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Defining OOPIc

OOPic (Pronounced OO-Pic) is an acronym for: Object-Oriented Programmable | ntegrate Circuit.

OOPic helps you be more creative by providing you with an Object-oriented language model designed to
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interact with the electrical hardware components that you attach to the OOPic. Y ou design your hardware
interface in software by creating Objects and setting their properties to define their behavior and interaction with
hardware. These Objects also can be interconnected to form a Virtua Circuit. Y ou then utilize this hardware
interface and its associated Virtua Circuits by writing a program that controls and responds to hardware events

that occur.

This chapter shows you how to set up the OOPic Software Development Kit on your computer and introduces
other parts of the documentation

How ThisManual is Organized
The chapters of this guide can be grouped into three parts.

Part 1

Chapters 1-4 describe the preliminary steps to using this product, including Setup and three

preliminary steps|simple "First gpplications’ to get you familiar with OOPic Basic syntax and it’ s use with

the OOPic.

Part 2

Chapters 5-8 explain the fundamental s of programming OOPic, including Objects,

Programming variables, program control, and hardware I/O

Part 3

Chapter 9-12 cover advanced topics such as Virtua Circuits, The OOPic system Object,

Virtua Circuits | Mathematical operations and networking.

Compatibility with Other Languages

Thelist below describes the compatibility of the OOPic language with other common languages.

BASIC: [ The OOPic Basic syntax is 100% compatible with Microsoft’s Visual Basic Language. The
fundamental syntax comes directly from conventional Basic syntax and will be familiar to even the
novice Basic programmer.

C. The OOPic C syntax, as of thiswriting, is currently being devel oped.

Java The OOPic Java syntax, as of thiswriting, is currently being developed.

Termsto Get You Started

Thelist below defines some of the common terms used in the OOPic manuals to describe parts of the OOPic
programming language used in this manual .

http://www.oopic.com/PGFull.html

Keyword |Any reserved word in the OOPic language. Keywords may be acommand, afunction, a
statement or any other word that OOPic uses for any other purpose. All keyword in OOPic Basic
are caseinsensitive.

Identifier | A word that is defined by the programmer to represent an application specific item. Anidentifier
cannot be spelled the same as any keyword and it must begin with an aphabetic | etter

Constant | A predefined keyword that literally represents avalue. Constants are used in place of numbers so
that code iseasier to read.

Variable |An ldentifier that represents avaue but, unlike a constant, it can be changed by assigning it a
vaue. The value represented by avariable will remain the same until another value is assigned.

Command | A keyword that instructs the OOPic to take a particular action.

Function |A keyword that instructs the OOPic to perform a calculation and return aresult. A functionisa
lot like avariablein that it represents avalue, but the value that it representsis calculated at the
time the function is executed.

11/4/02 3:42 PM
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Statement

A "sentence" of commands, functions, identifiers and constants that instruct the OOPic to take a
particular action and describes how to do it. A Statement usually begins with acommand but can
also begin with an identifier.

Operator

Operators are special commands that perform cal culations, evaluations and assignments.

If you are new to the Object-oriented and event-driven programming models, you may find some of the
terminology alittle strange at first. Thelist below defines some of the common terms used in the OOPic manuas
to describe these programming models.

Event An action recognized by an Object which code can be written to respond to. Events may
occur as aresult of a hardware condition or software manipulation of an Object.

Event-driven | A term used to describe a programming model. Unlike applications written in a procedural
style, an event-driven application consists of code that remainsidle until called upon by an
Object to response to an event.

Method A keyword (similar to afunction or statement) that is part of the logical unit of an Object
and whose operation acts directly upon that Object.

Object A term used to describe a set of variables and code that acts as one logical unit.

Object-oriented | A term used to describe a programming model were certain variables and code act asa
singlelogica unit.

Property A variablethat is part of thelogica unit of an Object.

Virtual Circuits provide a means in which one can emulate electronic circuits that manipulate values. The list
below defines some of the common terms used in the OOPic manuals to describe Virtual Circuits.

Default Value

The term used to describe the property of an object that will be used when none was
specified by the program.

Flag A term used to describe a 1 bit property that can be linked to a Flag-Pointer.
Link A term used to describe a connection point in aVirtual Circuit.
Pointer A term used to describe a property that is used to point to another property.

Virtual Circuit

A Virtua Circuit isacircuit in an OOPic that appearsto be aphysical discrete el ectronic
circuit, but is actually the OOPic operating system emulating the functionality of the circuit.

Notations
I[temsin Brackets:

Brackets, [ ], contain optional items which may be used but are not required. If theitem

enclosed in bracketsisfollowed by three dots [exp...], it means that any number of expressions may be entered,
but none are required.

The following table explains the abbreviations used throughout this manua :

{variable} Any variable.

{ object} Any Object.
{class} An Object class.
{label} Any linelabdl.
{constantlist} | A list of dataitems.
{subscript} | A numeric value.

http://www.oopic.com/PGFull.html
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{ operator} Arithmetic or logical operator.

{expression} | Arithmetic or logical Expression.

Setting Up the OOPic Softwar e Development Kit
Before You Run Setup

Before you ingtall the OOPic Software Devel opment Kit, make sure your computer meets the minimum
requirements, and be certain to read the README file, located at the root directory on our installation disk.

Check the Hardwar e and System Requirements.

To run the OOPic Software Development Kit, you must have certain hardware and software installed on your
computer. The minimum system requirementsinclude:

« Any IBM®-compatible machine running Windows® 95® or later.

« A hard disk with a minimum of 5 megabytes available space.

e A 5.25-inch or 3.5-inch disk drives.

« A mouse or other suitable pointing device.

« For the Command Line Compiler, you must have MS-DOS 3.11 or later.
« Anavailable pardle Port if using the parallel programming cable.

Read the README File

The README file lists any changes to the OOPic documentation since its publication. Check the first section
of thefilefor details and new information.

Setting Up

You install OOPic Software Development Kit on your computer using the Setup program. The Setup program
installs the OOPic Software Devel opment Kit itself, the Help system and sample applications.

You cannot simply copy files from the distribution disks to your hard
| mportant- disk and run the OOPic Software Development Kit. You must use the

" || Setup program, which decompresses and installs the files in the
appropriate directories.

When you run the Setup Program, a directory is created for OOPic. All of the required files will be installed
within this directory with the exception of the Microsoft® Visua Basic® runtime files

Follow this procedure to install the OOPic Software Devel opment Kit on your computer.

1. Pressthe Windows Start Button.

2. Select Run from the Windows Start Menu.

3. Type"A:setup" and press return.

4. Follow the directions given in the installation program.

Sample Applications

In addition to the documentation, the OOPic Software Devel opment Kit includes sample applications that you
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can load into the OOPic. These applications are excellent learning tools. Y ou can copy any part of them into
your own applications, and modify them as necessary. Y ou can find out more about these on our Internet world-
wide-web page: http://www.oopic.com

On LineHelp

Y ou can access Help by choosing the Contents command form the Help menu.
The fastest way to find aparticular topic in Help isto use the Search dialog box.

« From the Help menu, choose Search for Help On, or click the Search button from any Help topic window.

« Inthe Search dialog box, type aword, or select one from the list by scrolling up or down. PressENTER
or choose Show Topicsto display alist of topics related to the word you specified.

o Select atopic name, and the press ENTER or choose "GO TO" to view the topic.

OOPic Internet Support Services

o Severa servicesare available on our Internet world-wide-web page.
« YoOu can accessthe OOPic Internet Support Services at: http://www.oopic.com

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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Chapter 2. - Your first OOPIic application.

Contents:

What is an OOPic Application

Steps to Creating Your First OOPic Application
Starting the OOPic Software Development Kit
First Application Concept

Creating the Hardware Interface.

Connecting the Hardware

Downloading and Running the Application

What isan OOPic Application

An OOPic application is a computer program written for the purpose of controlling electronic equipment
connected to an OOPic microcontroller. The program itself iswritten and stored on a P.C. style computer where
it is"compiled" into OOPic instructions and downloaded into an OOPic microcontroller. Once downloaded, the
OOPic runsthe program and the P.C. style computer is no longer needed for it's continued operation.

In this chapter, instructions are given to create avery small program that can be easily implemented. The intent
isto familiarize the new users with the procedures involved in the OOPic development environment.
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Stepsto Creating Your First OOPic Application
There are 5 stepsinvolved in creating an application for the OOPic

Start the OOPic Software devel opment kit.
Design ahardware interface.

Write code.

Connect the hardware.

Download and run the application.

gArwWNE

Starting the OOPIc Softwar e Development Kit

Clicking the "OOPic Language Compiler" selection on the Windows Start Menu will start the OOPIC’s
Software Devel opment Kit. When the OOPIc' s Software Development Kit opens, it will be in full screen mode
with a set of menus, alarge program editor areafor you to type in your program, and alist of current Objects.

The menu provides a set of operations that you will need while writing your application including afile save and
load selection for you to save the applications that you have written.

First OOPic Application Concept

Thefirst OOPic application isaBlinking LED. This device will turn an LED on and off once every second.
The materiasrequired are asfollows:

1 OOPic

1red LED

1 220 ohm resistor.

1 battery connected to the OOPic.
1 OOPic programming cable.

gArwWNE

Creating the Hardwar e I nterface.

In an OOPic application, a hardware interface is a series of Objects configured to interact with the physical
hardware that is connected to the OOPiIc.

In our first application, an LED will be repeatedly turned on and off. Thiswill be done by repeatedly outputting
avoltage onto the 1/O Line that the LED is connected to. A single Digital Input/Output line will be used for this
purpose. Starting at thefirst line of code, type the following statement:

Di m LED As New oDi 01

Thisingtructs the OOPic to create an instance of an oDiol (1-bit digital 1/O line) Object with the name"LED".
The oDiol Object is classified as a"Hardware Object”. This ssmply means that the Object will interact with the
I/O Lines on the OOPic in some pre-defined way. The function of an oDiol Object is either to present avoltage
onto one of the OOPic's /O lines, or to read the voltage that is present on an I/O Line.

Once an instance of an Object has been created, all references to that instance are done by specifying its name,
followed by a period, and then the property or method that you want to reference.

To specify which 1/O line the LED Object usesfor its voltage output, we will set some of its properties. At the
bottom of the program, add the following statements:
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9]

ub Main()
| OLine = 31

Direction = cvQut put
b

LED.
LED.
End Su

The statements SUB MAIN() and END SUB define the beginning and the end of a procedure called MAIN.
The procedure called "MAIN" isthe procedure that will run first when the OOPic is turned on or reset.

Theline"LED.IOLine = 31" setsthe | OL ine property of the Object named LED to 31 and the line
"LED.Direction = cvOutput" setsthe Direction property to 1 ( the value of cvOutput). After the execution of
these two statement, any value written to LED.Value will now be presented on 1/0 Line 31. If the Value
property of the LED Object is set to O, O-Voltswill be presented and if itisset to 1, 5-Voltswill be presented.

