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| NTRODUCTION

The Cyberlogic OPC Server provides OPC Data Access, Alarms & Events and XML Data
Access functions. Its modular structure supports a variety of industrial devices and
communication networks. As a result, the server maintains a set of common features, but
has the flexibility to allow the addition of optional features as required for specific
applications.

Math & Logic is one of these optional features. With it, you can create mathemati cal or
logical functions that can operate on any data items that are available to the OPC server.
The results of the functions are available as OPC dataitems to any attached OPC client.
The full-featured Math & Logic is included with the following Cyberlo gic products:

1 DHX OPC Premier Suite
MBX OPC Premier Suite
OPC Crosslink Premier Suite
OPCDatacenter Premier Suite
DHX OPC Enterprise Suite
MBX OPC Enterprise Suite

=A =4 =4 =4 -4 =4

OPC Crosslink Enterprise Suite

This document includes only the information that is specific to the Math & Logic
feature. For information on the common features of the Cyberlogic OPC Server, refer to
the Cyberlogic OPC Server Help

Pre -Programmed and Demo Math & Logic ltems

The Cyberlogic OPC poducts that do not include the full -featured Math & Logic do have
a limited Math & Logic capability. There are two parts to this:

You can configure Math & Logic data items that use pre-programmed trigger and switch
applets. Wi t h t hese ap pwrigetasy, programs. Yduosm@ly configure the
applet through a dialog, and the pr ogram code is then automatically generated. The
generated code cannot be modified, but it will run unrestricted. You will find these
applets very useful as enable or trigger signals.

You can also create Math & Logic data items that use custom programs, but you can run
them only in demo mode. This means that they will run only for the first two weeks after
the software is installed, and after that will run only for two hours after the system is re-
booted. This allows you to try out the Math & Logic feature, but you should not use
these demo-mode programs in your application.

The names of Math & Logic data items that run in demo mode are shown in the
Address Space tree in a dfferent font color, to distinguish them from data items that
are fully functional. In most systems, they will use a blue font instead of the black font
that other data items use. However, these colors are taken from the Windows system
colors and may be different on your system.

Cyberlogic Technologies Inc. -7-


Cyberlogic_OPC_Server_Help.pdf

Math & Logic Help

The Math & Logic Program Types section has complete information on the pre-
programmed triggers and switches.

Compatibility and Compliance

Math & Logic is a feature o f Cy ber | og iOP® proddcta. mihel Cyberlodic OPC
Server can provide data to any OPC Foundation compliant client from any supplier.

Cyberlogic OPC products provide full compliance with the OPC Foundation specifications

for:

f
f
f
f

Data Access 3.0, 2.05a and 1.0a
Alarms & Events1.1
XML Data Access 1.0

Data Access Automation 2.02

These products are tested for compliance to the OPC specifications using the latest test
software from the OPC Foundation. All Cyberlogic OPC products are certified for
compliance by the OPC Foundation'sindependent Testing Laboratory. In addition, they

ar e

tested annually for interoperability

Interoperability Workshops.

Cyberlogic Technologies Inc. -8-
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WHAT SHoOULD | DO NEXT?

The links below will take you directly to the section of this manu al that contains the
information you need to configure, use and troubleshoot Math & Logic.

This document describes only the features specific to Math & Logic. For information on
the common features of the Cyberlogic OPC Server, refer to the Cyberlogic OPC Server

Help.

Learn How Math & Logic Works

If you are not familiar with the way that Math & Logic performs its operations and
provides results to OPC clients you should begin by reading the Theory of Operation.

Read a Quick -Start Guide

First-time users of Math & Logic will want to refer to the Quick Start Guide for a step-by-
step walk through a typical configuration session.

Get Detailed Information on the Configuration Editors

Experienced users who want specific information on features of the configuration editors
will find it in the Configuration Editor Reference section.

Veri fy $Waking dr Tréaubleshoot a Problem

If you have already configured the server, you should verify that it operates as expected.
Refer to the Validation and Troubleshooting section for assistance. In case of runtime
problems, this section also provides problem-solving hints.

Print a Copy of This Document

The content of this document is also provided in PDF format. Use the Adobe® Reader
program to view and print the PDF file.

Contact Technical Support

To obtain support information, open the Windows Start menu and go to Cyberlogic
Suites , and then select Product Information

Cyberlogic Technologies Inc. -9-
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THEORY OF OPERATION

This section will familiarize you with the main features of the Cyberlogic OPC Server as
they relate to Math & Logic. Refer to the Cyberlogic OPC Server Heldor a full discussion
of the common features of the Cyberlogic OPC Server. If you are new to OPC or the
Cyberlogic OPC Server, we strongly recommend that you read the OPC Tutorialffirst. You
will find it in the Help section of your product installation.

——
——

OPC Client
Application
Field Com ponents

The basic function of an OPC server is illustrated in the figure above. The server obtains
data from field components and presents it, in a standard way, to OPC client
applications. Typically, these field components are PLCs or similar devices. More
advanced servers will also allow you to process the incoming raw data prior to making it
available to the client applications.

Math & Logic

Math & Logic is an optional feature for Cyberlogic's OPC Server which allows you to
write programs in the C-logicE programming language. These programs can include
complex mathematical and logical functions that operate on one or more data items. The
results appear as data items that are available to the OPC clients.

