
xi LoD [ofofo]s7]2]4]1]
\ V1400
Load the value in V1400 and
V1401 into the accumulator _— e —
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|0|0|0 0|o|0|0 o|1|o|1 o|1|1|1 o|o|1|o o|o|1|o o|o|o|1
2 (exp 18) Binary Value
127 + 18 = 145
145 =128 + 16 + 1
BTOR
Convert the binary value in
the accumulator to the real
number equivalent format
Acc. 0|1|0|0 1|0|0|0 1|0|1|0 1|1|1|0 o|o|1|o 1|o|o|o o|o|1|o o|o|o|o
Sign Bit Exponent (8 bits) Mantissa (23 bits)
Real Number Format
OuUTD l
V1500
‘4 ‘8 ‘A ‘ E H 4 ‘8 ‘2 ‘0 ‘ The real number (HEX) value
Copy the real value in the copied to V1500 X1
accumulator to V1500 and V1501 V1501 V1500 |
)
= —
2
s
Handheld Programmer Keystrokes = o
So
Lsm |[xm |[ 1+ |[<—] 23
o
L w |[swer|[ o J[swerj[ v J[ + J[ 4 J[ o J[ o J[«=] >
(s ][ e 17 ][ o J[ = J[swr][+—]
Lour |[swer [ o J[swer [ v [+ J[ 5 J[ o J[ o J[«=]
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Standard RLL Instructions
Number Conversion Instructions

Real to Binary The Real-to-Binary instruction converts the
Conversion real number in the accumulator to a binary
(RTOB) value. If the real number is negative, it will RTOB
become a signed decimal. The result ]
430 440 450 resides in the accumulator. Both the binary
and the real number may use all 32 bits of

the accumulator. Any decimal portion will be

truncated.
Discrete Bit Flags Description
SP63 On when the result of the instruction causes the value in the accumulator to be zero.
SP70 On anytime the value in the accumulator is negative.
SP72 On anytime the value in the accumulator is a valid floating point number.
SP73 on when a signed addition or subtraction results in a incorrect sign bit.
SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

In the following example, when X1 is on, the value in V1400 and V1401 is loaded into
the accumulator using the Load Double instruction. The RTOB instruction converts
the real value in the accumulator 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.
DirectSOFT32
_{X1‘ LDD ‘ 4 ‘ 8 ‘A ‘ E H 4 ‘ 8 ‘ 2 ‘ 0 ‘ Real Number Format
‘ V1400 V1401 V1400
Load the value in V1400 and Sign Bit Exponent (8 bits) Mantissa (23 bits)

V1401 into the accumulator

\

acc.| o] 1]ool1]ofolo|1]o]1]o]1][1]1]0][o]o]1]o]1]o]o]o]o]o]1]0]0]0]0]0

RTOB \\
Convert the real number in
the accumulator to binary 128 +16 + 1 =145
format. 127 + 18 = 145
Binary Value
2(exp18) —

8 421|842 1[/8 421|842 1|[8421]/842 1|8 42 1|84 21
acc.[0]o]ofo]ofo]o[o]o]o]o]ofo[1]o]1]|[o]1]1][1]o]o]1]o]o]o]1][o]0]0]0]1

—_— — e~~~

T

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

The binary number copied to

2 lofofols][7]2]4]*] viaoo
_0.9
=
E g Handheld Programmer Keystrokes
o=
%2 [ sr [ xav |[[ 1 |[e—]
nh L w J{swr ][ o J[swer|[ v J[ 1 J[ 4 J[ o J[ o [[«]
T Lswer ][ r J[ 7 J[ o J| B J[ s |[e—]
Lour J[swer ]| o J[swer || v J[ 1 J[ 5 J[ o J[ o [[«]
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Standard RLL Instructions
Number Conversion Instructions

Radian Real
Conversion
(RADR)

430 440 450

Degree Real
Conversion
(DEGR)

430 440 450

The Radian Real Conversion instruction
converts the real degree value stored in the RADR
accumulator to the equivalent real number
in radians. The result resides in the
accumulator.

The Degree Real instruction converts the
degree real radian value stored inthe DEGR
accumulator to the equivalent real number —
in degrees. The result resides in the
accumulator.

The two instructions described above convert real numbers into the accumulator
from degree format to radian format, and visa-versa. In degree format, a circle
contains 360 degrees. In radian format, a circle contains 2 I1 radians. These convert
between both positive and negative real numbers, and for angles greater than a full
circle. Therse functions are very useful when combined with the transcendantal
trigonometric functions (see the section on math instructions).

Discrete Bit Flags Description

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

SP71 On anytime the V-memory specified by a pointer (P) is not valid.

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

SP74 On anytime a floating point math operation results in an underflow error.

SP75 On when a BCD instruction is executed and a NON-BCD number was encountered.

NOTE: The current HPP does not support real number entry with automatic
conversion to the 32-bit IEEE format. You must use DirectSOFT32 for entering real
numbers, using the LDR (Load Real) instruction.

The following example takes the sine of 45 degrees. Since transcendental functions
operate only on real numbers, we do a LDR (load real) 45. The trig functions operate
only in radians, so we must convert the degrees to radians by using the RADR
command. After using the SINR (Sine Real) instruction, we use an OUTD (Out
Double) instruction to move the result from the accumulator to V-memory. The result
is 32-bits wide, requiring the Out Double to move it.

Accumulator contents

DirectSOFT32 (viewed as real number)

Load the real number 45 into ‘

X LDR
—{ [ the accumulator.
R45

45.000000 |

RADR Convert the degrees into radians,
leaving the result in the 0.7358981

accumulator.

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

0.7071067 |

accumulator to V2000
V2000 and V2001.

OuTD Copy the value in the ‘

0.7071067 |

ny)
-
=2
25
o
k=
=g
o
>
(%]
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5—1 34 Standard RLL Instructions
Number Conversion Instructions

ASCII to HEX The ASCII TO HEX instruction converts a

(ATH) table of ASCII values to a specified table of ___|ATH

HEX values. ASCII values are two digits Vaaa
430 440 450 and their HEX equivalents are one digit.

This means an ASCII table of four V. memory locations would only require two V
memory locations for the equivalent HEX table. The function parameters are loaded
into the accumulator stack and the accumulator by two additional instructions.
Listed below are the steps necessary to program an ASCII to HEX table function.
The example on the following page shows a program for the ASCII to HEX table
function.

Step 1: — Load the number of V. memory locations for the ASCII table into the first
level of the accumulator stack.

Step 2: — Load the starting V memory location for the ASCII table into the
accumulator. This parameter must be a HEX value.

Step 3: — Specify the starting V memory location (Vaaa) for the HEX table in the
ATH instruction.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Operand Data Type DL440 Range DL450 Range

aaa aaa

Vmemory \ All (See p. 3-41) All (See p. 3-42)

In the example on the following page, when X1 is ON the constant (K4) is loaded into
the accumulator using the Load instruction and will be placed in the first level of the
accumulator stack when the next Load instruction is executed. The starting location
for the ASCII table (V1400) is loaded into the accumulator using the Load Address
instruction. The starting location for the HEX table (V1600) is specified in the ASCII
to HEX instruction. The table below lists valid ASCII values for ATH conversion.

ASCII Values Valid for ATH Conversion
ASCII Value Hex Value ASCII Value Hex Value
30 0 38 8
31 1 39 9
32 2 41 A
33 3 42 B
34 4 43 C
35 5 44 D
g 36 6 45 E
o 37 7 46 F
c
8
w

0
c
9
=
5]
=
-
=
1]
£
—
—
o
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Standard RLL Instructions
Number Conversion Instructions

DirectSOFT32 Hexadecimal
ASCII TABLE Equivalents

X1 LD Load the constant value

_{ | into the lower 16 bits of the
‘ K4 accumulator. This value ‘

defines the number of V

memory location in the

ASCI!| table V1400 33 34
LDA Convert octal 1400 to HlEX
oo | AR e (7238 J oo
V1401 3132
L S e 7T
V1600
|
V1402 37 38
‘ 5078 ‘ V1601
Handheld Programmer Keystrokes
vizos | 3536
Lsr |[xm J[ 1 [[«—] —
| w |[keony]||[ 4 |J[e—] ‘ ‘
w |[swer|[ A [[oer J[ 1+ J[ 4 [ o [ o |[«]
Lseer [ A J[ v [ w Jlswer [ v J[ + J[ 6 J[ o |[ o |[«]
HEX to ASCII The HEX to ASCII instruction converts a
(HTA) table of HEX values to a specified table of HTA
ASCII values. HEX values are one digit and Vaaa
430 440 450 their ASCII equivalents are two digits.

This means a HEX table of two V memory locations would require four V.- memory
locations for the equivalent ASCII table. The function parameters are loaded into the
accumulator stack and the accumulator by two additional instructions. Listed below
are the steps necessary to program a HEX to ASCI| 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. 3
)
Operand Data Type DL440 Range DL440 Range 8 g
Sa
aaa aaa co
Q=
Vmemory \Y All (See p. 3-41) All (See p. 3-42) g o
>
(V2]
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Standard RLL Instructions
Number Conversion Instructions
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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.
DirectSOFT32
Hexadecimal
X1‘ LD Equivalents ASCII TABLE
\ K2

Load the constant value into | ‘
the lower 16 bits of the

accumulator. This value
defines the number of V 33 34 V1400

locations in the HEX table.
V1500 ‘ 1234 ‘

LDA 31 32 V1401

0O 1500

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

|
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

[ sr | xav |[[ 1 |[e]

| o |[kecon]|[ 2 [[e—]

L w |[swer ][ A JLoer J[ 1+ J[ 5 J[ o |[ o J[«]

Lsoer J[ v JL 7 JL A Jlewer JL v [+ J[ 4 J[ 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

430 440 450 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.

DirectSOFT32 V1400
X LD LeFl7[1]
— | V1400

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

Convert the binary (HEX)
value in the accumulator to
seven segment display
format

31 30 29 28

27 26 25 24

23 22 21 20

19 18 17 16

A e

15 14 13 12

—_—

1110 9 8

—_—

7 6 5 4

—_—

3 210

Acc. 0|0|0|0

ol ofo]o

ol ofo]o

o[o]o]o

o [1]o

1|1|1|1

0|1|1|1

0|0|0|1

A

OUTF Y20
K32
Copy the value in the |31 30 29 28|27 26 25 24|23 22 21 20{19 18 17 16][15 14 13 12[11 10 9 8|7 6 5 4|3 2 1 0
accumulator to Y20-v57 ace.[of 1] 1] 1] 1] 1] o] 1] o] 1] 1] 1] o] o] o] 1][ 0] 0] 0] o] o] 1] 1] 1] 0] o] 0] 0] 0] 1]1]0
- gf edcba-gf edcba -gf edcba-gf edc b a Segment

N\_2a_~

=7
=N

Labels

Segment Y57| 56| Y55| Y54 Y53 Y24 | Y23| Y22| Y21 Y20
rabets e offlonon]on]on] 7T T T " " lorr|ore] on] on]oFF
AR
Handheld Programmer Keystrokes
[ str [ xan || 1 [ e—] l.'._U
Co s v ] JCe o 1[0 <] Tw
5
Lswer [ s J[ e [ & J[«—] 2S5
=0
[ our |[swer || F [ swrr |[vooun]| 2 ][ o J[keon]|| s J[ 2 |[e—] S o
=3
o
S
7
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Standard RLL Instructions
Number Conversion Instructions

Gray Code The Gray code instruction converts a 16 bit
(GRAY) gray code value to a BCD value. The BCD
conversion requires 10 bits of the
430 440 450 accumulator. The upper 22 bits are set to GRAY

“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 revolution is to
be used you must subtract a BCD value of
76 from the converted value to obtain the
proper result. For a device having a
resolution of 720 counts per revolution you
must subtract a BCD value of 152.

In the following example, when X1 is ON the binary value represented by X10-X27 is
loaded into the accumulator using the Load Formatted instruction. The gray code
value in the accumulator is converted to BCD using the Gray Code instruction. The
value in the lower 16 bits of the accumulator is copied to V1500.

DirectSOFT32 x27| x26 | x25 x12| x11|x10

X1 OFF| OFF| OFF ON [OFF| ON

I LDF X10
[ K16

Load the value represented
by X10-X27 into the lower

16 bits of the accumulator 31 30 29 28|27 26 25 24|23 22 21 2019 18 17 16||15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
ace.| 0] 0] o] o] o] o] o] o] o] o] o]o]o]o]o]o][o]o]o]o]o]o]o]ofo]o]o]o]o]1]0]1

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

Convert the 16 bit grey code

value in the accumulator to a
BCD value l
ouT
V1600 [o]o]o]s]
V1500

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

Gray Code BCD
Handheld Programmer Keystrokes 0000000000 0000
[s ][ xmv ][ 1+ J[<—] 0000000001 0001
[ o |[serr ][ F J[swer [ xew J[ 1 ][ o Jlkeon][ 1 J[ & ][] 0000000011 0002
2 I [ R RN A e =)
o 0000000110 0004
gﬁ Lour J[L v J[ 1+ J[ s J[ o J[ o J[e=] 0000000111 0005
No] g 0000000101 0006
% 2 0000000100 0007
P
w_, .
| B .
o . .
1000000001 1022
1000000000 1023
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Standard RLL Instructions m
Number Conversion Instructions

Shuffle Digits
(SFLDGT)

430 440 450

Shuffle Digits
Block Diagram

The Shuffle Digits instruction shuffles a
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 the digits will be shuffled to into the accumulator, numbered
1 through 8 (“1” being the least significant digit, and “8” being the most significant
digit.

Note:— If the number used to specify the order contains a 0 or 9-F, the
corresponding position will be set to 0.
See example

Note:—If the number used to specify the order contains duplicate numbers, the
most significant duplicate number is valid. The result resides in the accumulator.
See example

Step 3:— Insert the SFLDGT instruction.

There are a maximum of 8 digits that can be s et stack location)
shuffled. The bit positions in the first level of
the accumulator stack defines the digits to

9 AB CDEF O

be shuffled. They correspond to the bit [
positions in the accumulator that define the

order the digits will be shuffled. The digits 12873654
are shuffled and the result resides in the Specified order (accumulator)

accumulator.
Bit Positions 8 7 6 5 4 3 2 1

B CEFODAD

Result (accumulator)

By
-
Lo
a5
go_
o2
=To1
o
=)
(/2]
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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.

DirectSOFT32 A B C
X1‘ LDD V1401 V1400 V1401 V1400 V1401 V1400
— | V1400 [o[alefc]ofe]F]o] lo[rlefoflc[e[alo]  [o]a[e]c]o]e]F]o]
Load the value in V1400 and l | | | | |
V1401 into the accumulator . - - - - -
g?glnalg7654321 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
Pl)sitwons‘g‘A‘B‘CHD‘E‘F‘O‘ACC. ‘O‘F‘E‘DHC‘B‘A‘Q‘ACCA ‘Q‘A‘B‘CHD‘E‘F‘O‘ACC.
LDD V1403 V1402 V1403 V1402 V1403 V1402
vido2 [ l2fe[7][s]e]s]4] lofofafa]lofof2]1]  [efs[z]1][4]a]2[1]
Load the value in V1402 and ,__.l_\ ,_.l_\ ,_.l_\ ,_.l_\ ,_l._\ ,_.l_\
V1408 into the accumulator Specified 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
B K 3 2 A 1 0 PP ) N 3 1 [ 1 Y KPS 3 ) X K E R E S
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
SFLDGT i
S 1 1 8 | 3 Y PP £ 3 6 63 B E E PSR A E Y | N X A S
- - = - =
Shuffle the digits in the first
level of the accumulator
stack based on the pattern
in the accumulator. The
result is in the accumulator. { { { { { {
EIelElF I ol ] Ll ERAE] Rl =IAe]c]
V1501 V1500 V1501 V1500 V1501 V1500
Copy the value in the
accumulator to V1500

and V1501

Handheld Programmer Keystrokes

[ sm [ xan |[[ 1 [[e]

L w J[swer ][ o Jlswr [ v J[ + J[ 4 J[ o |[ o J[«]
[ w J[swer ][ o Jlswr [ v J + J[ 4 J[ o |[ 2 J[«]
Lsorr [ s J[ F JL v J[ o Jl e J[ 7 |J[«]

Lour J[swer J| o Jlswer|[ v J[ 1+ J[ s J[ o J[ o [[«]

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Standard RLL Instructions
Table Instructions

Table Instructions

Fill The Fill instruction fills a table of up to 255
(FILL) V—memory locations with a value (Aaaa),
which is either a V-memory location or a
430 440 450 4-digit constant. The function parameters _ AL
are loaded into the first level of the Aaas
accumulator stack and the accumulator by
two additional instructions. Listed below are
the steps necessary to program the Fill

function.

Step 1:— Load the number of V—-memory locations to be filled into the first level of
the accumulator stack. This parameter must be a HEX value, 0—FF.

Step 2:— Load the starting V—-memory location for the table into the accumulator.
This parameter must be a HEX value.

Step 3:— Insert the Fill instructions which specifies the value to fill the table with.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Pointer P All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Constant K 0-FF 0-FF 0-FF

In the following example, when X1 is on, the constant value (K4) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed on the first level of the accumulator stack when the Load Address
instruction is executed. The octal address 1600 (V1600) is the starting location for
the table and is loaded into the accumulator using the Load Address instruction. The
value to fill the table with (V1400) is specified in the Fill instruction.

DirectSOFT32

X1 LD Load the constant value 4
| (HEX) into the lower 16 bits
‘ K4 of the accumulator

X | X | X|X|Vi576
LDA i:g(r)mgert 't_‘hEeXogga(;adgr?ssd . X | X | X|X|VvVi577
t 1
O 1600 value i?\tothe aCCj:ﬁul::)l’ ° V1400 2151010 fvisoo
215(0(0 [vieot
3 . 215(0 (0 [vieo2
FILL Flll the table with the value
in V1400 25|00 [vieo3 T
V1400 X [ X | X | X |Vv1604 —
X | X | X [X |vi605 )
= )
Handheld Programmer Keystrokes '(L)._ >S5
=0
[ sr |[ xav |[[ 1 |[e] Eg‘_
| o |[keon]|[ 4 [[e—] g
Lw |[swer|[ a J[oer J[ + J[ & J[ o J[ o J[«=] @
Lswer J[ ¢ JL o J[ ¢ J[ v J[swer v J[ + J[ 4 J[ o J[ o J[]
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Standard RLL Instructions
Table Instructions

Find The Find instruction is used to search for a
(FIND) specified value in a V-memory table of up to
X[ ST < 255 locations. The function parameters are

loaded into the first and second levels of the ____|FIND
accumulator stack and the accumulator by Aaaa
three additional instructions. Listed below
are the steps necessary to program the
Find function.