To cyclethe LED.Value property at arate of 1 blink per second, we will add code that continuoudly assigns it
to the OOPic.Hz1 vaue. (OOPic.Hz1 isavauethat cycles once every second). At the bottom of the program,
just before the line that reads" END SUB", Insert three lines and add the following statements:

Do
LED. Val ue = OOPi c. Hz1

Loop

Thefirst statement sets up alooping construct. The second statement setstheValue property of the LED Object
to OOPic.Hz1, which cycles every second. The third statement finishes the looping construct and causes the
program flow to return to the Do statement.

Assigning the LED Object's Value property to OOPic.Hz1 when it is currently set to 1, resultsinthe [OL ine
to be set to 5 Volts and when the OOPic.HZz1 is currently set to O, the | OL inewill be set to 0 Volts.

By using the Do...L oop structure, around the assignment statement, the assignment statement is repeated
indefinitely. Theresult of thisisthat the LED will turn off and on once every second.

The following code shows the complete code listing written asinstructed in the previous paragraphs.

Dim LED As New oDi 0l
Sub Main()
LED. | OLi ne = 31
LED. Di recti on = cvQut put
Do
LED. Val ue = OOPic. Hz1

Loop
End Sub

Connecting the Hardware
Connect the LED together with the resistor to I/0O Line 31 and Ground as shown.
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I/O Line 31
LED ¥#

220n

Ground

Both I/O Line 31 and Ground can be found on the OOPic's 40-Pin I/O connector. A reference to the OOPiC's
40-Pin 1/O connector can be found at: http://www.oopic.com/con40.htm

Downloading and Running the Application

Pressing the F5 key will compile the program and then download the "oex" file to the OOPic. If any errorsare
encountered, they will be reported and the compilation will stop. If no errors were encountered, an "oex"
(OOPic Executable) file is generated. If you have not saved the program or you have changed it since the last
time you have saved it, the compiler will ask you to saveit. If thisisthe first time the program is going to be
saved, the compiler will ask you for a program name. In this case, call the program FirstApp. Type "FirstApp"
inthe "File name" area of the "Save As' dialog box and hit Enter.

In order for the executable to be downloaded to the OOPic, the programming cable must be connected to the
PC and properly configured. It dso needs to be connected to the OOPIC's programming connector and an
adequate power supply must be attached to the OOPic. See the " Programming Cable' section for more
information.

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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Chapter 3. - Your First Virtual Circuit.

Contents:

What is a Virtual Circuit

Steps to Creating Your First Virtual Circuit

Creating an OOPic Application

Identify Functions Applicable to Virtual Circuits

Work out the Virtual Circuit Schematic

Add and Link the Virtual Circuit to the Application
Downloading and Running the Virtual Circuit Application

What isa Virtual Circuit

A Virtua Circuit isafunctionin an OOPic that appearsto be aphysical discrete electronic circuit, but is
actually the OOPic operating system emulating the functionality of the circuit.

Virtual Circuits are created by progmatically linking together a set of OOPic Objectsin the same methodol ogy
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as onewould physically link together a set of electronic components. Once created, each individua part of the
virtual circuit can be manipulated or evaluated by the program providing total computerized control of the entire
circuit.

Virtua Circuits are used to perform functions that provide continuous processes. A real-world example of a
continuous process function would be the electrical circuit between aflashlight's switch and itslight bulb. The
function of the flashlight's switch is to provide continuous control over itslight bulb. In an OOPic application,
things that need to be continuoudly updated or monitored, can be done by using aVirtua Circuit.

Stepsto Creating Your First Virtual Circuit
There are 5 stepsinvolved in creating an application for the OOPic

1. Create an OOPic application

2. Identify functions applicable to Virtual Circuits

3. Work out the Virtual Circuits schematic

4. Add and link the Virtua Circuit to the application

Creating an OOPic Application

In Chapter 2, an OOPi ¢ application was created that blinks an LED by repeatedly assigning the OOPic.Hz1
property to the Value property of an oDiol Object. The OOPic.Hz1 property changesfrom O to 1 and then
back to 0 once every second, while the oDiol Object was configured to apply avoltage to the 1/O Line that an
L ED was connected to resulting in an application that blinked the LED..

In this chapter, instructions are given on how to modify the application in chapter 2 to use a Virtual Circuit to do
some of the work.

| dentify Functions Applicableto Virtual Circuits

In the OOPic application in Chapter 2, a process that continuously assigns the OOPic.Hz1 property to an oDiol
Object's Value property takes up the program'stime. The function of this processis similar to that of the
electrical circuit between alight switch and alight.

One of the OOPic's Processing Objects, the oGate Object, is capable of providing that same function that the
OOPic application is now doing with code, thus modifying the program to use a Virtual Circuit with this Object
will alow the application’'s program to go do other things.

Work out theVirtual Circuit Schematic

When creating a Virtua Circuit, a schematic isthe best way to represent its functionality. Unlike a program,
which uses aflowchart to represent the program's flow, acircuit Virtua Circuit uses a schematic to help clarify
the function that the Virtual Circuit performs.

For our First Virtual Circuit, anoGate Object will be used to update an oDiol Object's Value property to the
vaue of the OOPic.Hz1 property.

Begin the schematic by drawing the Icon for the OOPic, Next draw theicon for an oGate Object, and lastly,
draw the Icon for the oDiol Object.
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Next, draw arrows between the Object's properties to represent the data flow between the Objects.

First draw an arrow from the OOPic Object to the oGate Object. Label thisarrow "Hz1" on the OOPic Object
and "Input" on the oGate Object. Next draw an arrow from the oGate Object to the oDiol Object. Label this
arrow "Output” on the oGate Object and "Value"' on the oDiol Object.

e o e

Hzl Chtpait
Imipiut Value

[ s s s

Add and Link the Virtual Circuit to the Application
Adding the Virtua Circuit to the OOPic application is done progmatically with lines of code.

Because this application is amodification of the "First OOPic Application” found in Chapter 2, the final code
listing for the OOPic application in Chapter 2, as shown below, will need to be modified.

Dim LED As New oDi 0l
Sub Mai n()
LED. 1 OLi ne = 31
LED. Di recti on = cvCQut put
Do
LED. Val ue = OOPi c. Hz1

Loop
End Sub

Asprevioudy detailed, the Virtual Circuit will use anoGate Object to provide the same function that the OOPic
application is now doing with code. Starting at the first line of code, insert ablank line and type the following
statement:

Dim WRE As New oGat e

Thisingtructs the OOPIc to create an instance of anoGate Object with the name "WIRE". The oGate Object is
classified asa"Processing Object”. This simply means that the Object will manipulate the values of other
Objectsin some pre-defined way. The function of an oGate Object isto read a property from one or more
Objects, perform a specified logic function, and store the resulting value of that function into yet another
Object's property

Next, the application’'s Do...L oop structure needs to be removed because its function is going to be replaced by
the Virtua Circuit. Beginning with the Do statement, remove the following 3 lines of code.
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Do
LED. Val ue = OOPi c. Hz1

Loop

Replace them with the following 3 lines of code.

WRE I nputl. Link(QR c. Hzl)
WRE Qut put . Li nk( LED Val ue)
WRE Qperate = cvirue

Thefirstling, "W RE. | nput 1. Li nk( OOPi c. Hz1) ", instructs the "WIRE" Object to link its Input1
property to the OOPic.Hz1 property. The second line, "W RE. Qut put . Li nk( LED. Val ue) ", instructs
the "WIRE" Object to link its Output property to the Value property of the "LED" Object. And the third line, "
W RE. Operate = cvTrue", setsthe"WIRE" Object's Operate property to 1 (the value of cvTrue)
which ingructsit to start operating.

After the program executes these 3 lines of code, the Virtua Circuit begins to operate in the following manner;

1 Thevaueof the OOPic.Hz1 property will be loaded by the oGate Object.

2. The oGate will then use that valuein alogical OR operation with its other inputs. In this application, only
one input was used, so the result of the logical OR function will always equal the input.

3. TheLED.Valueis set to the result of the logical OR function.

This procedure operates in the background and will continue to operate until the WIRE.Oper ate property is set
back to avalue of 0 (cvOff).

The following code shows the complete code listing written asinstructed in the previous paragraphs.

Dim WRE As New oGate

Dim LED As New oDi 0l

Sub Main()
LED. 1 OLi ne = 31
LED. Di recti on = cvQut put
W RE. | nput 1. Li nk( OOPi c. Hz1)
W RE. Qut put . Li nk( LED. Val ue)
W RE. Operate = cvTrue

End Sub

Downloading and Running the Virtual Circuit Application

Downloading and running the Virtua Circuit Application is no different than download and running any other
OOPic application.

Pressing the F5 key will compile the program and then download the "oex" file to the OOPic. If any errors are
encountered, they will be reported and the compilation will stop. If no errors were encountered, an "oex"
(OOPic Executable) fileis generated. If you have not saved the program or you have changed it since the last
time you have saved it, the compiler will ask you to saveit. If thisisthefirst time the program is going to be
saved, the compiler will ask you for a program name. In this case, let's call the program "FirstVC". Type
"FirstVC" inthe "File name" area of the "Save As' dialog box and hit Enter.
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In order for the executable to be downloaded to the OOPic, the programming cable must be connected to the PC
and properly configured. It also needs to be connected to the OOPIC's programming connector and an adequate
power supply must be attached to the OOPic. See the "Programming Cable" section for more information.

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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Chapter 4. - Your first Event Driven Program.

Contents:

What is an Event Driven Program

Steps to Creating Your First Event Driven Program
Creating an OOPic Application

Identify Functions Applicable to Events

Add the Event Obiject to the Application

Create the Event Object’s Subprocedure

Downloading and Running the Virtual Circuit Application

What isan Event Driven Program

An event is defined as any change in state that is recognized by an Object. An Event Driven Program isa
program where any change in state can cause a subprocedure to be executed even when the program flow was
not expecting to do so. Therefore, the order in which your code executes depends on which events occur.

In Event Driven Programs, the OOPic’s oEvent Object is used to execute code in response to an event.

Stepsto Creating Your First Event Driven Program
There are 4 stepsinvolved in creating an application for the OOPic

1. Create an OOPic application

2. Identify functions applicable to events

3. Add the Event Object to the application
4. Create the Event Object's Subprocedure.

Creating an OOPic Application

In Chapter 3, an OOPic application was created that blinks an LED by using an oGate Object to assign the
OOPic.HZz1 property to the Value property of an oDiol Object.

In this chapter, instructions are given on how to modify the application in chapter 3 to be Event Driven.
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| dentify Functions Applicable to Events

In the OOPic application in Chapter 3, aVirtual Circuit continuously assigns the OOPic.Hz1 property to an
oDiol Object's Value property. The OOPic.Hz1 property changes state from 0 to 1 and then back to 0 once
every second which resultsin the LED blinking once every second.

