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1. Introducing 
Welcome to our Embedded Wizard Tutorial and thank you for your interest in our 
tool. In order to save you time and to provide an insight on the philosophy and the 
functionality of Embedded Wizard, we have prepared the following tutorial, implying 
our experiences with previous customer projects. 

Embedded Wizard provides several approaches to realize a well-structured GUI 
application, that is easy to re-use, easy to customize and easy to port on different 
platforms. Nevertheless, the usage of Embedded Wizard does not automatically 
result in a reasoned application. In order to make proper use of Embedded Wizard’s 
functionalities that are meant to facilitate your work, a good understanding of the 
philosophy behind is necessary. 

This tutorial will help you to develop this understanding with the aid of two practical 
examples: 

�  A simple play list as it could be used in MP3 player. 

�  A control panel for an industry robot. 

With each new project, your experiences with Embedded Wizard and the quality of 
your software will increase. Moreover, with each new project, your pool of reusable 
software components will grow and therefore reduce your development time for new 
projects.  

It is highly recommended to work through “Embedded Wizard User Manual” to learn 
about the basics concepts of Embedded Wizard, its programming language Chora 
and the class library Mosaic before reading this document. In particular the chapter 
“Quick Tour” provides you an overview about the fundamental strategies and the 
philosophy of working with Embedded Wizard. 

If you have any questions, please feel free to contact our support: 

emwi@tara-systems.de 

To get more in-depth information on certain aspects of Embedded Wizard, for 
instance its programming language Chora or its class library Mosaic please visit our 
download center: 

http://download.tara-systems.de/emwi 

Please note, this tutorial addresses aspects partic ular to the Mosaic 1.0 
framework only. This document is intended for users  maintaining existing GUI 
projects which are based on Mosaic 1.0. In case you  are starting with the 
development of a new GUI project, please use Mosaic  2.0 as the foundation 
framework. The new Mosaic 2.0 is described in the t utorial “Embedded Wizard 
Tutorial – Mosaic 2.0”, which you will find in the installations directory: 
\EmbeddedWizard\Tutorial_Mosaic20 . 
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2. Consumer Application Development 
In the "Embedded Wizard User Manual" you have learned the basic concepts of 
Embedded Wizard. In the following chapter you will get an impression of how to use 
it in order to develop a new Consumer Electronic GUI application. 

To illustrate the basic development techniques a small example project is used – the 
simple play list. Like common play lists, known from audio and video player software, 
our list should provide: 

�  Selection of items 

�  Scrolling of large items lists 

�  Nice graphical design 

 

Figure 2-1 – The final play list example. 

Of course, one could object that this small example does not meet the complexity of 
a real commercial project. Nevertheless, it shows the principles of solving a given 
development task. One basic idea of Embedded Wizard as well as of the object-
oriented approach in general is to split a complex application into manageable, 
independent pieces. The complexity is thereby broken down into a set of simple 
software parts - as simple as our play list example.  

2.1. Software Design and Structure 

In every project an appropriate period of planning is required before the real 
development starts. In Embedded Wizard the analysis and design of the project is 
even more important. Whether developers are aware of it or not, during the software 
design they decide, if the advantages of Embedded Wizard - especially regarding the 
object-oriented approach – can be utilized or not. Of course, in further stages of the 
project several re-design processes are possible, to meet new upcoming changes, 
but might be more time-consuming and complex, than in the first design process. 



Consumer Application Development ���������	
�    

Embedded Wizard Copyright TARA Systems GmbH Page 6  
Tutorial - Basics www.embedded-wizard.de  

However, practice makes perfect. With every new project the experiences and the 
software quality will increase steadily. Let’s see, if we can find a suitable software 
design for our play list. In the following we will make use of principles of the object-
oriented programming (OOP). 

Generally speaking, in the OOP, the developer tries to determine objects of our real 
world and to construct equivalent components in his/her software project. In the real 
world the objects possess attributes, a certain appearance and behavior. In 
Embedded Wizard, the objects attributes are stored in variables and their behavior is 
implemented in methods. So, according to the OOP paradigm the complete 
application consists of a number of different objects, which interact with each other 
during the run of the application. 

The following example demonstrates a push button object. In the real world a push 
button possesses a label and it can be pressed by the user in order e.g. to activate 
the associated doorbell. When the button is pressed, its appearance changes from 
the ‘released’ state into ‘pressed’ state. As soon as the user has released his finger 
from the buttons face, the button returns immediately in its initial state. In the world of 
the OOP such kind of button would have two attributes ‘Label’ and ‘Pressed’ and a 
method ‘Activate’: 

Object PushButton  

Attributes 

Label  = "Doorbell" 
Pressed   = False 

Methods 

Activate()  

 

 

Figure 2-2 – The state of the push button object is reflected by its attributes Label and 
Pressed. The method Activate() implements what should happen, when the user has pressed 

the button. 

In our example, the song list contains a number of item objects, which display song 
titles. Every single item belongs to the song list – it is embedded within it. But when 
analyzing the list, it will become obvious that every item has a similar appearance 
and behavior, except for the displayed song title. Because of that similarity, it seems 
reasonable, to abstract all the items by implementing the common appearance and 
behavior within a single SongItem class. 

In OOP, a class serves as a base for similar objects. A class defines how all its 
related objects should appear and behave during runtime. The class also serves as a 
template when new objects (instances of the class) are created. From another point 
of view, objects belong to the class, from which they are created. 
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Class SongItem  

Caption  
Selected 

Object Item1  

Caption   = "Chopin" 
Selected  = True 
... 

Object Item2  

Caption   = "Mozart" 
Selected  = False 
... 

HandleEvent()  

 

 

Figure 2-3- The objects Item1 and Item2 are so-called instances of a class SongItem. Within 
the instances the attributes of the class possess a concrete value. The common behavior of all 

items is implemented e.g. in the SongItem class method HandleEvent(). 

The SongItem class acts as a template for all items. During runtime, objects of the 
SongItem class – also referred to as instances of the class – can be created and 
displayed on the screen. One advantage of this concept is, that a simple modification 
of the class, will immediately affect every object of the class. For example, if we want 
to flash the selected item, the SongItem class has to be altered and all items are 
changed accordingly. 

One important aspect of OOP is the derivation of new classes from existing classes. 
Every derived class takes on the appearance and the behavior of the origin class. 
The taken over appearance and the behavior can then be extended or modified in 
the derived class without any changes on the origin higher class. Using OOP 
terminology, the higher classes are named ‘super classes’ or ‘base class’ and 
derived classes are known as ‘subclasses’. 

Every derived subclass can itself be a super class for other classes. In this manner 
the derivation establishes a hierarchical relationship between the different classes of 
an application. For example, if we would plan to develop two different kinds of the 
play list: a song play list and a video play list, we could first implement a generic Item 
class and then derive from it the SongItem class and the VideoItem class. 

 

SongItem 

Item 

VideoItem 
 

Figure 2-4 – The so-called "class tree" demonstrates the class relationships. The subclasses 
SongItem and VideoItem are derived from its super class Item. 