Step 1:— Load the length of the table (number of V—-memory locations) into the
second level of the accumulator stack. This parameter must be a HEX value, 0-FF.

Step 2:— Load the starting V-memory location for the table into the first level of the
accumulator stack. This parameter must be a HEX value.

Step 3:— Load the offset from the starting location to begin the search. This
parameter must be a HEX value.

Step 4:— Insert the Find instruction which specifies the first value to be found in the
table.

Results:— The offset from the starting address to the first V-memory location which
contains the search value is returned to the accumulator. SP53 will be set on if an
address outside the table is specified in the offset or the value is not found. If the
value is not found 0 will be returned in the accumulator. The result will be a HEX
value.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Operand Data Type DL440 Range DL450 Range
A aaa aaa
Vmemory Vv All (See p. 3-41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF
Discrete Bit Flags Description
SP53 ON if there is no value in the table that is equal to the search value.

NOTE: Status flags are only valid until another instruction that uses the same flags is
executed. The pointer for this instruction starts at 0 and resides in the accumulator.

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the second stack location when the following Load Address and
Load instruction is executed. The octal address 1400 (V1400) is the starting location
for the table and is loaded into the accumulator. This value is placed in the first level
of the accumulator stack when the following Load instruction is executed. The offset
(K2) is loaded into the lower 16 bits of the accumulator using the Load instruction.
The value to be found in the table is specified in the Find instruction. If a value is
found equal to the search value, the offset (from the starting location of the table)
where the value is located will reside in the accumulator.

[2]
C
o
°%
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o
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U)_I
—
o
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Standard RLL Instructions
Table Instructions

DirectSOFT32 .
_{X] - 0 1.2 3 |vido0 o | Tablelength
| K Oﬁset[ o[5[0]0]viaor 1
Loag e consiant vaie . Beanners—[9 [0 [9 9 |vidoz 2
of the accumulator 3|0(7]|4|vig03 3 Accumulator
oA slofs]o]|viaoa a| — 00000004
o] ovies s hios conans e fcalon
X [ X | X | X |V1406 The value 8989 was the 4th
Convert octal 1400 to HlEX location after the start of the
?}?eoaacr:iglajgttg:valuemto X | X | X | X V1407 specified table.
LD
K2 Handheld Programmer Keystrokes
e e Com ) G [ ][]
of the accumulator ‘ D ‘ | K(CON)| ‘ 5 ‘ ‘ — ‘
FIND L w J[swer ][ a Jloor J[ 1+ J[ 4 J[ o J[ o [[=]
K8989 | w |[keony]||[ 2 [ ]
Find the location in the table ‘SHFT H = H | H N H D ‘
where the value 8989 resides
Lswer |[keow|[ 8 |[ o J[ 8 J[ o J[<]

Find Greater Than The Find Greater Than instruction is used to

(FDGT) search for the first occurrence of a value in a
X[ LT V-memory table that is greater than the
specified value (Aaaa), which can be either FDGT
a V—-memory location or a 4-digit constant. Aaaa

The function parameters are loaded into the
first level of the accumulator stack and the
accumulator by two additional instructions.
Listed below are the steps necessary to
program the Find Greater Than function.

NOTE: This instruction does not have an offset, such as the one required for the
FIND instruction.

Step 1:— Load the length of the table (up to 255 locations) into the first level of the
accumulator stack. This parameter must be a HEX value, 0—FF.

Step 2:— Load the starting V-memory location for the table into the accumulator.
This parameter must be a HEX value.

Step 3:— Insert the FDGT instructions which specifies the greater than search
value.

Results:— The offset from the starting address to the first V—-memory location which
contains the greater than search value is returned to the accumulator. SP53 will be
set on if the value is not found and 0 will be returned in the accumulator. The result will
be a HEX value.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

ny)
-
=2
25
o
k=
=g
o
>
(%]
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5—1 44 Standard RLL Instructions

Table Instructions

Operand Data Type DL440 Range DL450 Range
A aaa aaa
Vmemory \ All (See p. 3—41) All (See p. 3-42)
Constant K 0-FFFF 0-FFFF
Discrete Bit Flags Description
SP53 on if there is no value in the table that is greater than the search value.

NOTE: Status flags are only valid until another instruction that uses the same flags is
executed.
The pointer for this instruction starts at 0 and resides in the accumulator.

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 1400 (V1400) is the starting location for the table and is
loaded into the accumulator. The greater than search value is specified in the Find
Greater Than instruction. If a value is found greater than the search value, the offset
(from the starting location of the table) where the value is located will reside in the
accumulator. If there is no value in the table that is greater than the search value, a
zero is stored in the accumulator and SP53 will come ON.

DirectSOFT32
X1‘ LD
\ K6
Load the constant value 6 ¢
(HEX) into the lower 16 bits
of the accumulator Table length
Begin here — 0|1]2]3|Vvi400 ©
LDA 05|00 [vig01 1 Accumulator
0O 1400 9(9(9|9|vi402 2| —> 0000O0GO0O0 2
gggveZ?CtzltL400tlo H_Ei( 3|0]7|4]|vt408 3 V1402 contains the location
and load the value into i
89|89 |vid0a 4 where the first value greater
the accumulator. than the search value was
110|1[0]|Vv1405 5 found. 9999 was the 2nd
location after the start of the
FDGT XX | X | X |V1406 specified table.
K8989 X[ X[ X | X [v1407
Find the value in the table :
greater than the specified value
Handheld Programmer Keystrokes
Lsm [[xm [ 1 J[«—]
[ w [[keom|[ 6 |[—]
L w Jlswer [ a Jloer JI + J[ 4 J[ o J[ o [[e]
Lswer | F J[ o J[ e J[ 7 J[swer|[kecon][ s |[ o |[ 8 |[ s |[<]
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Standard RLL Instructions
Table Instructions

Move
(MOV)

430 440 450

DirectSOFT32

X1

The Move instruction moves up to 4095
values from a V—-memory table to another
V-memory table the same length. The
function parameters are loaded into the first MoV
level of the accumulator stack and the A 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, O—FFF.

Step 2:— Load the starting V-memory location for the locations to be moved into the
accumulator. This parameter must be a HEX value.

Step 3:— Insert the MOVE instruction which specifies starting V—-memory location
(Vaaa) for the destination table.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Operand Data Type DL440 Range DL450 Range

A aaa aaa

Vmemory \" All (See p. 3-41) All (See p. 3-42)

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

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 1500 (V1500), the starting location for the source table
is loaded into the accumulator. The destination table location (V1400) is specified in
the Move instruction.

LD

— |

Load the constant value 6
(HEX) into the lower 16 bits
Keé of the accumulator

V1476 .

V1477 .

LDA

V1500 — >
V1501 ———

V1400
V1401

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

vis02 —— V1402

MOV

V1503 —MM@M@Mm
V1504 >

V1403
V1404

Copy the specified table
locations to a table
V1400 beginning at location V1400

V1505 — V1405
V1406

V1407

V1506
V1507

X|[X|[=|o|lw|lo|lo|o|x|x
X|[x|lo|lo|o|o|o|=]|x|x
X|[x|[=|o|~|o|lo|d|x|x
X|[x|o|lo|sr|o|lo|w]|x]|x
X|[x|=|o|w|lo|lo]|o
X|>x|o|lo|o|lo|ua]|~
X|X|=|o|~N|o|O|MN
X|[>x|o|lo|sr|o|lo]|w

Handheld Programmer Keystrokes . .

[ sr |[ xan ||

1

|[—]

o | [kcon] |

o

|[—]

o || sHFr ||

JLoer J[_ + J[ s J[ o J[ o =]

| sHFT ||

M

o

L v Jlswer v JL o+ JL 4 J[ o J[ o J[e=]

ny)
-
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o
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o
>
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Standard RLL Instructions
Table Instructions

Table to The Table To Destination instruction moves
Destination a value from a V-memory table to a V-
(TTD) memory location and increments the table
pointer by 1. The first V-memory location in ____|TTD
the table contains the table pointer which Aaaa
indicates the next location in the table to be
moved. The instruction will be executed
once per scan provided the input remains

on. The table pointer will reset to 1 when the
value equals the last location in the table.
The function parameters are loaded into the
first level of the accumulator stack and the
accumulator by two additional instructions.
Listed below are the steps necessary to
program the Table To Destination function.

Step 1:— Load the length of the data table (number of V—-memory locations) into the
first level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

Step 2:— Load the starting V—-memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table pointer.) This
parameter must be a HEX value.

Step 3:— Insert the TTD instruction which specifies destination V—-memory location
(Vaaa).

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If
you do not want the instruction to execute for more than one scan, a one shot (PD)
should be used in the input logic.

Helpful Hint: — The pointer location should be set to the value where the table
operation will begin. The special relay SPO or a one shot (PD) should be used so the
value will only be set in one scan and will not affect the instruction operation.

Operand Data Type DL440 Range DL450 Range
A aaa aaa

Vmemory \ All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP56 ON when the table pointer equals the table length.

NOTE: Status flags (SPs) are only valid until:
— another instruction that uses the same flag is executed, or
— the end of the scan

The pointer for this instruction starts at 0 and resets when the table length is reached.
At first glance it may appear that the pointer should reset to 0. However, it resets to 1,
not 0.

[2]
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Standard RLL Instructions
Table Instructions

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 1400 (V1400) is the starting location for the source
table and is loaded into the accumulator. Remember, V1400 is used as the pointer
location, and is not actually part of the table data source. The destination location
(V1500) is specified in the Table to Destination instruction. The table pointer (V1400
in this case) will be increased by “1” after each execution of the TTD instruction.

DirectSOFT32

X1 LD Load the constant value 6
_{ | (HEX) into the lower 16 bits
‘ K6 of the accumulator

Convert octal 1400 to HEX
300 and load the value into
O 1400 the accumulator. This is the
table pointer location.

LDA

T Copy the specified value from
the table to the specified
V1500 destination (V1500)

Handheld Programmer Keystrokes

[ sr |[ xav |[[ 1 [ ]

| o |[keon]|[ 6 |[«—]

L w [[swer|[ a Jloer J[ + J[ 4 [[ o J[ o |[«~]

Lswer [l v J[ 7 J[ o Jlewr [ v [[ + |[ 5 J[ o [[ o |[«—]

Itis ir_nportant to understand how the ta_ble Table Table Pointer
locations are numbered. If you examine viaot [0]5]0]o] o 6 [0]o]o]o0]viao0
the example table, you’ll notice that the viaoz |9 ]9o]o o] 1

first data location, V1401, will be used visoa |3 o7 [4]| 2 Destination
when the pointer is equal to zero, and visoa[s |98 o] &  LLX[x[x]visoo
again when the pointer is equal to six. Vidos [ 1|0 |1]0]| 4

Why? Because the pointer is only equal to V1406121014161 5

zero before the very first execution. From viaor [ X [ X [ X |X

then on, it increments from one to six, and
then resets to one.

Also, our example uses a normal iNput | pirectsorTaz (optional latch example using SP56)
contact (X1) to control the execution. Since ™ co
the CPU scan is extremely fast, and the — | ( P0)
pointer increments automatically, the table c1 b
would cycle through the locations very — }_K_ K6

quickly. If this is a problem, you have an

Load the constant value 6
\ \ (HEX) into the lower 16 bits

option of using SP56 in conjunction with a | of the accumulator
one-shot (PD) and a latch (C1 for example) o o
to allow the table to cycle through all | ( sET)
locations one time and then stop. The logic srs6 o
shown here is not required, it's just an — | ( RsT)

optional method.
Since Special Relays are
reset at the end of the scan,
this latch must follow the TTD
instruction in the program.

»
—
Q
>
o
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=
o
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=
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Standard RLL Instructions
Table Instructions

The following diagram shows the scan-by-scan results of the execution for our example program. Notice
how the pointer automatically cycles from 0 — 6, and then starts over at 1 instead of 0. Also, notice how SP56
is only on until the end of the scan.

Example of Execution

Scan N Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [o[s]ofo]o 6 [o]o]o]o]vido0 vigot [o[s[ofo]oe [o]o]o]1]|via0o
V1402 (9 (9|9 |9 1 V1402 (9 |9 ]9 |9 1
visos [3 |0 |7 ]4] 2 Destination visos [3 |07 ]4a] 2 e
5 V1500
V1404 (8 |9 |8 |9 3 V1404 [8 |9 |8 |9 3 _
V1405 |1 [0 |1 |0 4 V1405 |1 (0|1 |0 4
SP56 SPs6
2(0|4|6 5 V14 2|10(4]|6 5
V1406 —1 |— spse=0FF 06 |— sPs6 = oFF
V1407 [ X [ X | X [ X V1407 [ X [ X | X [ X
Scan N+1 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [o[sfofo]oe [o]o]o]i|viaco vigot [o[s[ofo]o e [o]o]o]2]viaco
V1402 (9 |9 |9 |9 1 V1402 (9|9 1]9 |9 1
vi403 |30 7 |4 5 Destination vi403 |3 1017 | 4 Destination
V1404 [8 |9 |8 9| 3 0] 5 [o]o]visoo vidoa|8lols o] 3 19 [9[9[9]vis00
V1405 (1 |0 |1 |0 4 V1405 (1 (0| 1|0 4
SP56 SP56
V1406 (2 |0 |4 |6 5 V1406 (2 |0 |4 |6 5
|— sPs6 = OFF |— sPs6 = OFF
V1407 [ X | X [ X [ X V1407 [ X | X | X [ X
Scan N+5 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [o[s]ofo]o e [o]o]o]5 |viaoo vigot [o[s]ofo]oe [o]o]o]s]viaoo
V1402 [9 (9|9 |9 1 V1402 (9 (919 |9 1
vi403 |30 |7 |4 P Destination vi403 31017 | 4 ° Destination
visoa[8[o]a]o]| s  LiLofr[o]vise viaoa[sos o] o L2]ol4]e]visoo
V1405 (1 |0 |1 |0 4 V1405 (1|0 |1 |0 4
V1406 (2 |0 |4 |6 5 SP56 V1406 [2 (0|4 |6 5 SP56
viao7 [ X [x [ x ] x |—— sPs6=OFF V1407 | X TX 1 X 1% |— sPss=on_
until end of scan
. . or next instruction
. . that uses SP56
Scan N+6 Before TTD Execution After TTD Execution
Table Table Pointer Table Table Pointer (Resets to 1, not 0)
visot [o[s]ofo]o 6 [o]o]o]s |vido0 vigot [o[s]ofo]oe_ [o]o]o]1]|via0o
V1402 (9 (9|9 |9 1 V1402 (9 |99 |9 1
inati Destinati
g vi403 3107 | 4 5 Destination V1403 |3 0|7 | 4 o estination
o visoa[8[o]s]o]| o L2lofe]e]viseo visos [ ToTa ol s Lofs]o]o]visoo
S V1405 |1 [0 |1 |0 4 V1405 |1 (0|1 |0 4
=] V1406 (2 |0 |4 |6 5 SP56 V1406 [2 (0|4 |6 5 SP56
2 V1407 [ X | X | X | X |—— sPs6=OFF via07 [X Tx 1 X 1 x |— sps6 = OFF
- . .
— . B
o
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Standard RLL Instructions
Table Instructions

Remove from
Bottom
(RFB)

430 440 450

The Remove From Bottom instruction
moves a value from the bottom of a
V-memory table to a V-memory location
and decrements a table pointer by 1. The RFB

first V—memory location in the table Aaaa
contains the table pointer which indicates
the next location in the table to be moved.
The instruction will be executed once per
scan provided the input remains on. The
instruction will stop operation when the
pointer equals 0. The function parameters
are loaded into the first level of the
accumulator stack and the accumulator by
two additional instructions. Listed below are
the steps necessary to program the
Remove From Bottom function.

Step 1:— Load the length of the table (number of V-memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

Step 2:— Load the starting V-memory location for the table into the accumulator.
(Remember, the starting location of the table blank is used as the table pointer.) This
parameter must be a HEX value.

Step 3:— Insert the RFB instructions which specifies destination V—memory
location (Vaaa).

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If
you do not want the instruction to execute for more than one scan, a one shot (PD)
should be used in the input logic.

Helpful Hint: — The pointer location should be set to the value where the table
operation will begin. The special relay SPO or a one shot (PD) should be used so the
value will only be set in one scan and will not affect the instruction operation.

Operand Data Type DL440 Range DL450 Range
A aaa aaa

Vmemory \ All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP56 on when the table pointer equals 0

NOTE: Status flags (SPs) are only valid until:
— another instruction that uses the same flag is executed, or
— the end of the scan

The pointer for this instruction can be set to start anywhere in the table. It is not set
automatically. You have to load a value into the pointer somewhere in your program.
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Standard RLL Instructions
Table Instructions

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 1400 (V1400) is the starting location for the source
table and is loaded into the accumulator. Remember, V1400 is used as the pointer
location, and is not actually part of the table data source. The destination location
(V1500) is specified in the Remove From Bottom. The table pointer (V1400 in this
case) will be decremented by “1” after each execution of the RFB instruction.

DirectSOFT32

X1 LD
_{ } K6

Load the constant value 6
(HEX) into the lower 16 bits
of the accumulator

LDA
O 1400

Convert octal 1400 to HEX
300 and load the value into
the accumulator. This is the
table pointer location.