The change in state of the OOPic.Hz1 property can be recognized as an event by the program. Modifying the
program to be Event Driven will alow the application's program to call a subprocedure which in turn can do
more complex processing.

Add the Event Object to the Application

Adding the Event Driven routines to the OOPic application is done progmatically with lines of code.

Because this application is a modification of the "First Virtual Circuit" application, found in Chapter 3, thefina
code listing for the OOPic application in Chapter 3, as shown below, will need to be modified.

Dim WRE As New oGate

Dim LED As New oDi 0l

Sub Main()
LED. | OLi ne = 31
LED. Di recti on = cvCQut put
W RE. | nput 1. Li nk( OOPi c. Hz1)
W RE. Qut put . Li nk( LED. Val ue)
W RE. Operate = cvTrue

End Sub

As previoudy detailed, this application will use an oEvent Object to provide more complex processing. Starting
a thefirst line of code, insert ablank line and type the following statement:

Di m BLI NK As New oEvent

Thisingtructs the OOPic to create an instance of an oEvent Object with the name "BLINK". The function of an
oEvent Object isto call asubprocedure when its Oper ate property isset to 1.

Next, the Virtua Circuit needs to be changed. In the Chapter 3 application, the "WIRE" Object's output was
linked to the oDiol Object's Value property. This needs to be changed so that it is linked to the oEvent

Object's Oper ate property.

[ [ [

Hzl
It

C CCc =

Locatethelinethat reads"W RE. Qut put . Li nk( LED. Val ue) ", and change it to read as show:

WRE Qut put . Li nk(BLI NK Qper at e)
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Thisinstructs the "WIRE" Object to link itsOQutput property to the Oper ate property of the "BLINK" Object.

After the program executes this line of code, the Virtual Circuit beginsto operate in the following manner; and
will continue to operate until WIRE.Oper ateis set back to avalue of 0;

The value of the OOPic.Hz1 property will be loaded by the oGate Object.

The oGate will then use that value in alogical OR operation with its other inputs. In this application, only
one input was used, so the result of the logical OR function will aways equal the input.

The BLINK.Oper ate property is set to the result of the logical OR function.

Each time the BLINK .Oper ate property changesfrom 0to 1, the "BLINK" Object's Subprocedure is
executed.

AW NP

The following code shows the complete code listing written asinstructed in the previous paragraphs.

Dim BLINK As New oEvent

Dim WRE As New oGate

Dim LED As New oDi ol

Sub Mai n()
LED. | OLi ne = 31
LED. Direction = cvQut put
W RE. | nput 1. Li nk( OOPi c. Hz1)
WRE. Qut put . Li nk(BLI NK Qper at e)
W RE. Operate = cvTrue

End Sub

Createthe Event Object's Subprocedure

Each oEvent Object has an associated subprocedure that is executed when the oEvent Object's Oper ate
property is set to 1. The name of thisroutine is the name of the oEvent Object followed by " CODE".

At the bottom of the program add the following lines of code:

Sub BLI NK_CODE()
LED. Val ue =
LED. Val ue
LED. Val ue
LED. Val ue
LED. Val ue
LED. Val ue

End Sub

I I T I A I
OrOFrOoOPFr

The following code shows the complete code listing written asinstructed in the previous paragraphs.

Dim BLI NK As New oEvent
Dim WRE As New oGat e
Dim LED As New oDi 01
Sub Main()
LED. | OLi ne = 31
LED. Di recti on = cvCQut put
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W RE. | nput 1. Li nk( QOPi ¢. Hz1)

WRE. Qut put . Li nk(BLI NK Qper at e)
W RE. Operate = cvTrue

End Sub

Sub BLI NK_CODE()
LED. Val ue
LED. Val ue
LED. Val ue
LED. Val ue
LED. Val ue
LED. Val ue

End Sub

OFrOFrOor

Downloading and Running the Virtual Circuit Application

Downloading and running the Virtua Circuit Application is no different than download and running any other
OOPic application.

Pressing the F5 key will compile the program and then download the "oex" file to the OOPic. If any errors are
encountered, they will be reported and the compilation will stop. If no errors were encountered, an "oex"
(OOPic Executable) fileis generated. If you have not saved the program or you have changed it since the last
time you have saved it, the compiler will ask you to saveit. If thisisthefirst time the program is going to be
saved, the compiler will ask you for a program name. In this case, let's call the program "FirstEV". Type
"FirstEV" in the "File name" area of the "Save As' dialog box and hit Enter.

In order for the executable to be downloaded to the OOPic, the programming cable must be connected to the PC
and properly configured. It also needs to be connected to the OOPIC's programming connector and an adequate
power supply must be attached to the OOPic. See the "Programming Cable" section for more information.

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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OOP

OOPic Basic syntax is 100% Microsoft Visual Basic compatible. Aswith Visual Basic, you program in OOPic
using an OOP (Object-oriented programming) model.

Object-oriented programming (OOP) is amethod of programming that seeks to mimic the way we perceive
thingsin the real world. OOP exploits our natural tendencies to generalize and classify and allows usto group
logically related portions of an application. In most OOP languages, the OOP language extensions allow you to
create extremely complex Object models that can closely mimic real life Objects. With OOPic however, the
greatest advantage of using Object-oriented techniques is the ease at which you can interface with the physica
hardware components present within the OOPic itself.

The software industry defines several fundamenta principles that qualify alanguage as Object-oriented. These
principles include encapsulation, inheritance, and polymorphism. Although the OOPic manuals do not refer to
these principles often, it isuseful to understand them.

Encapsulation smply meansto group related items together. Rather than treating a number of logically related
variables and functions dedicated to manipulating those variables as unrelated pieces of code, encapsulation
collects them together in groups called classes. Other parts of the program can then use the variables and
functions as a single Object. Once encapsulated, variables are referred to as properties of the Object and the
functions are referred to as methods of the Object. Through encapsulation, much of an Object's complexity can
be kept internal to the Object. And only the few select methods and properties that need to be available to other
parts of aprogram are exposed. These exposed methods and properties, which can be accessed, are called the
Object'sinterface. The term Data Abstraction refersto the way an Object'sinterface doesn't reveal the way the
Object storesits data or performs its methods. The result of data abstraction is a smple Object interface that
interacts with functionaity that is considerably more complex.

Polymorphism is aterm borrowed from the Greek language. It means literally "Having many shapes'. In OOP
thisisthe effect of being able to invoke an Object's method without knowing the Object's exact type and having
the method perform a different action depending on that Object's type.

I nheritance allows you to base one Object type on another and build new derived Objects. Since OOPiC's
Objects are hardware based and the routines are written in optimized assembly language and stored in PROM,
thereisno way too physical create a new Object type to inherit the class of another. However, by creating
Virtual Circuits, inheritance is accomplished.
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Structure of an OOPic Application

OOPic applications can contain severa different components.
TheMain procedure. Thisisthe main part of your program. It contains the primary program flow.

Sub-procedur es. These provide your program with sections of code that can be executed from severa different
pointsin you program.

Objects. Objects can be thought of as self-contained multitasking code that runs in the background with its own
set of variables. They are the way in which all OOPic programs interact with the hardware.

Events. Events are actions or situations recognized by an Object that cause subprocedures to get executed in
response to the change in an Objects state. For more information on

Virtual Circuits. Virtua Circuits are emulated el ectronic circuits that run in the background. They can connect
to, and manipulate any variable's values.

How an Event-Driven Application Works

An event is an action recognized by an Object. Event-driven applications execute programmer written code in
response to an event. The OOPic’s oEvent Object isthe only Object that has the capability to execute codein
response to an event action. If any instance of an event Object receives a signd to activate its event procedure,
The OOPi ¢ application invokes the subprocedure with then name of the oEvent Object instance plus the phrase
" _CODE".

Although the oEvent Object is the only Object in the OOPic language that has event capabilities, other Objects
can dill indirectly trigger events. Other Objects can be linked to the oEvent Object thereby giving any Object
event capabilities. When you want your code to respond to an event, you first create an instance of an oEvent
Object with the Dim command, write code for that event and point the oEvent Object to that code, and lastly
"connect” the oEvent Object to the Object that is triggering the event.

The following example shows how a voltage change on one of the OOPic’s /O Lines can call an event using
an oDiol Object connected to an event Object to invoke the basic syntax code subprocedure "MYEVENT".

O mMEvent As New oBEvent
Di m Thi ngA As New oDi ol

Dim Wre as New oFanout
Sub Mai n()

ThingA. 1OLine = 1

Thi ngA. Direction = cvlnput

Wre. |l nput.Link(Thi ngA)

Wre. Qut putl. Li nk( MyEvent . Oper at e)
END SUB

Sub MyEvent _Code
event code goes here
End Sub

After executing these lines within Sub Main, the applications program flow isidle and you could add code that
isfreeto go and do other things. A "Link" was made when the | nput of the oFanout Object was linked to the
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oDiol Object and the Output of the oFanout Object was linked to the Oper ate property of the oEvent Object.
Now, if the voltage on the /O line specified by the oDiol Object’s property changes from 0 to +5 5 the Value
property of the Object named "ThingA" will change from 0to 1, and thusly, The subprocedure named
"MyEvent_Code" will be executed. When the End Sub statement is encountered at the end of the
subprocedure’ s code, the program will continue where it left off previoudy at the time of the event.

Event-Driven vs. Traditional Programming

In atraditional or "procedura” application, the application itself rather than an event controls the portions of
code that execute. Execution starts with the first line of the program and follows a defined path through the
application, branching and calling subprocedures as needed.

In comparison with the example above, atraditional application must continuously check the state of the 1/0
Linein order to determine when to call the subprocedure"MYEVENT_CODE". Thistakes up processing time
for your application and can complicate the program’ s flow control.

In event-driven programs, changes in the hardware' s state can cause a subprocedure to be executed even when
the program flow was not expecting to do so. Therefore, the order in which your code executes depends on
which events occur, which in turn depends on what the hardware does. Thisis the essence of event-driven
programming: your code responds when it needs to.

Because the your program’ s flow control does not dictate when an event will occur, your code must make afew
assumptions about the "state of the world" when it executes. Y our code may trigger additional eventsin
response to its own interaction with the hardware and so, you should try to structure you application so those
possibilities are anticipated.

Note: Avoid performing to many events at once. This could cause the stack to overflow.
Codethat startsat power up.

In OOPic Basic Syntax, the subprocedure named "MAIN" in your program is designated as the starting point.

When your application powers up or is reset, the program will start executing at the first line within this
subprocedure. If you want to stop the program and wait for an event to occur, smply drop out of the "MAIN"
subprocedure. Another way to stop the program is by setting the OOPic Object’ s Oper ate property to 0
(cvOff). Thiswill also cause the OOPic to shut down all events and go into alow-power mode.