The implementation of the Item class should only cover the generic appearance and 
behavior aspects, which are common for the song and the video play list, e.g. the 
ability to select and scroll items. Other specific aspects, e.g. the color of the item, 
additional icons in front of its caption, etc. can be realized in the derived classes 
SongItem and VideoItem. 
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The relationship shown by the super class to the derived subclass is called 
"inheritance". Every subclass inherits all attributes and methods of its super class. If 
necessary, the inherited members can be modified or the implementation of the 
subclass can be extended by new attributes and methods. 

In OOP the act of modifying of an inherited member is called ‘overriding’. For 
example, we could override in the class VideoItem the inherited method 
HandleEvent() in order, e.g. to allow the item to react to additional keyboard events, 
etc. This adaptation remains available only for objects of the VideoItem class; the 
objects of the SongItem class are not affected by this modification. 

Class Item  

Caption  
Selected 

HandleEvent()  

Class VideoItem  

Icon 

HandleEvent()  

 

Class SongItem  

 

Figure 2-5 – The subclass VideoItem overrides the inherited method HandleEvent() and 
changes in this manner the behavior of its objects. The subclass SongItem remains not 

affected by this modification. 

After the short OOP introduction we are able to continue analyzing the simple play 
list example. From our point of view the following structure seems to be reasonable: 

�  A class SongItem: It implements the look and feel of a single item in the song 
list, which is able to display a title of a single song. 

�  A class SongList: It contains the lists functionality, e.g. the scrolling. The class 
SongList will embed the items - objects of the class SongItem. 

�  A class Application: The application represents the entire GUI. It contains all 
other objects and may performs the necessary initialization tasks on start-up, 
etc.. 

A visualization of our software structure is shown in the following schema. 
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Figure 2-6 – The software structure of the play list example. The class Application represents 
the entire application – it contains the embedded SongList object. The SongList object 

contains the 6 objects of the class SongItem. 

2.2. Creation of a New Project 

We start the development of our play list application with the creation of a new 
Embedded Wizard project. After your Embedded Wizard software is correctly 
installed, please plug in the dongle and start the Embedded Wizard. 

 From the menu Project select New… The dialog Create new project appears. 

 In the dialog go to the directory Tutorial\Chapter2_2 . (If the sub-directory 
Chapter2_2  is not available, please create it first).  

 In the dialog enter the file name PlayList . The new project file is stored with 
the file extension .ewp  (Embedded Wizard Project). 

 

Figure 2-7 – In the dialog Create new project the name of the project can be specified. 

 Press the button Save to complete the creation of a new project. 
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In the center window of Embedded Wizard a new class HelloWorld::HelloWorld 
appears, which contains a gradient blue rectangle and a white "Hello World" text. 
This class is contained in every new project per default. 

 

Figure 2-8 – A new Embedded Wizard project contains already a unit and class named 
HelloWorld. 

Because we don’t want to create a HelloWorld application, we have to purge the 
project in the first step: 

 In the Navigation Bar of the Composer click the Project tab. The project 
content is shown. 

 Select the brick of the unit HelloWorld and delete it by pressing the Del key. 
(Note: The corresponding file HelloWorld.ewu  in the directory of your 
project is not automatically deleted). 

 Repeat with the Locale unit. This unit is also not used in our example. 

 Now, from the Gallery’s templates folder Default, select the template Unit and 
drag it into the Composer. A new unit is created. 

 To change the unit's name press F2 and in Inspector input PlayList . Press 
Enter. This unit will be used to cover our SongItem, SongList and Application 
classes. 

 From the menu Project select Save to save the modified project. 
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This is the usual way to setup new projects. This empty project is now ready to take 
our implementation of the play list application. 

2.3. Implementation with Mosaic Class Library 

In the following, we will implement parts of our play list application with the help of 
the Embedded Wizard class library. This class library, called Mosaic, contains pre-
defined classes and resources, which were developed to provide the developer with 
the basic functions of a GUI application. 

Mosaic classes facilitate the development process. Mosaic provides the developer a 
collection of useful components, which can be directly integrated in own applications. 
If necessary, developers can also create derivations of the Mosaic classes to create 
their own classes with extended or altered functionality. 

The class library also acts as an interface between the running GUI application and 
the operating system or the hardware platform. Mosaic classes provide functions at a 
higher level of abstraction and hide the complexity of the lower levels from the 
developer. 

The Mosaic classes were developed in Embedded Wizards own programming 
language Chora and are divided into the following units: 

�  Core: In this unit you will find the base classes Core::View, Core::Group, 
Core::Root, Core::Event and Core::Timer. These classes build the backbone 
of each GUI application. Please note the class Core::View. It serves as the 
base class for all visible objects – for the views. 

�  Resources: The unit Resources contains classes, which enable the access to 
bitmap images and fonts used within the GUI application. 

�  Graphics: Here are implemented elementary drawing operations such as lines, 
filling of areas, drawing of text, etc.. 

�  Views: The unit Views provides powerful ready-to-use visible components like 
Views::Rectangle, Views::Image, Views::Wallpaper, Views::Gradient, 
Views::MultilineText and much more. 

�  Effects: This unit contains basic classes for the creation of dynamic effects 
controlled by timer objects.  The effects can be used to move objects, to flash 
colors dynamically or to fade in and fade out parts of the GUI. 

�  Forms: The Forms unit implements basis classes to realize dialogs and menus 
for GUI applications, including all necessary functionality, for instance the 
creation and management of lists or the scrolling. 

�  Panels: The Panels unit implements ready-to-use widgets and dialog panels. 
You will find there push buttons, check boxes, edit fields, sliders, select boxes, 
message panels and more. 

�  Menus: The Menus unit implements ready-to-use menu items and menu 
panels. You will find there different kinds of items, like the command item, 
open-sub-menu item, close-menu item, edit field item, check box item, slider 
item and more. 
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�  Aqua, Win95: The units Aqua and Win95 contain variants of the widgets, 
panels, menu items and menus in the Apple Aqua and in the Microsoft 
Windows 95 look and feel. 

A detailed description of Mosaic classes is given in chapter "4. The Mosaic Class 
Library" and in “Mosaic User Manual”. 

Beside Chora the Mosaic class library represents the fundament of all GUI 
applications developed in Embedded Wizard. For your convenience the most 
important Mosaic classes and components are accessible directly from the Gallery’s 
Templates view. For this purpose the Gallery contains folders like Views, Effects, 
Forms and Resources. 

Before we will use the templates from the Gallery to create the classes for our play 
list example, we have to think about, what Mosaic classes are suitable for our 
project.  

Typically, a GUI application consists of hundreds of different views. In order to be 
able to manage these views, they can be combined in groups. When the group is 
moved or its transparency is altered, all included views are moved or altered 
accordingly. Besides views, a group can also contain other groups. Thereby complex 
applications can be realized by nesting of groups in groups. 

The appropriate functionality of a group is implemented in the Mosaic base class 
Core::Group. Every class that requires displaying several views has to be derived 
from Core::Group or from another class derived from Core::Group and so on. This is 
exactly the case of our SongList and SongItem class – we will derive both classes 
indirectly from the Core::Group class. 

Although a GUI application consists of several views and groups, it always has to 
possess exactly one application class. The application class represents the entire 
screen and serves as an interface to the target system. The appropriate application 
base class is Core::Root - which itself is derived from Core::Group. Accordingly we 
will derive our Application class from the Mosaic class Core::Root. 

