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PREFACE

This Programming Reference Manual provides reference information for the CTI 2500 Series
Controllers. The information in this manual is directed to individuals who will be developing user
programs for the controller.

For information regarding the product features, installation, and operation, you should also obtain the
CTI 2500 Installation and Operation Guide (CTI Part # 062 -00370). This manual may be downloaded
from the CTI Web site http: //www.controltechnology.com/support/manuals/.

USAGE CONVENTIONS

Note:
Notes alert the user to special features or procedures.

CAUTION
Cautions alert the user to procedures that could damage equipment.

WARNING:
Warnings alert the user to procedures that could damage equipment and endanger the user.
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CHAPTER 1 OVERVIEW

1.1 Introduction

This manual is intended for use by individuals who are developing application programs for the CTI
2500 Series controller. Additional information about the controller, including the scan operation, is
contained in a companion manual, the CTI 2500 Installation and Operation Guide.

The CTI 2500 is an advanced function controller that combines the features of a programmable logic
controller and a loop controller. It is especially suitable for process control applications that require
analog control as well as discrete control.

1.2 Programming Overview
The CTI 2500 controller provides several facilities for programming a control application.
o Relay Ladder Programming
e Special Function Programming
e Analog Alarms
¢ Analog Loops

1.2.1 Relay Ladder Programming

Relay Ladder Logic (RLL) is a graphical language similar to a relay diagram. It has traditionally been
used for discrete control applications. The RLL language supported by the CTI 2500 is compatible
with the RLL used in the Siemens SIMATIC® 505 PLC. The RLL language includes the following
groups of instructions.

Electro-Mechanical Replacements

These instructions include contacts, coils, timers, counters, and drums (stepper switches).

Bit Manipulation

These instructions provide the capability of reading, setting, and clearing bits as well as performing
logical AND / OR operations.

BCD Conversions

The BCD instructions allow you to convert numbers between binary and binary coded decimal
formats.

Word Move Instructions

Word Move instructions copy bits of a word values from source location(s) to a destination, which
may be another memory type or another address within the same memory type. You can also copy
selected bits between a word data type and a discrete Boolean data type.

Math

The Math instructions perform traditional integer mathematical calculations, including addition,
subtraction, multiplication, division and square root. You can also perform compare operations.
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Table Instructions

The table instructions provide a means to manipulate array data. You can move data in and out of a
table, perform table searches, and perform bit level comparisons between two tables.

Real-time Clock Instructions
The clock instructions read and set the Time and Date for the Real-time Clock in RLL.

Subroutine Instructions

The subroutine instructions allow you to create and call RLL subroutines. They also include the ability
to call Special Function programs and subroutines.

Immediate I/O instructions

The Immediate I/O instructions read or write to the physical I/O during RLL execution rather than
waiting for the normal I/O update to take place later in the controller scan.

Miscellaneous

The RLL also contains instructions that allow you to turn on an output for a single scan (one-shot),
read diagnostic data from Profibus, and execute a PID loop on demand.

1.2.2 Special Function Programs and Subroutines

Special Function (SF) programs and subroutines provide a statement-oriented procedural
programming language. Using the Special Function instructions, you can derive solutions that cannot
be done in RLL or would require complex RLL programming.

SF programs can be called from an RLL program or from analog loop or alarm tasks. SF subroutines
can be called from RLL, SF programs, or other SF subroutines. SF programs and SF subroutines use
a common instruction set.

Special Function Program instructions include the following groups:

Data Conversion

These instructions provide the capability to scale values and to convert between BCD and binary
format.

Math

Math instructions support both integer and real numbers. Operators include standard math functions
(add, subtract, multiply, divide, exponentiation, comparison, and bit operations) as well as a unique
LEAD/LAG function that can be used with cyclic applications.

Program Flow

These instructions alter the order in which instructions are executed. They include the ability to call
subroutines, to branch to a label, and to implement conditional branching (If, Then, Else).

Data Manipulation

These instructions provide the ability to search tables, pack and unpack data, and to perform various
shift register operations.
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1.2.3 Analog Alarms

Analog Alarms are parameter-driven functions that allow you to monitor the Process Variable (PV).
Each alarm block allows you to configure up to four absolute-value alarms and two sets of alarms that
monitor the deviation of PV from the Setpoint. In addition, you can monitor the rate-of change of the
Process Variable and detect a broken transmitter. An analog alarm may call a special function
program to perform additional calculations. The number of analog alarm functions supported is model
dependent. See the CTI 2500 Installation and Operation Guide for CTI 2500 Series model
capabilities.

1.2.4 Analog Loops

The Analog Loop function supports both VELOCITY and PosITION PID (Proportional-Integral-
Derivative) algorithms. Analog Loops are used to control analog processes by varying the loop output
so that the output of the process (PROCESS VARIABLE) matches a target value (SETPOINT).

The operation of a particular loop is established by parameters entered by the user. In addition to
executing the control loop, the loop task also provides the same alarm monitoring capability as the
Analog Alarm task described in the next section.

The SETPOINT can also be automatically varied using a RAMP/SOAK Table. The RAMP/SOAK Table
allows you to program a change in the SETPOINT over time (RAMP) and followed by a period that the
SETPOINT will remain the same (SOAK). Using a series of ramp/soak steps, you can control most
batch processes.

Loops are typically executed on a cyclic basis, independent of the user RLL or SF program logic.
Some models of the CTI 2500 also support the capability of calling a PID loop from the RLL.

Loops may be cascaded, where the output of one loop becomes the input for the next loop. A loop
may call a Special Function program to perform additional calculations. The number of loops
supported is model dependent. See the CTI 2500 Installation and Operation Guide for CTI 2500
Series model capabilities.
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1.3 Controller Data Types

The following data types are accessible from the user program. The value within a data element is
addressed by specifying the data type and a location number. For example discrete input 1 is
referenced as X1.

I/O Register Data

The 1/O register contains the data obtained from the process (inputs) and data used to control the
process (outputs). When the I/O is configured, this data is associated with input and output modules
contained in the local base, remote bases, and slaves attached to the Profibus network. There is an
I/O register representing discrete inputs and outputs and an 1/O register representing Word Inputs
and Outputs. The table below describes the contents:

Mnemonic Data Type Data Format Access

X Discrete Input Bit Read Only

Y Discrete Output Bit Read and Write
WX Word Input Word (16 hit) Read Only

WY Word Output Word (16 bit) Read and Write

Inputs and Outputs share the same /O register location. Therefore X1 and Y1 are the same data
point. Similarly WX1 and WY1 are the same.

Control Relay Data

A Control Relay is an internal discrete value that can be written and read by user logic. It is not
associated with any 1/0O point. The number of control relays supported depends on the controller
model. See the CTI 2500 Installation and Operation Guide for CTIl 2500 Series model capabilities.