Prior to the "MAIN" subprocedure executing, When the OOPic is powered up or isreset, al of the application's
Object will be created and their valuesinitialized alowing the "MAIN" subprocedure to access them.

Ending an Event-Driven program.

An Event-Driven OOPic application stops running when all its oEvent Objects are disconnected from their
triggers and no code is executing. Because no code is running and no events will occur that will run a
subprocedure, there is no way to re-start the execution of the program code.

Even when no code is running, the Objects will still operate in the background until the power is shut off. Since

the Oper ate property can be set to 0 by another Object, or even by another computer viathe 12C network, the
code does not need to be running to shut down the power.

Objects

The OOPic language is oriented towards the use of Objects. Objects are a collection of code and data that
works together as a unit. Chapter 6 gives a detailed explanation of Objects. There are several Object classes that
are defined in OOPic and are available for use in your applications..
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In most basic languages, One would find severa Basic language statements and functions whose operations

deal with a particular subject and are therefore related. For example, the Peek function and the Poke statement
both deal with memory. The Peek function returns the value at a specified location and the Poke statement sets a
specified memory location to a specified value as seen in the following example.

V = Peek(128) ‘Ad way to read nenory |ocation 128 into the variabl e V.
Poke 128,V ‘Qd way to wite the variable Vinto nenory | ocati on 128.

The syntax of these two proceduresis completely dissmilar. In OOPic Basic, these two operations are
combined into asingle Object called "oRAM". With the oRAM Object, a specified memory location is treated
asasingle unit and isaccessed asif it was avariable. The following example demonstrates the use of an

oRAM Object dimensioned with the name "MYRAM".

V=MRAM ‘Newway to read a nenory location into the variable V.
MRAM=V ‘Newway to wite the variable Vinto a nenory | ocati on.

This code reads better, is more consistent and can be understood more quickly. This language enhancement is
one of the benefits of using an Object-oriented language.

In OOPic applications an Object is declared (or an instance of it is created) with the Dim statement as follows:

DmCbject As New type ‘Syntax of the D m statenent

Each Object must have a unique name specified by the programmer. The Object's nameis case insensitive and
isthe identifier that is used by the application to refer to that Object. The same rules apply to naming Objects as
are gpplied to al other identifiersin the OOPic language.

Variables

When writing programs, it is often necessary to store values temporarily when performing calculations. For
example; to compare the result of several calculations one would need to retain the result of each calculation for
the comparison. Storing the valuesin variables will accomplish this.

The OOPic languages, like most programming languages, uses variables for storing values. Variables have a
name that you use to refer to the variable. And they have avalue, which contains the data. Unlike other
programming languages however, OOPIC' s variables are also Objects. This gives OOPic applications some
advantages. The most important advantage is the presence of propertiesthat can use to control the behavior of
the variable. Another great advantage is that since the Value of the variable is a so an Object property, It can be

linked to a Virtual Circuit and accessed by other Objects aswell as other computers viathe 12C network.

In OOPic Basic syntax avariable is declared (or an instance of it is created) with the Dim statement asfollows:

Dmvariable As New type ‘Syntax of the D m statenent

Y ou should natice that thisis the same syntax used to create the instances of any other type of Object.

Each variable must have a unique name specified by the programmer. The Object's nameis case insensitive and
istheidentifier that is used by the application to refer to that variable. The same rules apply to naming variables
as are applied to al other identifiersin the OOPic languages.
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Subprocedures

The programmer can simplify programming tasks by breaking programs into smaller logical components called
subprocedures. A subprocedure is a section of aprogram used to perform a particular function. It is used when
a particular function must be executed severd times from different points within the program. Generdly, a
subprocedure can do anything that can be done in the main code of the program with the addition of returning
to the point in the program that called it. The use of subprocedures saves program memory, program-entering
time and makes programs easier to read and debug.

The Call command instructs the program to branch to the subprocedure. The last line of the subprocedure must
be End Sub. The End Sub statement causes the program flow to go back to the next statement following the
Call statement.

Each subprocedure must have a unique name specified by the programmer. The subprocedure's nameis case
insengitive and isthe identifier that is used by the application to refer to that subprocedure. The only required
subprocedure name is"MAIN" which is the subprocedure that is executed when the OOPic is powered up or
resst.

All variablesin OOPic Basic syntax are global. This means that any subprocedure can modify any variable that
appears anywhere in the entire program.

Functions

The OOPic languages include system-provided or intrinsic functions, like Sin. A function is a procedure that
can take an argument, perform a calculation and return the value of itsresult. To use afunction, the procedure
name and it’s argument in an expression form are typed into the code. For example, you could use the Sin
function to get the Sine of an angle

newal ue = Si n(ol dval ue)

Control Structures

Contral structures allow you to control the flow of your program’s execution. If left unchecked by control-flow
statements, a program’ s flow will "fall" through al of the statement until reaching the bottom of program. While
some very simple programs can be written with this unidirectiona flow, most of the utility of any programming
language comes from its ability to change the statements execution order with structures and loops.

Flow Control
Flow Control statements allow the program to change the point of execution.
The Flow Control structures that OOPic Basic syntax supports are:

« Goto
. Call

Decision Structures

Decision Structures are statements that can test conditions and then, depending on the result of that test, perform
different operations. The condition is usually a comparison, but it can be any expression that evaluatesto a

http://www.oopic.com/PGFull.html Page 20 of 49



OOPic Programming Guide Index 11/4/02 3:42 PM

numeric value. The evaluation interprets thisvalue as True or False; avalue of O isFalseand avalueof not Ois
True. The constants cvTrue and cvFal se can be used in your code in place of O or 1.

The decision structures that OOPic Basic syntax supports are:

o If...Then...Else
. Select Case

L oop Structures
Loop structures alow you to execute one or more lines of code repetitively.
The loop structures that OOPi¢c Basic syntax supports are:

e« For...Next
o Do...Loop

Adding Commentsto Your Code

Asyou write code, you may often wish to include some commentary to the code about the insight you had
when you wrote the program. The statement Rem tells an application written in OOPic Basic syntax to do
nothing with the words following the Rem statement. Comments can follow a statement, or can occupy an entire
line.

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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What is OOP?

OOP isan acronym for Object-Oriented Programming. It isaterm used to identify languages that are oriented
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towards the use of Objects.

Object-Oriented Programming, in redity, isjust a concept. It is an effort to make the task of writing computer
programs easier by alowing the programmer to write applications that interact with what appears to be physical
objects.

Technically speaking, the Objectsin an OOP language are combinations of code and data that are treated as a
single unit. Each Object has a unique name and all references to that object are done by that name.

In OOPic, dl the hardware I/O and the Virtual Circuits are done by using Objects, even variables are Objects.

Why Objects?

An Object-Oriented Programming language is advantageous because humans instinctively know how to
interact with physical objects. By arranging a programming language so that a programmer can interact with
cyber objectsin the same way, the learning curveis reduced significantly.

In most computer languages, the processing and program functionality is found in the form of several dozen or
so unrelated commands and keywords that need to be memorized. Several of these commands and keywords
are proprietary and are not found in any other vendor's languages. This creates a situation where it is difficult to
keep up with all the different "flavors' of alanguage.

In OOP languages, al of the processing and functionality has been moved to the Objects. The language itsalf
can then be reduced to just the commands and statements that are necessary to handle the program flow and
Object manipulation. Thisresultsin areduced instruction set which in turn results in less to memorize.

In older programming languages, the processing was sequentia throughout the application. With the processing
moved to the Objects, the application becomes multi-tasking with each Object handling its own processing
leaving the application to simply managing the Objects.

In OOPic, Objects are the fundamental way in which an application interacts with its environment. When an
application is being created using OOPic, the programmer only needs to remember a small set of flow-control
commands and how to interact with the Objects that his application uses.

What Can You Do With Objects?

Because the Objectsin the OOPic environment encapsulate the functionality of the hardware found in the
PIC16C74 I1C, an application can interact with the hardware quickly. Thisisin contrast to the alternative, which
would be working with along list of memory locations that represent scattered bits and pieces of the same
hardware.

An Object also provides multitasking code that interacts with the application program, hardware, and other
Objects. Thisessentially provides the programmer with pre-written code libraries. For example, one could use
an 0A2D Object to read the voltage present at one of the I/O Lines on the OOPic. By simply creating an 0A2D
Object and setting its properties, the application would have avalue available to it that represents a numeric
scale of avoltage. There isno need for the programmer to be worried about how to actually do the analog to
digital conversion, because the Object’ s multi-tasking code takes care of that.

Because Objects are multi-tasking, an OOPic application can interact with several pieces of hardware at the
same time. This means that your applications don't have to stop doing one thing just to go do something else.

By linking Objects together, an application can create aVirtua Circuit. A Virtua Circuitisacircuit in an
OOPic that appearsto be a discrete, physica electronic circuit but is actually the Objects within the OOPic
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emulating the functionality of the circuit. Virtual Circuits are created by progmatically linking together a set of
Objectsin the same methodology as one would physically link together a set of electronic components. Once
created, each individual part of the virtual circuit can be manipulated or evaluated by the program providing total
computerized control of the entire circuit.

The following table describes the types of Objects you can use in OOPic languages.

Type Description
Hardware An Object that represents and/or encapsulates a physically implemented piece of

hardware in the OOPic. In an application, multiple instances of these Objects can be
declared, but only one per piece of hardware present in the OOPic can be operational
at any giventime.

Processing An Object that retrieves values from other Objects, performs a specified calculation
and then stores the resulting value in another Object. These Objects are the building
blocks of Virtual Circuits. A processing Object can be declared for usein as many
multiple instances as memory can hold.

Variable An Object that stores avalue and provides evaluation properties about that value. A
Variable Object can be declared for use in as many multiple instances as memory can
hold.

System An Object that controls one of several system functions. A system Object isintrinsic
and is present at the time the OOPi ¢ powers up. Y ou cannot declare new instances of
these Objects.

Where Do Objects Come From?

A single statement in the application’s code creates an Object . In OOPic Basic syntax, the programmer would
use the Dim statement in his application to do this. The Dim statement expects the programmer to specify a
unique name for the new Object and what kind of Object it should be. Then, when the applicationis run and it
encounters this statement in code, an instance of that type of Object will be created.

The following example demonstrates the statement used to create an instance of an Object where the Object’s
name would be "XY Z" and the Object’ s type would be oByte.

Dim XYZ As New oByte

OOPic has severa different types of Objects that an application can create. Each one of these different types has
what is called an Object class. An Object class defines how each Object works. To understand the relationship
between an Object and its class, think of an automobile and it’ s blueprints. The blueprints would be the class,
because it defines the characteristics of each car - for instance, size, shape and how the car works. This blueprint
isthen used to create one or more automobiles and the automobiles that are created, would be the Objects. Each
Object that is created from aclassis considered to be an instance of that class.