So far so good. Now, let’s start. 

 From the main menu Project select the command Open… and load the file 
Tutorial\PlayList\Chapter2_3\PlayList.ewp  into the Embedded 
Wizard development environment. 

 In the Navigation Bar of the Composer click the Project tab. The project 
content is shown. 

 Double-click the PlayList unit brick to open the unit in the Composer. 

The PlayList unit is still empty. In the following steps we will place there the two 
classes SongList and SongItem. These classes will realize the list functionality of our 
play list. The basic functionality of such lists is already implemented in the Mosaic 
Forms classes. To benefit from this functionality, the SongItem and SongList classes 
should be derived from the existing Forms classes. 
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 The items of a form have always to be derived from the class Forms::Ctrl. 
Therefore, from the Gallery's folder Forms drag the template Control Class 
and drop it into the Composer. New class brick appears. 

 Press the key F2 and rename the class in SongItem . 

 For the SongList class the super class Forms::Form will be appropriate. From 
the Gallery's folder Forms drag the template Simple Form Class and drop it 
into the Composer. Rename it to SongList . 

 

Figure 2-9 - The unit PlayList in our example now contains two classes. The necessary 
templates are available in the Gallery. 

Figure 2-9 shows our suggestion for a possible arrangement of the class bricks. The 
arrangement of the bricks does not affect the project at all, but it can help developers 
to keep an overview of their project. According to our experiences, it is useful to 
establish an order for arrangement that reflects the relationship of the members. 

In the next step, we are going to implement the SongItem class of our play list 
example. 

 In Composer double-click the brick of class SongItem to open the class. 
Underneath the blue frame of the canvas area the bricks of three methods are 
shown. 



Consumer Application Development ���������	
�    

Embedded Wizard Copyright TARA Systems GmbH Page 14  
Tutorial - Basics www.embedded-wizard.de  

 

Figure 2-10 - The class SongItem is still empty. 

The blue frame in the upper left corner of the Composer is the canvas area. It 
defines the space where visible objects of the class may appear during runtime. 
Visible objects arranged outside this area will not be displayed. 

Besides the three method bricks underneath the canvas area, the class appears to 
be empty, although it inherits several members, e.g. variables, properties and 
methods from its super class Forms::Ctrl. The Composer does not show all members 
of a class, but only new members that developers have added to the class or 
overridden members whose initialization expression or implementation has been 
changed. 

In contrast, in the Inspector all members of the class can be seen and accessed. In 
this way a clear overview of the class is provided to the developer. While the 
Composer, which represents the center of the development, only shows the bricks 
that are currently needed, added or modified, the Inspector provides access to other 
members of the class.  

 Because we need smaller items, we have to change the size of the canvas 
area, which represents the visible bounds of the SongItem class. To do this, 
click with the left mouse button on the bottom edge of the canvas area and 
drag it upwards until the height of the canvas area has reached 30  pixels. 
While dragging the canvas area, its current size is displayed in the status bar 
at the bottom right of the Embedded Wizard window. 

 Next, click the right edge of the canvas area and drag it to the right until the 
width of the area has reached 350  pixels. 

As you can see, after the modification of the canvas area a new brick Bounds 
appears in the Composer. This is because, the size of the canvas area is stored in 
the property Bounds. This property is implemented in the Mosaic class Core::Group 
so all derived classes do inherit it. A modification of such inherited property causes it 
to be overridden and reinitialized with the new value. Therefore, the brick Bounds is 
displayed in Composer now. 
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 Move the Bounds brick below the bottom edge of the canvas area. For this 
purpose select the brick with the left mouse button and then drag it. 

When selecting the brick Bounds, you can inspect its attribute Default in Inspector. In 
the Chora programming language rectangular areas are entered in the syntax: 
<x1,y1,x2,y2> , where the point x1,y1  represents the left upper corner of the 
area and x2,y2  represents the right bottom corner. 

Besides entering the entire value for Bounds, every component of the coordinates 
can be entered separately. If the '+' sign in front of the property Bounds is single-
clicked, a list with all available components is dropped down. 

 

Figure 2-11 – If the „+" sign in front of a value is clicked, a list with all available 
components of the coordinates is displayed: x,y as well as x1,y1 refer to the starting point in 
the upper left corner of the rectangle, while x2,y2 refers to the end point in the lower, right 

corner. w and h are related to the width and height of the rectangle. 

The Bounds can also be altered in the Inspector by entering the desired value 
directly to the property Bounds of this member. The member this serves as an alias 
for the currently edited class. Any modifications of this member's properties do affect 
the edited class immediately. 
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Figure 2-12 –The this member is an alias to the currently edited class. When this is selected, 
the properties of the class can be evaluated and modified in the middle area of the Inspector. 

For example, the Bounds property can be changed here. 

In the next step a text view is added to our SongItem, in order to enable displaying 
the song title. 

 In the Gallery open the folder Views. This folder provides a set of templates 
for various visible objects, which are implemented in the Mosaic unit Views. 

 Select the template Text and drag it right into the canvas area of the 
Composer. A small white "Text" appears on the screen. Similar, a new 
member called Text appears at the end of the Inspector’s member list. 

 As long as the new text object is selected, its properties are shown in the 
middle part of the Inspector. Select the property Color and change it to dark 
grey by entering the value #333333FF . 

Color values in Chora are entered in the syntax #RRGGBBAA. RR, GG and BB each 
contain an 8-bit hexadecimal value for the red, green and blue color's components. 
AA contains the alpha channel - the transparency of the color as an 8-bit 
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hexadecimal value. Similar to rectangular values, if the '+' sign in front of the color 
property is clicked; a list with the red, green, blue and alpha values is displayed. 

You can also determine the desired color by using one of the Inspector Assistants: 
the Color Assistant. It appears after a click on the small button  on the right hand 
side of the property Color. 

  

Figure 2-13 –The Color Assistant simplifies the color selection. 

Now we are going to assign a bigger font to our text object. Before we can do that, a 
true type font has to be imported and encapsulated within a font resource brick. We 
will need two different fonts: one for the item text of non-selected items and one for 
selected items. Fonts can only be defined within a unit. 

 In the Navigation Bar of the Composer click the unit PlayList to open it. 

 Now in the Gallery open the templates folder Resources. Select the template 
Font and drag it into the Composer. 

 While the font brick is still selected, change its property Height in the Inspector 
to the value 26  and the property Quality to the value High . 

As you can see the property Quality provides an Assistant. Instead of typing-in the 
expression High you can click on the button  on the right hand side of the property 
Quality and select the desired value in a more convenient way. 
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Figure 2-14 – After clicking on the small button  an Assistant window appears, where the 
desired quality can be selected in a more convenient way. 

 Next, with a right-click on the font brick open the context menu and use the 
commands Copy and Paste to create a duplicate of that brick (an alternative 
way to create a copy of a member is to drag-and-drop it while holding down 
the Ctrl key). A new brick named Font0 appears. 

 Move the new brick downwards underneath Font. In Inspector rename it to 
FocusFont . Next, change its property Height to 32 . 
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Figure 2-15 – The two bricks Font and FocusFont enable the import of True Type fonts. In the 
Inspector import attributes can be specified – for example the desired font name or the height 

of the font in pixel. 