Cyberlogic Technologies Inc. -10 -


Cyberlogic_OPC_Server_Help.pdf

Math & Logic Help

+= & = OwvenTemperature - Math And Logic Editor »

Home Functions | Expressions

true ; CONST DATETIME ; + - ; else if ;
Constants P} Variables P Operators P} Statements P
Code View
rrrrrr ] b=
1 ITEM Temp3 ("Main Process Control.Oven Temp 3"); =
z ITEM TempZ ("Main Process Control.Oven Temp 2"): =
3 ITEM Templ ("Main Process Control.Oven Temp 1"): 3
4 double varlvg:
5 int varCount;
& varAvg =
7 varCount = 0;
g
9 /f Verify that at least one sensor value is good
10 if(!IsQualityGO0D (Templ) &£& ![IsQualityGOOD (TempZ) &£& !IsQualityGOOD (Temp3))
113 {
1z // Beport the sensor failure and exit
13 vardvg.Quality = QUALITY SENSCR FAILUEE;
14 L - -
15 else
18[9
17 //Use only good sensors for the average
18 if (IsQualityGCCOD (Templ) )
134 {
20 varhvg = varavg+Templ:
z1 varCount = varCount+l;
2z | }
23 if (I30ualityGCOD (Templ) )
24 [ {
25 varhvg = varavg+Tempz;
Zg varCount = varCount+l;
27 | }
Z8 if (I30ualityGCOD (Temp3) )
NS {
30 varhAvg = varavg+Temp3:
3l varCount = varCount+l;
3z | }
33 J/ Calcocunlate the average temperature
34 varAvg = varAvg/warCount;
3z Ly
36 // BReturn the new temperature value
37 return varivg:
Status

A typical program associated with a Math & Logic data item

Advantages of Server -Based Math & Logic

Basic OPC servers get data fromfield devices, such as PLG, and present it to OPC client
software. They may provide a limited ability to convert the values into engineering units,
and may also have some ability to simulate the data. If you need to do anything more
complex than those simple functions, the client software will have to handle it.

That may be acceptable for simple systems. But if your needs require you to program
numerous clients to perform the same calculations, that approach quickly becomes
inefficient and error-prone. Furthermore, it limits your choice of client software to high -
end packages that include the needed Math & Logic functions.

A far better approach is to use Cyberlogic's Math & Logic to process the data in the OPC
server. This has several advantages:

1 You program the calculations and logical functions once for the entire
system.

Cyberlogic Technologies Inc. -11-
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1 The programs are located and maintained on a single system for easy
maintenance. All clients will receive the same data.

1 A single Math & Logic engine for all of your users means that you have only
one editor and one programming language to learn.

1 You will not need to purchase client software to perform the Math & Logic
functions.

1 Your client software options are not limited to only those packages that
include Math & Logic functions.

Math & Logic Applications

Math & Logic provides you with a general programming language, C-logic, that gives you
the freedom to manipulate the data as you wish. This opens many possibilities.

Conversion
Most OPC servers have simple linear and squareroot conversion functions built-in. With
Math & Logic, you can create much more complex conversions that involve:

1 Logarithmic, exponential, stepwise or other types of functions

1 dipping and range limiting

1 Conversions that can be controlled by data items, allowing you to adjust
their parameters in real time

Simulation
Not only can you generate a nearly limitless variety of waveforms, but you have a broad
range of control over them. Possbilities include:

1 Two sine waves, with an adjustable phase difference

I Two square waves in quadrature to each other, to simulate an encoder

Alarms
Instead of simple alarms that trigger when a value is outside of predetermined limits, you
can program alarms for much more complex scenarios

1 A process with temperature requirements that vary depending on the
pressure, so you want an alarm when the combination is out of limits

1 Atank's fluid level is dropping too rapidly, even if it is still within limits

1 A flow rate with limits that vary depending on the current step in the process

Smoothing and Averaging

You can write programs that will minimize the effect of inconsistencies in sensor readings
or other measurements:

1 Average the readings of two pressure transducers

Cyberlogic Technologies Inc. -12 -
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1 Maintain a moving average of the last ten cycle times

1 Apply exponential smoothing to a temperature reading

Ranking Choosing and Voting

The comparison and logical functions allow you to program complex decisions:
1 Rank four machines in order of their cycle times

1 Identify which of three lines is the closest to going down for scheduled
maintenance

1 Turn off the heater when three out of four probes reach the temperature set
point

Interaction with Other Features

You can write programs to control other features of the Cyberlogic OPC Server:
1 Trigger Crosslink transfers
1 Enable and disable dynamic Access Paths

1 Execute other programs

Unique and Advanced Features of Cyberlogic's Math & Logic

Cyberlogic's Math & Logic implementation includes many advanced features, some of
which are unique to Cyberlogic.

Editing Features
1 Familiar programming syntax, similar to the C programming language
1 Program statements are color-coded, using configurable colors

1 Browse window for easy insertion of OPC data item variables

Performance and Diagnostics

1 Programs are compiled so they can execute in microseconds, far faster than
is possible with interpreted code

User can compile all programs with a single mouse click
Compiler can detect program errors at compile time

i Status tags available at runtime include: detailed runtime error information,
execution time, number of program executions

Power
1 Extensive set of preprogrammed functions
1 Each program can produce multiple outputs

1 A program can dynamically create data items in the address space, which
can be used asinputs, outputs or both

Cyberlogic Technologies Inc. - 13-
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1 Program execution triggered on input data change, by a trigger item, at a
fixed interval, or as scheduled by the program itself

Group execution criteria can be overridden for individual programs

Execution can be enabled and disabled dynamically if there are no
subscriptions to the data item

1 Math & Logic data items behave like all other data items: can be simulated,
used with conversions and alarms, and can be used in other Math & Logic
programs

Flexibility
1 Broad sdection of data types from 1 to 64 bits, including Boolean, signed
and unsigned integer, floating point, and string, as well as OPC UA data
types

Support for arrays
Works with DirectAccess data

1 Program inputs can override default deadbands and sampling rates with
individual settings

Continue with Main Server Featuresfor a general description of how Math & Logic fits
into the server configuration. For an example of how to configure this feature, skip to the
Quick Start Guide. Refer to Appendix A: C-logic Language Referencefor a complete guide
to the C-logic language.

Main Server Features

We will now look at the main features of the C yberlogic OPC Server, as they relate to
Math & Logic.