Control relays may be retentive or non- retentive. Retentive control relays maintain their value when
AC power is removed, assuming the controller battery is good. Whether a particular control relay is
retentive or not depends on the control relay address. See the table below.

Non-Retentive

Retentive

Cl1-C768

C769 — C1024

C1025 - C1792

C1793 — C2048

C2049 — C2816

C2817 — C3072

C3073 — C3840

C3841 — C4096

C4097 — C4864

C4865 — C5120

C5121 — C5888

C5889 — C6144

C6145 - C6912

C6913 - C7168

C7169 — C7936

C7937 — C10240

C10241 — C56320

Variable Memory Data

Variable Memory (V Memory) is a collection of 16 bit words. The number of words available depends
on the controller user configuration and the available user memory, which varies with the controller
model. V. memory can be read and written by the user program.
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Constant Memory Data

Constant Memory (K Memory) is a collection of 16 bit words. The number of words available depends
on the controller user configuration and the available user memory, which varies with the controller
model. K memory can be read but not written by the user program. It can be modified by other
sources, such as programming software.

Status Word Memory Data

Status Word Memory (STW) is a collection of 16 bit words user to communicate the status of the
controller, the user program, and the associated 1/O to the user program. Status cannot be modified
by the user program; however some status words can be modified by programming software. See
Appendix A for a list of the status words used with the CTI 2500 controller.

Timer Counter Memory Data
The Timer/Counter memory contains two values for each element as indicated below.

Mnemonic | Data Type Data Format Access

TCP Timer Counter Preset Word (16 bit) Read/Write

TCC Timer Counter Current | Word (16 Bit) Read/Write (RLL)
Read Only (SF)

Note:

Changes to TCP do not modify the value save in the RLL program. TCP values modified by logic
or HMI will be overwritten by the original stored value if the program is reloaded, the
network containing the Timer/Counter instruction is edited, or a Complete Restart is executed.

Drum Memory Data
The Drum memory contains four values for each drum as indicated below

Mnemonic | Data Type Data Format Access

DSP Drum Step Preset Word (16 bit) Read/Write

DSC Drum Step Current Word (16 Bit) Read/Write

DCP Drum Count Preset Word (16 Bit) Read/Write

DCC Drum Count Current Word (16 Bit) Read/Write (RLL)
Read Only (SF)

Note:

Changes to DSP and DCP do not modify the RLL program. If the program is reloaded,
a network containing a drum instruction is edited, or a Complete Restart is executed,
modified DSP and DCP values will be replaced with the values stored in the RLL program.
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1.4 Data Representation

Data is represented in the CTI 2500 controller as bits, bytes, words, and double words.

Bit

A single binary digit that has either ON (1) or OFF (0) state. Bit locations are referenced
by direct address in discrete memory areas (i.e., X32 or C86) or bit number in word
memory areas (i.e., V52.3, K2.14, WY6.1, or STW1.16)

Note:

Bit assignments within words are numbered left to right so that
Bit 1 is the MSB and Bit 16 is the LSB.

Byte

Word

Bits within words are numbered 1-16 from left to right so that Bit 1 references the MSB
and Bit 16 references the LSB as shown below.

MSB LSB

‘1‘ 2‘ 3‘ 4‘ 5‘ 6‘ 7‘ 8‘ 9‘10‘11‘12‘13‘14‘15‘16‘

~ /
'

Word

A byte consists of 8 contiguous bits used to represent a maximum unsigned value of
255. Bytes are referenced only as “Most Significant Byte” (Bits 1-8) and “Least
Significant Byte” (Bits 9-16). Only one RLL instruction (Move Element — MOVE)
references the byte data type directly.

A word consists of 16 bits. The word may be used to store signed integers, unsigned
integers, binary coded decimal data, or a field of flag bits.

Signed integers are stored in the two’s complement format, with the sign bit in the
most significant bit. When the sign bit is 0 the number is positive; when the sign bit is
set to 1, the number is negative. A signed integer can contain values ranging from -
32,768 to +32,767.

Unsigned integers make use of the high bit to represent a positive number.
Consequently, the value stored can range from 0 to 65, 535.

BCD data is stored by assigning 4 bits to represent a decimal digit. As a result, one
16 bit word using BCD can hold 4 decimal digits. For example, a decimal value of
2569 would be represented as shown below.

6
1 JoJo] 1] o] aJo] a] 12Jo] 1] o] o1

Hexadecimal (Hex) is simply an alternative “programmer friendly” way of representing
binary data. Even though the data format is very similar to BCD, hexadecimal and
BCD values are not equivalent.
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Double Words consist of two consecutive words used to contain long integers, Real numbers,
and address data. Although double words are stored internally as 32 bit entities, they are
addressed as two consecutive memory locations.

MSB LSB MSB LSB
V100 Most Significant Word V101 Least Significant Word

e LONG INTEGERS are stored in the two’s complement format.
Long integer values can range from -2,147,483,628 to +2,147,483,647

o REAL NUMBERS are stored in single-precision floating point format that complies with the
ISEE Standard 754-1985 standard. This format provides 6 significant digits of resolution
and supports numbers in the range of +3.4028x103 (displayed as 3.4028E38). The
following figure shows the data format for a real number addressed as (V201.).

Exponent Mantissa
A AN
Sign Bit /~ N\
|1]2]3]a]s5][6]7]8]o9]10]11]12]13]14]15]16][1 2|34 ]|5]6] 7] 8] 9][10]11]12]13]14]15]16]
N PN Y
Y4 Y4
V201 V202

e LocGIcAL ADDRESS data, used by some instructions such as LDA, are stored in a special
format that contains the memory type code and the address offset. The following figure
shows the data format for a logical address stored in V315-V316.

Memory Type Offset
A\ ~ A\ ~
‘1‘2‘3‘4‘5‘6‘7‘ 8‘ 9‘10‘11‘12‘13‘14‘15‘16‘1‘2‘3‘4‘5‘6‘ 7‘ 8‘ 9‘10‘11‘12‘13‘14‘15‘16‘
N N y
A4 Vo
V315 V316

Memory Type codes (Hex)

v =01 DSP =10
K =02 DSC =11
WX =09 DCP =12
WY =0A DCC =1B
TCP =0E STW =1A
TCC =0F
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CHAPTER 2 Online Program Editing

The CTI 2500 Series controller allows you to edit the user program while the process continues to

run. While this capability provides significant benefits in some process control applications, it must be
approached with care.

WARNING
Use extreme care when performing run-time edits. Incorrect changes may cause
the process to fail and could result in equipment damage and/or death or serious
injury to personnel.

Carefully plan any run-time edits to an active process.
Avoid doing run-time edits to an active process if possible.