 Now we have created new font resources and we can assign the first font 
resource to our text object in class SongItem. Switch back to the class 
SongItem in the Composer by clicking the corresponding tab in the Navigation 
bar. 

 When the Text object is selected, its properties are shown in the Inspector. In 
the property Font enter the value PlayList::Font  and press Enter in order 
to assign the font resource to the Text object. The appearance of the text view 
is updated immediately. 

This can also be done in a more convenient way by using an Assistant. Simply 
click the button  on the right hand side of the property Font and select the 
desired font resource. 
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Figure 2-16 – After clicking on the small button  an Assistant window appears, where the 
desired font resource can be selected in a more convenient way. 

 Finally, change the bounds of the Text object in order to cover the entire 
canvas area with the text view. Use the mouse to move the object. To resize 
any selected objects click the corners of the selection frame and drag it to the 
desired position. Alternatively, you can change the bounds directly in 
Inspector. As you can see, the Text object possesses a property called 
Bounds. You can change this property by entering the value <0,0,350,30> . 

 

Figure 2-17 – Visible objects and bricks can be arranged with the mouse. If one of the corners 
of the selection frame is clicked, the bounds of the object can be changed. 

Now our SongItem class is able to display the song title. But in order to meet all our 
requirements, the SongItem has to provide a possibility to assign the song title from 
outside. For that purpose, properties are used. A property acts as a port that can 
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receive values from the outside, e.g. from other objects. When a value is assigned, 
the onset method of the property is invoked. Within the method the class can handle 
the new value. In contrast, if a value is read from a property, the property's onget 
method is invoked. Properties are described in detail in “Chora User Manual”. 

 In the Gallery, open the folder Default and select the template Property. Drag 
it into the Composer. A new property called Property is created along with its 
two methods OnSetProperty for write access and OnGetProperty for read 
access to the property. 

 Now we are going to adapt the new property according to our needs. First, 
cancel the current selection by pressing the key Esc and then select the 
property brick. In Inspector rename it to Title , since it should correspond to 
the displayed song title. Please note, that names of the onset and onget 
methods are adapted automatically. 

 Because we want to pass text to this property, we need to specify this 
explicitly by modifying the property’s type. In Inspector select the property's 
attribute Type and change it to string . 

This can also be done in a more convenient way by using an Assistant. Simply 
click the button  on the right hand side of the attribute Type and select from the 
list the desired string  type. In order to find the desired entry in the large list of 
data types, you can enter a part of the name of the desired data type, e.g. you 
can enter the signs st . In this case a filter is applied to the Assistant entries and 
you can select the desired one much faster. 

 

Figure 2-18 – After clicking on the small button  an Assistant window with a list of 
available data types appears. To find the desired data type more quickly, you can enter a part 

of its name – thereupon the list will be limited to the entries, whose name does match the 
entered text. The entered text appears directly in the edit field of the Inspector.  

 After that, the default value, stored in the attribute Default has to be adapted. 
Enter herein the empty string literal consisting of two double quote signs "" . 
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Chora supports a lot of different data types and corresponding literals. For 
more details see “Chora User Manual”. 

 The onset and onget methods of a property are optional. If they are not 
needed, they can be omitted. In our example, we don’t need the onget 
method, so select the brick OnGetTitle and delete it by pressing the key Del. 

 

Figure 2-19 - The property Title has an associated onset method. 

 In contrast, the onset method of the Title property is needed for our example. 
Whenever the property Title will receive a new value, the value should be 
handed over to the Text object. Double-click the brick of the method 
OnSetTitle. Its implementation appears in the Editor window. 

 

Figure 2-20 – A double-click opens the implementation of the method OnSetTitle in the Editor 
window. 

 In the Editor, adapt the implementation as follows: 
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pure Title  = value; 
Text.String = value; 

Every time, a new value is assigned to the Title property, these code statements are 
executed. The first statement stores the new value, passed in the hidden argument 
value into the private memory area of the property Title. The access to this memory 
area is handled by the Chora keyword pure . The second line assigns the same 
value to the property String of the Text object. This causes the Text object to display 
the new value. 

 Finally, delete the bricks GetData, SetData and HandleEvent. These methods 
belong to the template, but we don’t use them in our simple SongItem class. 

Now our SongItem class is prepared to receive and display the song title. Well, one 
problem still exists; we have to take care of the visible bounds of our Text object. 
When at runtime the bounds of an item are changed, the size of the embedded Text 
object should be adapted accordingly in order to fill the entire area of the item. 

Generally, the size of a group is determined by its property Bounds. In order to react 
to the modification of the property Bounds, we need to override and adapt its 
belonging onset method OnSetBounds. Currently, the method is inherited from the 
super class Core::Group and has not been overridden yet. Therefore the method 
brick does not appear in the Composer but it is accessible from the Inspector. 

 In the Inspector search for the inherited method OnSetBounds. The most 
convenient way to do this, is to enter a part of its name in the Search edit field 
in the upper area of the Inspector. For example, you can enter bound . 
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Figure 2-21 – In the upper part of the Inspector you can enter a filter for the members. In this 
manner it is easier to find the desired member – in this case the OnSetBounds method. 

 Now, select the OnSetBounds member in the Inspector and drag it by holding 
down the keys Ctrl+Shift into the Composer. Leave the mouse button and 
then the Ctrl+Shift keys. 

 

Figure 2-22 – In order to override an inherited method, drag-and-drop it from the Inspector 
into the Composer by holding down the Ctrl+Shift keys. 

 Now the OnSetBounds method is overridden and its implementation can be 
changed. The corresponding method's brick appears in Composer. 

 Double-click on this brick in order to open the method in the Editor. 
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Per default overridden methods do not contain any implementation – therefore we 
have to fill it with the necessary Chora statements: 

 In the Editor enter the following code: 

super( value ); 
Text.Bounds.size = value.size; 

In the first line the inherited version of the OnSetBounds method is invoked by using 
the Chora's super()  call statement. The super()  call is important, if we want to 
extend the inherited behavior. It ensures, that the inherited version of the method is 
executed before we continue with the second line. Without this super()  statement, 
the inherited logic would not be executed anymore and our item will not be able to 
react properly to changes of its bounds. 

After the return from the super()  call, the expression in the second line adapts the 
size of the Text object to the new size of the SongItem. 

Sometime you will need to see the implementation of an inherited method. This can 
be done by the command Navigate to Ancestor from the Navigate toolbar or by the 
corresponding shortcut Ctrl+Shift+A: 

 

Figure 2-23 – The seven tool buttons of the Navigate toolbar enable the navigation within the 
poject. 

The Navigate toolbar provides a convenient way to navigate through the project. The 
object-oriented approach of Embedded Wizard is reflected in the tool buttons 
Navigate to ancestor, Navigate to first ancestor and Navigate to super class. These 
commands can be applied to almost all members of your project. 

A detailed description of the Navigate menu as well as the Navigate toolbar is 
provided in “Embedded Wizard User Manual”. 

After implementing the OnSetBounds method, the class SongItem is ready for 
usage. In the next step, we are going to create the list, which contains six SongItem 
objects. 

 In the Navigation Bar of the Composer click the unit PlayList to open it. 

 Double-click the brick of class SongList to open the class. An empty canvas 
area and a method brick appear in the Composer. 