When an Object is created, it isan identical copy of its class. Onceit exists as an individual Object, it can be
customized by changing its properties. For example, if you create 3 Objects using the same class, each one of
the 3 new Objectsis an identical instance of that class. Each of the 3 new Objects shares a common set of
characteristics and capabilities (properties, methods, and events), defined by the class. However, each one must
be created with a different name and once created, each Object's properties and methods can be separately
controlled.

All of the Dim statements are required to be at the beginning of the application's program. When the OOPicis
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initially powered up, or after the OOPic isreset, the Dim statements will be the first items encountered, thus all
of the application's Objects will be created and their values initialized before any other code is executed.

Creating Objects

In the OOPic Basic syntax programming language, an application must declare its intent to create an instance of
an Object by using the Dim command. This statement alocates memory out of the free RAM areato hold the
instance of the Object. The programmer gives the new Object a name that the application program will use to
identify it with. Any attempt made in the application program to refer to an Object that has not yet been created
will result in a compile time error and the compilation will not complete.

The following example demonstrates the statement used to create an instance of an Object where the Object’s
name would be " TheNunber That WeWant " and the Object’ s type would be oByte.

Dim TheNumberThatWeWant As New oByte

Object Names

Each Object within an application program must have a unique name so that the application program can refer
to it. Object Names can be anything so long as they follow standard naming conventions. The following lists the
rules of the standard naming convention:

1. Object Names mugt begin with aletter

2. Object Names cannot contain a period.

3. Object Names must not exceed 32 characters.

4. Object Names must be unique within the application. (Object names are case insensitive)

The name of the Object is not stored in RAM and therefore can be any length (up to 32 characters) with out
affecting the amount of RAM that gets alocated for the Object's instance.

Object Names are case insengitive. |.E. the names: "ThingOne" and "thingone" are recognized as the same
Object.

Creating Arrays of Objects

Y ou can declare and use arrays of Objects by specifying a subscript value in the Dim statement. In the following
example two arrays of Objects are being created, the first isan array of 3 oByte Objects and the second is an
array of 6 oDiol Objects.

oBvt
oDio

i

BA(3)
PA(6)

P> P>

—

\3 \3
ie

These Objects are now accessed by including the subscript number. In the following example, All the valuesin
BA(1) through BA(6) are added together in Z.

ForX=1t06
Z =27+ BA(X).Value
Next X
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Creating Objects from Classes with a variable size

The class definition of the three Objects oBuffer, oGate and oFanout have variable sizes.

In the case of the oBuffer Object, the class size specifies how many bytes long the buffer will be.
In the following example, an instance of the oBuffer classis created with 8 bytes of storage space.

Dim bunchobytes As New oBuffer(8)

In the case of the 0Gate Object, the class size specifies how many inputs the gate function will have.
In the following example, an instance of the oGate classis created with 2 inputs.

Dim thegate As New oGate(2)

In the case of the oFanout Object, the class size specifies how many outputs the fan-out function will have.
In the following example, an instance of the oFanout classis created with 2 outputs.

Dim somewires As New oFanOut(2)

Refer to the OOPic technical guide for alist of Object classes.

Working With Objects

OOPic Objects supports properties, methods, and events. Y ou can change an Object’ s characteristics by
changing its properties. In addition to Properties, Objects have methods. Methods are a part of Objectsjust as
properties are. Generally, methods are actions that are perform on the Object, while properties are the attributes
you set or retrieve. Objects aso have events. Events are triggered when some aspect of the Object is changed
and program code is executed in response to this change.

Once an instance of an Object has been created, al references to that instance are done by specifying its name
followed by a period and then the property or method that you want to reference.

Controlling Objectswith Their Properties

An Object’s properties are the values that it holds. These properties can be numeric values for storage or
specifying what to do or even for indicating that something was done.

Setting Property Values

Y ou would set the value of a property when you want to change the behavior of an Object. For example, you
change the Dir ection property of aoDiol Object to specify whether you want the I/O Line to be an input or an
outpu.

To set the value of an Object's property, specify the Object's name followed by a period and then the property
to set.

The Following shows the syntax of setting an Object's property to avalue:
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Object.property = expression

The following example demonstrates a property being set:

Sub Mai
ThingA.lIOLine = 1
ThingA Direction = cvinput
End Sub

Sub Main()

In this example, an Object named ThingA istold that its | OL ine property isto be set to 1 and its Direction
property isto be set to 1, (cvinput). cvinput is aconstant that equals 1. Therefore, after thisexampleis
executed, the Dir ection property of the Object with the name "ThingA" isequal to 1. When the Direction
property of an oDiol Object is 1, the Value property of that Object is updated with the electrical state of the /O
Linel.

Some Objects have properties that are read only. These Objects generally have done some calculationsto derive
at the value set in the property and writing to them would only erase these values.

Getting Property Values

Reading the value of a property is done when the application program needs to find the state of an Object. For
example, a program can determine whether or not avoltage is present at an 1/0O Line by reading the Value
property of aoDiol Object which pointsto that 1/0 Line.

To get the value of an Object's property, specify the Object's name followed by a period and then the property
to get.

The Following shows the syntax of getting an Object's property value:

Variable = Object.property

In the following exampl e the value of one oDiol isread, and a second oDiol isset toitsvaue.

Sub Main()
ThingA.IOLine = 1
ThingA.Direction = cvinput
ThingB.IOLine = 2
ThingB.Direction = cvOutput
Do

ThingB.Value = ThingA.Value

Loop

End Sub

A property value can also be used in a complex expressions.

In the following code example, MyNumber is set to either O or 5 depending on whether or not therewas a
voltage present on the 1/O Line at the time the statement is executed.
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Sub Main()
ThingA.IOLine = 1
ThingA.Direction = cvinput
MyNumber.Value = ThingA.Value * 5
End Sub

Using Default Properties

Many Objects have default properties. Default properties can be used to smplify the application’ s code, because
the code does not need to refer explicitly to the default property when setting or retrieving the value. The default
property can be set when the Object is dimensioned.

For an Object where Value isthe default property, the following 2 code fragments are equivalent:

Cbj ect = 20

And

Obj ect. Val ue = 20

Variable and Hardware type Objects will always use Value asthe default property. Not all Objects have a
default property, in these cases, specifying the properties will always be required.

In the following 2 code fragments, the value of the variable Q isincremented by one.

Q=Q+ 1

And

QValue = QVvValue + 1

Objectsthat are used in a Virtua Circuit and are connected to other Objects will use the default properties of
the Objects they are connected to, except in the case of explicitly pointing to an Object’ s flag properties.

Refer to the OOPic technical guidefor alist of Object properties.

Perfor ming Actions with Methods

A method is an action that an Object can perform. When invoked, they instruct the Object to do a specified
function.

Using Methodsin Code

Y ou would use amethod when you want the Object to perform a specified function. For example, an Object will
increase its Value property by 1 when the Inc method isinvoked.
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To invoke an Object's method, specify the Object's name followed by a period and then the method to invoke.

The Following shows the syntax of invoking an Object's method.

Object.method

The following example demonstrates a method being invoked.:

Dim ThingA As New oByte
Sub Main()

ThingA =1

ThingA.Clear
End Sub

In this example, an Object named ThingA istold that to set its Vaue property to 1. The Clear method is then
invoked which sets the Object's Value property to O.

Refer to the OOPic technical guide for alist of Object methods.

Responding to Events

An Event isany action that has happened within an Object. Often, an application program will need to perform
a procedure when a particular Event has occurred.

The oEvent Object

The oEvent Object isaspecial OOPic Object that will execute a specified sub procedure when it's Oper ate
property isset to 1. The oEvent Object’'s Oper ate property can be linked to a Virtua Circuit allowing any
event in the OOPic to trigger events.

Linking Objects Together

Connections between OOPic Objects give the programmer the ability to build aVirtua Circuit within the
OOPic.

Severd of the Objects defined in the OOPic languages are capable of manipulating the properties of other
Objects. This gives OOPic applications the power of aVirtua Circuit. Virtual Circuits can exchange data and
do caculations in the background while the gpplication program is focussing on what to do with, and how to
react to the state of the Virtual Circuit. For example, in the application note "Driving a stepper motor” aVirtua
Circuit is defined that will position a stepper motor at an absolute location. A single variable contains the value
of that location and when changed, the stepper motor will turn to the new location. The only code that the
application program has to do to turn the stepper motor to a particular location, is assign one variable the value
of the new location. The following example demonstrates an assignment like this:

Mot or Locati on = 5000

The building blocks of Virtual Circuits are the Processing Objects. These Objects retrieve their input values and
store their output valuesin the properties of the Objects that they are linked to. Objects are linked to other
Object through pointers. Pointers are a data type that simply tells one Object where to find the other Object.
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Two types of pointersexist;
1 A Pointer to atarget Object.
2. A Pointer to one of the target Object’s Flag properties.

A Pointer to atarget Object tells the linked Object where the target Object is. A pointer of thistype expectsto

be set to the Object itself. An Object link using thistype of pointer will aways set or return the target Object’s
Value property.

A Pointer to atarget Object’s Flag property tells the linked Object where the Flag property is. A pointer of this
type expects to be set to an Object’s Flag property. An Object link using this type of pointer will always set or
return the target Object’ s Flag property that it was pointed to.

A Link is made between Objects when the Processing Object’ s pointers are linked to the target Object or its
Flag properties.

In the following example, two inputs of a 0Gate Object are connected to two oDiol Objects.

Dim aGate As New oGate(2)
Dim DioA As New oDio1

Dim DioB As New oDio1

Sub Main()
aGate.|lnput1.Link(DioA.Value)
aGate.lnput2.Link(DioB.Value)

End Sub

Pointer types and the Object’ s property types must always match. In the previous example, the pointer types are
matched. The input properties of anoGate Object must always be connected to Flag properties and the Value
property of aoDiol Object isaFlag type property.

Dynamic Data Exchange

The OOPi ¢ programming language has the ability to communicate and exchange data with the Objects within
an entirely different OOPic. Thisis helpful when you dedicate one OOPic to do a particular function and want
to control its activities from another OOPic or other computer. The OOPic uses the Philips 12C two wire
network to transfer information about the values within the Objects to other computers hooked into the 12C
network. Up to 127 different components can be collectively connected to this network by attaching 2 wires and
aground reference. No specialized cables or components are required to use the 12C network.

For further information on the Philips 12C network, see the link to the Philips web sight at http://www.oopic.com
Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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Chapter 7. - Variable and Constants

Contents:

What are Variables?

oBit, oNibble, oByte and oWord Variables
oBuffer Variable

oEEProm Variable

oRam Variable

Constants

What are Variables?