As the name implies, online edit allows changes to be made to the user program while the controller
is in RUN mode. When you enter the first program change, the controller automatically enters a
special EDIT mode. In EDIT mode, the process continues to be controlled by the original RLL
program as it existed prior to entering the change. When you request a return to RUN mode after
making all changes, the controller scan is extended while the new version of the program is compiled.

Upon a successful compile of the new version, controller transitions to RUN mode and the process
resumes with the new version in control.

WARNING

It is possible to enter program changes that will not compile and execute. If the new
program will not compile successfully, the controller will enter PROGRAM mode with all
outputs frozen at their last state. This could cause unpredictable operation resulting in

equipment damage and/or death or serious injury to personnel. Itis your responsibility to
provide for safe recovery should this condition occur.

Always use the SYNTAX check function to validate all program changes
before setting the controller to RUN mode.

2.1 Overview

All CTI 2500 Series and SIMATIC 505 PLCs include a feature called Online Edit that allow most
operations in the PLC program to be modified while the PLC is in RUN mode without causing a
“bump” to the 1/0O. Unless specifically noted, the operation of the CTI 2500 Series PLC exactly
duplicates the SIMATIC Series 505 controllers. The following describes this Online Edit feature

including any limitations of what can be modified and provides a procedure for steps to complete an
Online Edit operation.

The following changes are permitted during an Online Edit:
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a) Use any configured memory address: including Discrete/Word 1/0, Word Memory (V,K),
Control Relays, and Instructions (Timers/Counter, Drums, Shift Registers, Tables, One-
Shots)

b) RLL program: Add, delete, or change RLL networks
c) SF Programs/Subroutines:
e Add, delete, enable, or disable SP Programs/Subroutines

e Add, delete, or change statements within an existing program (with some restrictions
— see details below)

d) Analog Alarms:
e Add, delete, enable, or disable Alarm control blocks
e Change configuration of an existing Alarm control block

e) PID Loops:
e Add, delete, enable, or disable Loop control blocks
e Change configuration of an existing Loop control block

f) PLC Port Lockout state (Locked or Unlocked)

g) 505 I/O Configuration (includes Local Base 0 and Remote Bases 1-15):
e Add, delete, enable, or disable Remote 1/O bases
e Change configuration of an existing base (slot configuration)

h) Profibus 1/0O Configuration:
e Limited changes allowed (see details below)

Note also that an Online Edit will preserve a “force” that has been set on any memory address.

2.2 Preparation for Online Edits (in PROGRAM Mode)

2.2.1 Use 505 WorkShop® PLC Programming Suite (V4.90 or later) if possible

505 WorkShop performs an automatic “syntax check” of RLL networks during Online Edit
operation and detects most errors that would result in a PLC Fatal Error.

If using TISOFT™, you must use V7.1 (latest version) to ensure the operation of CTI 2500
Series PLCs during Online Edit matches that of the SIMATIC 505 controllers. Additionally, all
diagnostic checks must be performed manually.

All examples in this document are shown using 505 WorkShop (V4.90 and later).

2.2.2 Set PLC Memory Configuration to Allow Online Edits

The PLC memory configuration must be arranged so that memory is available to add
addresses, instructions, and control blocks to RLL program, SF Programs/Subroutines, Alarms,
and/or Loops while a PLC program is in RUN mode.

The memory configuration sets the amount of PLC memory allocated to each of these areas.
The following image shows a typical configuration and description PLC function that
corresponds to each memory allocation entry.
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10

— Memary Configuratian

zer 5}'3‘}"

RLL Source (bytes)

Ladder [F.b]: V-memory (bytes)
Y ariable [K.b]: ‘/ K-memory (bytes)
Conztant [Kb]: | SFPISFS, Alarms,
Special (Kb} | 0 andLoops (bytes)
Comp. Spec. [Kb]; D ] Unused in CTl PLCs
User Sub (Kb |u r‘lﬁ’,
Global [K): ||:|_ / (Number * 1024} of Timers/Counters
T/C [K]Z |2 10 Number of Drums
Dt IE*"— 3 (Number * 1024) of Shift Register

_ ’ ‘_______..- instructions (SHRB /| SHRW)
S8y B ‘_____2... (Number * 1024) of Table Move
Table [K]: |1 2 instructions (MWTT / MWFT)
OneShats ik |2 el (Number* 1024} of One-Shots
Conticls (K} = > (Number * 1024) Control Relays and 1/0

h—- J

10 [K): B (fixed based on PLC Type)

The Ladder (RLL Source) memory usage can be checked by selecting ‘PLC Utilities’ / ‘PLC
Status’ in the main toolbar. See below.

:F'LC Status -
PLC Tppe: CTI 2500
| Communications Path
Communications Part; TCR/P1
— System Memory [FButes] Ladder kMemon [Bytesz]—
Tatal: 072 Configured: 24576
Canfigured: 109 Jzed: 11236

Remaining: 2963

Remaining: 13340

— Program Information
Metwiork.s: E1E

The S-Memory (Special memory used for SFP/SFS, Alarms, and Loops) usage can be checked

by opening the SF Program list via the £ button in the main menu.
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Special Functions

If using TISOFT, available Ladder and Special memory can be determined by accessing AUX 28

under ‘Diagnostics’.

We recommend setting each ‘User’ memory type to at least twice (2X) the amount that is currently
used in the PLC program (if possible). Otherwise, allocate the available PLC memory across the

Proararms Subroutines

Prog Title Enabled Compiled Sub Title Enabled Compiled Protected

Qoo LD_CELLS YES YES ~ oo YES HO ~

Qooz CIF &ML YES YES oonz TES MO

Qooa ODIM YES YES o0z TES MO

0004 MEMOGRAF  YES YES ann4 YES MO

0oos YES anns YES MO

00oos YES anne YES MO

oooy YES ooov YES MO

Qoog YES oona TES MO

Qoog YES oona TES MO

omao DakP YES YES omn TES HO

oot YES a0t YES MO

omez FLOWw YES YES oma YES MO

oma YES oma YES MO

o4 YES > o4 TES MO o
Cloze Dizplay Uzed ‘ Gota SF... | I S-Memory Available: 4702 I

memory areas most likely to be affected by Online Edits (such as Ladder memory, Variable memory,
and Special Memory).

The PLC Memory Configuration can be changed only while the PLC is in PROGRAM mode.

2.2.3 Set PLC Scan Time Configuration for Online Edit Processing

CTI recommends that the PLC Scan Time configuration be set to maximize processing of “deferred”
task codes used for most Online Edit operations.