 Now change the size of the canvas area to 350  pixel width and 180  pixel 
height. 
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 Arrange the two bricks HandleEvent and Bounds below the bottom edge of 
the canvas area. 

 Next, we want to include six objects of our previously implemented SongItem 
class. We will achieve this very comfortable via drag-and-drop. 

 In the Navigation Bar click the unit PlayList to open it. 

 Then select the SongItem class brick. 

 While holding down the keys Ctrl+Shift drag the selected SongItem brick over 
the SongList class brick. 

 While holding the keys and mouse button down wait for few seconds, until the 
content of the class SongList appears in the Composer (Embedded Wizard is 
mouse sensitivity). 

 Now, drop the SongItem class right into the canvas area. The Embedded 
Wizard will create a new instance of the class automatically, so an object of 
the SongItem class appears within the SongList class. 

 

Figure 2-24 – If a class brick is dragged over a second class brick while holding down the 
keys Ctrl+Shift, the content of the other class is displayed after few seconds, so an object of 

the source class can be embedded there. This action is called "derived paste" and is indicated 
by a change of the mouse pointer. 

 In the Composer arrange the new object on the top of the canvas area. 

 Select the new added object and rename it Item1 . 

 In order to enable displaying six items, we create five copies of the Item1 
object now. Ensure the Item1 object is selected and drag-and-drop it by 
holding down the Ctrl key. The copied objects are automatically renamed 
Item2 … Item6. 

In Inspector, newly added members are always shown at the end of the member list. 
To update the sorting in the member list, you can click the caption of the column 
Order. 
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 Click the caption of the column Order in Inspectors member list to update the 
sorting view of the Inspector. 

 Now arrange the copied objects Item2 .. Item6 downwards underneath Item1. 
To do this select one item after another in the Inspector and move it with the 
mouse to the appropriate position. 

Besides using the mouse, there are other ways of arranging visible objects in the 
Composer. First, an object selected in the Composer can be moved pixel by pixel 
using the cursor keys Left, Right, Up and Down. With the same accuracy, the 
object’s bounds can be altered by using Shift + cursor keys. Shift+Right (Shift+Left) 
increases (decreases) the object's width, while Shift+Down (Shift+Up) increases 
(decreases) the object's height.  

The objects can also be arranged very precisely by altering their Bounds value in the 
Inspector. If several objects are selected simultaneously in the Inspector it is possible 
to change for example the x1  coordinate or the width of all objects at the same time, 
which represents a very easy and fast way of aligning several objects underneath 
each other. 

 

Figure 2-25 – The SongList class of our play list example contains six objects of class 
SongItem ordered underneath each other. 

Now our SongList class design is almost complete, but it lacks some nice song titles 
to be displayed in the list. For this purpose each SongItem object has the property 
Title, in which a string value can be entered. Now you can be creative and fill the six 
SongItem objects with your favorite music songs. 

 To do this, select the item object and enter the song title in its Title property. 
Because the property expects a string literal, you have to enclose it within a 
pair of double quote signs "" . Here is our suggestion: 
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Figure 2-26 – The six SongItem objects are initialized with song titles. 

Finally store your project for further use in the following chapters. The SongList class 
design is finished for now. In the next steps we will implement the handling of focus 
and events to fill our class with life. 

2.4. Handling the Focus 

The concept of focus is an important aspect of Embedded Wizard, because it 
determines the flow of user input events. Whenever the user is pressing a key on the 
keyboard or on the remote control, an event is passed to the currently focused view, 
so it can react on the event. 

The focus can also affect the visual appearance of views. In this manner, the user 
will become the ability to recognize, with which part of the GUI he is currently 
interacting. Without this visual feedback, no navigation is possible in complex menu 
systems or dialogs. 

In our play list example we also need a kind of navigation – the selection of an item 
within the play list. So we will realize it simply by focusing the affected item. As long 
as the item is selected (focused) it should appear with another font and color. 

All classes derived from Core::View inherit the method HandleFocus(). Within this 
method developers can determine, how an object should react when it obtains or 
looses the focus. 

In our example, we are now going to implement the HandleFocus() method of our 
SongItem class, to enable it to react on the focus. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter2_4\PlayList.ewp . 
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 Ensure the class PlayList::SongItem is opened in the Composer. 

 In Inspector search the method HandleFocus() and select it. 

 Override the method. To do this click the method in Inspector and drag it into 
the Composer while holding the keys Ctrl+Shift and the left mouse button 
down. The method’s brick is now visible in the Composer. 

 Double-click the method’s brick. The method can be edited now in the Editor. 

 Delete the comment in the first line and enter the following code: 

if ( aObtain ) 
{ 
  Text.Font  = PlayList::FocusFont; 
  Text.Color = #FF0000FF; 
} 
else 
{ 
  Text.Font  = PlayList::Font; 
  Text.Color = #333333FF; 
} 

The case decision in the first line depends on the value of the boolean argument 
aObtain, which tells the method, whether the object has gained or lost the focus. 

If aObtain is true , the object Text should change its font and use the font resource 
PlayList::FocusFont, which we have created previously. Besides that, the color of the 
Text object is changed to red. 

If aObtain is false , i.e. when the object looses the focus, the Text object should 
change its font and color back to the former values. 

The implementation of the inherited method HandleFocus() has now been changed. 
Let’s test the modified behavior of the SongItem class. 

 Press F7 to reload the class. This forces the Composer to recompile the 
changed HandleFocus() method and to display all modifications. The Text 
object immediately appears in the focused state, because the class edited in 
the Composer is per default focused automatically. 

 In Navigation Bar switch back to the class PlayList::SongList. Herein, all items 
appear still unfocused. 

Each class, derived from Core::Group, inherits the property Focus. This property 
determines the sub-view within the group, which should be focused. By modifying 
this property, the focus can be passed from one view to another. 

 In Inspector search for this member and select it. 

You remember, this represents an alias to the currently edited class. When this is 
selected in Inspector all properties of the currently edited class are shown at once. 
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 In the property Focus enter the name of the first item Item1 . You can also do 
this in a more convenient way by selecting the desired name directly from the 
Assistant list, which appears after clicking on the small button . 

As you can see, the first item has changed its appearance – this is because we have 
established the focus path to this item, whereby our implementation of the 
HandleFocus() method has been invoked. 

 After modification of the Focus property, the corresponding brick appears in 
the Composer. Move the brick downwards next to the Bounds brick.  

 

Figure 2-27 – The first item of the list now has obtained the focus from the class SongList and 
changes its appearance according to the implementation of its HandleFocus() method. 

2.5. Handling Events 

Since we now have the items of our list enabled to react on focus, we can think 
about the scrolling through the list using the keys Up and Down. For the reaction on 
incoming events, the class Core::Group provides a method HandleEvent(). This 
method is invoked automatically as soon as an event arrives and the affected object 
lies in the focus-path (the object is focused). 

The appropriate place for the handling of events is the SongList class. It owns the six 
items and can pass the focus from one item to another in response to the handled 
event. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter2_5\PlayList.ewp . 

 In the Navigation bar switch to the class PlayList::SongList. 
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As you can see, the class PlayList::SongList already contains a HandleEvent() 
method brick. This is because you have derived the class by using a template from 
the Gallery. In order to simplify the derivation of classes, we have prepared some 
templates with already overridden members. 