‘% CybOpcConfigurator.mdb - Cyberlogic OPC Server Configuration E][E|E|
File Edik Yew Tools Help

I P ElEEEE I
Geidiessinaes Mamne < Simulate | Descripkion

@ Conversions

[= simulation Signals
(3] Alarm Definitions

(B8 Metwork Connections
Database Operations
QP Crosslinks

Ready 0 Chject(s)

When you open the Cyberlogic OPC Server Configuration editor, you will find several
main trees. These trees represent the main areas that you will configure. Note that some
are for premium features th at may not be part of the product you have installed, so they
will not appear in your configuration. The trees are:

Cyberlogic Technologies Inc. -14 -
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Address Space Tree

This is where you actually configure Math & Logic. To do this, you will create Math &
Logic data items and organize these into Math & Logic Devices. You will then write a
program for each data item, which will calculate the value that will be assigned to it. For
detailed information on how to edit this tree, refer to the Configuration Editor Reference

Math & Logic Devices

Math & Logic devices group related data items in your configuration. All data items under
a device share some common controls and default settings. For example, the device
settings specify when the group is enabled, and the default conditions under which the
logic will be run. You can choose to enable logic execution, disable it, or use the value of
a data item to control the enable and disable. When execution is enabled, you can
specify that programs should run when the input data changes, at a fixed interval, or
when triggered by a change in the value of a specified data item. Each data item in the
device can use these default settings, or define its own.

Math & Logic Data ltems

You program the Math & Logic operation in a data item. When the program runs, its
result will be available to clients as the value of the data item. It is also possible for a
single program to have multiple output values. Refer to Data Item Declarations for more
information on how to do this.

Conversions Tree

The Conversions Tree is optional. In it, you can define formulas that can be used to
convert raw data values obtained from the field equipment into a form that is more

useful to the client. For exa mp | e, you can change a transducer

pressure value in psi. You can also apply conversions to Math & Logic data items. This
allows you to do the calculations on the raw values, and then use a conversion to
present the result in engineering units. Refer to the Cyberlogic OPC Server Heldor a full
discussion of this tree.

Simulation Signals  Tree

This tree is also optional. If you want to be able to use simulated data item values

instead of real values, you can create various types of simulated data functions in this
tree. Simulations are often useful for troubleshooting client applications. You might want
to simulate a Math & Logic data item initially, while you work on its program. Refer to the
Cyberlogic OPC Server Helgdor a full discussion of this tree.

Alarm Definitions  Tree

You will use this optional tree to interface to OPC Alarms & Events clients. This tree
allows you to define the desired alarm conditions and specify what information should be
passed as they occur and clear. When you apply these to a Math & Logic data item, the
result of the calculation will determine what alarm is triggered. Refer to the Cyberlogic
OPC Server Helpfor a full discussion of this tree.

Cyberlogic Technologies Inc. -15-
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Network Connections  Tree

This tree is where you configure communication to OPC servers, PLCs and other data
sources You will select the networks and interface devices you will use, and configure

each of the field components as nodes on those networks. This tree is not directly

involved in Math & Logic configuration. However, the network nodes you define here

typically provide the input data for the Math & Logic calculations. Refer to the driver

agent help files for more information.

Database Operations Tree

The Database Operations Tree is part of the logging feature, which is a premium feature.
If this tree is in your product, you can use it to configure databases and data logging
operations. Refer to the Data Logger Help for a full discussion of this tree.

OPC Crosslinks Tree

The OPC Crosslinks Tree is part of OPC Crosslink, which is a premium feature. If this tree
is in your product, you can use it to configure data transfers between PLCs, between OPC
servers and between PLCs and OPC serversRefer to the OPC Crosslink Helpfor a full
discussion of this tree.
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QuicK START GUIDE

Before you can use the OPC server, yu must configure it by using the OPC Server
Configuration Editor. Math & Logic users must configure the Address Space tree. In
addition, users who want to obtain data from PLCs or other OPC servers must configure
the Network Connections tree. The remaining trees (Conversions, Simulation Signals,
Alarm Definitions and OPC Crosslinks) are optional features used by some systems.

Sample Configuration Files

The default installation of all Cyberlogic OPC Server Suites includes a set of sample
configuration files. These samples will help you to understand how to configure the OPC
server for your project. In addition, the OPC Math & Logic sample provides you with
numerous sample programs that you can modify and use in your system.

To open a sample configuration file from the OPC Server Configuration Editor, open the
File menu and thenselect Open Sampl eé

’ @ Open @

-

Lookin: | . OPC ~| & Bk B

MNarme . Date modified Ty
|2 | Data Logger 5ample Configuration.mdb 12/9/2008 4:59 PM M
|2| DHX Sample Configuration.mdb 12/9/2008 5:24 PM M
|2 Math & Logic Sample Configuration.mdb 6/24/2010 4:32 PM M
|2| MBX Sample Configuration.mdb 127972008 4:59 PM M
|2| OPC Crosslink Sample Configuration.mdb 8/29/2008 1140 AM M

-

L] il

File name: | Open

Files of type: ||"-"|i|:n:-5|:|ﬂ Access Databases (" mdhb) j Cancel

A browse window will open to allow you to select the configuration file you want. The
available choices will depend on which OPC products you have installed.

The default location of the files is:

C:\Program Filed Common Files Cyberlogic SharedOPC.

Step - By-Step Example

This section shows how to configure the Address Space tree for Math & Logic. It does
not cover any of the other parts of the configuration. For a step-by-step example of how
to configure a complete OPC server, refer to the Cyberlogic OPC Server Help

You should use this example only as a guideline of how to configure the most common
features. For detailed information on all of the Math & Logic features, refer to the
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Configuration Editor Reference The software also includes a configuration file with a set
of sample programs. These will help you to understand how the various functions work.
They will also give you ideas about what you can do with C-logic, and they can be
modified and used in creating your own programs.

For this example, we will assume we have a process for which a temperature
measurement is critical. We have three temperature transducers and want to report the
average of their readings. However, if a transducer fails, we will average only the values
from the good transducers.