This is not a requirement and does not apply to special applications requiring ‘Fixed Scan Time’ or
absolute minimum PLC cycle time under all conditions.
The following PLC Scan Time settings are recommended:

Scan Time Mode: ‘Variable’ or ‘Variable with Limit’

Normal Communication Time Slice: Based on S-Memory Usage: 5ms / 10K bytes

10 msec (minimum)

For example, if the PLC Program uses 40K of S-Memory, the ‘Normal Communication Time

Slice’ should be set to 20 msec to ensure all SF Online Edits can be processed in a single

PLC cycle.
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PLC Scan Time >

Scan Time Time Slice [mz]
Scan Time Mode: Loop:
| Analog Alarm:

Cychc SF Program:
Peak/Last Scan Times [ms) Priarity SF Pragram:
Marmal 5F Program:
Ladder 5F Sub:

Peak Scan Time:

Tatal Scan Time:

Peak. Execution Time: Marrmal Communication:

L =) I 4 =]

Friority Communication:
Ladder 5F Sub Zero (0):

Metwork, Communication:

Digcrete Scan Time:

AT

Rezet Peaks

| Cloze

IMPORTANT NOTE
This is considered a “worst-case” setting. The CTIl 2500 Series PLC only uses time required to
complete “pending” requests each PLC scan.
This setting will not increase the PLC scan time except during Online Edit operations. Even then, it is
very rare for the ‘Normal Communication’ processing to exceed 3-4 msec.

2.3 Online Edits to PLC 1/O Configurations

All Discrete 1/0 (X/Y) addresses and Word I/O (WX/WY) addresses supported by the ‘PLC Type’ (i.e.
model) are automatically allocated in the CTI 2500 Series controller. No user action is required to
manage the I/O memory addresses.

2.3.1 Local/Remote I/O

The CTI 2500 Series /O system supports Online Edits (while the PLC is in RUN mode) without
“bumping” the I/O for unchanged module slot positions.

The following operations are supported:
e Add or delete a Remote Base (Base 1-15)
e Enable or disable an existing Remote Base
e Modify I/O configuration of any Local/Remote Base
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Add/Delete/Change:
o ‘lI/O Module Definition’ for any module slot (1-16)
o ‘I/O Address’ mapped to any module slot
o “SF Designation” for any module slot

2.3.2 Profibus I/O

The CTI 2500 Series Profibus-DP 1/0 system is compatible with SIMATIC Series 505 Profibus-DP 1/O
and allows exactly the same operations as Online Edits (while the PLC is in RUN mode).

Changes to Profibus-DP network configuration, such as Bus Parameters or Slave Configuration
(including the addition, deletion, or change of exiting Slave configuration), is allowed while Profibus
network is operating. However, this will cause a new Profibus configuration to be downloaded to the
PLC and result in “bumping” /0O assignments associated with all Profibus slave devices during
initialization of the new Profibus Master configuration.

Only the following changes to the Profibus I/O can be made without “bumping” the 1/0 without
“bumping” the I/O for unchanged module slot positions:

e Change PLC ‘I/O Address’ mapped to a specific Module Slot for an existing Profibus-DP slave

If the CTI 2500 Series (or SIMATIC Series 505) Profibus RBC is configured as Profibus-DP slave
_AND __ the ‘Slave Parameters’ for the Profibus RBC includes ‘505 Mismatch Mode: Enable’, the
following modifications can be made without “bumping” the I/O for unchanged slot positions:
e Insert/Delete/Change:
o ‘Module’ assignment for any module slot (1-16)
o ‘lI/O Address’ mapped to any module slot

2.4 Performing RLL Online Edits

2.4.1 General Operation

The CTI 2500 Series PLCs include an operational mode (called EDIT mode) that allows for multiple
changes (Add, Delete, or Modify) to be integrated into the RLL program at the same time. This
provides the capability to add/modify a complete segment of the RLL program without worrying
about partial integration of multi-rung operations.

The Online Edit operations and EDIT mode are detailed below.

2.4.2 Add an RLL Network

Choose the rung immediately below where you wish to insert the new RLL Network.
Right-click and select ‘Insert’ from drop-down menu. Select ‘Network’ in pop-up window.
New ‘blank’ rung appears in the location selected.

Enter new RLL instructions to execute, and press v (or [F8]) to accept the change.
Each RLL Network must be added and accepted individually.

505 WorkShop performs a verification check during each ‘Insert’ rung operation. This is done so an
“Out of Ladder Memory” error can be detected and operation aborted before RLL Memory is
corrupted. Any syntax errors are displayed only when ‘Transfer to RUN Mode’ is selected (see details
below).

An example of an “Out of Ladder Memory” error is shown below:
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505 WorkShop x
1Y Metwork 20: Network[s] exceed available ladder memory.

The time to complete this memory verification check is usually < 0.5 second for most RLL programs
but can take several seconds for very large programs (25000 rungs). This time can be minimized by
setting ‘Normal Communication’ time slice as recommended in Section 2.2.3.

2.4.3 Delete RLL Network(s)

Choose the RLL Network to be deleted. Right-click and select ‘Delete’ from drop-down menu. In pop-
up window, verify ‘Network’ number(s) to be deleted. It is possible to delete a range of consecutive
rungs if desired.

Press ¥ (or [F8]) to accept the change.

2.4.4 Modify an existing RLL Network

Select rung to be modified by double-clicking anywhere on the rung.
Rung is highlighted in the Ladder Editor.
Add, delete, or change instructions/addresses in that network.

Press ¥ (or [F8]) to accept the change.

Online edits are accomplished by PLC Programing editor (WorkShop or TISOFT) sending a series of
“task code” commands to the PLC as noted below:
e Transfer to EDIT mode.

e Read RLL Network being edited

o Delete Network (if RLL network is being deleted)

e Insert Network (if RLL network is being added)

¢ Modifying an existing rung (performed by issuing both Delete/Insert Network commands)
o Transfer to RUN Mode (when user transfers PLC to RUN mode)

Details for each of each operation are provided below.

e Transfer to EDIT Mode:

This action is triggered by selecting ‘Yes’ in the following pop-up dialog when first modification is
“accepted” by the user:

'ie] PLC is in RUN mode.
| = Do wou want to change PLC to EDIT mode? |

Y'es No
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IMPORTANT NOTE
It is very important to have an electronic or printed copy of the original RLL program before starting
an RLL program Online Edit.

Once the PLC enters EDIT mode (after the first changed is accepted), there is no way to
automatically “undo” the changes and revert back to original RLL Source. The only way to exit EDIT
mode while the PLC is running is to transfer to RUN mode.as described below.
Consequently, if the situation arises where the PLC RLL program must be returned to the original
RLL Source after the PLC is in EDIT mode (at least one change has been “accepted”), the only way
to accomplish this is to individually “undo” each change and return each rung to its original state.

While in EDIT mode, the RLL Source Code is modified based on the RLL Program changes entered
by the user. However, these changes are not yet compiled and executing in the PLC. The PLC is still
running the original RLL Compiled Program (before Online Edit operation was started).

The WorkShop/TISOFT Ladder Editor displays rung information based on the RLL Source Code.
Because of this, the status information provided in the Ladder Editor window can be confusing and
misleading while the PLC is running in EDIT mode.