 Double-click the HandleEvent method brick, to open its implementation in the 
Editor. As you can see, the method does already contain the necessary code. 
This is because the template, we used previously to create the SongList class 
has been prepared for such purpose. The implementation looks as follows: 

var Core::KeyEvent event = (Core::KeyEvent)aEvent; 
 
// Respond to keyboard key-down events ... 
if (( event != null ) && event.Down ) 
{ 
  switch ( event.Code ) 
  { 
    case Core::KeyCode.Up    : SelectPrev(); 
    case Core::KeyCode.Down  : SelectNext(); 
 
    // Unhandled - give the super class a chance  
    // to handle this event. 
    default : 
      return super( aEvent ); 
  } 
 
  // Sign this event as handled. 
  return this; 
} 
 
// No keyboard event - give the super class a chanc e 
// to handle this event. 
return super( aEvent ); 

The method HandleEvent() possesses one argument, called aEvent, which hands 
over an incoming event to the method. All events in Embedded Wizard are objects of 
the class Core::Event or of a derived class. For example, the class Core::KeyEvent, 
which is used to signal the pressing of keys to the application, is derived from 
Core::Event. 

In the first line, a cast operator (Core::KeyEvent)  is applied, which is testing if the 
incoming event, contained in aEvent argument is of type Core::KeyEvent. If this is 
the case, the cast operator is successful and the local variable event will be 
initialized with the affected event object; otherwise event will be initialized with the 
null  (no object). The following if statement checks, whether the previous cast 
operation was successful or not. 

If the event is a key event, its variable Code is evaluated in the following switch  
statement. Code can contain values defined in the enumeration Core::KeyCode, 
which is implemented in the Mosaic unit Core. These predefined key codes 
correspond to the usual remote control keys. 
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If the cursor key Up has been pressed, the method SelectPrev() is invoked. 
Otherwise, if Down has been pressed, the method SelectNext() is executed. Both 
methods are inherited from the class Forms::Form, which is the super class of our 
SongList class. A detailed description of the "Forms" classes and its various methods 
and scrolling mechanisms is provided in “Mosaic User Manual”. 

After that, if Up or Down has been pressed, the event is signed as handled and the 
processing is finished. If none of the two keys has been pressed or if the event, 
which occurred, was not a key event, the event is passed to the super class, so it 
may try to handle the event. In order to invoke the inherited version of the 
HandleEvent()  method, the super()  call statement is used here. 

The return value of a HandleEvent() method is also an object. The return value 
determinates, whether the event has been handled or not: 

�  return null;  The event is signed as unhandled. In this case the event will 
be passed to the next higher objects in the focus-path in order to allow it to 
handle the event. 

�  return super( aEvent );  The event object aEvent is passed to the 
super class. The super class then can also react to the event if necessary. 

�  return this; or return anObject;  If an object is returned, the event is 
signed as handled – the dispatching of the event is finished now. Usually, 
HandleEvent() should return the object, which has handled the event – it 
returns this , an Chora identifier which always refers to the object itself. 

Detailed information about event handling is provided in the chapter 4.2 “Handling of 
Events”. 

 Now, press F5 to start the Prototyper. In the Prototyper you can test the 
behavior of the class now. When pressing the Up and Down keys, the focus 
should jump up and down through our list. 

 

Figure 2-28 - The Prototyper (started with F5) enables the testing of a class' look and feel as 
well as its behavior. 
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2.6. Graphics Design 

The functionality and behavior of our SongList class are now implemented. In the 
following chapter we are going to create a nice graphics design to enhance the 
appearance of the list. At first, let’s have a look at the final design, which we would 
like to achieve. 

 

Figure 2-29 – The graphics design of our example consists of two frames and the six 
SongItem objects. 

Embedded Wizard provides several ways to realize such design. The easiest way 
would be to import the entire design as a single bitmap resource and place it in the 
background of our list. However, this way is not very reasonable, because such a 
large bitmap will consume a lot of memory – which is undesirable when working on 
embedded systems. 

The second disadvantage of this approach is the inability to adapt the size of the 
bitmap to the visible area of the PlayList - when the PlayList is resized, the bitmap 
still remains with its fixed size. Especially for menus, which can be resized at 
runtime, a more reasonable way of designing is required. 

For such purposes, the Mosaic class library provides a class Views::Frame, which 
can be used to display a decorated bitmap frame. The basis for the decorated frame 
is a single bitmap resource, which consists of nine tiles: three rows and three 
columns. It is important, that all these tiles always have equal size. 

The single tiles are used to draw the four corners, the four edges and the interior 
area, which results in nine tiles. To draw the decorated frame with the desired size, 
Views::Frame class does fill the different areas with multiple copies of the 
corresponding tiles. In this manner flexible buttons and menu backgrounds can be 
realized. 
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Figure 2-30 – The decorated frame bitmap consists of nine tiles. These tiles must have equal 
size. 

Before a frame view can be drawn, a bitmap containing the nine tiles is needed. 
Usually, this bitmap is designed with an external graphic tool, like Adobe Photoshop. 
Using such graphic tools, pleasing designs with 3D effects and more can be realized.  

To exchange data with the external graphic tool, Embedded Wizard supports the 
import of BMP and PNG bitmap files. Especially, the PNG bitmaps are predestined to 
be used within the GUI application because they provide so-called alpha channel 
where the transparency information for each pixel is available. 

In our example, you don’t need to design the frame bitmaps. The necessary bitmaps 
are already available and stored in the tutorial directory 
Tutorial\PlayList\Chapter2_6\Res . All you have to do is to import them in a 
way similar to the import of font resources. 

 

Figure 2-31 – Two bitmaps. The first bitmap will be used to display an outer frame. The 
second bitmap is designed for the inner frame. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter2_6\PlayList.ewp . 

 Then switch to the unit PlayList because resources can be placed within a unit 
only. To do this click on the PlayList unit tab in the Navigation Bar. 

 From the Gallery’s templates folder Resources drag a Bitmap template and 
drop it into the Composer with the opened PlayList unit. A new bitmap 
resource brick appears. 

 Press F2 key and rename it to OuterFrame . 
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 In the Inspector edit the attribute FileName of the newly added bitmap 
resource. This attribute determines the bitmap file, which should be imported. 
Enter the file name Res\OuterFrame.png . You can also select the desired 
file directly by using an Assistant, which will appear after a click on the small 
button  right to the attribute FileName. 

 

Figure 2-32 – After clicking in the Inspector on the small button  a file open Assistant 
appears, where the desired bitmap file can be selected. 

 For the inner frame repeat the operation and create a second bitmap 
resource. Rename the second bitmap resource to InnerFrame  and enter the 
bitmap file name Res\InnerFrame.png  in the attribute FileName. 



Consumer Application Development ���������	
�    

Embedded Wizard Copyright TARA Systems GmbH Page 36  
Tutorial - Basics www.embedded-wizard.de  

  

Figure 2-33 – Two bitmap resources are ready to be used and can be assigned to the 
Views::Frame objects now. 

 Switch to the SongList class. To do this click on the PlayList::SongList tab in 
the Navigation Bar.  