RFB
V1500

Copy the specified value from
the table to the specified
destination (V1500)

Handheld Programmer Keystrokes

[ sr | xav |[[ 1 |[e]
| o |[kecon]|[ 6 |[e—]
[ w |[swer][ A JLoer J[ 1+ J[ 4 J[ o J[ o J[«]
Lseer [ m J[ F J[ 8 Jlswr [ v J[ + J[ s |[ o J[ o J[e—]
Itis important to understand how the ta_ble Table Table Pointer
locations are numbered. If you examine vigoi [0 T Tolo] 1 [0]0 o o]vi400
the example table, you’ll notice that the vidoz |9 |99 ]9] 2
first data location, V1401, will be used viaoz |3 o7 ][4 3 Destination
when the pointer is equal to one. The visoa [ s [o] 4  X[X[x[x]wsoo
second data location, V1402, will be used V1405 | 1]0|1]0]5
when the pointer is equal to two, etc. V1406121014 16 | 6

V1407 | X | X | X [ X

Also, our example uses a normal iNPUt | pirectsorTs2 (optional one-shot method)

contact (X1) to control the execution. X1 co
Since the CPU scan is extremely fast, and — | ( PD )
® the pointer decrements automatically,. the co o
S table would cycle through the locations — | Ke
o5 very quickly. If this is a problem for your Load the constant valu ©
85 applicaton, you have an option of using a Stine acoumuiator
g‘g one-shot (PD) to remove one value each ™
nh time the input contact transitions from low 0 1400
EI to hlgh } Convert octal 1400 to HEX

300 and load the value into
‘ the accumulator. This is the
table pointer location.
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Standard RLL Instructions

Table Instructions

The following diagram shows the scan-by-scan results of the execution for our example program. Notice how
the pointer automatically decrements from 6 — 0. Also, notice how SP56 is only on until the end of the scan.

Example of Execution

Scan N Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
vigor [0 [s]o o] 1 [o]o]o]s |vi400 vido1 [o[s]ofo] 1 [oToo]s |via00
visoz [9|o oo 2 vido2 |9 |99 9| 2
visoz|3]o]7]a 3 Destination vi403 31017 14 3 Destination
vido4 |8 |9 |8 ]o]| 4 V150° vido4 [8 |98 |a] 4 [2[o]4]6]vs00
vidos (1|0 [1]0]| 5 vido5 [1]|0 |1 |0 5/
vidos [2 |0 |a]6]| 6 spsle_ P56 - OFF vidos [2 ]o]al6]| o _S|P5|6_ P56 - OFF
V1407 [ X | x [x | x V1407 [ X | X [ x | x
Scan N+1 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
vigor [o]sJofo] 1 [o]o]o]s5|via00 vigot [o]sfofo] 1 [o]o]o]4]via00
visoz [9 |9 |o]o]| 2 vigo2 [9 |99 9| 2
vidos [3 |0 |7]4] 3 Destination viaos 301712l 3 Destination
vido4 [8 9|8 |o]| 4 (2] 0 [4]s]visoo vido4 [8 o8 |o] 4 L1 Jo] 1 ]o]visoo
vigos [1|o|1]o]| 5 viaos [1|o]1]o] s
visos [2|o[a]6]| 6 SP56 visos [2|o]4a]6]| 6 SP56
|— sPs6 = oFF |— sPse = oFF
viao7 [ x [x [x[x V1407 | X | X | X [ X
Scan N+4 Before RFB Execution After RFB Execution
Table Table Pointer Table Table Pointer (Automatically Decremented)
vigot [o]sJofo] 1 [o]o]o]2]vi400 vigot [o]sfofo] 1 [o]o]o]1]via00
visoz (9 |o|o]o]| 2 visoz (9 |9]o]o]| 2
viaos [3o]7]4] 3 Destination viaos [3ToT7Ta] 3 A Destination
visoa[a]o (e [o| o L2lol7]4]vso0 visoa [sToTa o] «  Lelolo]o|visoo
visos [1|o|1]o]| 5 visos [1[o]1]o] s
V1406 [2 |0 |4 |6 6 SP56 V1406 |2 |0 |4 |6 6 SP56
viao7 [X TX TX TX |— sPs6 =OFF viaor IX Tx Tx T |— sps6=OFF
Scan N+5

Before RFB Execution

Table

V1401 [0 [5 |0 | O 1
V1402 (9 |9 |9 |9 2
V1403 (3 [0 |7 | 4 3
V1404 (8 |9 |8 |9 4
V1405 (1 |0 |1 |O 5
V1406 [2 (0 |4 |6 6
V1407 [ X | X [ X | X

Table Pointer
[o]o]o]1]vi400

Destination

[9]9]9 ]9 |vis00

P56
|— sPs6 = OFF

After RFB Execution

Table Table Pointer
visoi [o[s]ofo] 1 [o]o]o]o]via00
vigo2 |9 |9 oo 2
vi403 |30 7 |4 3 Destination
vid04 (8|9 |8 |9]| 4 V1500
vidos [1]|0|1]0]| 5
vidoe [2 |0 |4 (6| 6 SP56
v1407 | X [ x [ x [ |— sPse=oN

until end of scan

or next instruction
that uses SP56

By
-
Lo
a5
go_
o2
=To1
o
=)
(/2]
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Standard RLL Instructions
Table Instructions

Source to Table The Source To Table instruction moves a
(STT) value from a V—-memory location into a
X ST < V—-memory table and increments a table

pointer by 1. When the table pointer __|sTT
reaches the end of the table, it resets to 1. Vaaa
The first V-memory location in the table
contains the table pointer which indicates
the next location in the table to store a

value. The instruction will be executed once
per scan provided the input remains on. The
function parameters are loaded into the first
level of the accumulator stack and the
accumulator with two additional
instructions. Listed below are the steps
necessary to program the Source To Table
function.

Step 1:— Load the length of the table (number of V-memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

Step 2:— Load the starting V-memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table pointer.) This
parameter must be a HEX value.

Step 3:— Insert the STT instruction which specifies the source V—memory location
(Vaaa). This is where the value will be moved from.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If
you do not want the instruction to execute for more than one scan, a one shot (PD)
should be used in the input logic.

Helpful Hint: — The table counter value should be set to indicate the starting point
for the operation. Also, it must be set to a value that is within the length of the table.
For example, if the table is 6 words long, then the allowable range of values that
could be in the pointer should be between 0 and 6. If the value is outside of this
range, the data will not be moved. Also, a one shot (PD) should be used so the value
will only be set in one scan and will not affect the instruction operation.

Operand Data Type DL440 Range DL450 Range
aaa aaa

Vmemory \ All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP56 on when the table pointer equals the table length

NOTE: Status flags (SPs) are only valid until:

— another instruction that uses the same flag is executed, or

— the end of the scan

The pointer for this instruction starts at 0 and resets to 1 automatically when the table
length is reached.

[2]
C
o
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Standard RLL Instructions
Table Instructions

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 1400 (V1400), which is the starting location for the
destination table and table pointer, is loaded into the accumulator. The data source
location (V1500) is specified in the Source to Table instruction. The table pointer will
be increased by “1” after each time the instruction is executed.

DirectSOFT32

X1

LD
_{ } K6

Load the constant value 6
(Hex.) into the lower 16 bits
of the accumulator

LDA
O 1400

Convert octal 1400 to HEX
300 and load the value into
the accumulator

STT
V1500

Copy the specified value
from the source location
(V1500) to the table

Handheld Programmer Keystrokes

[ sr [ xav |[[ 1 [[e]

| o |[keon]|[ 6 |[e—]

L w |[swer ][ a J[oer J[ + J[ 4 J[ o J[ o J[e=]

Lswer J[ s J[ v J[ v J[swer [ v J[ « J[ 5 J[ o J[ o J[«]

Itis important to understand how the taple Table Table Pointer
locations are numbered. If you examine vigot [x [x[x[x] 0 6 [o]o]o]o]via00
the example table, you’ll notice that the viao2 [ X [ X [x x|

first data storage location, V1401, will be vi403 [ X | x [x x| 2 Data Source
used when the pointer is equal to zero, vioa [x [x[x[x| &  Lele]o]o]viseo
and again when the pointer is equal to six. V1405 [ X | X X |X | 4

Why? Because the pointer is only equal to V1406 | X XXX ] 5

zero before the very first execution. From viaor [ X[ X [ X |X

then on, it increments from one to six, and
then resets to one.

Also, our example uses a normal iNput | pirectsorTa2 (optional one-shot method)

contact (X1) to control the execution. ™ co
Since the CPU scan is extremely fast, and — | ( P0)
the pointer increments automatically, the co b

. | )
source data would be moved into all the ! Ke =
table locations very quickly. If this is a Load he constant value & ()
problem for your applicaton, you have an St ihe ascumaor 253
option of using a one-shot (PD) to move ™ g
one value each time the input contact 01400 %_a
transitions from low to high. } Comvan ool 1200 & HEX >

300 and load the value into
| the accumulator. This is the
starting table location.
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Standard RLL Instructions
Table Instructions

The following diagram shows the scan-by-scan results of the execution for our example program. Notice how
the pointer automatically cycles from 0 — 6, and then starts over at 1 instead of 0. Also, notice how SP56 is
affected by the execution. Although our example does not show it, we are assuming that there is another part
of the program that changes the value in V1500 (data source) prior to the execution of the STT instruction.
This is not required, but it makes it easier to see how the data source is copied into the table.

Example of Execution

Scan N Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigot [x[x[x]x] o6 [o]o]o]o]via00 vigot [o]sfofo]oe [o]o]o]1]via00
V1402 [ X [ X [ X | X 1 V1402 [ X [ X | X | X 1
Source Source
V1403 | X [ X [ X [ X]| 2 V1403 | X [ X [ X [ X | 2
vidos | X | X |x x| 3 0[5 [o]oJvisoo visos | x [ x[x[x]| s o] [o]o]viso0
V1405 [ X [ X | X | X 4 V1405 [ X [ X | X [ X 4
SP56 SP56
XX |X]|X 5 XXX |X 5
V1406 |— sPs6 = OFF V1406 |— sps6=OFF
V1407 [ X [ X | X [ X V1407 [ X [ X | X | X
Scan N+1 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vior [0[5[0o]o] o6 [o]oo]1]via00 vidot [0[5]0]o] o6 [o]o]o]2]via0o
V1402 | X | X | X | X |1 V1402 (9|9 |9 |9 | T~e—_
Source Source
V1408 | X [ X[ X[ X | 2 V1403 [ X [ X [X [ X ]| 2
viaos (X [x[x[x] s L2lo]9]9]vs00 vidoa | X | X | x x| 3 19 [9 ]9 [9]vrsoo
V1405 [ X | X | X | X 4 V1405 | X | X | X | X 4
V1406 | X | X [X [ X | 5 SPs6 via0s | X IX1x x| s SP56
|— sPs6 = oFF |— sPse = OFF
V1407 | X | X [ X | X V1407 [ X | X [ X | X
Scan N+5 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Automatically Incremented)
vigor [o[sJoJo]o e [o]o]o]s |via0o vigot [o[s]ofo] o6 [o]o]o]e]via0o
V1402 (9 |9 |9 |9 1 V1402 (9 (99 |9 1
Source Source
V1403 [3 [0 |7 |4 2 V1403 (3 |0 |7 |4
visoa [s ]9 ls| s L2lof4]6]vise visos [ ToTe ol 5 L2lof4]6|viso0
V1405 [1 |0 (1[0 4 V1405 |1 |10 1|0 4
V1406 [ X | X | X | X 5 SP56 V1406 (2 |0 |4 |6 5 SP56
—— SP56 = OFF —— SP56 = ON
V1407 [ X [ X | X | X | V1407 [ X [ X | X [ X | until end of scan
. . or next instruction
X . that uses SP56
Scan N+6 Before STT Execution After STT Execution
Table Table Pointer Table Table Pointer (Resets to 1, not 0)
@ vigo1 [0[5]ofo] o6 [o]o]o]s]via00 vigot [1]2]s]4] 06 [o]o]o]1]via00
‘0'9 vi402 [9 (9|9 |9 1 V1402 |9 (9|9 |9 1\
=2 Source Source
=0 V1403 (3 [0 |7 |4 2 V1403 (3 |0 |7 |4 2
°F [Tefe]] [Te]e]]
°E visoa [s ]9 ls| s L 12[3]4]vis0 visoa 8o Ta o] 5 Lil2[8]4]visoo
_'(E%) V1405 (1 [0 |1 |0 4 V1405 (1 |0 |1 |0 4
wn_ vid06 [2 [0 |4 ]6]| 5 SP56 vidoe (2 |04 |6]| 5 SP56
EI vido7 [ X [ X [x [ x | SP56 = OFF viao7 | x | x [ x| x | SP56 = OFF
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Standard RLL Instructions
Table Instructions

Remove from Table The Remove From Table instruction pops a

(RFT)

430 440 450

value off of a table and stores it in a
V-memory location. When a value is
removed from the table all other values are RFT
shifted up 1 location. The first V-memory Vaaa
location in the table contains the table
length counter. The table counter
decrements by 1 each time the instruction is
executed. If the length counter is zero or
greater than the maximum table length
(specified in the first level of the
accumulator stack) the instruction will not
execute and SP56 will be on.

The instruction will be executed once per scan provided the input remains on. The
function parameters are loaded into the first level of the accumulator stack and the
accumulator by two additional instructions. Listed below are the steps necessary to
program the Remove From Table function.

Step 1:— Load the length of the table (number of V—-memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.
Step 2:— Load the starting V—-memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table length counter.)
This parameter must be a HEX value.

Step 3:— Insert the RFT instructions which specifies destination V—memory
location (Vaaa). This is where the value will be moved to.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If
you do not want the instruction to execute for more than one scan, a one shot (PD)
should be used in the input logic.

Helpful Hint: — The table counter value should be set to indicate the starting point
for the operation. Also, it must be set to a value that is within the length of the table.
For example, if the table is 6 words long, then the allowable range of values that
could be in the table counter should be between 1 and 6. If the value is outside of this
range or zero, the data will not be moved from the table. Also, a one shot (PD) should
be used so the value will only be set in one scan and will not affect the instruction
operation.

Operand Data Type DL440 Range DL450 Range
aaa aaa

Vmemory \ All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP56 on when the table counter equals 0

NOTE: Status flags (SPs) are only valid until:

— another instruction that uses the same flag is executed, or

— the end of the scan

The pointer for this instruction can be set to start anywhere in the table. It is not set
automatically. You have to load a value into the pointer somewhere in your program.
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Standard RLL Instructions
Table Instructions

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 1400 (V1400) is the starting location for the source
table and is loaded into the accumulator. The destination location (V1500) is
specified in the Remove from Table instruction. The table counter will be decreased
by “1” after the instruction is executed.

DirectSOFT32

X1 LD Load the constant value 6
_{ | (Hex.) into the lower 16 bits
! G of the accumulator

LDA Convert octal 1400 to HEX
300 and load the value into
O 1400 the accumulator

RFT Copy the specified value
from the table to the
V1500 specified location (V1500)

Handheld Programmer Keystrokes

[ sm [ xv |[[ 1 |[e]

| o |[keon]|[ 6 [[e—]

Lw |[swer ][ a J[oer J[ + J[ 4 J[ o J[ o J[«=]

Lswer J[ m J[ ¢ J[ 7 J[swer [ v J[ + J[ 5 J[ o J[ o J[«]

Since the table counter specifies the Table Table Counter
range of data that will be removed from the viaot[o]s]oJo]1  [o]o[o[6 via00
table, it is important to understand how the vigo2 [9 9o e ]2

table locations are numbered. If you via3 [3 [0 |7 [4] 3 Destination
examine the example table, you'll notice viaoa [0 s [o] 4  LX[X[x[x]wisoo
that the data locations are numbered from V1405|110 |1]0]5

the top of the table. For example, if the V1406121014 1616

table counter started at 6, then all six of the vidor [X [ XX | X

locations would be affected during the
instruction execution.

Also, our example uses a normal iNput | pirectsorTsz (optional one-shot method)

contact (X1) to control the execution. ™ co
Since the CPU scan is extremely fast, and — | ( P0)
the pointer decrements automatically, the co b

data would be removed from the table very — | Ke

quickly. If this is a problem for your Load the constant value 6
applicaton, you have an option of using a e ascumaor
one-shot (PD) to remove one value each —

time the input contact transitions from low 01400

to high. \

‘ Convert octal 1400 to HEX

300 and load the value into
| the accumulator. This is the
table pointer location.
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Standard RLL Instructions
Table Instructions

The following diagram shows the scan-by-scan results of the execution for our example program. In our
example we’re showing the table counter set to 4 initially. (Remember, you can set the table counter to any
value that is within the range of the table.) The table counter automatically decrements from 4-0 as the
instruction is executed. Notice how the last two table positions, 5 and 6, are not moved up through the table.
Also, notice how SP56, which comes on when the table counter is zero, is only on until the end of the scan.