As discussed in Chapter 5, "Programming Fundamentals’, Variables are used to store values. In most

languages, variables are just a storage area that holds a single value. In the OOPi ¢ languages, however, variables
are Objects that store avalue. Thisis done so that each variable may have more properties than just its value.
This gives OOPic applications some advantages. The most important advantage is the presence of properties and
methods that can use to control the behavior of the variable. Another great advantage is that since the Value of
the variable is a property, other Objects aswell as other computers viathe 12C network can accessit. (See
Chapter 6, "Introduction to OOP" for more information on how to create Variable Objects and use their
properties and methods.)

OOPic provides you with several variables of different sizes and types of Variables to accommodate the needs of
your program.

« OBit, oNibble, oByte, and oWord
 OBuffer

o OEEProm

o ORam

oBit, oNibble, oByte and oWord Variables

The oBit, oNibble, oByte and oWord Variables are used to store values. Each of the 4 different Variables types
work approximately the same, but the magnitude of the Vaue property is of different sizes.

Type |Bit-Size|Magnitude|Memory Size
oBit 1 1 1
oNibble 4 15 1
oByte 8 255 2
oWord | 16 65535 3

Each Variable that is declared in an application will occupy an amount of memory within the OOPic, and itis
always best to use the least amount of memory possiblein any application. Therefore, to select the type of
Variable to use when needing to store a value, determine the highest value that will be needed and select the
Variable type with the lowest Bit-size that will still be able to hold that highest value within its magnitude.
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These Variables al have aFlag-type NonZer o property that indicates when the variable is not zero in value.

Thetwo Variables, oByte and oW or d have a Flag-type M SB property that indicates the state of the Most
Significant Bit of the Value Property.

The oBit Variable has the unique feature of having its Defalut property also be a Flag-type property.

The Flag-type properties can be linked in Virtual Circuits with Flag-Pointers. (See Chapter 9, "Virtual Circuits’
For more information on linking Flag-type propertiesto Virtua Circuits)

oBuffer Variable

The oBuffer Variableis used to store a contiguous group of bytes. It can be defined with aslittle as 1 byte or as
many as 32 bytes of storage.

The Value property of the oBuffer Variable isa 1-byte value that access one of the elementsin the contiguious
group of bytes. The element that the Value property accessesis specified by the L ocation property.

oEEProm Variable

The oEEProm Variableis used to store or retrieve data from non-volatile memory located within the EEPROM
memory chips plugged into the EO and E1 sockets on the OOPic.

Care must be taken when using this Object, asit has the power to access and change the currently running
application program.

oRam Variable
The oRam Variableis used to access any one of the 256 |ocations within the OOPic processor chip.

Extreme care must be taken when using this Object, asit has the power to access and change critical OS
operations.

Constants

A Congtant isavalue that is given aname. Like a Variable, a constant isreferred to in code to retrieve itsvalue.
However, unlike aVariable, its value can only be defined once within the code and cannot be changed during
program execution.

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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Contents:
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OOPic'sHardware Interface

The OOPic is designed to be used in embedded applications. these are applications in which a stand-alone
processor is required to control some form of hardware. To accommodate this, the OOPic has thirty-one I/O
lines that can be used in various ways. Each of the thirty-one physical 1/0 lines can both sink and source 25mA..
I/O Lines 8 — 15 have an interna pull-up resistor that can be activated with the Pullup property of the OOPic
Object. and I/O Lines 16 — 31 are Schmidt Trigger type inputs when in the input mode. These 1/O lines are
controlled by a set of special Objects referred to as Hardware Objects.

The Following table shows the electrical characteristicsfor al the OOPic's I/O lines.

Output Voltage when 1/0 lineis set to output O. OVolts
Max current supplied when 1/O lineis set to output 0. | 25 Ma
Output Voltage when 1/0O lineis set to output 1. +5 Volts

Max current supplied when 1/O lineis set to output 1. | 25 Ma

Max current supplied on al 1/0 lines combined 200 Ma

The voltage regulator on the OOPicisa TO-92 case 7805 +5 Volt regulator and israted at 100 Ma. If more
power is needed, a +5 voltage source can be supplied on the +5 lines of the 40 Pin |1/O connector .

Har dwar e Obj ects are Objects that encapsulate the functionality of the physical hardware circuits within the
OOPic. They interface with the physical hardware circuits connected to the OOPic and provide an application
program with a hardware interface that has the capability of controlling and respond to that hardware.

Hardware Objects are the one and only method the OOPic uses to provide hardware |/O.
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Using Har dwar e Objects

Like al other Objects, Hardware Objects must be created before they can be used. In Basic syntax, thisis done
with the Dim statement. The Dim statement expects the programmer to specify a unique name for the Object and
a Class specification to tell what kind of Object to create. For more information on using the Dim statement, refer
to Chapter 3.

There are 11 Classes of Hardware Objects built into the OOPic. The following list shows the 11 different types
of Hardware Objects available.

1-Bit Digital Input / Output
4-Bit Digital Input / Output
8-Bit Digital Input / Output
16-Bit Digital Input / Output
16-Bit multiplexed Digital Input / Output
Anaog to Digital Converter
Pulse Width Modulator
Seria Transmitter / Receiver
High Speed Timer

Matrix Keypad Decoder

RC Servo Controller

POOOONOUTA~WNE

L

Although more that one instance of any hardware Object is allowed, Only one instance of a Hardware Object
will properly interact with any one specific hardware circuit at any given time.

1-Bit Digital 1/0
The oDiol Object class defines an Objects that uses one of the OOPIC's thirty-one Input/Output Lines.
Each dimensioned instance of theoDiol Object has an | OLine property that specifies which one of the
OOPic'sthirty-one physical 1/0 linesit isto use. This property must be set prior to any other property being set.
Setting the 1OL ine property to O resultsin the oDiol Object entering an dormant state.

The following table shows the possible values for the | OL ine property.

IOLine|Description
0 The oDiol Object is disconnected from any 1/O line.
1-31 |TheoDiol Object is connected to the specified I/O line.

The Value property of the oDiol Object continuoudly reflects the el ectrical state of the 1/0 Line specified by
the IOL ine property. If the Direction property is set to cvl nput, then the Value property reflects the physical
I/O Line and if the Direction property is set to cvOutput, then the physical 1/0 Linereflectsthe Value

property.

The following table shows the possible values for the Value property.

Value| Electrical State
0 Thel/Olineisat O Volts
1 Thel/Olineisat +5 Volts

For more information on the oDiol Object, See the oDiol Technical Information.
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4-Bit Digital 1/0

The oDio4 Object class defines an Objects that uses a group of 4 consecutive lines of the OOPIC's thirty-one
Input/Output Lines.

Each dimensioned instance of the oDio4 Object has an 10Group and a Nibble property that specifieswhich
one of the six possible 1/0 line configurations it isto use. These property must be set prior to any other property
being set. Setting the | OGroup property to O results in the oDio4 Object entering an dormant state.

The following table shows the possible values for the | OL ine property.

IOGroup | Nibble | Description

the oDio4 Object is disconnected from all 1/0 Lines.
the oDio4 Object is disconnected from all 1/0 Lines.
the oDio4 Object is connected to 1/0O lines 8 — 11.
the oDio4 Object is connected to 1/0 lines 12 — 15.
the oDio4 Object is connected to I/O lines 16 — 19.
the oDio4 Object is connected to 1/0 lines 20 — 23.
the oDio4 Object is connected to 1/0 lines 24 — 27.
the oDio4 Object is connected to 1/0 lines 28 — 31.

Wl WIN|DN| PP, O| O
Rl O|lkFR,|O|FL,|O|FL| O

The Value property of the oDio4 Object reflects the electrical state of the I/0 Lines specified by the |OGroup
and Nibble properties. If theDirection property is set to cvinput, then the Value property reflects the physical
I/O Linesand if the Direction property is set to cvOutput, then the physical 1/0 Linesreflect the Value.

The following table shows the possible values for the Value property.

Value| Electrical State

0 All 41/Olinesareat 0 Volts

1-14 |The41/O linesare binary equivalent combination of O Volts and +5 Volts
15 All 41/Olinesare at +5 Volts

For more information on the oDio4 Object, See the oDio4 Technical Information.

8-Bit Digital 1/0

The oDio8 Object class defines an Objects that uses a group of 8 consecutive lines of the OOPIC's thirty-one
Input/Output Lines.

Each dimensioned instance of the oDio8 Object has an | OGroup property that specifies which one of the three
possible I/O line configurations it isto use. This property must be set prior to any other property being set.
Setting the |OGroup property to 0 resultsin the oDio8 Object entering an dormant state.

The following table shows the possible values for the | OL ine property.
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IOGroup | Description

0 The oDio8 Object is disconnected from al 1/O Lines.
1 The oDio8 Object is connected to 1/0 lines 8 — 15.
2 The oDio8 Object is connected to 1/O lines 16 — 23.
3 The oDio8 Object is connected to I/O lines 24 — 31.

The Value property of the oDio8 Object reflects the electrical state of the I/O Lines specified by the |OGroup
property. If the Direction property is set to cvlnput, then the Value property reflects the physical 1/0 Lines and
if the Direction property is set to cvOutput, then the physical 1/0O Linesreflect the Value.

The following table shows the possible values for the Value property.

Value |Electrical State

0 All 81/Olinesare at 0 Volts

1-254|The81/O linesare binary equivalent combination of 0 Voltsand +5 Volts
255 All 81/Olinesareat +5 Volts

For more information on the oDio8 Object, See the oDio8 Technical Information.

16-Bit Digital 1/0

The 0Di016 Object class defines an Objects that uses agroup of 16 lines of the OOPic's thirty-one Input/
Output Lines.

Each dimensioned instance of the 0Di016 Object has an |OGroup property that specifies if it isusing its
predetermined 1/O line configuration. This property must be set prior to any other property being set. Setting the
|OGroup property to 0 resultsin the oDi016 Object entering an dormant state.

The following table shows the possible values for the |OL ine property.

IOGroup | Description
0 The 0Di016 Object is disconnected from al 1/0 Lines.
1 The oDi016 Object is connected to 1/0 lines 8 — 15 and 1/0 lines 24-31.

The Value property of the oDio16 Object reflects the electrical state of the 1/0 Lines specified by the
|OGroup property. If the Direction property is set to cvl nput, then the Value property reflects the physica 1/0
Linesand if the Direction property is set to cvOutput, then the physical 1/0 Linesreflect the Value.

The following table shows the possible values for the Value property.

Value Electrical State

0 All 16 1/Olinesareat 0 Volts

1- 65534 | The 16 I/O lines are binary equivaent combination of 0 Voltsand +5 Volts
65535 All 16 1/O linesare at +5 Volts
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For more information on theoDi016 Object, See the oDi016 Technical Information.

16-Bit Digital 1/0 Expansion

The 0Di016x Object class defines an Objects that uses a group of 8 and agroup of 3 lines of the OOPic's
thirty-one Input/Output Lines but provides 16 Inputs and 16 outputs through multiplexing.

For more information on the oDio16x Object, See the oDio16x Technical Information.