 From the Gallery’s templates folder Views drag the template Frame and drop 
it into the canvas area. A blue frame appears. This is the default appearance 
of the frame. 

 Press F2 and rename the frame to OuterFrame . 

 Drag-and-drop the second frame and rename it to InnerFrame . 

Next, the previously created bitmap resources should be assigned to the two frame 
views. This can be done in several ways. For example, the name of the affected 
bitmap resource can be entered directly in the property Bitmap of the appropriate 
frame view. A more convenient way is to use an Assistant. In this case it shows a list 
of available bitmap resources, so you can select the desired one very simply. 
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Figure 2-34 – After clicking on the small button  an Assistant window with a list of 
available bitmap resources appears. 

An alternative way is to drag the desired bitmap resource from the Browser and to 
drop it in the Inspector over the Bitmap property of the corresponding frame view. 
This way corresponds with the visual programming approach of the Embedded 
Wizard. 

 In the Gallery switch to the Browser view. To do this click on the Browser tab 
on the top of the Gallery window. The Browser appears and a list of classes, 
constants and resources is displayed. 

 In the Browser search for the resource PlayList::OuterFrame. This is one of 
the previously created bitmap resources. 

 Click on the found bitmap resource, drag it over the OuterFrame view in the 
Composer and wait for ~ two seconds. After that time the OuterFrame view 
will become selected and its properties appear in the Inspector. 

 By holding down the left mouse button drag the bitmap resource to the middle 
area of the Inspector, where the properties of the OuterFrame view are 
displayed. 

 As the last step drop the bitmap resource over the property Bitmap. Its name 
should appear in the property automatically. Press Enter to accept the value. 
The appearance of the OuterFrame view is changed now. 
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 Repeat this operation for the inner frame. For this assign the 
PlayList::InnerFrame bitmap resource to the InnerFrame view. 

 

Figure 2-35 – If during the drag-and-drop the mouse pointer is moved over a member in the 
Composer, the member is selected and its attributes are displayed in the middle part of the 

Inspector. Now, the dragged content can be dropped in the Inspector. 

The design of the outer frame and the inner frame are now prepared. As next, the 
frames and the items should be arranged as this is suggested in Figure 2-29. First 
we have to arrange the both frames behind the six items – otherwise the items still 
keep obscured. 

 To do this, select one of the frames by clicking on it. Then add the second 
frame to the selection by clicking on the second frame while holding down the 
Shift key. In this manner multiple members can be selected in order to move 
them, or modify their common attributes in Inspector. 

 Press the keys Ctrl+Down. The selected members are restacked one level 
into the background. Repeat this operation five times until all six items are 
fully visible and not obscured by the frames anymore.  

 When finished, cancel the selection by pressing the Esc key. 

Due to the fact, that the frames will occupy additional space at the edges of the 
SongList, the visible area of the SongList needs to be enlarged. 

 To do this, click with the left mouse button on the bottom edge of the canvas 
area and drag it downwards until the height of the canvas area has changed 
to 240 pixels (While dragging the canvas area, its current size is displayed in 
the status bar at the bottom right of the Embedded Wizard window). 

 Next, click the right edge of the canvas area and drag it to the right until the 
width of the area has reached 410 pixels. 
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 Maybe, after the canvas area has been enlarged, the bricks need to be moved 
below the bottom edge of the canvas area. Do this, if necessary. 

 As next, resize the OuterFrame view in order to fill the entire canvas area. For 
this purpose select the OuterFrame view and drag it to the left upper corner of 
the canvas area. Then click on the bottom right edge of the selection frame 
and resize the frame to the full size of the canvas area. Maybe, you will get a 
problem to select the OuterFrame view, because the six song items obscure 
it. In this case the obscured OuterFrame member can be selected via the 
corresponding entry in the Inspector. 

 Select the InnerFrame and arrange it, as it is shown in Figure 2-29. 

 In the same manner arrange the six items, so they appear in the center of the 
InnerFrame. You can use the multiple-selection in order to select all six items 
and then to move them at once. For this purpose click the six items one after 
another by holding down the Shift key. 

 Press F5 to test the SongList. 

 

Figure 2-36 – The SongList class running in the Prototyper. 

2.7. Setup the Application 

After the SongList class is developed now, the remaining Application class should be 
implemented. This class represents the entire application. Usually, it integrates the 
menus of the GUI application, reacts to user inputs and - depending on the inputs - it 
shows and hides the menus. In our simple example, the Application class will consist 
of an object of the SongList class only. 
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The common functionality of all application classes is implemented in the Mosaic 
class Core::Root. Therefore our Application class has to be derived from it. The 
necessary template Application Class is available in the Gallery folder Forms. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter2_7\PlayList.ewp . 

 In the Navigation Bar click on the tab of the unit PlayList. 

 From the Gallery folder Forms drag the template Application Class and drop it 
into the opened PlayList unit. 

 Double-click the Application class brick to open it. 

 Change the size of the canvas area to 410  pixel width and 240  pixels height. 

As next step of this example, an object of the SongList class will be embedded into 
the application. 

 In the Gallery window switch to the Browser view. To do this click on the 
Browser tab on the top of the Gallery window. The Browser appears and a list 
of classes, constants and resources is displayed. 

 In the Browser search for the class PlayList::SongList. Use the Search edit 
field on the top of the Browser. Herein enter the name songlist . Hereupon 
the Browser will display the SongList class and its inheritance hierarchy. 

The search feature of the Browser is very convenient, if you don’t know the full name 
of a member or its inheritance and relationship to other members. The Browser also 
provides an overview of the entire project at a glance. 

 Click on the found PlayList::SongList class. While holding down the Ctrl+Shift 
keys drag the class and drop it within the canvas area of the Composer. A 
new instance of the class is created and our song list appears. 

 Arrange the SongList object in the center of the canvas area. 
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Figure 2-37 – In order to embed an object of a class, drag the class while holding down the 
Ctrl+Shift key. This is the "derived paste" feature of Embedded Wizard. 

If you start the Prototyper now with F5 key you will recognize, that none of the list 
items is focused and the list does not react on key pressure. In order to provide our 
SongList object with user input events, we have to instruct the Application class to 
pass the focus to this object – we have to establish a focus-path. 

The one way to do this is to enter the name of the SongList object in the property 
Focus of the Application class. You can also use the Assistant in order to select the 
SongList object in a very convenient way. This connection can be also realized much 
by using the visual programming capabilities of Embedded Wizard. 

 Press and hold down the Alt key. In Composer click with the left mouse button 
on the SongList object and drag it to the upper part of the Inspector window 
where the class members are displayed. 

 While holding down the Alt key and the left mouse button move the mouse to 
the bottom edge of the members list. Wait for a moment – the list should 
begin to scroll its content. Scroll it till the member this appears. 

 Move the mouse pointer over the this member's name so it will become 
selected. As you can see, the properties of this class appear in the middle part 
of the Inspector. 

 Move the mouse pointer to the property Focus and release the mouse button 
and the Alt key. The name of the dragged object is entered automatically. 
Press Enter. 
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Figure 2-38 – If the drag-and-drop is started by holding down the Alt key, the name of the 
clicked member is dragged and can be dropped e.g. within the edit field of Inspector. 