Example of Execution

Scan N Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically Decremented)
4 3
Table Counter V1401 10151010 V1400 V1401 19 191919 1) 0 5 nnn V1400
indicates that V1402 [9 (919 |9 | 2 V1402 [4 [0 |7 |9 ZD N\O
these 4 inati inati
positions will V1403 (3|0 |7 |4 | 3 Destination vigo3 |8 |98 |o]| 3 Destination
be used V1404 |8 (9|8 |9 4 X V1500 Starthere V1404 [8 |9 |8 | 9 4> [o]s]ofo]vis0
V1405 (1 |O |1 |0 | 5 V1405 (1 [0 |1 |0 [ 5
SP56 SP56
V1406 [2 |0 |4 |6 | 6 V1406 |2 |0 |4 (6| 6
|— sPs6 = oFF |— sPse = oFF
V1407 [ X [ X | X [ X V1407 | X [ X [ X [ X
Scan N+1 Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically Decremented)
vi401 [9 oo o] [o]o]o]3]v1400 viaon [« Jof7]s] 1y 9 [o]o]o]2 |vi400
visoz [4 o] 7]o] 2 viso2 (8 |98 |9 23 N\g
Destinati Destinati
v1403 |8 (9|8 |9 3 estination Starthere V1403 | 8 | 9 | 8 | 9 estination
5 [oTeTs o]
vi404 [8 9|8 |0] 4 0] 5 [o]o]visoo vidoa 81980 4 [9]9 ]9 ]9 |vis00
V1405 |1 (0|1 |0 | 5 V1405 |1 [0 |1 |0 | 5
SP56 8P56
V1406 (2|0 |4 |6 | 6 V1406 |2 (0|4 |6 | 6
|— sPs6 = oFF |— sPs6 = OFF
V1407 [ X | X | X | X V1407 | X [ X [ X [ X
Scan N+2 Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically Decremented)
vidot [4]o]7]e] 1 [o]o]o]2]v1400 vi401 [8 ]98] 09 1:> & [o]o]o]1]vi400
V1402 (8 [9 |8 |9 | 2 Starthere V1402 |8 |9 |8 |9 | 2 7 9
Destination Destination
V1403 (8 [9 |8 |9 | 3 V1403 (8 (9|8 |9 | 3
vido4 [8 |9 |8 |9 ] 4 (9[99 ]9 ]viso0 vido4 |8 |98 o] 4 (4]0 ]7 ]9 Jvisoo
V1405 [1 [0 |1 |0 | 5 V1405 (1 [0 |1 [0 | 5
V1406 |2 (O |4 |6 | 6 SP56 V1406 [2 |0 |4 |6 | 6 SP56
visor [x Ix X Tx |— sPse = oFF viao7 X X [X X |— sPse = oFF
Scan N+3 Before RFT Execution After RFT Execution
Table Counter
Table Table Counter Table (Automatically Decremented)
vidot [8]9 89 1 [o]o]o]1]vi400 Stathere viaot [8 [9[8 o] 1 8 [o]o]o]o]vi400
vido2 |8 |9 |8 |9 2 vid02 |8 |9 |8 9|2 N\g
Destination Destination
V1403 |89 (|8 |9 | 3 V1403 (8 (9|8 |9 | 3
By
vi404 |8 |9 |8 9| 4 (4 ]o]7 ]9 ]visoo vido4 |8 lols o] 4 [8]9]8 ]9 |vis00 X
V1405 |1 |0 |1 [0 | 5 V1405 |1 |0 |1 |0 | 5 :9
V1406 |2 |0 |4 |6 | 6 SP56 V1406 |2 |0 |4 |6 | 6 SP56 8%
e = [— = —+
vaor (] e seeor wiaor (XXX .
. . or next instruction (o] 9)‘
that uses SP56 g o
>
(V2]
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Standard RLL Instructions
Table Instructions

Add to Top The Add To Top instruction pushes a value
(ATT) on to a V-memory table from a V—-memory AT
location. When the value is added to the — Vaaa
430 440 450 table all other values are pushed down 1

location.

The instruction will be executed once per scan provided the input remains on. The
function parameters are loaded into the first level of the accumulator stack and the
accumulator by two additional instructions. Listed below are the steps necessary to
program the Add To Top function.

Step 1:— Load the length of the table (number of V—memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

Step 2:— Load the starting V-memory location for the table into the accumulator.
(Remember, the starting location of the table is used as the table length counter.)
This parameter must be a HEX value.

Step 3:— Insert the ATT instructions which specifies source V—memory location
(Vaaa). This is where the value will be moved from.

Helpful Hint: — For parameters that require HEX values when referencing memory
locations, the LDA instruction can be used to convert an octal address to the HEX
equivalent and load the value into the accumulator.

Helpful Hint:— The instruction will be executed every scan if the input logic is on. If
you do not want the instruction to execute for more than one scan, a one shot (PD)
should be used in the input logic.

Helpful Hint: — The table counter value should be set to indicate the starting point for
the operation. Also, it must be set to a value that is within the length of the table. For
example, if the table is 6 words long, then the allowable range of values that could be
in the table counter should be between 1 and 6. If the value is outside of this range or
zero, the data will not be moved into the table. Also, a one shot (PD) should be used
so the value will only be set in one scan and will not affect the instruction operation.

Operand Data Type DL440 Range DL450 Range
aaa aaa

Vmemory \ All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP56 on when the table counter is equal to the table size

NOTE: Status flags (SPs) are only valid until:

— another instruction that uses the same flag is executed, or

— the end of the scan

The pointer for this instruction can be set to start anywhere in the table. It is not set
automatically. You have to load a value into the pointer somewhere in your program.

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o
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Standard RLL Instructions
Table Instructions

In the following example, when X1 is on, the constant value (K6) is loaded into the
accumulator using the Load instruction. This value specifies the length of the table
and is placed in the first stack location after the Load Address instruction is
executed. The octal address 1400 (V1400), which is the starting location for the
destination table and table counter, is loaded into the accumulator. The source
location (V1500) is specified in the Add to Top instruction. The table counter will be
increased by “1” after the instruction is executed.

DirectSOFT32

X1

LD
_{ } K6

Load the constant value 6
(Hex.) into the lower 16 bits
of the accumulator

LDA
O 1400

Convert octal 1400 to HEX
300 and load the value into
the accumulator

ATT
V1500

Copy the specified value
from V1500 to the table

Handheld Programmer Keystrokes

[ sr [ xav |[[ 1 |[e]
o ] [xeow] [ s ] [+—]
L J{suer ][ A J[oer || 1 J[ 4 J[ o J[ o [[e]
Lswer J[ A JL 7 J 7 Jlswer [ v J[ 1+ J[ s J[ o J[ o |[«=]
For the. ATT instruction, the tab!e_ counter Table Table Counter
determines the number of_addltlo_ns thgt vigo1 [0 T ToTo] 1 [0 007 ]vi400
can be made before the instruction will viso2 |9 |99 ]a] 2
stop executing. So, it is helpful to viaos|3|o|7]4] 3 Data Source
understand how the system uses this viaoa 8o s [o]+  LX[X[x[X]wsoo
counter to control the execution. V1405 | 110|105

. V1406 [2 |0 (4 |6 | 6
For example, if the table counter was set visor XXX Tx
to 2, and the table length was 6 words, .
then there could only be 4 additions of . (e.9.,6—-2=4).

data before the execution was stopped.
This can easily be calculated by:

Table length — table counter = number of executions

Also, our example uses a normal iNPut | pirectsorTaz (optional one-shot method)
contact (X1) to control the execution. ™ co
Since the CPU scan is extremely fast, and — | ( P0)
the table counter increments co b
. _{ | my)
automatically, the data would be moved \ K6 ~
in’[O the table Very qU|Ck|y If th|S iS a Load the constant value 6 :9
. (HEX) into the lower 16 bits 3o
problem for your applicaton, you have an of the accumulator 05
option of using a one-shot (PD) to add one ™ cg
value each time the input contact 0 1400 %a
transitions from low to high. } Comart ool 1200 @ THEX 2
300 and load the value into
‘ the accumulator. This is the
starting table location.
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Standard RLL Instructions
Table Instructions

The following diagram shows the scan-by-scan results of the execution for our example program. The table
counter is setto 2 initially, and it will automatically increment from 2 — 6 as the instruction is executed. Notice
how SP56 comes on when the table counter is 6, which is equal to the table length. Plus, although our
example does not show it, we are assuming that there is another part of the program that changes the value
in V1500 (data source) prior to the execution of the ATT instruction.

Example of Execution

Scan N Before ATT Execution After ATT Execution
Table Counter
Table Table Counter Table (Automatically Incremented)
vido1 [o[s]o]o] 1 [o]o]o]2]vi400 viaor [1]2]afa) 1~ 1 [o]o]o]3]vi400
V1402 [9 19199 | 2 V1402 |0 |5 |0 [0 2) 3 4
viso3 [3]0]7 | 4] 3 Data Source vido3 |9 ]9 9|9 3) Data Source
V1404 |8 |9 (8|9 | 4 L1 [2]3 [ 4]vrso0 vido4 | 31017 |4 4) [1]2]3]4]vis00
V1405 [1 [0 |10 | 5 V1405 |8 |9 |8 |9 5)
SP56 SPs6
V14 210|466 V14 110|1]0][6
08 |— sPs6 =OFF 0 |— sPs6 =OFF
V1407 [ X [ X | X | X V1407 | X | X [ X | X
. . Discard Bucket
. . 2046
Scan N+1 Before ATT Execution After ATT Execution
Table Counter
Table Table Counter Table (Automatically Incremented)
visor [1]23]a] 1 [o]o]o]3]v1400 vior [sfe[7]e) 1~ 5 [o]o o4 ]via00
viso2 [0 [5]0]0] 2 via02 [1 ]2 34 ZD‘&
Data Source Data Source
V14039 |9]9 (9| 3 V1403 |0 |5 |0 [0 | 3
5 7 5 7
viaos 3o 7 a] ¢ Lelel7[e]visoo viaoa [0 [3 [0 ]9 4% [s[e]7]8]vs00
V1405 (8 |98 9| 5 V1405 |3 |0 |7 | 4 5)
SP56 SP56
Vi406 |1 |0 |1 |0 | 6 V1406 |8 |19 |8 |9 | 6
|— sPs6 = oFF |— sPs6 = oFF
V1407 | X [ X | X [ X V1407 | X | X [ X [ X
. . Discard Bucket
. . 1010
Scan N+2 Before ATT Execution After ATT Execution
Table Counter
Table Table Counter Table (Automatically Incremented)
viso1 [5]6 |7 8|1 [o]o]o]4]vi400 viaon [aJafaa] 1~ 4 [o]o]o]5 |vi400
V1402 |1 |2 (3|4 |2 V1402 (5|6 |7 |8 2) 4 3
visoz |0 |5]o o3 Data Source viao3 | 11213 |4 3) Data Source
V1404 [9 |9 |9 |94 48 [3]4]visoo via04 01500 4) (4 ]3[4 [3]vis00
V1405 |3 |0 |7 |4 |5 V1405 (9 |99 |9 5>
V1406 (898 (9|6 SP56 V1406 (3 |0 |7 4| 6 SP56
vi407 | X [ X [x | x |—— sPs6 - OFF vi407 | x [ x [x [ x \ |—— sPs6 = OFF
Discard Bucket
. . 8989
Scan N+3 Before ATT Execution After ATT Execution
Table Counter
Table Table Counter Table (Automatically Incremented)
vidor [4]3[a]3]1 [o]o]o]s |vi400 vuaor [7[7]7]7) 1~ 7 [o]oo]s |via00
V1402 (5 [6 |7 |8 |2 V1402 |4 |3 |4 |3 | 2 7
Data Source D U Data Source
V1403 |1 (2|3 |4 |3 V1403 |5 |6 |7 |8 3>
g vigoa o5 loo]4 V1500 V1404 |1 |2 (3 |4 4> V1500
'0'9 vi405 [9 (9|9 |95 V1405 [0 |5 (0|0 5>
=
E% V1406 |3 (0|7 |4 |6 SP5|6 V1406 |9 |9 (9|9 ]| 6 SP5|6
o™ —— SP56 = OFF —— SP56 = ON
ch V1407 | X[ XXX V1407 [ X [ X [ X | X ) until end of scan
© . . Discard Bucket or next instruction
(",_)' —_ . . 3074 that uses SP56
-
—
o
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Standard RLL Instructions m
Table Instructions

Move Memory
Cartridge /
Load Label

(MOVMC / LDLBL)

430 440 450

The Move Memory Cartridge instruction is
used to copy data between V—-memory and
program ladder memory. The Load Label MOVMC
instruction is only used with the MOVMC Aaaa
instruction when copying data from
program ladder memory to V-memory.

To copy data between V-—memory and
program ladder memory, the function
parameters are loaded into the first two
levels of the accumulator stack and the
accumulator by two additional instructions. LDLBL
Listed below are the steps necessary to — K aaa
program the Move Memory Cartridge and
Load Label functions.

Step 1:— Load the number of words (255 maximum) to be copied into the second
level of the accumulator stack. This must be a hex value, 0 to FF.

Step 2:— Load the offset for the data label area (in HEX) in the program ladder
memory and the beginning of the V—memory block into the first level of the
accumulator stack.

Step 3:— Load the source data label (LDLBL Kaaa) into the accumulator when
copying data from ladder memory to V—-memory. Load the source address into the
accumulator when copying data from V—memory to ladder memory. 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:— Insert the MOVMC instruction which specifies destination (Aaaa). This is
where the value will be copied to.

Operand Data Type

DL440 Range

DL450 Range

aaa

aaa

Vmemory

All (See p. 3-41)

All (See p. 3-42)

Constant

1-FFFF

1-FFFF

Discrete Bit Flags

Description

SP53 on if there is a table pointer error.

NOTE: Status flags are only valid until:
— the end of the scan
— or another instruction that uses the same flag is executed.

WARNING: The offset for this usage of the instruction starts at 0, but may be
any number that does not result in data outside of the source data area being
copied into the destination table. When an offset is outside of the source
information boundaries, then unknown data values will be transferred into the
destination table.

8 y)
-
=2
25
o
k=
=g
o

>

(%]
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Standard RLL Instructions
Table Instructions

Copy Data From a In the following example, data is copied from a Data Label Area to V—-memory. When X1
Data Label Area to is on, the constant value (K4) is loaded into the accumulator using the Load instruction.

V—-memory This value specifies the length of the destination table and is placed in the second stack
location after the next Load and Load Label (LDLBL) instructions are executed. The
430 440 450 constant value (KO) is loaded into the accumulator using the Load instruction. This value

specifies the offset for the source and the destination table, and is placed in the first stack
location after the LDLBL instruction is executed. The source address where data is
being copied from is loaded into the accumulator using the LDLBL instruction. The
MOVMC instruction specifies the destination table starting location and executes the
copying of data from the source Data Label Area to V-memory.

DirectSOFT32

X1 LD Load the value 4 into the

_{ | accumulator specifying the
K4 number of locations to be copied.

Load the value 0 into the
LD L
accumulator specifying the
Ko offset for source and
destination locations

LDLBL Load the value 1 imp the
accumulator specifying the
K1 Data Label Area K1 as the
starting address of the data
to be copied.

V1400 is the destination
MOVMC starting address for the data
V1400 to be copied.

/N

END )

DLBL

NCON
K 1234

Handheld Programmer Keystrokes (for MOVMC portion only)
[ sm [ xvy |[ 1 |[e—]
o
NCON
K 6151 S |[—]

w [ s ][ v | 8 J[ L ][ sHrr|[keon]|[ 1 ][]

NCON
K 4532

o

M JLo JL v J[Lm [ c|
o |[e—]

K 8845

NCON
|

0

-

4

v_ |

NCON
K 7777

WARNING: The offset for this usage of the instruction starts at 0, but may be
any number that does not result in data outside of the source data area being
copied into the destination table. When an offset is outside of the source
information boundaries, then unknown data values will be transferred into the
destination table.

Standard

0
c
9
=
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=
-
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Standard RLL Instructions
Table Instructions

The following diagram shows the result of our example. The offset is equal to zero and four words will be
copied into the Data Label area.

Example of Execution
Offset = 0, move 4 words

Before MOVMC Execution After MOVMC Execution
Destination Data Label Area
vi400 [0 9o o DLBL K1
V140110151010 S I Destination
K1 2 3 4
V1402 |9 (9|9 |9
12 (3|4 vig00 Starthere
V1403 |3 [0 |7 | 4 N C O N 5512
— V1401
V1404 |8 [9 |8 |9 K 4 5 3 2
6 1]5]|1] V1402
vi405 |1 [0 |1 |0 N CON /8845
V1403
V1406 | X [ X | X | X K 6 1 5 1
8191|819 Vido4
. N C O N
. K 8 8 4 5 110(1]0[ Vi405
X[ X | X |X| V1406
N C O N
K 777 7 °

The example is fairly straightforward when an offset of zero is used. However, it is also helpful for you to
understand the results that would have been obtained if different offset values (1 and 2) were used. Notice
how the offset is used for both the data label (source) and the destination table. Also, notice how an
improper offset (two in this case) can result in unknown values being copied into the destination table.

Offset = 1, move 4 words

Before MOVMC Execution After MOVMC Execution
Destination Data Label Area
V1400 |0 [9 [0 | O DLBL K1
V1401 |0 (5[0 | O N C O N o
Offset Destination
V1402 |9 (9 (9|9 K 1 2 3 4 ToToTo
V1400
V1403 |3 [0 |7 | 4 Start here N CON
K 45 3 2 —» |4 |5 3|2 V1401 Start here
V1404 |8 [9 (8 |9 o7 517 vidoe
vi405 [ 1[0 [1]0 N CON /8845
V1403
V1406 | X | X [ X [ X K 6 1 5 1 1
. NGCoN V1404
. K 8 8 4 5 110(1[0] vi405
XXX ]|X
N CON V1406
K7 7 7 7 *
Offset = 2, move 4 words
Before MOVMC Execution After MOVMC Execution
Destination Data Label Area
V1400 |0 [9 [0 | O DLBL K1
V1401 |0 (5[0 | O N C O N Destinati
estination
V1402 |9 (99 |9 Offset K 1 2 3 4
0(9]0]|0]| V1400
V1403 |3 [0 |7 | 4 N C O N Tl -
V1401
V1404 |8 [9 (8 |9 K 4 5 3 2 ERIE =
V1402  Start here
V1405 |1 [0 |1 |0 N C O N l_(/)
Start here 8|8 |45 v1403 S
K 6 1 5 1 >
vidos [ X XX |X 7|77 (7| vido4 U’g
. N C ON =So
202122
: K 8 8 4 s . ? | 2| vi40s 59
X[ X | X |X| V1406 =0
N C O N o
K 77 7 7 . 7
Since there is no NCON, the CPU does .
not know where to get the data. Unknown
values will be copied into V1405. ?2 7 92 2 2
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Standard RLL Instructions
Table Instructions

[2]
C
o
°%
TS
o
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Sc
U)_I
—
o

Copy Data From
V-memory to a
Data Label Area

430 440 450

DirectSOFT32
X1

NOTE: You must use a RAM cartridge for this example to work.

In this example, data is copied from V -memory to a data label area. When X1 is on, the
constant value (K4) is loaded into the accumulator using the Load instruction. This value
specifies the length of the destination table and is placed in the second stack location
after the next Load and Load Address instructions are executed. The constant value
(KO) is loaded into the accumulator using the Load instruction. This value specifies the
offset for the source and destination table, and is placed in the first stack location after
the Load Address instruction is executed. The source address 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.
Handheld Programmer Keystrokes (for MOVMC portion only)

— |

n Com ] D] [ =]
Ka | o |[keon]|[ 4 [[e—]
Scoumuaior speaiing e [ o ]

number of locations to be copied. (o [ = e[ ] ] [—]

LD [sorr || ™ J[ o [ v || ™ || ¢ ]| sHrr|[keom]|| 1 ]

KO

Load the value 0 into the
accumulator specifying the
offset for source and
destination locations.