For example:

The following rung is in the original PLC program running in the PLC.

-
LAD Network 2 Address ¢ =

CLOSE MOV MOV OPEN CLOSE

INTERLOCE OVERLOAD SEAL-IN COMMAND
Cl0 23 27 C210
11 1,1 I 1 Y
11T L | L | bl td

During Online Edit, it was changed as shown below and PLC transferred to EDIT mode.
Now the Ladder Editor shows the following:

]
LAD Wetwork 2 Address € =
CLOSE OFEN MOV CLOSE
INTERLOCE COMMAND CLOSE LIMIT | COVERLOAD COMMAND
Cl0 clz 3z 14 czlo
I 1 11 11 |1 ¢
1 T 14T L | 1 r -
DATAT - TMR_TEST2 (Onling) | = || B |[a3a]
A ddress Taa | Description Yalue Tin
ci0 CLOSE INTERLOCK. OMDT| &
c12 OFEM COMMAND OFF 01
H2AT MO0 OPEM SE&L-IN OM D1
14 MOV OWVERLOAD OFF D1
210 CLOSE COMMAMND oM D
L

The rung operation appears to be incorrect because the Output C210 is ON even though input X14 is
OFF. Actually, the PLC is still executing the original rung and operation is correct.

e Read RLL Network being edited

This allows WorkShop/TISOFT to extract all RLL Network that is being edited from the RLL
Program data file.

e Delete Network (if RLL network is being deleted)
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a)

b)

16

The RLL Network data (read above) is removed from the RLL Program by shifting remainder of
the RLL program forward by the number of bytes in the rung that was deleted.

Insert Network (if RLL network is being added)

The new rung is inserted starting at the file position where the edited RLL Network began, and
the remainder of the RLL Program is shifted down by the number of bytes in the rung that was
added.

Modifying an existing rung

This operation involves Deletion of the previous rung (RLL Network being edited) and Insertion
of the new rung. Both of those operations are described above.

Transfer to RUN Mode

This operation is triggered by choosing ‘Yes’ in the following pop-up dialog after user selected
transfer to RUN mode via the Ladder Editor.

505 WorkShop x

"9" Run the PLC?

Yes Mo

The following actions are then performed:

If syntax error was detected during last edit operation, 505 WorkShop prevents the transfer to
RUN mode and displays a message indicating the RLL Network where error is located as shown
below. This prevents a failed compile (and resulting Fatal Error) and allows the user to correct
the error condition.

505 WorkShop x

! . Unable to change PLC mode.

lllegal instruction found in program memory network 20
during transition from program mode to run mode.

NOTE: If using TISOFT, this ‘Syntax Check’ must be initiated manually.

Compile of PLC Program Source code is initiated. While the RLL Source is being compiled (can
take up to 6-7 seconds for very large RLL programs), the PLC program execution (RLL,
SFP/SFS, Alarms and Loops) and communications (Serial or TCP/IP) are suspended.

All Remote I/O bases/modules are held at ‘last state’ via “keep-alive” commands sent out by the
PLC about every 350-400 msec.

Profibus-DP Master continues to run using last “output” data. “Input” data is not processed
during the compile.
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c) If the compile is successful, the PLC starts executing the new RLL compiled code and resumes
normal processing at the start of the next PLC scan cycle. At this point, the Ladder Editor
displays match the executing code.

2.4.5 Potential Sources of Run-Time Edit Compile Errors

Following are some conditions that will cause the RLL compile to fail, resulting in the controller being
placed in PROGRAM mode with outputs frozen, if executed. Always execute a syntax check before
attempting to go to RUN mode.

SKP Instruction without a Corresponding LBL

There must be a LBL statement associated with each SKP instruction and it must occur in the same
program segment (SBR or TASK) as the SKP instruction.

SBR instruction without a terminating RTN
A subroutine must be terminated by an unconditional RTN instruction.

GTS, PGTS or PGTSZ without corresponding SBR

The subroutine referenced by a GTS, PGTS, or PGTSZ instruction must be defined before it can be
referenced.

Use of unsupported features

Your RLL program must not use an instruction that is not supported by the firmware release installed
in your controller or reference undefined or unconfigured data elements. This condition may not be
detected by all versions of all programming software tools.

Exceeding L Memory

When you modify or add networks to an RLL program using the run-time edit function, it is possible
for the edited program to exceed the amount of L-Memory that has been configured. If the configured
L-Memory capacity is exceeded, one or more networks at the end of the program will be deleted

2.46 Additional Considerations

When you edit an existing network, Workshop or TISOFT will delete the existing network and then
insert the edited network in its place. If the original network contains an instruction with retained state
information and this instruction remains in the network after the edit, you may experience unexpected
results when transferring to RUN mode. These unexpected results occur due to initialization of the
state information for the “retained state” instruction.

For example, an existing network contains a One-Shot contact that passes power flow for one scan
when detecting an OFF-to-ON input transition. If the One-Shot input condition has been TRUE for
more than one scan, the output coil is turned OFF and will remain OFF until the input state goes
FALSE and back TRUE. However, if the network is edited at this point, the “retained state” of the
One-Shot will be lost and re-initialized when the program is compiled so that the output coil will turn
ON for one scan immediately following the transfer to RUN mode.
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WARNING

Take extreme care when performing a run-time edit on an existing network that
contains one or more “retained state” instructions. When returning to RUN mode
following the edit, these instructions are re-initialized during the program compilation.
This may cause the network output coil(s) to temporarily change state.

You may experience unexpected results that could result in damage to equipment
and/or death or serious injury to personnel. If you must edit a network containing

one of these instructions, you must consider the effect upon the process caused

by this initialization and ensure that the process state can safely handle this effect.

The instructions with retained state information are shown in the following table.

Operation of Retained-State Instructions in Networks affected by Run-Time Edits

Instruction Initial Condition After Run-Time Edit

CTR Initialized to require OFF-to-ON transition of the count input. TCP (count preset) is
set to the instruction’s preset value and TCC (current count) is set to 0.

DCAT TCP (time preset) and TCC (Time Remaining) are set to the Preset value in the

MCAT DCAT/MCAT instruction. As a result, the Alarm Timer is restarted

DRUM DSP (Preset Step) and DSC (Current Step) are set to the Preset Step specified in

the DRUM instruction. DCC (Current Count) is set to the programmed count for this
Preset Step. The process is now controlled by the Preset Step.

DSET Initialized to require a OFF-to-ON transition of the input.

EDRUM The Count Preset values for each of the Drum steps are copied from the EDRUM

MDRMD instruction to the corresponding DCP (Count Preset) variables. DSP (Preset Step)
MDRMW and DSC (Current Step) are set to the Preset Step specified by the instruction and

DCC (Current Count) is set to the programmed count for this Preset Step. Finally,
the Jog Input is initialized to require OFF-to-ON transition. The process is now
controlled by the Preset Step.