The procedure is divided into several sections:

1 Creating a Math & Logic Device

Creating a Math & Logic Data ltem

Editing the Math & Logic Program

Saving the Configuration and Updating the Server

f
1
f
1

Verifying Your Configuration

We will begin with Creating a Math & Logic Device.

Creating a Math & Logic Device

The Math & Logic device groups Math & Logic data items that share some controls and
default settings. For example, a device allows you to enable or disable its data items, or
to specify a data item that will control the enable status. It also allows you to specify the
default conditions under which the data items' programs will execute.

1. To start the editor from the Windows Start menu, go to Cyberlogic Suites , then
open the Configuration sub-menu, and then select OPC Server.

If you are running the Cyberlogic OPC Server Configuration Hitor for the first time,

the editor will prompt you for a configuration file. Click the dialog box's Create
New... button to start with an empty configuration.
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‘% CybOpcConfigurator.mdb - Cyberlogic OPC Server Configuration |._ E| E'
File Edit View Tools Help

(1O Sr 0~ EEEE EE S

- Address Space MName * | Simulate | Simple ... | DataT#
=@ Main Process Control [ Oven Temp 1 No Default v
@ Owen Temp 1 < [ >
@ Oven Temp 2 —
@ Owven Temp 3 =
FEE| Conversions )
87 simulation Signals E MBX Devyice _
(31 Alarm Definitions
+/- (8 Netwark Connections Leneral l Access Paths ] hzolicited Meszage Filters
+ OPC Crosslinks
Marne v
< | >
Ready 3 Object(s)

You will see the above screen. For this exercise, we will assume that the three
temperature sensors have already been configured. If you want to read about how
to do that, refer to the Cyberlogic OPC Server Help

BX

‘% CybOpcConfigurator.mdb - Cyberlogic OPC Server Configuration |._

File Edit Wew Tools Help
(WS Q|+~ = L]
=k 0 YR |Simulate | Description D
5137 Mail IR D=vice Foider .
& Corver VX odicon
3 Smiat
(3] Alarm D
+ {28 Networl
+ OPC Cry
Data Monitor
4
Insert Mew 'Device', 1 Object(s)

2. Right-click on the Address Space tree, then select New from the context menu,
and then Device and finally Math & Logic .

The editor will create a device and open it for editing.
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E Math And Logic Device

eneral l Settings ]

M ame

|F'ru:u:ess Maonitaring

Drezcription

[ Simulate [ Dizable writes
Device Logic Enable

* Enable
" Use Data ltern To Enable Interval

MEec
" Disable

| Add Mew Help

3. Select the General tab and enter Process Monitoring in the Name field.
4. Inthe Device Logic Enable section, select Enable .
This will keep the programs for all of th e data items in the device enabled to run.

5. Select the Seftings tab.

Cyberlogic Technologies Inc. -20-



Math & Logic Help

General Seftings l

Data Sampling
Interval

100 MEec

Run Logiz
[v On Data Change

E Math And Logic Device

[Deadband

0.000 %FS

[ Use Fixed Interval msec
[ Triggered
[tem 1D
[nterval Trigger Deadband Mode
msec: % F5

Apply |

Cancel |

| Help |

6. Inthe Run Logic section, check On Data Change .

This will cause the program to calculate the average temperature whenever there is
a change in any of the sensor values.

7. Uncheck Use Fixed Interval and Triggered .

8. Click Apply .

File Edit Wiew

TEAEST | Q|+ EEE

Tools Help

- Address Space
+ @] Main Process Contral
:-|'_|']- Process Monitoring
@ Conversions
5 simulation Signals
(3] Alarm Definitions
+ @ Metwork Connections
+ OPC Crosslinks

Ready

Mame £ | Simulate | Simple ...

Data Type

<

¥

E Math And Logic Device

0 Object(s)

L

Next, go to Creating a Math & Logic Data Item.
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Creating a Math & Logic Data ltem

The Math & Logic data item contains the actual program you want to execute, and
reports the result as the value of the data item. The data item editor also allows you to
modify the enable criteria and override the run criteria for the program.

#* CybOpcConfigurator.mdb* - Cyberlogic OPC Server Configuration |Z||E|[g|

File Edit View Tools Help
EHS T QO -~ R IEREEDE E
= Address Space Mame | Simulate | Simple ... | Data Type
+1- @] Main Process Control
il roces oo R P >
i Conversions Folder  Ctri+F —
~
53 simulation Signals Data Item Cirl+ i
" Rename
(31 Alarm Definitions _ ) )
31-{@8 Network Connect|  2UPicate-.. Math And Logic Device
+ OPC Crosslinks Delete B
Cut al Settingsl
Copy
ata Sampling
Data Monitor nterval Deadband
100 msec ||:|.|:||:":| %F
b
| >
Insert Mew 'Data Item'. 0 Object(s)

1. Right-click on the Process Monitoring Math & Logic device, then select New from
the context menu, and t hen select Data /tem .

The editor will create a data item and open it for editing.

Cyberlogic Technologies Inc. -22-



Math & Logic Help

Data Item

General | Frogram || Simulation | Alams | Properties |

Mame

|I:I\-'enT emperature

Description

[Jsimulate  [] Disable ‘Wiites
Program Type

| Custom | E]

[ Apply H Cancel ] Add Mew

2. Select the General tab and enter OvenTemperature inthe Name field.

Notice the red icon. This indicates that there is no valid compiled program for this
data item.
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Data Item

General | Program | Simulation | Alams || Properties

Logic

OPC Client

[ Auray i
Canonical Data Type Elernents Lower Bound [[] Use Conversion

YT_R& w

ey [ carcel |

3. Seled the Program tab, and then click the Edit... button.

The Math & Logic Editor will open.