LDA

O 1400

Convert octal 1400 to HEX 300 and
load the value into the accumulator.
This specifies the source location
where the data will be copied from

MOVMC

Note: This instruction works only with the RAM cartridge. It
Kt does not work with the EEPROM.
K1 is the data label

destination area where the
data will be copied to

DLBL

(END)

NCON

K 1234

NCON

K 4532

NCON

K 6151

NCON

K 8845

NCON

K7777

WARNING: The offset for this usage of the instruction starts at 0. If the offset (or the
specified data table range) is large enough to cause data to be copied from
V—-memory to beyond the end of the DLBL area, then anything after the specified
DLBL area will be replaced with invalid instructions.
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Standard RLL Instructions
Table Instructions

The following diagram shows the result of our example. The offset is equal to zero and four words will be
copied into the Data Label area.

Example of Execution
Offset = 0, move 4 words

Before MOVMC Execution After MOVMC Execution

Data Label Area Data Label Area
DLBL K1 Destination DLBL K1

NGCON Starthere [0 |5 |0 |0 | V1400 N C O N

K 1 2 3 4 9lolole v14o1\ K o 5 o o| Starthere

N CON 3(0(7]4 v1402\ N C O N

K 4 5 3 2 8989V1403\K9999

NGCoN 1101 |0[ vid04 N C O N

K 6 1 5 1 20|46 vi405 K 3 0 7 4

N GCoN X | X | X |X| V1406 N C O N

K 8 8 4 5 . K 8 9 8 9

N CON ‘ N CON

K 7 7 7 7 K 7 7 7 7

The example is fairly straightforward when an offset of zero is used. However, it is also helpful for you to
understand the results that would have been obtained if different offset values (1 and 2) were used. Notice
how the offset is used for both the V—-memory data table (source) and the Data Label area. Also, notice how
an improper offset (two in this case) can result in invalid instructions being written over any instructions that
follow the Data Label.

Offset = 1, move 4 words

Before MOVMC Execution After MOVMC Execution
Data Label Area Data Label Area
DLBL K1 Destination DLBL K1
N C O N Offset [0 |5 |0 |0 | V1400 N C O N
Offset
K 1 2 3 4 Starthere [9 (9|9 |9 | vi401 K 1 2 3 4
N CON 3074V1402\NCON
K 4 53 2 89|89 vios K g 9 g g| Strthere
N C o N 1]0[1]0]| vidoa N C O N
K 6 1 5 1 210|4|6| vi405 K 3 07 4
N C O N X[ X|X|[X| V1406 N C O N
K 8 8 4 5 . K 8 9 8 9
N CON : N CON
K 7 7 7 7 K 1 0 10
Offset = 2, move 4 words
Before MOVMC Execution After MOVMC Execution
Data Label Area Data Label Area
DLBL K1 Destination DLBL K1
N C O N 05|00 vi400 N C O N
Offset
K 1 2 3 4 919(9|9] viso1 K 1 2 3 4
Offset
N C O N Starthere |3 |0 |7 |4 | V1402 N C O N X1
K 4 5 3 2 89|89 vidos K 4 53 2 P
N GCoN 110[1]0] vid04 N CON 59
Start here Q
K 6 1 5 1 2|0 (4|6 V1405 K 30 7 28]
=0
N CON X[ X | X [X| vid06 N C O N gm
K 8 8 4 5 . K 8 98 9 =3
. (@]
N C O N N C O N -]
K 7 7 7 7 K 1.0 1 0 @

Invalid Instruction
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Standard RLL Instructions
Table Instructions

Set Bit The Set Bit instruction sets a single bit to one

(SETBIT) within a range of V-memory locations. SETBIT
T A
430 440 450

Reset Bit The Reset Bit instruction resets a single bit

(RSTBIT) to zero within a range of V-memory RSTBIT
locations. A aaa
430 440 450

The following description applies to both the Set Bit and Reset Bit table instructions.

Step 1: — Load the length of the table (number of V—-memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

Step 2: — Load the starting V-memory location for the table into the accumulator.
This parameter must be a HEX value. You can use the LDA instruction to convert an
octal address to hex.

Step 3: —Insert the Set Bit or Reset Bit instruction. This specifies the reference for
the bit number of the bit you want to set or reset. The bit number is in octal, and the
first bit in the table is number “0”.

Helpful hint: — Remember that each V—-memory location contains 16 bits. So, the
bits of the first word of the table are numbered from 0 to 17 octal. For example, if the
table length is six words, then 6 words = (6 x 16) bits, = 96 bits (decimal), or 140 octal.
The permissible range of bit reference numbers would be 0 to 137 octal. Flag 53 will
be set if the bit specified is outside the range of the table.

Operand Data Type DL450 Range
aaa
Vmemory Vv All (See p. 3-42)
Octal Address o 0-7777
Discrete Bit Flags Description
SP53 on when the bit number which is referenced in the Set Bit or Reset Bit
exceeds the range of the table

NOTE: Status flags are only valid until:
— the end of the scan
— or another instruction that uses the same flag is executed.

For example, supppose we have a table V3000
starting at V3000 that is two words long, as MSB LSB
@ shown to the right. Each word in the table LT T T T LT LTI
o contains 16 bits, or 0 to 17 in octal. To set )
eis bit 12 in the second word, we use its octal [+ 16bits ————
T2 reference (bit 14). Then we compute the
g2 bit's octal address from the start of the V3001
(’)j table, so 17 + 14 = 34 octal. The following MSB LSB
o

program shows how to set the bit as HEEN
shown to a “1”.
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Standard RLL Instructions
Table Instructions

In this ladder example, we will use input X0 to trigger the Set Bit operation. First, we
will load the table length (2 words) into the accumulator stack. Next, we load the
starting address into the accumulator. Since V3000 is an octal number we have to
convert it to hex by using the LDA command. Finally, we use the Set Bit (or Reset Bit)
instruction and specify the octal adress of the bit (bit 34), referenced from the table
beginning.

DirectSOFT32

X0 LD Load the constant value 2
_{ | (Hex.) into the lower 16 bits
‘ K2 of the accumulator.

Convert octal 3000 to HEX
and load the value into the
O 3000 accumulator. This is the
table beginning.

LDA

SETBIT Set bit 34 (octal) in the table
toa”1”.

034

Handheld Programmer Keystrokes

[ sr | xav |[[ o [[e—]
| o |[keon]|[ 2 [[e—]
[ w J[swer][ A JLoer J[ 3 J[ o |[ o J[ o |[«]
Lser |[swer][ 8 J[ o+ J[ 7 Jloer |[ s |[ 4 |[«]
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Standard RLL Instructions
Table Instructions
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Table Shift Left
(TSHFL)

430 440 450

Table Shift Right
(TSHFR)

430 440 450

V—XXXX

V—=xxxx +1

V—=XXXX +2

Discard bits

-

The Table Shift Left instruction shifts all the
bits in a V-memory table to the left, the TSHFL
specified number of bit positions. A aaa

The Table Shift Right instruction shifts all the
bits in a V-memory table to the right, a TSHFR
specified number of bit positions. A aaa

The following description applies to both the Table Shift Left and Table Shift Right
instructions. A table is just a range of V-memory locations. The Table Shift Left and
Table Shift Right instructions shift bits serially throughout the entire table. Bits are
shifted out the end of one word and into the opposite end of an adjacent word. At the
ends of the table, bits are either discarded, or zeros are shifted into the table. The
example tables below are arbitrarily four words long.

Table Shift Left Table Shift Right

-~ Shift in zeros — Discard bits
(TTTTTITTITTITITITITITIT] -— (ITTTTTTITTIITITITITIT] —
\\\\ ‘\\\\

4;\\\\* —\:\\\\
(TITTTITTTTITITITITIT] CITTTTITTTTTITITITITIT]
—— ‘\\\\

-~ T——a e T —
(TITTTITTTTITITITITIT] (ITTTTITTTTITITITITITIT]
—— ‘\\\\

-— = Shift in zeros — T
(TITTTITTTTITITITITIT] — [IITTTTTTTTITITITITIT]

Step 1: — Load the length of the table (number of V—-memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

Step 2: — Load the starting V—-memory location for the table into the accumulator.
This parameter must be a HEX value. You can use the LDA instruction to convert an
octal address to hex.

Step 3: —Insert the Table Shift Left or Table shift Right instruction. This specifies the
number of bit positions you wish to shift the entire table. The number of bit positions
must be in octal.

Helpful hint: — Remember that each V—memory location contains 16 bits. So, the
bits of the first word of the table are numbered from 0 to 17 octal. If you want to shift
the entire table by 20 bits, that is 24 octal. Flag 53 will be set if the number of bits to be
shifted is larger than the total bits contained within the table. Flag 67 will be set if the
last bit shifted (just before it is discarded) is a “1”.

Operand Data Type DL450 Range

aaa

Vmemory \" All (See p. 3-42)
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Table Instructions

Discrete Bit Flags Description

SP53 on when the number of bits to be shifted is larger than the total bits
contained within the table
SP67 on when the last bit shifted (just before it is discarded) is a “1”

NOTE: Status flags are only valid until:
— the end of the scan

— or another instruction that uses the same flag is executed.

The example table to the right contains
BCD data as shown (for demonstration
purposes). Suppose we want to do a table
shift right by 3 BCD digits (12 bits).
Converting to octal, 12 bits is 14 octal.
Using the Table Shift Right instruction and
specifying a shift by octal 14, we have the
resulting table shown at the far right.
Notice that the 2—3—4 sequence has been
discarded, and the 0—0-0 sequence has
been shifted in at the bottom.

V3000

1
5|6/ 7] 8]

1 —
3

5|5

V3000

The following ladder example assumes the data at V3000 to V3004 already exists as
shown above. We will use input X0 to trigger the Table Shift Right operation. First, we
will load the table length (5 words) into the accumulator stack. Next, we load the
starting address into the accumulator. Since V3000 is an octal number we have to
convert it to hex by using the LDA command. Finally, we use the Table Shift Right
instruction and specify the number of bits to be shifted (12 decimal), which is 14

octal.

DirectSOFT32

X0

LD
_{ } K5

Load the constant value 5
(Hex.) into the lower 16 bits
of the accumulator.

Convert octal 3000 to HEX

LDA and load the value into the

0O 3000 accumulator. This is the
table beginning.
Do a table shift right by 12
TSHFR bits, which is 14 octal.
014

Handheld Programmer Keystrokes

[ sr |[ xav |[[ o [[e—]

| o |[keon]|[ 5 [[e—]

[ w J[swer][ A JLoer J[ 3 J[ o |[ o J[ o |[«]
Lseer J[ v J[ s JL n JL ¢ JL & Jloer J[ + |[ 4 J[«]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Table Instructions

[2]
C
o
°%
TS
o
=R
Sc
OD_J
—
o

430 440 450

Exclusive OR Move

The AND Move instruction copies data from
a table to the specified memory location, ANDMOV

ANDing each word with the accumulator A aaa
data as it is written.

The Or Move instruction copies data from a
table to the specified memory location, LDR

ORing each word with the accumulator A aaa
contents as it is written.

The Exclusive OR Move instruction copies
data from a table to the specified memory XORMOV

location, XORing each word with the A aaa
accululator value as it is written.

The following description applies to the AND Move, OR Move, and Exclusive OR
Move instructions. A table is just a range of V-memory locations. These instructions
copy the data of a table to another specified location, preforming a logical operation
on each word with the accumulator contents as the new table is written.

Step 1: — Load the length of the table (number of V—-memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.

Step 2: — Load the starting V-memory location for the table into the accumulator.
This parameter must be a HEX value. You can use the LDA instruction to convert an
octal address to hex.

Step 3: — Load the BCD/hex bit pattern into the accumulator which will be logically
combined with the table contents as they are copied.

Step 4: —Insert the AND Move, OR Move, or XOR Move instruction. This specifies
the starting location of the copy of the original table. This new table will automatically
be the same length as the original table.

Operand Data Type DL450 Range
aaa
Vmemory \ All (See p. 3-42)
The example table to the right contains V3000 V3100

BCD data as shown (for demonstration A}L\J&I\éleov

purposes). Suppose we want to move a

table of two words at V3000 and AND it

with K6666. The copy of the table at L6l el6le]
V3100 shows the result of the AND

operation for each word.

The program on the next page performs the ANDMOV operation example above. It
assumes that the data in the table at V3000 — V3001 already exists. First we load the
table length (two words) into the accumulator. Next we load the starting addrss of the
source table, using the LDA instruction. Then we load the data into the accumulator
to be ANDed with the table. In the ANDMOV command, we specify the table
destination, V3100.
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Table Instructions

DirectSOFT32 Handheld Programmer Keystrokes
7 Lo (Gox) mio totower 1661s | 5| [ x| [0 ][]
of the accumulator. ‘ D HK(CON)H 5 H ‘
comonsomsononex 2] (7] [+ JCosr (e J[ o J[ o ) e ][]
03000 chu%ila_toi%rsei;nﬁ?e ° Lo J[ st ][ ™ || o || v |
Coer] [ 1+ 1[0 J[o J—]
Load the constant value
Lb 6666 (Hex.) into the lower
K6666 16 bits of the accumulator.
ANDIOV ANBing 15 contents wih the
0O 3100 accumulator as it is written.
The example to the right shows a table of V3000 V3100

two words at V3000 and logically ORs it ORMOV
with K8888. The copy of the table at K8888 EINEE
V3100 shows the result of the OR
operation for each word. 2191919
The program to the right performs the DirectSOFT32
ORMOV example above. It assumes that x0 b
the data in the table at V3000 — V3001 — | ke
already exists. First we load the table Load the constant value 2
length (two words) into the accumulator. (Hex) into the lower 16 bits
Next we load the starting address of the
source table, using the LDA instruction. LDA o 3000
Then we Iload the data into the
accumulator to be ORed with the table. In Convert octal 3000 1o HEX
the ORMOV command, we specify the accumulator. This s the
table destination, V3100. '
LD

Handheld Programmer Keystrokes K8888

‘ STR H X(IN) H 0 H «— ‘ Iéggg:r&ecc;r}s:ar&vailue

‘ LD ‘ | K(CON)| ‘ 5 ‘ ‘ «— ‘ 16 bits of the accumulator.

| w |[swer][ A Jloer J[ 3 J[ o |[ o |[ o J[«] ORMOV

[on J[swr ][ w J[ o J[ v ]

Loer J[ s J[ 1+ J[ o J[ o [[«] GRing o contents with he

accumulator as it is written.

The exa(;nple t\?st(g](()aorigh:[j slhows I? )t(%)llf of V3000 V3100
two words at and logica s it XORMOV
with K3333. The copy of the table at K3333

V3100 shows the result of the XOR
operation for each word.

2|12|2]2

The ladder program example for the XORMOV is similar to the one above for the
ORMOV. Just use the XORMOV instruction. On the handheld programmer, you
must use the SHFT key and spell “XORMOV” explicitly.

ny)
-
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o
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Table Instructions

Find Block The Find Blockinstruction searches for an

(FINDB) occurrance of a specified block of values in

a V-memory table. The function

430 440 450 parameters are loaded into the first and _____|FINDB
second levels of the accumulator stack and Aaaa
the accumulator by three additional
instructions. If the block is found, its starting
address will be stored in the accumulator. If

the block is not found, flag SP53 will be set.

Operand Data Type DL450 Range
aaa
Vmemory \ All (See p. 3-42)
Vmemory P All (See p. 3-42)
Discrete Bit Flags Description
SP53 on when the Find Block instruction was executed but did not find the block
of data in table specified

The steps listed below are the steps necessary to program the Find Block function.

Step 1: — Load the number of bytes in the block to be located. This parameter must
be a HEX value, 0 to FF.

Step 2: — Load the length of a table (humber of words) to be searched. The Find
Block will search multiple tables that are adjacent in V—-memory. This parameter
must be a HEX value, 0 to FF.

Step 3: — Load the ending location for all the tables into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert an octal
address to hex.

Step 4: — Load the table starting location for all the tables into the accumulator. This
parameter must be a HEX value. You can use the LDA instruction to convert an octal
address to hex.

Step 5: —Insert the Find Block instruction. This specifies the starting location of the
block of data you are trying to locate.

Start Addr.
Table 1 Number
of words
Table 2 Start Addr.
Table 3
Block Number
of bytes
(/2]
C
)
°3
g g Table n
g2 End Addr.
n_
|
o
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Table Instructions

Swap
(SWAP)

430 440 450

The Swap instruction exchanges the data in

two tables of equal length. SWAP
A aaa

The following description applies to both the Set Bit and Reset Bit table instructions.

Step 1: — Load the length of the tables (number of V—-memory locations) into the first
level of the accumulator stack. This parameter must be a HEX value, 0 to FF.
Remember that the tables must be of equal length.

Step 2: — Load the starting V—-memory location for the first table into the
accumulator. This parameter must be a HEX value. You can use the LDA instruction
to convert an octal address to hex.

Step 3: —Insert the Swap instruction. This specifies the starting addess of the
second table. This parameter must be a HEX value. You can use the LDA instruction
to convert an octal address to hex.

Helpful hint: — The data swap occurs within a single scan. If the instruction executes
on multiple consecutive scans, it will be difficult to know the actual contents of either
table at any particular time. So, remember to swap just on a single scan.

Operand Data Type DL450 Range
Vmemory \" All (See p. 3-42)
The example to the right shows a table of V3000 V3100

two words at V3000. We will swap its SWAP EE

contents with another table of two words at
3100 by using the Swap instruction. The
required ladder program is given below. 15l6[7]8] Lo[ofofo]
The example program below uses a PD contact (triggers for one scan for off-to-on
transition). First, we load the length of the tables (two words) into the accumulator.
Then we load the address of the first table (V3000) into the accumulator using the

LDA instruction, converting the octal address to hex. Note that it does not matter
which table we declare “first”, because the swap results will be the same.

DirectSOFT32

X0 LD Load the constant value 2
_{ j‘ (Hex.) into the lower 16 bits
! K2 of the accumulator.

LDA Convert octal 3000 to HEX
and load the value into the
O 3000 accumulator. This is the
table beginning.
SWAP Swaplthe contents of the
table in the previous
03100 instruction with the one at

V3100.