MWFT The Table Pointer is set to the table base and the Move Count is set to 0.
MWTT

(O] Initialized to set the Output on the first scan for which the Input is TRUE.

SHRB Initialized to require an OFF-to-ON transition on the input.

SHRW

TMR TCP (Time Preset) and TCC (Time Remaining) are set to the Preset value in the
TMRF TMR/TMREF instruction. As a result, the Timer is restarted.

TSET Initialized to require an OFF-to-ON transition of the input.

ubC Initialized to require an OFF-to-ON transition of the Count input. TCP (Count

Preset) is set to the specified value and TCC (Current Count) is set to O.
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2.5 Performing SF Program Online Edits
This section details the Online Edit operations for the CTI 2500 Series PLCs.

251 Organization of SFPGM/SFSUB Memory

All SF Programs are stored sequentially in S-Memory with SFPGMs first followed by SFSUBs. The
lowest numbered is first (SFPGML is first if it exists) followed by the next higher number.

If a new SF Program is added, it is inserted into its proper position and all other programs are shifted
as needed. The same situation applies if a SF Program is deleted or edited. Any edit operation that
uses more or less memory causes a shift in SF Programs stored in subsequent S-memory positions
(see NOTE below).

The memory organization provides very efficient program storage, but it also has the disadvantage of
allowing an edit of one SF Program to cause all other SFPGMs/SFSUBs that follow in S-Memory
structure to be disabled while the S-Memory area is being shifted.

IMPORTANT NOTE
Each Online Edit to a SF Program that includes a change to amount of memory used (add/delete line
or add/delete a parameter in an expression) will result is S-Memory being shifted to accommodate the
change.
This operation causes the SF Program being edited and all of the SFPGMs/SFSUBSs that are stored
in S-Memory following it to be disabled while memory is being shifted.

This operation usually can be completed within one PLC scan in most PLC programs. However,
performing SF Online Edit on PLC programs containing a large number and/or size of SF Programs
can result in extended disabled times for multiple SF Programs.

See recommended settings to minimize this issue in Section 2.5.4.

2.5.2 Differences between CTI 2500 Series and SIMATIC 505 SF Programs

All SFPGM/SFSUB programs in the CTI 2500 Series PLC run as “compiled” programs. This allows
them to run much faster that interpreted programs, but it requires that each program meet very strict
syntax requirements in order for the compile operation to succeed.

SIMATIC Series 505 PLCs with PowerMath™ option allow “compiled” SF Programs with the same
requirements as CTI 2500 Series PLCs. The difference is that these controllers also allow
“interpreted” SF Programs with less syntax rules.

253 Online Edit Operation for SF Programs

Online Edit of SF Programs is allowed, but it is not supported in the same way as done with the RLL
program. Online Edit of RLL program includes a run-time EDIT mode that allows changes to multiple
networks to be entered but not executed until the PLC is transferred to RUN mode.

The CTI 2500 Series PLCs do not include a similar EDIT mode for SF Programs. Below are the rules
for SF Program Online Edits:
e An SF Program Online Edit can consist of any of the following operations:
o Add, delete, enable, or disable a SFPGM or SFSUB
o Modify SF Program Header, including Title, Program Type, and Error Handling
o Add or Modify one SF statement (line) of existing SFPGM/SFSUB
o Delete one or range of consecutive SF statements
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e The PLC stores and compiles the entire SF Program as soon as it is “accepted” by the
user. The SF Program is disabled during this operation.

o Ifthe SF Program was enabled at the start of the edit operation and the operation is
successful, the SF Program is re-enabled.

o If the compile fails (see explanation below), the SF Program is disabled and must be
manually enabled via the SF Program Header dialog box.

e Because each SF statement is compiled immediately after it is changed, there are cases
that can result in the SF Program failing to compile. The insertion of any of the following
statements during Online Edit will cause the SF Program to be disabled:

o Add or Delete a ‘GOTO’ statement without a corresponding ‘LABEL’
NOTE: This can be averting by adding the ‘LABEL’ or deleting ‘GOTO’ first.

o Add or Delete ‘IF’, ‘ELSE’, or ‘ENDIF’ without corresponding statements
NOTE: Since it is not possible to add multiple statements on the same line, a new
‘IF-ENDIF’ segment cannot be added to a SF Program during Online Edit without
disabling the program. It is possible to add an ‘ELSE’ statement to an existing ‘IF-
ENDIF’ segment.

o Addition of ‘FOR’ or ‘NEXT’ without corresponding statement
NOTE: Since it is not possible to add multiple statements on the same line, a new
‘FOR-NEXT’ segment cannot be added to a SF Program during Online Edit without
disabling the program.

o Addition of ‘WHILE’ or ‘ENDWHILE’ without corresponding statement
NOTE: Since it is not possible to add multiple statements on the same line, a new
‘WHILE’ segment cannot be added to a SF Program during Online Edit without
disabling the program.

o Addition of "SWITCH’, ‘CASE’, or ‘ENDSWITCH’ without corresponding statements
NOTE: Since it is not possible to add multiple statements on the same line, a new
‘SWITCH’ segment cannot be added to a SF Program during Online Edit without
disabling the program.

2.54 Recommendations for SF Program Online Edits

20

If the Online Edit involves a minor change that can be accomplished within the “one
statement at a time” restriction, it is possible to perform those modifications by a SF Program
Online Edit.

For more complex changes requiring Add/Delete/Modify of multiple lines in a SF Program, we
highly recommend that the SF Program be disabled (in SF Program Header) before
modifying an existing SF Program. This will ensure that the SF Program is not executed while
edits are in progress. The SF Program can then be manually ‘Enabled’ after edits are
completed.

The time required to store, compile and re-enable the SF Programs after each edit depends
on the number and size of SF Programs that exist. This time can be minimized by setting the
‘PLC Scan Time’ settings as described in Section 2.3.

If it is absolutely necessary to modify multiple statements in an existing SF Program without
disabling it for an extended period, there is one work-around to this restriction by using the
[Load by Parts] feature in WorkShop or TISOFT. This allows you to edit SF Program(s) off-
line and then download the entire programs to the PLC while it is in RUN mode.
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The SF Program is disabled only during the time while the PLC is overwriting the existing
program. After the complete SF Program is received, it is automatically compiled and enabled
(if compile is successful).

The drawback is that the [Load by Parts] function downloads all items in the specified group
(SFPGMs or SFSUBS) that exist in the off-line program. You cannot specify an individual SF
Program to download. This can result in the SF Program(s) being disabled for an extended
time if many SF Programs exist in the PLC Program. However, there is also a work-around
for this in the procedure described below:

Procedure to perform SF Program Online Edit via [Load by Parts] feature:
1. Save current PLC program to disk or use an existing offline copy of running program.