OwvenTemperature - Math And Logic Editor

5 T
Home | Functions  Expressions
P a [+ I M. 4 = =2
Compile OPC Client | Cut Copy Select All Find Replace Comment Uncomment — Preferences Show Windows
Logic Clipboard Editing Options
Code View
>
] &
=
[
2
Status

Line Error

Next, go to Editing the Math & Logic Program.

Editing the Math & Logic Program

The Math & Logic Editor allows you to create, edit and compile your programs using
Cyberlogic's Glogic programming language. (Refer to Appendix A: C-logic Language
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Reference for detailed information on programming in C -logic.) Each program is part of a
Math & Logic data item, and so the editor is launched from within the data item.

For this example, we will need three temperature sensor inputs, which we assume have
already been configured as data items obtained from a PLC.

We will now create the program shown below.

ITEM Templ ( "Main Process Control.Oven Temp 1" );
ITEM Temp2 ( "Main Process Control.Oven Temp 2" );
ITEM Temp3 ( "Main Process Control.Oven Temp 3" );

double varAvg;
int varCount;

varAvg = 0;
varCount = 0;

/I Verify  that at least one sensor value i s good
if (MsQualityGOOD(templ) && !'IsQualityGOOD(temp2) &&
lIsQualityGOOD(temp3))

/I Report the sensor failure and exit
varAvg.Quality = QUALITY_SENSOR_FAILURE;

else

/I Use only good sensors for the average
if (IsQualityGOOD(Temp1l))
{

varAvg =va rAvg+Templ;
varCount = varCount+1;

}
if (IsQualityGOOD(Temp2))

varAvg = varAvg+Temp2;
varCount = varCount+1;

}
if (IsQualityGOOD(Temp3))
{

varAvg = varAvg+Temps;
varCount = varCount+1;

}

/I Calculate the average temperature
varAvg = varAvg/varCount;

}

/I Return the new temperature  value
return varAvg,

It is possible to simply type the program in the Code View pane just as it is shown.
Instead, we will use the editor's built -in tools to demonstrate how they can help in
creating your program.

Note
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4= [l r:é; y - OwvenTemperature - Math And Logic Editor x
|Hnme| Functions  Expressions
lla & _ F = 2
Compile Save & Update Server OPC Client || Cut Copy Paste Select All
Logic Clipboard i -
Code View Add items * B
i ——————————— =
----- Click here to browse :
[a)
3
E=z A I —
o= 2d |
Status
Line Error
i 1LY
=
1. Go to the Expressions ribbon, and click on Add /tems to open the Add Items

pane.

2. Click on Click here to browse .

The editor will populate the browser tree with all items in the server's Address Space
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4+ = v OwvenTemperature - Math And Logic Editor x

Home  Functions | Expressions

A

true CONST DATETIME = T

-

Constants I Variahles I

1]

4l
4l

Code View Add items

El- A_ddres& Space
-- | DirectAccess
2| Main Process Contral

SWiSl PPy

i [=| Owen Temp 2

i =| Owven Temp 3
-- ] Process Monitoring
E- _Status

2= 4| | additem

Status Deadband Ov False
Exclude From False

Line Errar Item Mame Templ

SRR

Item Name

The name assigned to this item
in the program.

3. Open the Address Space items to display a tree showing the available data items.
Notice that this includes status and DirectAccess items.

The data items we need have been configured as Oven Temp 1, Oven Temp 2 and
Oven Temp 3 in the Main Process Control PLC.

4. Select Oven Temp 1 to open its OPC Properties ediing fields.

5. Inthe /tem Name field, enter 7Templ . This is the name the program will use for
this data item.

6. Click Add ltem .

The item declaration will be added to the program.
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4= e = - OvenTemperature - Math And Logic Editor® x
=X
Home Functions | Expressions
true x CONST DATETIME = + - = else i x
Constants P Variables P Operators F] Statements P
Code View
,,,,,, -
1 ITEM Templ ("Main Process Control.Oven Temp 1"): e
=
3
Status
Line Error
e

7. Repeat the preceding steps for the other data items, calling them 7emp2 and

Temp 3.
4= 8 = - OvenTemperature - Math And Logic Editor® x
-X
Home  Functions | Expressions
true = CONST DATETIME = + - = else i =
Constants P Variables ] Cperators P Statements P
Code View
,,,,,, -
1 ITEM Temp3 ("Main Process Control.Oven Temp 3"); ia
z ITEM TempZ ("Main Process Control.Oven Temp 2"); E
3 ITEM Templ ("Main Process Control.Oven Temp 1"); 3
4
Status
Line Error
e

The additional items appear in reverse order, because the editor always inserts new
items at the top of the program.
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4= (e - OvenTemperature - Math And Logic Editor* x
-X
Home  Functions | Expressions
true = CONST DATETIME + - = elze if =
Constants T VAR F] Operators UF] Statements P}
Code View
T bool boolean 5| >
1 ITEM Temp3 ("Main Process Con =
z ITEM TempZ ("Main Process Con byte double =
3 ITEM Templ ("Main Process Con §
4 float int
int1s int32
int54 shyte
string uintl1s
uint32 uinta4
VT_BOOL VT_BSTR
WT_CY VT_DATE
= VT_I1 VT_I2
Status
Line Error VT4 VT I8
VT_R4 VT_RS
WT_UI1 WT_UI2
VT_UT4 VT_UIS
8. From the Variables group, select double .
4=l - OvenTemperature - Math And Logic Editor® x
Home Functions | Expressions
true x CONST DATETIME = + - = else i x
Constants P} Variables P Operators F] Statements P}
Code View
vvvvvv ] b3
1 ITEM Temp3d ("Main Process Control.Oven Temp 3"); =
z ITEM TempZ ("Main Process Control.Oven Temp 2"); e
3 ITEM Templ ("Main Process Control.Oven Temp 1"): §
4 :[doub'_e VarName|:
]
Status
e