Handheld Programmer Keystrokes

[ s |[ xavy |[[seer || P || D [ swrr || o |[e—]

| o |[keon]|[ 2 [[e—]

w s [[ A Jloor [[ s J[ o J[ o J[ o J[e]

Lsorr [ s J[ w JL A J[ P Jloet [ s J[ + J[ o |[ o J[«]

ny)
-
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o
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=g
o
>
(%]
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Clock / Calendar Instructions

Clock / Calender Instructions

Date The Date instruction can be used to set the

(DATE) date in the CPU. The instruction requires

two consecutive V memory locations (Vaaa)

430 440 450 to set the date. If the values in the specified | DATE
locations are not valid, the date will not be V aaa
set. The current date can be read from 4
consecutive V memory locations
(V7771-V7774).

Date Range V Memory Location (BCD)
(READ Only)

Year 0-99 V7774

Month 1-12 V7773

Day 1-31 V7772

Day of Week 0-06 V7771

The values entered for the day of week are:
0=Sunday, 1=Monday, 2=Tuesday, 3=Wednesday, 4=Thursday, 5=Friday, 6=Saturday

Operand Data Type DL440 Range DL450 Range
A aaa aaa
Vmemory \ All (See p. 3-41) All (See p. 3-42)

In the following example, when CO is on, the constant value (K94010301) is loaded
into the accumulator using the Load Double instruction (CO should be a contact from
a one shot (PD) instruction). The value in the accumulator is output to V2000 using
the Out Double instruction. The Date instruction uses the value in V2000 to set the
date in the CPU.

DirectSOFT32 Display Constant (K)
Lolafofr][o]a]o]1]

co

_{ ‘ LDD | I In this example, the Date
! K94010301 P P — S— instruction uses the value set in
Load the constant Acc. ‘ 9 ‘ 4 ‘ 0 ‘ 1 H 0 ‘ 3 ‘ 0 ‘ ! ‘ V2000 and V2001 to set the date
value (K94010301) in the appropriate V. memory
into the aceumulator locations (V7771-V7774)
oo B [ [s [0 1]
V2000 L !
—_—
Copy the value in ‘9‘4‘0‘1“0‘3‘0‘1‘
the accumulator to
V2000 and V2001 V2001 V2000
Format
DATE V2001 V2000
V2000
9 [ Jo[1][o[3 ]o 1]
Set the date in the CPU
using the value in V2000 _— Y Y
and V2001 L L l l
2 Handheld Programmer Keystrokes
o
—9_'3 ‘ SR ‘ | CCR) | ‘ o ‘ ‘ — ‘ Year Month Day Day of Week
gg | o |[ st ][ o [ sHrr|[keon][ o || 4 || o J[ 1 ]
7]
(%E [ o [ s J[ o J[ 1+ J[<]
- [our J[swer ][ o J[swer ][ v J[ 2 J[ o J[ o J[ o J[«]
= [swrr ][ o J[a J[ 7 J[ e J[swer ][ v J[ 2 J[ o J[ o J[ o J[«]
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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
430 440 450 memory locations (Vaaa) which are used to __|TIME
set the time. If the values in the specified V aaa

locations are not valid, the time will not be
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

DL440 Range

DL440 Range

aaa

Vmemory

All (See p. 3-41)

All (See p. 3-41)

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

in the CPU.

DirectSOFT32 Display Constant (K)
co s [o]o]o]7][3]o]o]o] [|The Time instruction uses the
— | k73000 1 | value set in V2000 and V2001 to
‘0’ [o]o] > HS BE ‘O‘ | set the time in the appropriate V
Acc. .
Load t?fy%%'&%tf?,fm ce memory locations (V7766-V7770)
the accumulator
oo L[] o [o]o]
V2000 L !
Copy the value in the ‘0‘0‘0‘7“3‘0‘0‘0‘
accumulator to V2000
and V2001 V2001 V2000 Format
V2001 V2000
TIME
0o Jo |7 ][3 fo Jo Jo |
Set the time in the CPU
ing the value in V2
L0 gyl V2000 L
Handheld Programmer Keystrokes U(S)tGd Hour Minutes  Seconds
[ sir |[cemn || o |[e—] l.'._U
[w J[swr ][ o J[swr][keon][ 7 J[ s J[ o J[ o J[ o J[<] ()
S
[our J[swer [ o J[swer][Cv ][ 2 J[ o J[ o J[ o J[«=] 9%
=
[swer J 7 J v [ w J[ e (s ][Cv ][ 2 J[ o J[ o J[ o J[<] So
=0
o
S
7]
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CPU Control Instructions

CPU Control Instructions

No Operation The No Operation is an empty (not
(NOP) programmed) memory location. These —( NOP )
instructions are just place-holders in the
430 440 450 program. So, you will not need to program

them, because they automatically appear
after the end of the program.

DirectSOFT32 Display

Handheld Programmer Keystrokes

‘ ( wor ) Lswer ]~ [ o J[ P Jle=]

End The End instruction marks the termination
(END) point of the normal program scan. An End
instruction is required at the end of the main
430 440 450 program body. If the End instruction is
omitted an error will occur and the CPU will —( &)
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.

DirectSOFT32 Display

‘ Handheld Programmer Keystrokes

( END > END -<—l
Stop The Stop instruction changes the
(STOP) operational mode of the CPU from Run to
Prqgram (Stop) mode. This instru_ctiop is —(STOP)
430 440 450 typically used to stop PLC operation in a
shutdown condition such as a I/O module
failure.

In the following example, when SP45 comes on indicating a I/O module failure, the
CPU will stop operation and switch to the program mode.

DirectSOFT32 Display Handheld Programmer Keystrokes
SP45 [ strR [[speL || 4 |[ 5 [[e—]
N (sor) Do 1[o 1 =]
SP45 will turn on
if there is an I/0

module falure

[2]
C
o
°%
TS
o
=R
Sc
U)_I
—
o

DL405 User Manual, 3rd Edition, Rev. E



Standard RLL Instructions 5—1 77

CPU Control Instructions

Break
(BREAK)

430 440 450

Reset Watch Dog
Timer
(RSTWT)

430 440 450

The Break instruction changes the
operational mode of the CPU from Run to
the Test Program mode. This instruction is
typically used to aid in debugging an

application program. The Break instruction _<BREAK>
allows V memory and image register data to
be retained where it would be normally
cleared with the Stop instruction or a normal
Run to Program transition.

In the following example when C10 turns on, the CPU will stop operation and switch
to the Test program mode.

DirectSOFT32 Display Handheld Programmer Keystrokes
c1o [ sr |[ecem || 1 || o |[e—]
| | (wnen) ][] e a ]« 1=

The Reset Watch Dog Timer instruction
resets the CPU scan timer. The default
setting for the watch dog timer is 200ms.
Scan times very seldom exceed 200ms, but

it is possible. For/next loops, subroutines, _<RSTWT>
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. 2
—
DirectSOFT32 Display Handheld Programmer Keystrokes 5 %
28]
Lserr [ [ s JL 7 J[ w [[ 7 |[[«—] Sa
( RsTwr > k=
‘ L 6.0_
=}
w
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Program Control Instructions

Goto / Label The Goto / Label skips all instructions

(GOTO/LBL) between the Goto and the corresponding

LBL instruction. The operand value for the K aaa
430 440 450 Goto and the corresponding LBL instruction —<GOTO>

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 DL440 Range DL450 Range

aaa aaa

Constant K 1-FFFF 1-FFFF

In the following example, when C7 is on, all the program logic between the Goto and
the corresponding LBL instruction (designated with the same constant Kaaa value)
will be skipped. The instructions being skipped will not be executed by the CPU.

DirectSOFT32 Display

c7 K5
| | ( )
GOTO
I \
X1 c2
| | ( )
ouT
I \
LBL K5
X5 Y2
| | ( )
\ ouT

Handheld Programmer Keystrokes

[ sr |[cem || 7 |[e—]
@ [sorr || e |[ o || 1 || o |[shrr][keon]| 5 |[e—]
—9% [ sr [ xav |[[ 1 [[e]
gg [ out |[cem || 2 |[e—]
Sc
»_
EI [soer || ¢ | 8 [ v [ swer |[keon]|[ 5 || e ]
sr | [ xan || 5 |[ ]
[ out |[voun|[ 2 |[e—]
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Program Control Instructions

For / Next The For and Next instructions are used to

(FOR / NEXT) execute a section of ladder logic between ‘; aaRa
the For and Next instructions a specified © )
430 440 450 numbers of times. When the For instruction

is enabled, the program will loop the
specified number of times. If the For
instruction is not energized the section of

ladder logic between the For and Next _<NEXT>
instructions is not executed.

For / Next instructions cannot be nested. Up to 64 For / Next loops may be used in a
program. If the maximum number of For / Next loops is exceeded, error E413 will
occur. The normal I/O update and CPU housekeeping is suspended while executing
the For / Next loop. The program scan can increase significantly, depending on the
amount of times the logic between the For and Next instruction is executed. With the
exception of immediate 1/O instructions, /O will not be updated until the program
execution is completed for that scan. Depending on the length of time required to
complete the program execution, it may be necessary to reset the watch dog timer
inside of the For / Next loop using the RSTWT instruction.

Operand Data Type DL440 Range DL450 Range
aaa aaa

Vmemory \ All (See p. 3-41) All (See p. 3-42)

Constant K 1-9999 1-9999

In the following example, when X1 is on, the application program inside the For /
Next loop will be executed three times. If X1 is off the program inside the loop will not
be executed. The immediate instructions may or may not be necessary depending
on your application. Also, The RSTWT instruction is not necessary if the For / Next
loop does not extend the scan time larger the Watch Dog Timer setting. For more
information on the Watch Dog Timer, refer to the RSTWT instruction.

DirectSOFT32 Display Handheld Programmer Keystrokes
} [ sr |[ xavm |[[ 1 |[e—]
» [sorr || F J[ o || m |[ swer |[keon]| s |[e—]
K3
|| ( ror ) Lswer ][ r J[ s J[ 7 JL w J[ 7 J[«]
| \ -
T2 |8 [ str |[swer [[ 0 [ swrr | xan || 2 ][ o |[e—]
,'I ,'I [voun|[ svrr || 1+ ][ sHFr |[voun][ s [« ]
(
( R ) 2 Cowr] [ v e 10 x I 7 J[—]
1 1
X20 Y5 o
‘ ‘ / i i :U
‘I‘ \OUTI> . . P
Co
1 1 8%
( o =1
\NEXT>— S5
=
S
7
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Goto Subroutine
(GTS)

430 440 450

Subroutine
(SBR)

430 440 450

Subroutine Return
(RT)

430 440 450

Subroutine Return
Conditional
(RTC)

430 440 450

The Goto Subroutine instruction allows a
section of ladder logic to be placed outside K aaa
the main body of the program execute only —( GTS )
when needed. There can be a maximum of
192 (DL440) and an unlimited amount for
DL450 GTS instructions.

Upon completion of executing the subroutine, program execution returns to the main
program immediately after the GTS instruction. GTS instructions can be nested up
to 8 levels. An error E412 will occur if the maximum limits are exceeded. Typically
this will be used in an application where a block of program logic may be slow to
execute and is not required to execute every scan.

Operand Data Type

DL440 Range

DL450 Range

aaa

Constant

1-FFFF

1-FFFF

The subroutine label and all associated
logic is placed after the End statement in
the program. There can be a maximum of
64 (DL440) and 256 (DL450) SBR SBR K aaa
instructions used in a 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

DL440 Range

DL450 Range

aaa

aaa

Constant

1-FFFF

1-FFFF

When a Subroutine Return is executed in
the subroutine the CPU will return to the
point in the main body of the program from
which it was called. The Subroutine Return
is used as termination of the subroutine
which must be the last instruction in the
subroutine and is a stand alone instruction
(no input contact on the rung).

The Subroutine Return Conditional
instruction is a optional instruction used
with a input contact to implement a
conditional return from the subroutine. The
Subroutine Return (RT) is still required for
termination of the Subroutine.

—( r1c )
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In the following example, when X1 is on, Subroutine K3 will be called. The CPU wiill
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.

DirectSOFT32 Display X1 K3

/7~

GTS )—

| LD
[ K10

IR

|
| |
|
| | (o )
| |
| |ser K3
|
| |
: X20 5
|71 ( )
| | |I| ( oum
| |
| x21 Y10
|71 ( )
| | |I| { oum
|
| : X35
|71 ( )
| | |I| { RTC
L]
| X35 Yo Y17
J/I/Ir ( HSTI)
(
. ( ar )
Handheld Programmer Keystrokes
Cow ] D] [ [
[sirt |[[ & || 1 ][ s |[swer][keon]| s [ e—]
[sirt |[[ s || B ][ ®” |[snrr|[keom]| s [ e—]
[ s |[soer || 0 ][ swrr [ xam || 2 J[ o |[e—]
[ our |[sorr || 1 ][ sheT |[[voun|| s || e—]
[ st |[soer || 0 ][ swer [ xan || 2 [ 1 |[e—] E
[ our |[swer || 1 ][ swrr |[youn]| 1 ][ o |[e—] 5%
[ st |[soer || 0 ][ st [ xam || 3 || 5 |[e—] 2—8_
Cswrr] [ ][ 7 J[ o J[—] 52
[ st |[ nor |[serr ][ o J[swer ][ xem || 8 |[ 5 |[e—] %
[ mst |[swer || 1 ][ swer |[vooun]| o J[voun]| 1+ || 7 |[e—]
Lswer [ R J[ 17 J[e]
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Standard RLL Instructions
Program Control Instructions
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Master Line Set
(MLS)

430 440 450

Master Line Reset
(MLR)

430 440 450

Understanding
Master Control
Relays

430 440 450
MLS/MLR Example

The Master Line Set instruction allows the
program to control sections of ladder logic K aaa
by forming a new power rail controlled by _( MLS
the main left power rail. The main left rail is
always master line 0. When a MLS K1
instruction is used, a new power rail is
created at level 1. Master Line Sets and
Master Line Resets can be used to nest
power rails up to seven levels deep.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Constant K 1-7 1-7 1-7

The Master Line Reset instruction marks
the end of control for the corresponding K aaa
MLS instruction. The MLR reference is one —< MLR
less than the corresponding MLS.

Operand Data Type DL430 Range DL440 Range DL450 Range
aaa aaa aaa
Constant K 0-6 0-6 1-6

The Master Line Set (MLS) and Master Line Reset (MLR) instructions allow you to
quickly control the power flow for sections of the RLL program. This provides
program control flexibility. The following example shows how the MLS and MLR
instructions operate by creating a sub power rail for control logic.

In the following MLS/MLR example, logic between the first MLS K1 (A) and MLR KO
(B) will only have power flow present at the power rail if input X0 is on. (Note, if X0 is
off the logic will still be scanned, but there is no power flow.) The logic between the
MLS K2 (C) and MLR K1 (D) will only have power flow present at the power rail if
input X10 and X0 are on. The last rung is not controlled by either of the MLS coils and
always has power flow present at the beginning of the rung.

Remember, the MLS / MLR instructions control the power flow between the power
rails. It does not control the execution of the instructions. The instructions are still
executed, but since there is no power flow, the logic cannot turn on the output coils.
Consider the following case for our example.

1. XOis off, which means that there is no power flow at the second rung.
2. You use a programming device to turn on CO.

Since there is no power flow at the second rung (STR X1, OUT CO0), then you would
expect that CO would remain on, since you turned it on with the programming device.
However, the MLS instruction does not mean that the instructions within the zone of
control are not executed. They are in fact executed, but with no power flow. So in our
case, CO would be turned off when the rung was executed. This is becasue the CPU
sees that there is no power flow present at the rung. When it executes this rung, it will
turn off CO.
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Standard RLL Instructions
Program Control Instructions

When contact X0 is on, logic under the first MLS

K1
~
QALS will be executed.

Y7

(o)

K2
/MLSD When contact X0 and X2 are ON, logic
N\ under the second MLS will be executed.

Y10

)

K1

D

The MLR instructions note the end of the Master
Control area

KO
)

Y11

VR

- - - - — — — — — — — — —

VR

K1
MLS

Cco
ouT

C1
ouT

YO
ouT

K2
MLS

Y1
ouT

Y2
ouT

K1
MLR

Cc2
ouT

Y3
ouT

KO
MLR

Y22
ouT

)A

(o

Handheld Programmer Keystrokes

[str [ xaw |[ o |[e—]
[ ms |[keon|| 1+ [[e—]
[ s |[ xvy || 1 |[e—]
[ our |[[cem ]| o |[e—]
[ s |[ xavy || 2 [[e—]
[ our |[cem ]| 1 |[e—]
[ srr|[ xv || 8 |[e—]
[ our |[voun]| o |[e—]
Lsm [[xm |[ + |[ o |[«]
[ wsL |[keon]|[ 2 [[e—]
[ srr|[ xv || 5 |[e—]
[ our |[voun]| 1 |[e—]
[ sr |[ xv || 4 |[e—]
[ our |[voun]| 2 |[e—]
[ MR |[kecon]|[ 1 [[e—]
[ sr |[ xv || 5 [[e—]
[ our |[cem ]| 2 |[e—]
[ srr |[ xv || 6 [[e—]
[ our |[vioun]| s |[e—]
[ MR |[kecon]|[ o [[e—]
[ sr |[ xv || 7 [[e—]
[ our |[voun]|[ 2 [ 2 |[e—]

ny)
-
=2
25
o
k=
=g
o
>
(%]
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Standard RLL Instructions
Interrupt Instructions
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Interrupt Instructions

Interrupt
(INT)

430 440 450

2nd Module

The Interrupt instruction allows a section of
ladder logic to be placed outside the main
body of the program and executed when INT
needed. Interrupts can be called from the
program or an interrupt module can be
installed in slot 0 to provide 8 interrupt
inputs.

One interrupt module can be installed in a DL430 system (X0-X7) and two interrupt
modules can be installed in a DL440 or DL450 System (X0-X7, and X20-X27).
Remember, the interrupt modules consume 16 points.

The two software interrupts use interrupt #16 and #17 which means the hardware
interrupts #16 and #17 and the software interrupt cannot be used together.
Typically, interrupts will be used in an application where a fast response to 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. There are
two software interrupts and INT 16 and INT 17. The program execution will continue
from where it was before the interrupt occurred once the interrupt is serviced.