2. Open PLC program offline. Delete all SF Programs in SF group (SFPGMs or SFSUBS)
except the ones that need modification.

3. Modify SF Program Header, statements, and/or Error Handling settings. The number of
the SF Program must remain unchanged.
Connect to PLC and select [Load by Parts].

5. Choose ‘Load SF Programs’ or ‘Load SF Subroutines’ and press [OK].

2.6 Online Edits to Alarm and Loop Blocks

The CTI 2500 Series PLCs allow unrestricted changes to Analog Alarm and PID Loop control block
configurations while the PLC is in RUN mode.

The following changes to Alarms and Loops are permitted during an Online Edit:

¢ New Alarm/Loop block can be created on the condition that that unused S-Memory is available.
o Each Alarm block requires about 125 bytes of S-Memory
o Each Loop block requires about 175 bytes of S-Memory

e Existing Alarm/Loop block can be deleted.
e Existing Alarm/Loop configuration can be modified, enabled, or disabled.

All changes to Alarm/Loop control blocks take effect at the end of the PLC cycle when the change
was “accepted” (when [OK] button is pressed).
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CHAPTER 3 RELAY LADDER LOGIC

3.1 Overview

This section describes the RLL Instruction Set supported by the 2500 Series controller. This set of
instructions can be used to develop and modify the control program executed by the controller. Errors
within the control program can result in inconsistent and unexpected behavior. It is important that the
operation of each instruction is understood and verified before using the program to control field devices.
In particular, the programmer must be aware of the instructions that retain state information and require
multiple PLC scans to complete. These instructions (such as TMR and CTR) must be assigned a unique
Reference Number corresponding to the memory type used.

The syntax and parameters for each instruction are provided along with a functional description of
operation and usage examples. Any restrictions in parameter fields (such as Reference Number, memory
type, and/or limits of constant values) are indicated in the description for each instruction.

Following is a list of the 2500 CPU RLL Instruction Set by functional category. A more detailed description
is included in the specified Section.

3.2 RLL Instruction Summary

3.2.1 Relay Instructions

The primary function of RLL network is to control the state of one or more outputs based on input
conditions. Inputs and Outputs can represent actual field devices such as switches, relay contacts, and
relay coils or internal memory locations. The 2500 Series CPU supports the following instructions to
simulate relay logic operations.
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Relay Instructions

Instruction

Description

Section

—

Open Contact
Evaluates TRUE and passes power when referenced bit is ON (1).
Evaluates FALSE and turns off power flow when bit is OFF (0).

341

—/

Closed Contact
Evaluates TRUE and passes power when referenced bit is OFF (0).
Evaluates FALSE and turns off power flow when bit is ON (1).

3.4.2

—|NOT|—

Logical NOT Contact
Inverts power flow to opposite state.

3.4.3

—

One-Shot Contact
Passes power for a single scan when Input transitions OFF to ON.

3.4.4

—(

Normal Coil
Sets referenced bit to state of power flow passed to coil
(i.e., turns ON when power flow is present).

3.4.5

——

NOT Coil
Sets referenced bit to an inverted or opposite state of power flow at coll
(i.e., turns OFF when power flow is present).

3.4.6

—( SET)—

Set Coil
Sets specified bit ON only when power flow is present. Remains
unchanged when power flow to coil is absent.

3.4.7

—( RST)—

Reset Coil
Sets specified bit OFF only when power flow is present. Remains
unchanged when power flow to coil is absent.

3.4.8

1

Immediate Open Contact
Performs an Immediate I/O Read on referenced bit and executes like
Normal Contact.

3.4.9

—V—

Immediate Closed Contact
Performs an Immediate /0O Read on referenced bit and executes like
NOT Contact.

3.4.10

1)

Immediate Coil
Sets referenced bit to state of power flow at coil and executes an
Immediate 1/O Write to update the digital output point.

3.4.11

-

Immediate NOT Caoil
Sets referenced bit to inverted state of power flow at coil and executes
an Immediate I/O Write to update the digital output point.

3.4.12

—(SETI)—

Immediate Set Coil

Sets specified bit ON and performs an Immediate I/O Write to update
digital output point when power flow is present. Remains unchanged
when power flow to coil is absent.

3.4.13

()

Immediate Reset Coil

Sets specified bit OFF and performs an Immediate I/O Write to update
digital output point only when power flow is present. Remains
unchanged when power flow to coil is absent.

3.4.14

The contact represents an input condition that is evaluated as ON or OFF. The condition to be monitored
is determined by the address assigned to the contact. A field device is designated by an image register
address, and an internal memory location is represented by assigning an address in one of the CPU-

memory areas such as control relays or variable (V) memory.
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3.2.2 Electro-mechanical Operations (Timer / Counter / Drum)

Timer / Counter / Drum

Instruction Description Section

CTR Up Counter 35.1
Counts events to a preset value
Discrete Control Alarm Timer

DCAT Provides a device transition timer between Open/Closed positions and 3.54
sets alarm when time preset exceeded

DRUM Time Driven Electro-Mechanical Stepper Switch 358
Executes up to 16 steps that control up to 15 discrete outputs -

EDRUM Time/Event Driven Electro-Mechanical Stepper Switch 3509
Executes like DRUM with feature to advance step by time and/or event T
Motor Control Alarm Timer

MCAT Device transition timer (similar to DCAT) with bi-directional motor control | 3.5.5
inputs
Mega-EDRUM

MEDRM Executes like EDRUM with added features of configurable number of 3.5.12
steps (16-128) and output coils (16-128)
Maskable Event Drum with Discrete Outputs

MDRMD Executes like EDRUM with configurable control mask for outputs 35.10
Maskable Event Drum with Word Output

MDRMW Executes like MDRMD with output written to internal memory location 3.5.11
instead of output coils
On-Delay Coil

ONDC Sets specified coil ON (TRUE) when referenced Timer expires 3.5.6
Off-Delay Coil

OFFDC Sets specified coil OFF (FALSE) when referenced Timer expires 3.5.7

TMR On-Delay Timer - 100msec resolution 353
Event timer that sets output when complete o
On-Delay Fast Timer - 1Imsec resolution

TMRF Event timer that sets output when complete 353
Up-Down Counter

ubc Computes difference between “Up” and “Down” events 3.5.2
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3.2.3 Relational and Comparison Operations

Relational and Comparison Operations

Instruction Description Section

CMP Compare Two Signed Integers 36.1
Compares values for Less Than, Greater Than, or Equal o
Compare Equal

EQU Sets output when values are Equal 3.6.2

GEQ Compare Greater or Equal 36.3
Sets output when value (A) Greater or Equal to value (B) o
Compare Greater Than