9. The editor will begin a VAR declaration statement. Complete it by typing varAvg, in
the editing window.

10. Repeat the process to enter the declaration /nt varCount; on the next line.
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++= & = = OvenTemperature - Math And Logic Editor* x
-X
Home  Functions | Expressions
true & CONST DATETIME = = + - = else if &
Constants P Variables P Operators ] Statements P
Code View
,,,,,, -
1 ITEM Temp3 ("Main Process Control.Oven Temp 3"): =
2 ITEM Temp2 ("Main Process Control.Oven Temp 2"); =
3 ITEM Templ ("Main Process Control.Oven Temp 1"); §
4 double wvarfvg;
B int varCount;
[
7 wvarhAvg = 0;
g varCount = 0;
Status
11. Add two lines with the following assignment statements:
varAvg = 0;
varCount = 0;
These lines will initialize the two variables each time the program runs.
+=+ & = = OvenTemperature - Math And Logic Editor® x
Home Functions | Expressions
true & CONST DATETIME = = + - = else i &
Constants P Variables P Operators F] Statements P
Code View
,,,,,, b
1 ITEM Temp3 ("Main Process Control.Oven Temp 3"); =
2 ITEM TempZ ("Main Procezsz Control.Owven Temp 2"): &
3 ITEM Templ {("Main Process Control.Oven Temp 1"): é
4 double warivg:
5 int wvarCount:
[
7 varivg =
2 varCount =
9
10 Jf Verify that at least one sensor value is good
11
Status

12. Type // to add a comment to your code. The double -slash and anything that follows
it on the same line is considered to be a comment. The compiler will ignore it.

13. Inthe Statements group, click /f to insert an if() structure.
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+ = e - OvenTemperature - Math And Logic Editor* x
-X
Home  Functions | Expressions
true & CONST DATETIME = = + - else if &
Constants P Variables T . / T Statements P
Code View
= - — o 0 =
1 ITEM Temp3 {"Main Process Control.Oven Temp 3"); &
2 ITEM Temp2 ("Main Process Control.Owven Temp 2"); < - =3
3 ITEM Templ ("Main Process Control.Oven Temp 1"); é
4 double wvarawvg; <= =
B int wvarCount;
[ == I=
7 varivg =
g varCount = 0; R 1
10 [/ Verify that at least one sensor value is good ! &
11 if()
12T { | ~
13
~
18 L 3
Status

14. Place the cursor within the if() p arentheses, then open the Operators menu and
select /, which is the logical NOT operator.

Click the expand button at the lower right corner of any of the groups to pop up a list
of items available in that group, along with an explanation of their mea ning and a
sample syntax.

Note

+ U s - OwenTemperature - Math And Logic Editor® x

Home | Functions | Expressions

Abs Acos ; Compare Concat ; GetBitField ; AddSeconds ; IsQualityGOOD ;
Math P String F] Bitwise IF] Date and Time [« Variable Properties L
Code View
------ r

1 ITEM Temp3 ("Main Process Contirol.Oven Temp 3"); e

3 ITEM Temp2 ("Main Process Control.Oven Temp 2"): =

3 ITEM Templ {("Main Process Control.Oven Temp 1"); 3

4 double wvarivg;

S int wvarCount;

€

7 varhvg =

g varCount =

E]

10 // Verify that at least one sensor value is good

11 if (! I20ualityGO0D (VariableName) )

125 {

13T
I EE

Status |

15. Go to the Functions ribbon and select /sQualityGOOD from the OPC Quality
group.
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+ = e e - OvenTemperature - Math And Logic Editor® x
- X
Home | Functions | Expressions
Abs Acos T Compare Concat T
Math P String T = = = =
Code View
| ——————————————————————— 1 =Y
1 ITEM Temp3 ("Main Process Control.Owven Temp 3"): e
2 ITEM Temp2 ("Main Process Control.Oven Temp 2"):; H
3 ITEM Templ ("Main Process Control.Oven Temp 1"); é
4 double wvarlAwvg;
El int wvarCount;
[
7 varAvg = 0;
g wvarCount = 0;
]
10 J// Verify that at least one sensor valune is good
11 if (! Is0ualityGOCD (Templ) )
12 {
13T
14 3
Status

16. The default argument for the function is VariableName. This is a hint to remind you
to type the name of an OPC variable in its place. In this case, type Templ .

+ = = = OwvenTemperature - Math And Logic Editor® b4

Home Functions | Expressions

Al 4k

true > CONST DATETIME =~ Bl 1
Constants P Variables T Operators | =
Code View
— 4|
1 ITEM Temp3 ("Main Process Contreol.Oven Temp 32"): =
z ITEM Temp2 ("Main Process Control.Oven Temp 2"): =
3 ITEM Templ ("Main Process Control.Oven Temp 1"): 3
4 double varivg:
5 int wvarCount;
L1
7 varadvg = 0;
2 varCount = 0;
10 J/ Verify that at least one =ensor valune i= good
11 if(!I=0ualicyGCOCD (Templ) &&)
12 {
13T
14 ¥
Status
2

17. Use the Operators menu to enter the logical AND operator, && into the expression.
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+ = e = OvenTemperature - Math And Logic Editor® x
=X
Home | Functions | Expressions
Abs Acos =2 Compare Concat =2 GetBitField T
Math ] String ] Bitwise P = i i
Code View
,,,,,, 4

1 ITEM Temp3 ("Main Process Control.Oven Temp 3"): =

z ITEM TempZ2 ("Main Process Control.Oven Temp 2"); =

3 ITEM Templ ("Main Process Control.Oven Temp 1"): §

4 double wvarlfvg:

5 int wvarCount:

€

7 varhAvg = H

8 varCount = 0;

10 Jf Verify that at least one sensor value is good
11 if(!'T=20ualicyGO0D (Templ) &£& 'Is0ualityGOOD (TempZ)

123 ¢
13
12 L}

Status

'TI30ualicyGOCD (Temp3d) )

™
"

18. Repeat the preceding steps to complete the expression:

lIsQualityGOOD(Templ) && !'IsQualityGOOD(Temp2) &&
lIsQualityGOOD(Temp3)

The ribbon tools will help you to enter the expressions quickly and accurately. As you
become more familiar with the editor, you may prefer to simply type the functions and
operators directly.