The software interrupts are setup by programming the interrupt times in V736 and
V737. The valid range is 3-999ms. The value must be a BCD value. The interrupt
will not execute if the value is out of range.

See the example program of a software interrupt.

O aaa

Operand Data Type DL430 Range DL440 Range DL450 Range

aaa aaa aaa
Constant (0] 0-7 0-17 0-17
Software DL430 DL440/450
Interrupt Input Interrupt Routine Interrupt Input Interrupt Routine Interrupt Input Interrupt Routine
— — X0 INT 0 X0 INT O
— — X1 INT 1 X1 INT 1
— — X2 INT 2 X2 INT 2
—_ —_ X3 INT 3 X3 INT 3
— — X4 INT 4 X4 INT 4
— — X5 INT 5 X5 INT 5
— — X6 INT 6 X6 INT 6
— — X7 INT 7 X7 INT 7
— — — — X20 INT 10
— — — — X21 INT 11
— — — — X22 INT 12
—_ - —_ —_ X23 INT 13
— — — — X24 INT 14
— — — — X25 INT 15
V736 sets interrupt INT 16 — — X26(cannot be used INT 16
time along with s/w
interrupt)
V737 sets interrupt INT 17 — — X27 (cannot be used INT 17
time along with s/w
interrupt)
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Standard RLL Instructions
Interrupt Instructions

Interrupt Return When an Interrupt Return is executed in the

(IRT) interrupt routine the CPU will return to the
point in the main body of the program from
430 440 450 which it was called. The Interrupt Return is
programmed as the last instruction in an _< IRT )

interrupt routine and is a stand alone
instruction (no input contact on the rung).

Interrupt Return The Interrupt Return  Conditional

Conditional instruction is a optional instruction used
(IRTC) with an input contact to implement a
conditional return from the interrupt
430 440 450 routine. The Interrupt Return is still required _< IRTC )

to terminate the interrupt routine

Enable Interrupts The Enable Interrupt instruction is

(ENI) programmed in the main body of the
application program (before the End
430 440 450 instruction) to enable hardware or software
interrupts. Once the coil has been _< EN'>

energized interrupts will be enabled until
the interrupt is disabled by the Disable
Interrupt instruction.

Disable Interrupts The Disable Interrupt instruction is

(DISI) programmed in the main body of the
application program (before the End
430 440 450 instruction) to disable both hardware or
software interrupts. Once the coil has _< Disi >

been energized interrupts will be disabled
until the interrupt is enabled by the Enable
Interrupt instruction.

8 y)
-
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o
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Standard RLL Instructions
Interrupt Instructions

Interrupt Example In the following example, when X40 is on, the interrupts will be enabled. When X40 is

for Interrupt off the interrupts will be disabled. When a interrupt signal X1 is received the CPU will

Module jump to the interrupt label INT O 1. The application ladder logic in the interrupt
routine will be performed. If X35 is on the CPU will return to the main program with
the IRTC instruction. If X35 is not on YO-Y17 will be reset to off and then the CPU wiill
return to the main body of the program.

DirectSOFT32 Display Handheld Programmer Keystrokes
X40 Lsr [ xmw ][ 4 J[ o |[«=]
N (o) el
[ s |[ not [[xem || 1 [ 7 |[e]
” Lswer [ o J[ v J[ s J[ 1+ J[e]
J/r ( DISI) .
Lswer J[ v JL~ J[ 7 Jloer || 1 J[«—]
[ s |[sarr || 0 ][ st |[ xam || 2 ][ o |[e—]
| /END> [ our |[sorr || 1 ][ shFrr | [voun]| 5 || e—]
|. \ [ s |[sorr || 0 ][ st [ xam || 2 [ 1 |[e—]
[ our |[sorr || 1 ][ shrr | [voun]| 1 |[ o |[e—]
[ sr|[sorr || 0 ][ st | xam || 3 ]| 5 |[e—]
INT o1 Lswer || J r J[ 7 J[ c J[e]
[ s |[ nor |[ st ][ o+ [soer ][ xem || 8 |[ 5 |[e—]
%20 v [ Rt |[sorr || 1 ][ swrr |[vooun]| o |[voun][ 1+ || 7 |[e—]
7| (om) el 1=
X21 Y10
III (OUTI)
X35
III (IRTC)
X35 Yo Y17
J/I/Ir ( RSTI)
( IRT)
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Standard RLL Instructions
Interrupt Instructions

Interrupt Example In the following example, when X1 is on, the value 10 is copied to V737. This value

for Software sets the software interrupt to 10 ms. When X20 turns on, the interrupt will be

Interrupt enabled. When X20 turns off, the interrupts will be disabled. Every 10 ms the CPU
will jump to the interrupt label INT O 17. The application ladder logic in the interrupt
routine will be performed. If X35 is on the CPU will return to the main program with
the IRTC instruction. If X35 is not on YO-Y17 will be reset to off and then the CPU wiill
return to the main body of the program when the IRT instruction is executed. The
software interrunpt is limited to the range 3 — 999 milliseconds. Enteringa 0, 1, or 2
will yield an interrupt time of 3 milliseconds.

DirectSOFT32 Display Handheld Programmer Keystrokes
a_ o [ ] D] [ =]
K10
[ w |[kecom]|[ 1 ][ o |
Load the constant value
(K10) into the lower 16 bits |OUT|| \ || 7 || 3 || 7 ||(—l|
of the accumulator
o] ] = [0 ][]
V737 Lswer [ e J[ ~ J[ 1 J[e=]
Copy the value in the lower 16 [ str |[[ not [[ xem || 2 [ o [ e—]
bits of the accumulator to V737
Lswer [ o J[ v J[ s J[ 1+ J[e]
X20 .
N (o) [o
Lswer [ JL o~ JI 7 Jloer J| 1 |[ 7 J[e=]
[ s |[saer || 1 [ st |[ xan || 2 ][ o |[e—]
X20
[ (o > [ our |[sorr || 1 ][ shFr | [voun]| 5 || e—]
l \ [ s |[sorr || 0 ][ st [ xam || 2 ] 1 |[e—]
[ our |[sorr || 1 ][ shrr | [voun][ 1 |[ o |[e—]
[ s |[sorr || 0 ][ swrr|[ xan || 3 ]| 5 |[e—]
y Lswer || Jr J[ 7 J[ c J[e]
\ ENP ) [ s |[ not [ sHrr ][ o+ [soer ][ xem || 8 |[ 5 |||
[ Rt |[sorr || 1 ][ swrr |[vooun]| o |[voun][ 1+ || 7 |[e—]
INT 017
Lswer [ J[ r J[ T J[=]
X20 v5
III ( ouTl )
X21 Y10
III ( ouTl )
X35
III ( IRTC )
X35 Yo Y17
By
/I/I/Ir ( RSTI ) P
)]
—
%S
( =1
S ) 9—%
S
7
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5—1 88 Standard RLL Instructions

Intelligent I/O Instructions

Intelligent I/O Instructions

Read from The Read from Intelligent Module

Intelligent Module instruction reads a block of data (1-128 RD

(RD) bytes maximum) from an intelligent 1/O 1 Vaaa
module into the CPU’s V memory. It loads

430 440 450 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 DL430 Range DL440 Range DL450 Range
aaa aaa aaa

Vmemory \ All (See p. 3—-40) All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP54 on when RX, WX, RD, WT instructions are executed with the wrong parameters.

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

In the following example when X1 is on, the 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.

DirectSOFT32 Display CPU Intelligent Module
X1 LD The constant value K0102 Data
_{ } k0102 specifies the base number 12 Address 0
(01) and the base slot
number (02) viao0 |3 lal1]2 34 Address 1
viso1 |7 1815 |6 . 56 Address 2
LD The constant value K6 78 Address 3
specifies the number of V1402 |0 1190 90 Address 4
Keé bytes to be read vi403 | x [ x [ x [x
@ 01 Address 5
g V1404 | X [ X [ X | X
_9"3 LD The constant value KO
S specifies the starting address Handheld Programmer Keystrokes
TE Ko in the intelligent module
2% Cse ] e ] [+ ] [—]
[
- = —
= - iy samgen 2 60 [0 1 [ ] [0 ] [z ][]
in the CPU where the —
o V1400 specified data will be stored | K(CON)| ‘ 6 ‘ ‘ ‘
|K(CON)H o |[e—= ][t ]| R || b || sner]
v e I o I o 1[—]
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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 1/0O module from

a block of V memory in the CPU. The _wr

430 440 450 function parameters are loaded into the first v aaa

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 DL430 Range DL440 Range DL450 Range
aaa aaa aaa

Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)

Discrete Bit Flags Description

SP54 on when RX, WX, RD, WT instructions are executed with the wrong parameters.

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

In the following example, when X1 is on, the WT instruction will write six bytes of data
to an intelligent module in base 1, slot 2 starting at address 0 in the intelligent module
and copy the information from Vmemory locations V1400-V1402.

DirectSOFTS2 Display CPU Intelligent Module
X1 LD The constant value K0102 Data
_{ | specifies the base number
[ K0102 (01) and the base slot T TxTx 12 Address 0
number (02) V1377
viaoo |3 [a |1 ]2 Eas Address 1
LD The constant value K6 visol |7 856 56 Address 2
specifies the number of 78 Address 3
Ké bytes to be written V1402 |0 [1 ]9 |0 % Address 4
V1403 | X [ X | X | X T
01 Address 5 —
LD The constant value KO Vido4 [ X XX | X —
specifies the starting address )
KO in the intelligent module Handheld Programmer Keystrokes 8 E)"
Lsm J[xm [ 1+ J[e=] =2
c
wr lovation nthe GPU-where o Jieow) [ ][+ [0 J[ = ][] a3
V1400 the specified data will be [kecon|[ 6 |[«—] S
written from (%]
[ Jlkeow][ o Jle=J[swer ][ w J[ 7 ][]
Ly JL o JL ¢ JL o J[ o J[e=]
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Standard RLL Instructions
Network Instructions

Network Instructions

Read from Network The Read from Network instruction is used

(RX) by the master device (CPU with a DCM) on

a network to read a block of data from

430 440 450 another CPU. The function parameters are X
loaded into the first and second level of the A aaa

accumulator stack and the accumulator by
three additional instructions. Listed below
are the steps necessary to program the
Read from Intelligent module function.

Step 1: — Load the slave address (1-90 BCD) into the first byte and the slot number
of the master DCM (0-7) into the second byte of the second level of the accumulator
stack. (Note: address 0 is only valid for peer stations.)

Step 2: — Load the number of bytes (2—128 BCD, multiple of 2) to be transferred into
the first level of the accumulator stack.

Step 3: — Load the address where you want to store the data in the master station.
The address must be specified in HEX.

Step 4: — Insert the RX instruction and specify the starting V memory location
(Aaaa) in the slave CPU where the data will be obtained.

Helpful Hint: — For parameters that require HEX values, the LDA instruction can be
used to convert an octal address to the HEX equivalent and load the value into the
accumulator.
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Operand Data Type

DL430 Range

DL440 Range

DL450 Range

A aaa aaa aaa

Vmemory Vv All (See p. 3-40) All (See p. 3-41) All (See p. 3-42)
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays (o} 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320-617 0-137 320-717 0-137 320-717

Global I/0

GX

0-777

0-1777

0-2777

Program Memory

L$

0-3583

0-7679 (7.5K program mem.)
0-15871 (15.5K program mem.)

0-7679 (7.5K program mem.)
0-15871 (15.5K program mem.)

Scratchpad

0-FFFF

0-FFFF

0-FFFF

NOTE: If you are using CoProcessor™, Share Data Network, or DCM modules,
please refer to their manuals for information on how to transfer data over the
DirectNET network.
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Standard RLL Instructions
Network Instructions

In the following example, when X1 is on and the module busy relay SP124 (see
special relays) is not on, the RX instruction will access a DCM operating as a master
in slot 2. Ten consecutive bytes of data (V1400 — V1404) will be read from a CPU at
station address 5 and copied into V-memory locations V2500-V2504 in the CPU
with the master DCM.

DirectSOFT32 Display Master Slave
X1 SP124 CPU CPU
| | LD
_{ [ /r K 0205 . .
The constant value K0205
specifies the slot number (2) v2500 |3 4|57 |e—— |3]4]|5]7]|via00
and the slave address (5) vosot (8151312 s 513 71 vi4o1
Lb vas02 [1 ]9 |3 |6 |e—— [1]|9|3]6|vi02
K10 V2503 (9 [5 |7 |1 |¢—— |9|5|7|1|V1403
The constant value K10 vos04 |1 |4]2]3|e—— 114]2]3]|vi404
specifies the number of
bytes to be read V2505 [ X | X | X | X X | X | X | X | V1405
LDA
02500
Octal address 2500 is
converted to 540 HEX and
loaded into the accumulator. Handheld Programmer Keystrokes
V2500 is the starting
location for the Master CPU ‘ STR ‘ | X(IN) | ‘ 1 ‘ ‘ — ‘
where the specified data will
e stored Lo |[ not [[seeL || 1+ [[ 2 [[ 4 J[T]
AX o J[xeow] [0 J[2 J[ o J[ s J[=—]
V1400 K(CON) 1 0 —
iocation n e bach save [0 [ s ][ A Jloer [ 2 J[ s |[ o J[ o J[e=]
CPU where th ified
data wil b6 oblaingd. Lsoer [ m [ x J[swer [ v J[ 1+ J[ 4 J[ o J[ o |[«=]
Write to Network The Write to Network instruction is used to
(WX) write a block of data from the master device
(CPU with a DCM) to a slave device on the
430 440 450 same network. The function parameters are WX
loaded into the first and second level of the 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 (1-90 BCD) into the first byte and the slot number
of the master DCM (0-7) into the second byte of the second level of the accumulator
stack. (Note: address 0 is only valid for peer stations.)

Step 2: — Load the number of bytes (2—128 BCD, multiple of 2) to be transferred into
the first level of the accumulator stack.

Step 3: — Load the address where you want to obtain the data in the master station.
The address must be specified in HEX.

Step 4: — Insert the WX instruction and specify the starting V memory location
(Aaaa) in the slave CPU where the data will be stored.

Helpful Hint: — For parameters that require HEX values, the LDA instruction can be
used to convert an octal address to the HEX equivalent and load the value into the
accumulator.
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Standard RLL Instructions
Network Instructions

Operand Data Type DL430 Range DL440 Range DL450 Range
A aaa aaa aaa
Vmemory \ All (See p. 3-40) All (See p. 3—41) All (See p. 3-42)
Inputs X 0-477 0-477 0-1777
Outputs Y 0-477 0-477 0-1777
Control Relays (e} 0-737 0-1777 0-3777
Stage S 0-577 0-1777 0-1777
Timer T 0-177 0-377 0-377
Counter CT 0-177 0-177 0-377
Special Relay SP 0-137, 320-617 0-137 320-717 0-137 320-717
Global /0 GX 0-777 0-1777 0-2777
Program Memory $ 0-3585 0-7679 (7.5K program mem.) 0-7679 (7.5K program mem.)
0-15873 (15.5K program mem.) 0-15873 (15.5K program mem.)
Scratchpad z 0-FFFF 0-FFFF 0-FFFF

NOTE: If you are using CoProcessor™, Share Data Network, or DCM modules,
please refer to their manuals for information on how to transfer data over the
DirectNET network.

In the following example when X1 is on and the module busy relay SP124 (see
special relays) is not on, the WX instruction will access a DCM operating as a master
in slot 2. 10 consecutive bytes of data is read from the CPU at station address 5 and
copied to Vmemory locations V1400-V1404 in the slave CPU.

DirectSOFT32 Display Master Slave
X1 SP124 CPU CPU
I | LD
— | F K 0205 . .
The constant value K0205 )
specifies the slot number (2) vos500 |3 4|57 —— |3]4]|5]7]|vi4a00
and the slave address (5) vosot 8151314 51513 14 vido1
b v2s502 [1]9]3|6|——> [1]9]3 |6 |via02
K10 V2503 (9 [5|7 |1 |— |9|5 |7 |1|V1403
The constant value K10 V2504 |1 |4 |23 |— |1 |4]|2]|3]|Vi404
specifies the number of
bytes to be read V2505 | X [ X | X [ X X [ X | X | X |V1405
LDA . .
0 2500 . .
Octal address 2500 is
ﬁ,o;dvfd”_ﬁgc,t?hse“gc';fﬁf};?or_ Handheld Programmer Keystrokes
looation for emasercpu | st [xa ][ 1| [ ]
hi hi ifi ill
boostanes oo e e 1 [wor | [eeec] [ 1 [ 2 |[ 4 |[«—]
o w J[keow] [ o ][z J[ o [ s |[—]
_5 " woon] [ ][ o J[—]
—
gg V1400 is the starting ‘SHHH A HOCTH 2 H > H 2 H o H(_"
G ocaton e LS save [Ty ] [ w ] [ x| (o ] [ ][ ][« ][0 ][0 J[—]
A— stored.
U)_I
—
o
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Message Instructions

System Errors and The DL405 CPUs provide error logging capabilities. There are certain predefined

Fault Messages system error messages and codes, but you can also use the Fault instruction to
create your own specific messages. The CPU logs the error, the date, and the time
the error occurred. There are two separate tables that store this information.

e System Error Table — both the DL430 and DL440 have several
predefined system error codes. The DL430 can hold one error at a time.
The DL440 can show up to 32 errors in an error table. When an error
occurs, the error is loaded into the first available location. Therefore, the
most recent error may not appear in the top row of the table. If the table
is full when an error occurs, the oldest error is pushed (erased) from the
table and the new error is inserted in the row.

* Fault Message Table — the DL430 and DL440 also allow you to build
your own error codes and messages. These are called Fault Messages.
With the DL430, you can only build numeric error codes. With the
DL440, you can build error codes, or up to 16 messages that can
contain up to 23-character alphanumeric characters. In either case, you
can have up to 16 messages or codes shown in the table. When a
message is triggered, it is put in the first available table location.
Therefore, the most recent error may not appear in the top row of the
table. If the table is full when an error occurs, the oldest error is pushed
(erased) from the table and the new error is inserted in the row.

The following diagram shows an example of a the Fault Message table as shown in
DirectSOFT32. You cannot view the entire table at one time with the handheld
programmer. Instead, the messages automatically appear on the handheld
programmer display as they occur. The message will remian on the display as long as
the Fault instruction is being executed. You can also use an Auxiliary function (5C) to
view the messages ont at a time. (More on the handheld programmer display later.)