Analog to Digital Converter

The 0A2D Object class defines an Objects that uses 1 Input line of the OOPIC's thirty-one Input/Output Lines
and encapsulates the OOPic's anal og-to-digital converter module.

The analog-to-digital converter (A/D) module allows conversion of an analog input signal to a corresponding 8-
bit digital number. The A/D module has four analog inputs available on the OOPic’s 1/O lines 1 — 4, which are
multiplexed into a single sample and hold register. The sample and hold register is the input into the converter,
which generates the result via successive gpproximation. The ExtV Ref property of the OOPic Object
determines the analog reference voltage, which is selectable to either 5 volts or the voltage level supplied on the
OOPic’'s1/Oline4.

For more information on the cA2D Object, See the 0A2D Technical Information.

Pulse Width M odulator

The oPWM Object class defines an Objects that uses 1 Output line of the OOPIc's thirty-one Input/Output
Lines and encapsulates the OOPic's Pulse-Width-Modulator module.

The Pulse-Width-Modulator (PWM) module provides an output that rapidly switches between on and off. The
ratio between the On time and the Off timeis controllable. The larger theratio is, the more current will flow from
the output and the smaller theration is, the less current will flow from the output. This creates an output who's
output current is controllable.

For more information on theoPWM Object, See the oPWM Technica |nformation.

Serial Transmitter / Recelver

The oSerial Object class defines an Objects that uses 1 Input line and 1 Output line of the OOPic's thirty-one
Input/Output Lines and encapsulates the OOPic's serial communication (SC) module.

The serial communication (SC) module provides a high-speed serial communication port capable of
communicating at 1200, 2400, 9600 and 31250 BPS. It can be configured as full duplex asynchronous or
synchronous and can communicate with serial devices such as CRT terminals and personal computers. It uses
the standard non-return-to-zero (NRZ) format asynchronous mode, (one start bit, eight data bits and one stop
bit). The SC module transmits and receives the lowest significant bit first. The SC modul€' s transmitters and
receiver are functionally independent but use the same data format and baud rate.

The outputs of the SC module are TTL levels. To convert the TTL seria signalsof 0 - 5 Voltsto the RS232
Serid signasof +/- 12 Volts, any TTL to RS232 chip such as the SN75188 or the MAX203 can be used.
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For more information on the oSerial Object, See the oSerial Technical Information.

High Speed Timer

The oTimer Object class defines an Objects that uses 1 Input line of the OOPic's thirty-one Input/Output Lines
and encapsulates the OOPic's Timer module.

The Timer module provides a 16 bit hardware counter who's input can be configured as an input line on the
OOPic. Theinput line can be used astandard TTL level input or can be configured to drive acrystal.

For more information on theoTimer Object, See the oTimer Technical Information.

Keypad I nput

The oK eypad Object class defines an Objects that uses 8 lines of the OOPic's thirty-one I nput/Output Lines
and encapsulates the OOPic's Keypad matrix controller module.

The Keypad Matrix Controller module provides the matrix scanning pattern needed to read a4 x 4 matrix
keypad.

For more information on the oK eypad Object, See the oKeypad Technical Information.

Servo Controller

The o0Ser vo Object class defines an Objects that uses 1 Output line of the OOPic's thirty-one | nput/Output
Lines and encapsulates the OOPic's Servo Motor (SM) control module.

The Servo Motor (SM) control module provides the PWM control pulse that isrequired to electrically refresh a
servo motor's position. The SM control module can output the PWM control pulse on any of the OOPic's 31 1/
O Lines specified by the |OL ine property.
For more information on the 0Ser vo Object, See the 0Servo Technical Information.

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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What isa Virtual Circuit?

A Virtua Circuit isacircuit in an OOPic that appears to be a physical discrete electronic circuit, but is actually the
OOPic operating system emulating the functionality of the circuit.

A Virtua Circuit can be comprised of any number of any kind of Objects so long as at least one Processing
Object isincluded. Each individual part of the Virtual Circuit can be manipulated or evaluated by the program
providing total computerized control of the entire circuit.

How are Virtual Circuit made?

Virtual Circuits are created by progmatically linking together a set of Objects in the same methodology as one
would physically link together a set of electronic components to assemble an electronic circuit. The application’s
program can assemble, disassemble, or reconfigure the structure of aVirtual Circuit at any time during the
execution of the program.

The Objects that are used to link together the Virtual Circuits retrieve their input values and store their output
values in the properties of other Objects. These Objects are referred to asPr ocessing Objects. These Objects
encapsul ate various mathematical, logical and other data manipulation functions. When they are linked to other
Objects, their encapsulated function is performed on the "Linked" Objects. The Link that specifies what Objects
are used, is done with a specia Object Property called a Pointer.

Linking Objects

To progmatically link together the Objects of aVirtual Circuit, TheLink method is used in conjunction with the
Objects and properties that are to be connected. This method creates alink between atwo Objects. Oncealink is
created, the linking Object will use the linked property's value.

While other methods are used to instruct Objects to perform operations, the Link method is used to instruct a
Pointer Property to point to another Object’'s property. The syntax for the Link method isasfollows,

baseobj ect . poi nt er property._Link(|i nkobj ect. propertytolink)

The Link method is only available on properties that are designated as a Pointer Property.
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Pointer Properties

A Pointer Property is an Object's Property that tells that Object where to find information in another Object. It
does not store the information itself, instead each time the information is needed, the Pointer Property is used to
identify where to retrieve the information from.

The Object's property that a Pointer Property is linked to can be changed at any time during the execution of the
applications program.

Two types of Pointer Properties exist;

1. A Pointer to the target Object's Default property. referred to as an Object-Pointer
2. A Pointer to one of the target Object's Flag properties. referred to as a Flag-Pointer

When Linking Pointer Properties to Objects properties, the Pointer Property's type and the Object property's type
must always match.

Object Pointers

An Object-Pointer is used to link a Processing Object to the Default Property of another Object. When linking a
Pointer Property of thistype, The argument that is expected inside a set of parentheses after the link method isthe
Target Object's Name plus a period and the Target Object's Default Property or just the Target Object's Name

The Default Property of an Object isthe property that will be used if noneis specified when referring to that
Object. To find out which Object's properties are Default Properties, refer to the Object's Technical
| nfor mation where each property's Data-Type is specified

The following example shows the Object-Pointers of the oMath Object being linked to the default properties of
two other Objects.

Di ma As New oMt h " Qreate an oMat h Processi ng (bj ect

Dimb As New oByte ' OQeate a 1 byte Variable (bj ect

Di mc As New oDb 08 " Qeate a 8hit 1/Oport

Sub Miin()
a lnputl.Link(b. Val ue) " Link the 1st oMath input to the oByte (bj ect
a lnput2.Li nk(c. Val ue) " Link the 2nd ovath input to the I/0O port

End Sub

Flag Pointers

A Flag-Pointer is used to link a Processing Object to a Flag-type Property of another Object. When linking a
Pointer Property of thistype, The argument that is expected inside a set of parentheses after the link method isthe
Target Object's Name plus a period and the desired Target Object's Flag-type Property.

A Flag-type Property isaproperty that consists of 1-bit and is configured in such away to be able to be linked to.
To find out which Object's properties are Flag-type Properties, refer to the Object's Technical Information where
each property's Data- Type is specified

The following example shows the Flag-Pointers of the oGate Object being linked to the Flag-type properties of
two other Objects.
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Dima As New oGite " Geate an oGte Processing (bj ect
Dimb As New oByte ' OQeate a 1 byte Variable (bj ect
Dimc As New oDi 01 " Qeate a 1-bit 1/Oport
Sub Min()
a Il nput1.Link(b. NonZero) " Link the 1st oGate input to 1st 1/0O Port
a Qutput.Link(c. Val ue) " Link the oGate's Qutput to the 2nd 1/0O port
End Sub

Copyright(c) 1999,2000 by Savage Innovations All rights reserved
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What isthe OOPic Object.

The OOPic Object isan intrinsic Object that controls the OOPic's operating system. Several properties are
provided that either control operating system functions or report operating system status. The OOPic Object is
the only Object that isintrinsic.

Sincethe OOPic Object isintringic, it is aways present in every OOPic application and the application
programmer does not need to dimension it.

Controlling the OOPic Operating System.

Four properties are provided to control the OOPic's Operating System:

Node
Operate
Pause
Reset

The Node property isavaue that is used to specify the OOPics network node when two or more OOPics are
connected viathe 12C network.

The Oper ate property isavaue that controls the power mode of the OOPic Chip.

The Pause property is avalue that suspends the program flow.
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The Reset property isavalue that resets the OOPic when set.

Reading OOPic Operating System Status.

Three properties are provided that report system status.

. HZ1
« Hz60
. StartStat

The Hz1 property isavaue that cyclesevery 1hz.
The Hz60 property isavauethat cycles every 60hz.

The StartStat property isavalue that indicates the cause of the last OOPic reset.

Controlling Miscellaneous OOPIc Functions
Two miscellaneous properties are provided that control miscellaneous hardware functions.

o« EXtVREef
« PullUp

The ExtVRef property isavalue that specifies the source of the voltage reference for the OOPics analog to
digital module.

The PullUp property isavalue that specifies the state of the internal pull-up resisterson 1/0 lines 8 - 15.
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OOPic Mathematics

Any mathematical formulathat needs to be solved while an application's program is running, requiresthat it be
written out as an Expression in the program's code.
EXpressions

An Expression isawritten mathematical formulathat details the values, operations and functions as well as the
order that the operations and functions are performed in order for the formulato be solved. The resulting vaue of
the mathematical formulaisthefina value derived after al of the formulas operations and functions have been
executed.

An Expression can be asingle value or variable, or it can be comprised of severa values and variables separated
by Operators and functions.

Expressions can be used in the following Situations:

« Inanassignment statement that assigns the resulting valueto aVariable
« Inaflow control statement that conditionally changes the flow of the program depending on the resulting
vaue.

If an Expression is comprised of more than one value or variable, then it is evaluated from left to right,
performing, in the order of precedence, the operators and functions that it encounters.

Operators

Operators are used to specify that amathematical operation needs to be performed between two vaues. They are
always performed by applying the value on the right side to the value on the I eft side in the manner specified by
the operator.

Thefollowing isalist of Operators.
« Arithmetic: +, -, *, /, mod

« Logical: And, Or, Xor, Not
o Rediond: =, <>, <,> <=.>=
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In the following example, the variable A" is assigned the value of the Variable "B" plus the value of the
variable "C" minusthe value of the variable"D"

A=B+C-D

Precedence of Operators

The precedence of operators determines the order in which mathematical operations are executed. OOPic
languages follow the operator precedence rules of agebraic expressions. These rules dictate that the expression
is scanned from left to right and that no operation is performed until it encounters an operator of lower or equa
precedence.