Note

4= - OvenTemperature - Math And Logic Editor® x
-x
Home | Functions | Expressions
Abs Acos s Compare Concat s GetBitField =
Math P String P Bitwise U - -
Code View
------ ] }
1 ITEM Temp3 ("Main Process Control.Oven Temp 3"); =
z ITEM TempZ ("Main Processz Control.Oven Temp 2"); T
3 ITEM Templ ("Main Process Control.Oven Temp 1"); §
4 double varAvg;
B int wvarCount:
7 varavg = 0;
g wvarCount = 0;

10 J/ Verify that at least one sensor value is good
11 if (! Is0ualityG00D (Templ) && !IsOualityGOCD(Temp2) && !IsOualityGOCD(Temp3))

123 ¢

13 T wvarhAvg.

14 &} Value This iz the item's value.
Quality

i Timestamp

Ermor

Status
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19. Place the cursor between the braces and type varAvg . (being sure to include the
period). You will see a context menu appear, displaying the available properties of
the object. Select Quality .

= = OvenTemperature - Math And Logic Editor® x

Home Functions | Expressions

A4k

true = CONST DATETIME T Sl Il
Constants U] ariables T Operators U] =
Code View
rrrrrr ] :]3
1 ITEM Temp3 ("Main Process Contrel.Oven Temp 3"): e
2 EM Temp2 ("Main Process Control.Owven Temp 2"); =
3 ITEM Templ ("Main Process Contrel.Owven Temp 1"); =
4 double wvarlvg:’
5 int wvarCount;
€
7 varhAvg = H
8 varCount = 0;
10 Jf Verify that at lea=t one sensor value i= good
11 if{!Ta0ualicyGOCD (Templ) && !'Is0ualityGCCD(Temp2) && !IsCOualitcyGOCD(Temp3d))
12 {
13 // Report the sensor failure and exit
14 varAvg.Quality = QUALITY SENSOR_FAILURE:
15 }
Status
20. Type the assignment operator, =, then go to the Expressions ribbon and select

QUALITY SENSOR_FAILURE fromthe Constants group.

If a variable that is returned from a program has a BAD quality, the value previously

Note assigned to this variable becomes irrelevant.

21. Type a semicolon to complete the statement, then insert a comment line above the
statement.

The logic up to this point checks to see if none of the three sensors have good
quality data, and, if so, reports a sensor failure. (Refer to Appendix B: OPC Quality
Flags for information about OPC data quality.)

Next, we will calculate the average of t he good sensor readings.
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+ = e ,'_.';-" - OwvenTemperature - Math And Logic Editor®
-X
Home Functions | Expressions
true & CONST DATETIME =~ Bl W = else i &
Constants P Variables P Operators P} Statements
Code View > 0 W
I 4 doukle vazdva; A.I
5 int warCount; B
[
7 vardvg = 0;
g varCount = 0;
10 // Verify that at least one sensor valune is good
11 if(!IsCualityG0CD (Templ) &£& !IsCualityGOCD (Temp2) && !IsCualityGCOCD (Temp3))
1z {
13 // Report the sensor failure and exit
14 varAvg.Quality = QUALITY SENSOR_FAILURE;
15 1
18 else
17 {
18 L
] |13 3 |
Status
22. Inthe Statements group, select else.
+ = e ,'_..;-" Z OvenTemperature - Math And Logic Editor®
Home | Functions | Expressions
Abs Acos = Compare Concat = GetBitField AddSeconds T
Math P String P Bitwise P Date and Time "™ | ~
Code View * o
= T 2
10 // Verify that at least one sensor valune is good B
11 if(!IsCualityG0CD (Templ) &£& !IsCualityGOCD (Temp2) && !IsCualityGCOCD (Temp3))
2@ {
13 // Report the sensor failure and exit
14 varAvg.Quality = QUALITY SENSOR_FAILURE;
15 L }
18 elze
=
18 //U=e only good =ensors for the average
13 if(I=20ualityGCoCD (Templ) )
20 [=) i
21 varAvg = varAvg+Templ;
3 varCount = varCount+1;
23 | 3
ze L3 |
Status

23. Use the techniques already discussed to enter the statements:

/I Use only good sensors for the average
if(IsQualityGOOD(Templ))
{

varAvg = varAvg+Templ;
varCount = varCount+1;

sway ppy

swey ppy
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m
T

}

+=+ & = = OwvenTemperature - Math And Logic Editor® x
3 Home | Functions | Expressions
Abs Acos ; Compare Concat ; GetBitField ; AddSeconds ;
Math I} String P Bitwise P Date and Time = =
Code View
10 J/ Verify that at least one =ensor val:ﬁ'ere”is good A. §
11 if(!'I20nalityG00D(Templ) £& !I=QualityGOCD(TempZ) &£& !IsQualityGOCD (Temp3)) F
2@ { 3
13 // Report the sensor failure and exit
14 varivg.Quality = QUALITY SENSQOR FAILURE;
1s L 3 - -
18 else
17E {
18 //U=e only good sensor= for the average
135 if (IsQualityGCCD (Templ) )
20 g {
21 varAvg = wvarivg+Templ;
2z varCount = warCount+l;
23 [ }
24 if (IsQualityGCCD (Temp2) )
25 {
Ze wvarhAvg = wvarivg+TempZ;
27 varCount = wvarCount+1;
2
2

3 Aif (Iz0ualityGOCD (Temp3) )
0= {
31 varAvg = varivg+Temp3;
3z varCount = wvarCount+l;
az L }
INREIRSS! v
Status

24. Go to the Home ribbon's Clipboard group. Use the Copy and Paste tools to make
two additional copies of the preceding if statement.