GTR Sets output when value (A) Greater Than value (B) 364

IMC Indexed Matrix Compare 368
Compares 15 discrete points to predefined bit pattern and reports match. o

LEQ Compare Less or Equal 365
Sets output when value (A) Less Than or Equal to value (B) o
Compare Less Than

LESS Sets output when value (A) Less Than value (B) 3.6.6
Compare Not Equal

NEQ Sets output when values are Not Equal 3.6.7
Scan Matrix Compare

SMC Compare 15 discrete points to 16 different bit patterns and reports 3.6.9
matched pattern
Search Table for Equal

STFE Finds next occurrence in table that is Equal to source word 3.6.10
Search Table for Not Equal

STFN Finds next occurrence in table that is Not Equal to source word 36.11
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3.2.4 Bit Operations

Bit Operations

Instruction Description Section
BITC ggts(,:(ljeeasrignated bit position OFF (0) 3.7.1
BITS Egtf Stesignated bit position ON (1) 3.7.2
BITP :Br:;llcpzil(t::s statg of designated bit position 3.7.3
SHRB Elr:iftsglefztgilz'?egrlifseers discrete memory 3.7.4
SHRW \évhoifrthig:;tteRri%iesée\;—Memory 3.7.5
WROT \é\gi;grrigts:)etate Right operation on 4-bit segments within word 3.7.6
3.2.5 Math Operations
Math Operations
Instruction Description Section
ABSV égrsnop:tljttees\;%l:ciute value of signed integer 381
ADD é(cj);jnputes _Sum of 2 signed integers 382
CBD ggg\\//;ré Iigrzpezrgrtt%_ggg equivalent 3.8.7
CDB gg;\\//:rré I?SCC::DD tt?) li?"nltr(]agg equivalent 388
DIV gg’r:speutes Quotient of long (32-bit) integer / signed integer 385
MUL ggl’l:;%{es long (32-bit) Product of 2 signed integers 384
SQRT ?:gumegl?t(?soiﬁ:eger SQRT of long (32-bit) integer 386
SUB iggwt;r)i(t:és Difference between 2 signed integers 383
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3.2.6 Logic Operations

Logic Operations

Instruction | Description Section
TAND Iggilfa}?ALan(l:i?;Dponding bits in 2 tables 3.9.4
TePL Iavarts st of each hit i tahle 3.9.7
TOR Iggilfa}%gaséfrgsionding bits in 2 tables 3.9.5
TXOR -Il_—ggilfa}c;(-l(;??blceor):é)szonding bits in 2 tables 3.9.6
WAND \(/:Vc?r;%tﬁglleogical AND of 2 words 39.1
WOR \(/;Vc?r:%g; logical OR of 2 words 3.9.2
WTTA \Ii\(/)c;gatlcjﬁ\ll%bﬁt? il\rllz,ource word with corresponding bits in word within table 3.9.8
WTTO \If\(/)cé:(cjatlooLagilé (i?1Rsource word with corresponding bits in word within table 3.9.9
WTTX \If\(/)(;zgatlc;(-(r)??blbeit;( %Rsource word with corresponding bits in word within table 3.9.10
WXOR \C/:V(;)n?::)lﬁgsRlogical XOR of 2 words 39.3
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3.2.7 Word / Table Move Operations

Word / Table Move Operations

Instruction | Description Section

MIRET Mov_e Image Reglster from Table 310.7
Copies table to discrete points

MIRTT Moye Imgge Reglgter to Table 310.8
Copies discrete points to table

MIRW Moye Imgge Reglster to Word 3.10.5
Copies discrete points to word
Move Element

MOVE Copies bytes, words, or long words 3.10.9
Move Word

MOVW Copies up to 256 consecutive words 3.101
Move Word with Index

MWI Copies designated number of words using array-type index 3.10.2

MWIR Moye Word to Image Regllster 3.10.6
Copies word to discrete points
Move Word from Table

MWFT Copies word within table to designated location 3103
Move Word to Table

MWTT Copies word into designated word within table 3104
Table to Word

TTOW Copies designated word within table to another word 3.10.10
Word to Table

wToT Copies word to designated location within table 31011
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3.2.8 Program Control Operations

Program Control Operations

Instruction | Description Sesilon
End

END Absolute end of RLL program 3.11.1
Conditional End

ENDC Terminates RLL program scan when TRUE 3112
Go to Subroutine

CTS Calls specified RLL Subroutine 3.11.6
Jump

IMP Starts “Output-Freeze” program segment 3.11.3
Jump End

JMPE Ends “Output-Freeze” program segment 3.11.3
Label

LBL Ends program segment started by SKP 3.11.4
Master Control Relay

MCR Starts “Output-Clear” program segment 3.11.5
Master Control Relay End

MCRE Ends “Output-Clear” program segment 3115
Parameterized Go to Subroutine

PCTS Calls RLL Subroutine with parameter list 3.11.7
Parameterized Go to Subroutine - Zero

PGTSZ Calls Subroutine with parameter list. 3.11.8
Zeroes all Discrete parameters when input is OFF.

PID Call PID Loop 31111
Calls designated “Fast Loop” for immediate execution S
Return

RTN Ends RLL Subroutine 3.11.10
Start of Subroutine

SBR Starts program segment executed only when called by GTS, PGTS, or 3.11.9
PGTSZ instructions
Special Function Program

SFPGM Calls SF Program for execution 3.11.12
SF Subroutine

SFSUB Calls SF Subroutine 3.11.13
Skip-to-Label

SKP Starts segment where control logic execution based on input state 3.114
Main RLL / Cyclic Task Delimiter

TASK Starts main RLL/Cyclic task 3.11.14
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3.2.9 Special Operations

Special Operations

Instruction Description Seaiar
DCMP gg’ltﬁpifgp;l_lr_g Date to memory locations 31121
DSET g::se Ig'?tc Year, Month, Day, and Day of Week values 3.11.20
IORW :mnrqsgi;\atteeljglseeaiid(-)\;v\z\lltrie operation 3.11.22
LbC tgzgsDrr?;%g?ynasctiz?etss with positive integer 3.11.16
LDA t(())Z?eg\ %%riszlsaddress to memory location 3.11.17
NOP No Operation 3.11.95
RSD éggissgrﬁigjs?[?szlt;/e diagnostic data to designated memory area .
TCMP gg:nepgrc;r;] %E_ilfg Time to memory locations 3.11.19
TEXT -[r)f))c(:tjri(v)a)r(\tation and/or user data area 3.11.24
TSET QeTSeRSTeCt: Hour, Minute, and Second values 3.11.18
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3.3 RLL Memory Access

The following data elements are accessible from the RLL program:

Type Format RLL Access

K — Constant Memory Word (16 bit) Read Only

C — Control Relay Bit Read/Write

X — Discrete Input Bit Read Only

Y — Discrete Output Bit Read/Write

WX — Word Input Word (16 bi