DLA440 Error Msg. Example
= ESSA(ES
Most recent message %;:;;?; 10:23.45.92 “NEW MESSAGE
-23:45. = +
appears here, not at ~~_| |95/02/21 10:23:46.23 "NEW MESSAGE m
95/02/21 10:23-46.52 *NEW MESSAGE —
the top of the table. 95702721 10:23:46.84 *NEW MESSAGE

95/02/21 10:23:47.20 "NEW MESSAGE
95/02/21 10:23:02.11 =0OLD TEST MESSAGE
95702721 10:23:02.32 =0LD TEST MESSAGE
N i / 95702721 10:23:02.53 “0LD TEST MESSAGE
95/02/21 10:23:02.76 =0OLD TEST MESSAGE
ext mes.sag.e wi 95702721 10:23:02.98 =0LD TEST MESSAGE
show up In this row, 95702721 10:23:03.20 “0LD TEST MESSAGE 3

Wthh |S nOW ‘the aE 02 M 1AnN-772-07 473 xN0ln TCCT l.l}fl’_"l’_‘Al’:l:
oldest message. | ok || systemEnors | [

There are several instructions that can be used in combination to create these error
codes and messages.

e FAULT - Fault

e DLBL — Data Label

e ACON - ASCII Constant

¢  NCON — Numeric Constant

The next few pages provide details on these instructions. Also, at the end of this
section, there are two examples that show how the instructions are used together.
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Fault
(FAULT)

430 440 450

Fault
(FAULT)

430 440 450

In a DL440 or DL450, the Fault instruction is
used to display a message or numeric error
code on the handheld programmer,
DirectSOFT32 screen, or DV-1000 FAULT
Operator Interface display. The message Aaaa
has a maximum of 23 characters and can be
either Vmemory data, numerical constant
data or ASCII text.

To display a value in a V memory location,
specify the V memory location in the
instruction.

To display ASCII or numeric data, you must use the DLBL (Data Label) instruction,
and ACON (ASCIl constant) or NCON (Numeric constant) instructions, in
conjunction with the Fault instruction. In this case, you should specify the constant
(K) value in the Fault instruction for the corresponding data label area that contains
the ACON and/or NCON instructions.

Operand Data Type

DL440 Range

DL450 Range

aaa

aaa

Vmemory

All (See p. 3-41)

All (See p. 3-42)

Constant

1-FFFF

1-FFFF

In a DL430, the Fault instruction is used to
display a numeric error code on the handheld
programmer, DirectSOFT32 screen, or
DV-1000 Operator Interface display. FAULT

The error code may be obtained from a V A aaa
memory location, or may be constructed by
specifying a constant in the Fault
instruction.

To display the value in a V memory location, specify the V. memory location in the
instruction. To display a numeric constant, specify the constant (K) value in the
instruction.

Operand Data Type

DL430 Range

aaa

Vmemory

All (See p. 3-40)

Constant

1-FFFF

NOTE: The DL430 does not support the necessary instructions to build
alphanumeric error messages. You can only build error codes by obtaining the code
from a V memory location, or by specifying a constant in the Fault instruction.
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Data Label The Data Label instruction marks the
(DLBL) beginning of an ASCII / numeric data area
X[ ST < and is typically used with ACON and NCON

instructions. DLBLs are programmed after DLBL K aaa
the End statement. A maximum of 64 DLBL

instructions can be used in a program.
Multiple NCONs and ACONSs can be used in
a DLBL area. Examples are shown later in
this section.

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

aaa

aaa

Constant

1-FFFF

1-FFFF

The ASCII Constant instruction is used with the DLBL instruction to store ASCII text
for use with other instructions. The instruction is utilized differently between the

ASCII Constant
(ACON)

430 440 450

handheld programmer and our DirectSOFT32 programming software.

Handheld Programmer: With a handheld
programmer, two ASCII characters can be
stored in an ACON instruction. If only one
character is stored in an ACON, a leading
space will be printed in the Fault message.

ACON

A aaa

Operand Data Type

DL430 Range

DL440 Range

DL450 Range

aaa

aaa

ASCII

0-9A-Z

0-9 A-Z

DirectSOFT32 Programming Software:
If you're using DirectSOFT32, you can
store up to 40 characters in an ACON. Also, ACON

you have a much wider range of characters A aaa
that are supported. (See your
DirectSOFT32 manual for a complete
listing of ASCII characters available.)

Note, even though it is shown here for
clarification, the “A” does not appear in the
parameter field on DirectSOFT32
screens.

Operand Data Type DL430 Range DL440 Range DL450 Range

aaa aaa aaa

ASCII A — (See DirectSOFT32 Manual) (See DirectSOFT32 Manual)

At first glance you may wonder why the instructions work differently in the two
different programming tools. In reality, the instructions do not work differently. In
DirectSOFT32, the 40—characters are actually broken down into multiple ACONs
that contain 2 characters each when it is downloaded to the CPU. So, if you create
the program with the software, and you examine the program mnemonics with a
handheld (or even with DirectSOFT32), you would see multiple ACONSs that contain
2 characters each. Examples are shown on the following pages.
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Numeric Constant
(NCON)

430 440 450

Using the
Instructions to
Build the
Messages

History
(HISTRY)

430 440 450
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The Numeric Constant instruction is used
with the DLBL instruction to store the HEX
ASCII equivalent of numeric data for use
with other instructions. Two digits can be
stored in an NCON instruction.

NCON
K aaa

Operand Data Type DL440 Range

DL450 Range

aaa

aaa

Constant K 0-FFFF

O-FFFF

The Fault instruction actually copies the
messages into the appropriate Error table.
However, it is important to understand
how the DLBL, ACON, and NCON
instructions are combined to build the
message. The DLBL is placed after the
END instruction, which signifies the end of
the main program. The ACON and NCON
instructions are placed within the DLBL
area. The diagram shows an example.

The History instruction stores event history
information in memory of the PLC.

DirectSOFT32 Display

VR

DLBL

ACON
CHECK CLAMP

END )

HISTRY
A aaa
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Important It is important to understand how the Error Message and Error Code tables work

Information about when the Fault instruction is executed. Each time the instruction is executed, the

FAULT Execution code or message is inserted into the table. Since the CPU scan is extemely fast, then
it is easily possible to completely fill up a table with a single message. In many cases
this is not desireable, since it's nice to maintain a history of the errors. (That’'s why
there are 32 positions in the Error Code table and 16 positions in the Error Message
table.)

For example, let's say you are examining a limit switch (X1). When the switch is
closed, you want an error message (CHECK CLAMP 10) to be logged into the Error
Message table. In the real world, the limit switch may be closed for several seconds
(or minutes, or hours...). During this time, the CPU will execute the Fault instruction a
number of times, so the entire Error Message table will be full of a single message.

How do you solve this problem? Simple.  birectsorTs2 ispiay
Instead of using the limit switch to trigger |

the Fault instruction, use the limit switch to ‘_{“ ( sg )
trigger a control relay used as a one-shot When X1 i o tur on G for one
(PD coil instruction). Then, use the control scan, ’

relay as the input to the Fault instruction.

Since the Fault is now triggered by the PD, co FAULT

which is only on for one scan, the — Ki1
message will only be copied into the table When CO s on, the FAULT
one time. This keeps the history of older b by e ACONS and NGOWS

following DLBL K1 into the Error
tables.

messages intact.

|

\
NOTE: This method does not work \
correctly with a handheld programmer. \
You must use the input contact (X1 in this /
example) to trigger the Fault instruction \
directly.

END )

DLBL

ACON
CHECK CLAMP 10

DirectSOFT32 Display

NOTE: This method does not work \
correctly with a handheld programmer. !

The message will never appear on the (VI L
display. You must use the input contact K
(X1 in this example) to trigger the Fault When X1 s on, the FAULT
instruction directly. The diagram shown bt by the AGONS and NCONS
here prOVideS an example ‘ {oltl)(l)wing DLBL K1 into the Error
ables.

\

|

\

( END )

DLBL

»
—
Q
>
o
V)
=
o

ACON
CHECK CLAMP 10

8 y)
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Obviously, you could combine other pirectsoFTsz pisplay
instructions with the PD instruction usage |

to develop logic that would work for both ‘_{X1 ( sg )
the handheld programmer and When X1 is on, turn on CO for one
DirectSOFT32. For example, if it's scan. ’

possible in your application, you can have

two input contacts that can trigger the co FAULT

FAULT instruction. — | 2
Consider the example shown to the right. _ﬁ_ e e ok sage
If X1 comes on, then the message will only O  on

tables.

be copied into the table one time. You \
could see the message  with \
DirectSOFT32, but you would not \
automatically see it on the handheld |
programmer display. ( END )
If X2 comes on, then the message would
probably fill the entire table. Also, it would bLBL
automatically appear on the handheld

programmer. ACON
CHECK CLAMP 10

DirectSOFT32 Since you can enter more characters in an ACON instruction in DirectSOFT32, it is
Example very easy to build the entire message in one ACON instruction.
DirectSOFT32 Display

| PD CO triggers one entry into the table

X1 Co
— }—( PD ) = Messages
When X1 is on, turn on CO for one
scan. Meszzages:
95/02/17 15:51:39.03 =CHECK CLAMP 10 [+
o 95/02/17 15:49:35.15 *TEST-FILLS WHOLE TABLE
T FAULT 95/02/17 15:49:35.35 *TEST-FILLS WHOLE TABLE =
K1 95/02/17 15:49:35.53 *TEST-FILLS WHOLE TABLE
, 95/02/17 15:49:35.73 =TEST-FILLS WHOLE TABLE
o e et sage 9570217 15-49-35 90 *TEST-FILLS WHOLE TABLE
built by the ACONs and NCONS 95/02/17 15:49:36.10 *TEST-FILLS WHOLE TABLE
following DLBL K into the Error 95/02/17 15:49:36.30 *TEST-FILLS WHOLE TABLE
\ ables. 9570217 15:49:36.49 *TEST-FILLS WHOLE TABLE
\ 95/02/17 15:49:36.67 *TEST-FILLS WHOLE TABLE
| 95/02/17 15:49:36.85 =TEST-FILLS WHOLE TABLE 3]
GREMNT?PMT7 AR 4G-27 NF =xTCCTCHNIC WwWiuniC TADIC
\
{ Eenp ) (1].4 I | Sysztem Errors I |_E Help I
\

DLBL

ACON
CHECK CLAMP 10
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Handheld Since you can only enter two characters per ACON with the handheld programmer, the
Programmer program appears to be longer to get the same results. You'll also notice that we've
Example organized the ACON contents slightly differently. For example, we’ve only included the

character “C” in the first ACON. We have to do it this way in order to get the message to
appear correctly. (Remember, a single character entered in an ACON with a handheld
will have a blank space preceding it. So if your messages do not contain an even
number of characters, you may have to play around with them to get the spacing just
right.) Also, we have to use X1 to directly trigger the FAULT instruction. Otherwise, the
message will never automatically appear on the handheld programmer display.

Message appears on handheld display

X1 FAULT Q
K1
instruction copies the message * CHECK CLAMP10 | rovidod oy e handheid”
built by the ACONs and NCONs IT1111117654321076543210 operating system. It does not have
following DLBL K1 into the Error to be entered with an ACON.
| tables.
: COloo|lolo)s|lse|o|lco|lo|s
| COloo|lolo)s|lse|o|lco|lo|s
(END) Oo|loo|logos|s|lo|lga|o|e
Oloo|loloom|om|o|lco|jco|o
DLBLK1 Olo|o|loloom|om|o|lco|jco|o
@
ACON
c
ACON Handheld Programmer Keystrokes
HE [ s |[ xavy || 1 ][]
ACON Lswer JL F [ a JL v JL v J[ 7 J[swr][keom][ 1+ [[«—]
CK
° o] [ J o] s [ (s ] [eom] [+ ] =]
Cswer] 2 ][ J[ o [ J[mse] [swr] [ o ][]
HA Lswer ][ A |[ e | o J[ ~ J[asc [[swr ][ v |[ E [[«]
ACON Lswer ][ A |[ e | o J[ ~ J[asc [[swr][ c |[ k [[«]
MP Lswer ][ A |[ e || o J[ ~ |[ asc [[swr ][ c |[—]
Cower ] A ][ e 1[0 J[ w ][aso] s ][ ][ & ][]
10 [sirr |[[ A J[ c ][ o J[ ~ J[ asc |[swrr ][ m || P |[e—]
Lswer ][ A J[ e J[ o J[ ~ J[asc|[ 1 [ o |[«=]
Clearing the You use different methods to clear the System Errors vs. the Fault Messages.
Messages « System Errors — initialize the CPU’s scratchpad memory

* Fault Message Table — clear the CPU program memory

»
—
Q
>
o
V)
=
o

uy)
=
=
5
7
@
b=
c
S
=
o
=
»

WARNING: If you initialize the scratchpad, you will also remove any retentive
memory ranges that you may have changed.
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Print Message The Print Message instruction prints the
(PRINT) embedded text or text/data variable
message to the specified communications
430 440 450 port (1, 2, or 3 on the DL450 CPU), which

must have the communications port

configured.

Data Type

DL450 Range

aaa

Constant

K 1,2,0r3

PRINT A aaa
“Hello, this is a PLC message”.

You may recall from the CPU specifications in Chapter 3 that the DL450’s ports are
capable of several protocols. To configure a port using the Handheld Programmer,
use AUX 56 and follow the prompts, making the same choices as indicated below on
this page. To configure a port in DirectSOFT32, choose the PLC menu, then Setup,

then Setup Secondary Comm Port.
Port: From the port number list box at the top, choose “Port 3”.

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: | Port 3 |
Protocol: [0 K-sequence
(] DirectNET
[J MODBUS
Non-sequence
[0 Remote I/O
Memory Address: | V2000 |
Data bits: | 7 |
Baud rate: | 9600 v
Stop bits: | 1 v
Parity: | Odd v

Close

Tr| > T

Help

Always use for printing

® RTS normal
O RTS always on
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Memory Address: Choose a V-memory address for DirectSOFT32 to
use to store the port setup information. You will need to reserve 9 words
in V-memory for this purpose. Select “Always use for printing” if it

applies.

Baud Rate: Choose the baud rate that matches your printer.
Stop Bits, Parity: Choose number of stop bits and parity setting to

match your printer.

RTS: Choose the appropriate Request-to-Send option for your printer.

;m@| Then click the button indicated to send the Port 3 configuration
to the CPU, and click Close. Then see Chapter 3 for port wiring
information, in order to connect your printer to the DL450.
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Ports 1 and 2 on the DL450 has standard RS232 levels, and should work with most
printer serial input connections. Port 3 has RS422 levels, and will not work with most
printers. You could use port 3 for long cables, converting the signals to RS232 at the
other end to drive the printer.

Text element — this is used for printing character strings. The character strings are
defined as the character (more than 0) ranged by the double quotation marks. Two
hex numbers preceded by the dollar sign means an 8-bit ASCII character code. Also,
two characters preceded by the dollar sign is interpreted according to the following
table:

# Character code Description

1 $$ Dollar sign ($)

2 $” Double quotation (”)

3 SL or $lI 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:

7 Length O without character

"A” Length 1 with character A

” Length 1 with blank

7§ Length 1 with double quotation mark
"$RSL” Length 2 with one CR and one LF
"$0DS$O0A” Length 2 with one CR and one LF
"$$” Length 1 with one $ mark

In printing an ordinary line of text, you will need to include double quotation marks
before and after the text string. Note that DirectSOFT32 does not give error
indications for syntax errors in the PRINT instruction. Therefore, it is important to test
your PRINT instruction data during the appication development.

The following example prints the message to port 1. We use a PD contact, which
causes the message instruction to be active for just one scan. Note the $N at the end
of the message, which produces a carriage return / line feed on the printer. This
prepares the printer to print the next line, starting from the left margin.

Xﬂi PRINT K1 Print the message to Port 1 when
“Hello, this is a PLC message.$N” X1 makes an off-to-on transition.
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V-memory element — this is used for printing V-memory contents in the integer
format or real format. Use V-memory number or V-memory number with “” and data
type. The data types are shown in the table below. The Character code must be in
capital letters.

# Character code Description

1 none 16-bit binary (decimal number)

2 :B 4 digit BCD

3 :D 32-bit binary (decimal number)

4 :DB 8 digit BCD

5 'R Floating point number (real number)

6 ' E Floating point number (real number

with exponent)

Example:
V2000 Print binary data in V2000 for decimal number
V2000: B Print BCD data in V2000
V2000 : D Print binary number in V2000 and V2001 for decimal number
V2000: D B Print BCD data in V2000 and V2001
V2000 : R Print floating point number in V2000/V2001 as real number
V2000 : E Print floating point number in V2000/V2001 as real number

with exponent

Example: The following example prints a message containing text and a variable.
The “reactor temperature” labels the data, which is at V2000. You can use the : B
qualifier after the V2000 if the data is in BCD format, for example. The final string
adds the units of degrees to the line of text, and the $N adds a carriage return / line
feed. You must include spaces between the text string and the variable.

PRINT K1 Print the message to Port 1

“Reactor temperature = “ V2000 “deg.$N” wheq ?‘1 makes an off-to-on
A A transition.

A represents a space

X1
=

V-memory text element — this is used for printing text stored in V-memory. Use the
% followed by the number of characters after V-memory number for representing the
text. If you assign “0” as the number of characters, the print function will read the
character count from the first location. Then it will start at the next V-memory location
and read that number of ASCII codes for the text from memory.

Example:
V2000 % 16 16 characters in V2000 to V2007 are printed.
V2000 % 0 The characters in V2001 to Vxxxx (determined by the number

in V2000) will be printed.
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Bit element — this is used for printing the state of the designated bit in V-memory or a
relay bit. The bit element can be assigned by the designating point (.) and bit number
preceded by the V-memory number or relay number. The output type is described as

shown in the table below.

# Data format Description
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 print is 128. The number of characters
for each element is listed in the table below:

Element type Maximum
Characters
Text, 1 character 1
16 bit binary 6
32 bit binary 1
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 SP112 through SP117 indicate the status of the DL450 CPU ports
(busy, or communications error). See the appendix on special relays for a

description.

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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