25. Modify the copies to referto 7emp2 and Temp3 , respectively.

Now we have the sum of the values from the good sensors. Next, we will ca lculate
the average.
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+ = A [:E'F y - OwvenTemperature - Math And Logic Editor® x
-
| Home| Functions  Expressions
oz & 5 0 B &
Compile Save &lUpdate Server QPC Client || Cut Copy FPaste Select All
Logic Clipboard -
Code View *
5 R rr oYL LIS STIITSUL J:Erlnl.ul = allit ©TXI0 A. a
14 varAvg.Quality = QUALITY SENSOR FAILURE; ==
15 Loy ﬁ
1s else
17 = {
18 J//Use only good sensors for the average
13 if (IsQualityG00D (Templ) )
20 = 4
21 wvarAvg = varivg+Templ;
2z varCount = wvarCount+l;
23 L 3
24 if (I20ualityGOOD (Temp2) )
I {
Ze varAvg = wvaraAvg+Temp?Z:
27 varCount = varCount+l;
28 ¥ .
29 if (I=QualityGOOD (Temp3) ) 3
303 i
3l varhAvg = varivg+Temp3;
3z varCount = wvarCount+1;
33 b 3
34 J/ Calcmlate the average temperature
3s varhvg = wvarAvg/varCount: -
i e L } ‘:J
Status
i
26. Within the scope of the else, type the expression:
varAvg = varAvg/varCount;
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++ 0l = v
-%

Home  Functions | Expressions

OvenTemperature - Math And Logic Editor®

o
T

}

true ;
Constants UF}
Code View
+ T
18 elsze
17E {
18 //Use only good sensors for the average
13 if (I20ualityGCCD (Templ) )
20 = {
Z1 varAvg = varhAvg+Templ:
Zz varCount = varCount+l;
23 | 1
Z4 if (I=20ualityGCCD (Templ) )
25 {
Ze varhwvg = varhvg+Tempz2:
27 varCount = wvarCount+l;
2
2

3 if (I20ualityGCOD (Temp3) )

0= {

31 varAwvg = varhvg+Temp3d;

z varCount = wvarCount+l1;

33 | 3

34 // Calculate the average temperature
35 varAvg = varAvg/wvarCount;

36 Ly

a7 // BReturn the new temperature value

38 return varivg;

Status

swiEy ppy

&

27. Go to the Expressions ribbon, Statements group, and select return .

28. Type varAvg as the value to be returned.

This completes the program editing. The last step is to compile the program.
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+ = &S L:F v OwenTemperature - Math And Logic Editor x
-X

Home | Functions  Expressions

(i e [+] F 7] [

Compile Save & Update Server OPC Client | Cut Copy Select All
Loagic Clipboard - -
Code View
T ———————————— A_ E
1& el=e i
=
1735 | 3
12 S /U=e only good sensors for the average i’
13 if({I=0ualityGCCD (Templ) )
20l [
21 varhAvg = varAvg+Templ;
22 varCount = varCount+l;
23 ¥
Z4 if(I=QualitcyGCCD (Tempd) )
25 4 {
Ze varhAvg = varhAvg+Temp?l;
27 varCount = wvarCount+l;
28 )
23 if(IzQualityGOCD (Temp3) )
305 {
31 varhAvg = varAvg+Templ;
2 varCount = wvarCount+l;
33 - }
34 S/ Calomlate the average temperature
35 varhvg = vardvg/varCount;
38 L}
37 f/ Betnrn the new temperatore valne
1 R1 return varlAvg:; b
Status

29. On the Home ribbon, go to the Logic group.

30. Click the Compile button.
The editor will save the program, and then compile it into the binary form that is
executed by the server. If the compiler finds any errors, it will display them in the

Status pane.

31. Click the Save & Update Server button to save the modified configuration and load
it to the OPC server for execution.

It is not mandatory to perform the Save & Update Server operation within the Math &
Logic editor. If you prefer, you can close the editor and do additional edits to your
server configuration, and then Save & Update Server from the main menu or toolbar.

Note
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32. Close the Math & Logic Editor.

You will return to the OPC Server Configuration Editor.

Data Item

General | Program | Simulation | Alams || Properties

Logic

ITEM Temp3 ("Main Process Control.0ven Temp 37):;
ITEM TempZ ("Main Process Control.Oven Temp 2");
ITEM Templ ("Main Process Control.Oven Temp 17):;
double wvarlvg;
int warCount;

0P Client
e .
Canonical Data Type Elements Lower Bound [J Use Conversion
YT_RA w

ey [ carcel |

If you make changes to the program, and leave the Math & Logic editor without
compiling it, the program in the Logic window will be shown on a red background. The
data item icon in the address space tree will also turn red. This is to remind you, that
there is no executable code associated with your program.

Note

33. If you did not Save & Update Server within the Math & Logic editor, click Apply to
save the program as part of the data item.

To continue, go to Saving the Configuration and Updating the Server.

Saving the Configuration and Updating the Server

If you did not Save & Update Server within the Math & Logic editor, you must do so
before the server will be able to execute the program.
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After you edit the configuration, you must open the File menu and select Save &
Update Server , or click the Save & Update Server toolbar button, for the changes
you have made to take effect. Otherwise, the server will still be running with the old
configuration.

1. Open the File menu and select Save & Update Server
2. Be sure to repeat this step every time you change the configuration.

Your Math & Logic configuration is complete.

The next step, Verifying Your Configuration, will introduce you to th e diagnostic features
of the product.

Verifying Your Configuration

The Cyberlogic OPC Server Configuration Editor includes a buitin utility called Data
Monitor. This diagnostic tool allows you to view the status and values for data items in
the currently selected folder.

To test the Math & Logic program, we will simulate the three temperature inputs and use
Data Monitor to set their values. We will then check the value of the Math & Logic data
item to verify that it is correct.
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