Thefollowing list defines OOPIc's order of precedence:

Operatorsin parenthesis

Negation (-)

Multiplication (*), Divison (/) and Modulus (Mod)
Addition (+) and Subtraction (-)

Relational expressions (=, <>, <, >, <=.>)
Logical AND (And)

Logical OR (Or)

Logical XOR (XOr)

ONoOUA~WNE

Parenthesized expressions have the highest precedence, so their useisagood way for you to reduce ambiguity
and make your programs more readable.

In the following example, the variable "A" is assigned the value of the Variable"C" divided by the value of the
variable "D" plus the value of the variable "B"

A=B+C/D

In the following example, the variable A" is assigned the value of the Variable "B" plus the value of the
variable "C" divided by the value of the variable "D"

A=B+C)/D

Arithmetic Operators
The Arithmetic Operators perform basic arithmetic functions between two values.

Syntax Resulting value

{exprl} + {expr2} The sum of the two expressions.
{exprl} - {expr2} The difference of the two expressions.
{exprl}* {expr2} The product of the two expressions.
{exprl} /{expr2} The quotient of the two expressions.
{exprl} Mod {expr2} | Theremainder of the two expressions.

L ogical Operators
The Logica Operators perform the bitwise logic functions between two vaues
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Syntax Resulting value

{exprl} And {expr2} | Theresult of Logically ANDing the bits of the two expressions.

{exprl} Or {expr2} The result of Logicaly ORing the bits of the two expressions.

{exprl} Xor {expr2} | Theresult of Logically Exclusivly ORing the bits of the two expressions.

Not { exprl} Theresult of Logically Inverting the bits of { exprl}

Relational Operators
The Relational Operators perform comparisons between two values.

Syntax Resulting value

{exprl} ={expr2} | 1if thetwo expressionsareequal, Oif not.

{exprl} <> {expr2} | 1if thetwo expressionsare not equal, Oif not.

{exprl} < {expr2} 1if {exprl} islessthan {expr2}, Oif not.

{exprl} >{expr2} | 1if {exprl} ismorethan{expr2}, Oif not.

{exprl} <={expr2} || 1if {exprl} islessthan or equd to{expr2}, Oif not.

{exprl} >={expr2} | 1if {exprl} ismorethan or equa to {expr2}, Oif not.

Functions

Functions are used to when one value needs to be convert from one form to another. They are performed by
applying the value within the functions parenthesis to the conversion process specified by the function.

The following isalist of Function.

Syntax Resulting Value

Sin({ expr}) | Thebinary formatted trigonometric sine of { expr}
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What is Dynamic Data Exchange?

Dynamic Data Exchange is a function that alows two or more OOPics to exchange data. This exchange of data
is accomplished by a Virtua Circuit that utilizes oDDEL ink Objects to transfer data over an 12C Network.

While other processing Objects are used to create Virtua Circuits that manipulate and exchange data with
Objects within the same OOPIc, the oDDELink Object is designed to utilize the 2C network to exchange data
with other OOPics.

The oDDELIink Object

The oDDEL ink Object isa Processing Object that dynamically exchanges data between two OOPics by
transmitting data over an 12C network of which both OOPics are connected. It can be configured to both send
and receive data.

Any properly configured oDDEL ink Object can initiate adata transfer by setting the Sync property to 1
(cvTrue), thereby causing the datato be either sent to or retrieved from other oDDEL ink Objectsin the
network depending on the state of its Dir ection property.

The DDE Virtual Circuit

A working knowledge of Virtua Circuitsis necessary to understand how the oDDEL ink Object functions. If
you have not done so aready, read Chapter 3 - Your First Virtual Circuit and Chapter 9 - Virtual
Circuits.

In order for aVirtua Circuit to be capable of transferring data over the 12C network, an oDDELink Object must
be included and linked to other Objects within the OOPic. Each Occurrence of the oDDEL ink Object has
two pointer properties which are used to link to the Objects which contain the datato be transferred.

The oDDEL ink Object retrieves the data to be transferred from the Object linked to by the | nput property and
the Output property links to the Object that the transferred datawill be stored into.
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The oDDEL ink Object's Sync property, which initiates the data transfer, isa Flag type property and can be
controlled by the Virtual Circuit by linking it to other Flag-pointer properties within the Virtua Circuit.

Network Nodes.

Each OOPi ¢ connected together viaan 12C network must be differentiated by a unique Node number. The
OOPic Object's Node property is used to specify this number. Thisistheidentifier that the 12C network uses
to properly route the data when an DDELink transfer is made.

The OOPic.Node property must be set to a number greater than O to turn on the OOPic's network functions.
Once the Node number is set, the |2C network is enabled and startsto listen for incoming data packets. If the
OOPic.Node property is set back to 0 (cvOff), the I2C network is disabled and any incoming data packets are
ignored.

It isimportant to remember to enable the 12C network in both the Master application and the Slave application
before the gpplications attempt to transfer data.

The oDDEL ink Object also has a Nodeproperty. This property specifieswhich OOPic the oDDEL ink
Object is going to be communicating with.

DDE Conversations.

When two OOPics exchange information, they do so by engaging in a DDE conversation. The application that
initiates the conversation is called the "Master-Application”, or just the "Master"; and the application
responding to the Master isthe "Slave-Application”, or just the "Slave". An application can be configured to
engage in several conversations, acting as the Master in some and the Slave in others.

A single oDDEL ink Object can operate as both the Master and the Slave in a DDEL ink conversation. In
addition, it can act asthe Master in aDDELink conversation with one OOPic, and the Slave in an entirely
different DDEL ink conversation with a different OOPic.

Toinitiate a DDELink conversation, the oDDEL ink Object that is to be used as the Master must be properly
configured, pointing to the Node and L ocation of the Slave oDDEL ink Object with the Oper ate property set
to 1. Onceit is configured, setting the Master's Sync property to 1, initiates the DDELink conversation which
synchronizesits datawith the Save.
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DDE Masters.

The Master oDDEL ink Object always controls the DDE conversation. Whether it is sending data to, or
recelving datafrom the Slave, the Master dways initiates the conversation.

In order for the Master to activate a DDE conversation, it must be configured to specify which OOPic it intends
to communicate with and the location of the Slave oDDEL ink Object within that OOPIc.

To specify the OOPic that it intends to communicate with, it must set the Master oDDEL ink Object's Node
property to the same number that the Slave application's OOPic.Node property has been set to.

To specify the SlaveoDDEL ink Object'slocation, it must set the Master oDDEL ink Object's L ocation
property to the same number that the Slave oDDEL ink Object's Addr ess property isset to. Note: The
Address property of al Objectsis set when the application is compiled and cannot be changed by the
application's program.

In order for the Master to send data, itsI nput property must be linked to the Object that contains the data to
send, and in order for it to recelve data, its Output property must be linked to the Object to store the received
datainto.

How the Master oDDEL ink Object oper ates:

When an oDDEL ink Object's Sync property isset to 1 (cvTrue), it first checksto seeif its Oper ate property is
aso1(cvTrue). Ifitisnot, theoDDEL ink Object remainsdormant. If, on the other hand, the Oper ate
property is 1, then the Node and L ocation properties are checked. If either property isO. then the operationis
canceled. If, onthe other hand, they are set to values of more than O, then the DDELink conversation isinitiated.

Once a DDEL ink conversation begins, the Master checks to see how the Direction property isset. If itissetto
0 (cvSend), then the Master sends datato the Slave, and if it isset 1 (cvReceive), then the Master receives
information from the Save.

When the Master sends data to the Slave, it retrieves the data to send from the Object that its | nput property was
linked to. It then sendsthis data to the Slave which then stores the datainto the Object that its Output property
islinked to..

When the Master receives datafrom the Slave, it first sends arequest to the dave, which instructsthe dave to
retrieve the data out of the Object that its | nput property islinked to. The Master then draws this data out of the
Slave and storesit in the Object that its Output property is linked to.

The following is an example of an OOPic application that uses a Master o-DDEL ink Object in aSimple Virtual
Circuit.

ster As New oDDELi nk

OOPi c. Node = 1
Master. | nput.Li nk(OOPi c. Hz1)
Mast er. Node = 2
Mast er. Locati on = 43
Master.Direction = cvSend
Mast er. Operate = cvTrue
Do
If Master.Tranmitting = cvFal se then
Master. Sync = 1
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End If

Loop
End Sub

DDE Saves.

The Slave oDDEL ink Object continuously monitors the I2C network for DDELink communications from a
Master oDDEL ink Object. Until it detectsa DDELink conversation request from the Master, it remains
dormant.

In order for the Slave to engage in an DDEL ink conversation, it only needsto haveits|nput and Qutput
properties configured to operate. The Slave'sOper ate property does not need to be set to 1 (cvTrue) in order
to respond to the masters instructions.

How the Slave oDDEL ink oper ates:

When the Slave oDDEL ink Object isengaged in a DDELink conversation by the Master, it will respond by
either sending data to the Master or by receiving data from the Master.

If the Master is requesting data from the Slave, then the Slave responds by retrieved data from the Object
pointed to by its | nput property, which isthen sends to the Master.

If the Master is sending it data to the Slave, then the Slave will wait until the data packet has been received,
Onceit hasthe full packet of data, the Slave DDELink Object will copy that datainto the Object pointed to be

the Output property.

Thefollowing is an example of an OOPic application that usesa Slave oDDEL ink Object inaSimple Virtua
Circuit.

Dim SLAVE As New oDDELi nk
Dim LED As New oDi 0l
Sub Main()
OOPi c. Node = 2
LED. 1 OLine = 31
LED. Di recti on = cvQut put
Sl ave. Qut put . Li nk( LED. Val ue)
Sl ave. Operate = cvTrue
End Sub

| 2C Networ k Connections.

The 12C network is built in to the hardware of the OOPic, and runs at 19,200bps. It has 2 5-Pin Networ k
Connector s available on the OOPic's circuit board which consists of the 5 lines; 12C Seria Data (Data), 12C
Seria Clock (Clock), Ground (Gnd), +5 Volts (+5V) and Reset (R<t). The pin out of the 2 5-Pin Network
Connectors are identical and can be used to daisy chain the networked OOPics together.

When connecting OOPics together with the I2C network, the 3 lines; Data, Clock and Gnd must be connected
to each OOPic on the network, the 2 lines, +5V and Rst can be optionally connected depending on the
applications need's.
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A 4.7k pull up resistorsis required on both the Data& Clock linesfor the network to operate properly.

Data
Gnd
Clock m
+5V
Rst
112345] [12345] |12345
OO0OPic 1 O0Pic 2 QO0Pic 3

If the R4t line is connected to each OOPIic on the network, then when any OOPIC's Reset button is pressed, all

of the connected OOPicswill also reset. Note: Setting the OOPic.Reset property to 1 (cvTrue) in any of the

network OOPics does not pull the R<t line low, and therefore will not reset all the OOPics on the network.
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