 Press F5 to start the Prototyper. As you can see, the Application provides the 
embedded PlayList::SongList object with events. The song list is now ready to 
react on key pressure. 

Now our play list is almost finished. In the last step, we will enhance the items with a 
small animation and you will learn thereby how easy dynamic effects can be created. 

2.8. Animation 

In the last chapter of our small example we will animate the selection of song items. 
For dynamic effects the Mosaic class library provides classes with basic 
functionalities in the unit Effects. Objects of these classes can, for instance, be used 
to calculate the coordinates for moving objects or the color and alpha values for 
objects fading to transparency. In the Gallery the templates folder Effects contains 
templates of the various Effects classes. A detailed description on dynamic effects is 
provided in chapter 4.4 “Timers and Effects”. 

We will use one of the Effects classes for our example. When during runtime a song 
title in the play list is selected, it should not immediately switch its color from dark 
grey to red, but a red colored text should move in from the left side and overlay the 
grey text. 

This can be realized by overlaying the displayed song title with a second text object 
in red color, which changes its bounds dynamically. For that effect we are using an 
object of the class Effects::RectEffect, which is able to move and resize rectangular 
areas. Because the animation should affect all song items, the implementation is 
done in the common SongItem class. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter2_8\PlayList.ewp . 
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 In the Navigation Bar switch to the class PlayList::SongItem. In Composer 
click on the Text object and copy-and-paste it in order to create a duplicate. 
Change the name of the new object to ShadowText .  

 In Inspector change the property Font of the ShadowText object to 
PlayList::FocusFont . 

 The color of ShadowText should be red, so change its property Color to 
#FF0000FF . 

When at the runtime a SongItem object will obtain the focus, the ShadowText should 
appear on the left and be resized step by step to the right side. As long as the song 
item is not selected, the ShadowText should remain invisible. 

 Therefore, change the Bounds of ShadowText to the value <1,-1,1,29> . 

 To enable ShadowText to display the same string as object Text, double-click 
the brick of method OnSetTitle to open its implementation in the Editor. At the 
end of the code add the line: 

ShadowText.String = value; 
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Figure 2-39 – To create an animation, a second text object ShadowText is added to the class. 
At the runtime the ShadowText will overlays the Text object. 

 Now we need an object of the class Effects::RectEffect from the Mosaic class 
library. In the Gallery open the templates folder Effects, select the template 
Move and resize rect and drag it into the Composer. A new effect object 
appears. Rename it to MoveIn .   

 In the Inspector adapt the effect's Actor property. The Actor determines which 
object should be affected from the animation effect. In our example, the 
Bounds property of the object ShadowText is affected. Therefore, for the 
property Actor enter the value ^ShadowText.Bounds . Of course, this can 
also be done in a more convenient way by using the Assistant. 

The '^ ' operator is needed in that case, because the Actor property expects a 
reference to another property, in order to be able to access it. This reference 
technique is similar to the concept of pointers in C, but it is much more powerful and 
safe. 
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 Next, the start and the end value for the animation have to be specified. For 
the property StartValue of the effect enter <1,-1,1,29> . The EndValue 
should be <1,-1,351,29> .  

Finally, the speed of the animation has to be set. For this purpose the effect object 
provides two properties: Period and NoOfFrames (number of frames). While Period 
expects a delay in milliseconds, the property NoOfFrames defines the number of 
steps to be performed during the animation. 

 For the property Period enter the value 20  and for NoOfFrames enter 15 .  

Now, the MoveIn effect object is able to animate the bounds of the ShadowText in 
the specified range and speed. 

Usually you won’t need to learn by heart the meaning of all available properties. For 
your convenience a short description of each selected property, attribute or member 
is displayed automatically at the bottom area of the Inspector. A more detailed 
description can be found in “Mosaic User Manual”. 

 

Figure 2-40 – When a property, attribute or any other member is selected in Inspector, a 
short description is displayed automatically at the bottom, which explains the usage of this 

member. 
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 Now the MoveIn effect object is prepared and ready to use. Create a duplicate 
of that object by drag-and-drop it while holding down the Ctrl key. Rename the 
new member MoveOut . This second effect object should animate the 
ShadowText, when the song item has lost the selection. 

 The only values that have to be changed in the MoveOut object are the start 
and end values. For the StartValue enter <1,-1,351,29>  and for EndValue 
enter <1,-1,1,29> . 

The two effects are available now. The last thing we have to do is to activate the 
appropriate effect when the song item obtains or looses the focus. The necessary 
adaptation is done in the HandleFocus() method. 

 Double-click the method HandleFocus() to open its implementation in the 
Editor and adapt the implementation to the following code: 

if ( aObtain ) 
{ 
  Text.Font       = PlayList::FocusFont; 
  ShadowText.Font = PlayList::FocusFont; 
  MoveOut.Enabled = false; 
  MoveIn.Enabled  = true; 
} 
else 
{ 
  Text.Font       = PlayList::Font; 
  ShadowText.Font = PlayList::Font; 
  MoveIn.Enabled  = false; 
  MoveOut.Enabled = true; 
} 

When the song item obtains the focus, the MoveIn effect object is triggered, by 
setting its property Enabled to true . Before that, the MoveOut object, that possibly 
might also run currently, is stopped to avoid interferences. The opposite action is 
invoked when the song item looses its focus. 

 Now switch back to the class PlayList::Application and press F5 to start the 
Prototyper. The selected items are equipped with a fading effect.  

2.9. Using the Debugger 

Besides the Prototyper for testing of a GUI application’s appearance and behavior, 
Embedded Wizard provides also an integrated Debugger for an in-depth evaluation 
of variables and objects of an application, the call stack and more. This can be 
useful, in order to trace internal states, for example the current number of items in a 
channel list or the values of incoming events. 

For this purpose, breakpoints can be set to a specific line of code in the Editor. To do 
this, move the caret to the code line, where the breakpoint should be set and press 
the key F9. Pressing F9 again removes the existing breakpoint from a line of code. 
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 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter2_9\PlayList.ewp . 

 In the Navigation Bar switch to the class PlayList::SongList. Double-click on 
the HandleEvent method brick in order to ensure, that the implementation of 
the method is shown in the Editor window. 

 In the Editor click on the first code line and press the key F9. The breakpoint 
is set. 

 Press F5 to start the Prototyper. 

 In the Prototyper window press the key Down as you would like to scroll to the 
next song item. The breakpoint has been reached! 

If during the prototyping a breakpoint has been reached, the Prototyper is halted and 
a Variables window is opened. In the Editor a small green arrow points to the current 
statement. 

 

Figure 2-41 –The Prototyper is halted. A green arrow in front of the code line shows the 
current statement. The Variables window provides an overview of the content of variables 

used in the current statement. 

During debugging an application, the Chora code can be executed step by step. For 
this purpose, the commands Step over, Step in and Step out are available in the 
Debug menu and in the corresponding toolbar. These commands are also available 
by pressing the keys F10, F11, Shift+F11. 
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Figure 2-42 – The Debug toolbar provides a set of commands for debugging purposes. 

 Press F10 to step through the statements of the HandleEvent() method. To 
continue the execution, press the key F5. 

Besides the Variables window, the Debugger provides several other monitor windows 
for inspecting the call stack, the Chora objects or the Garbage Collector. The 
different windows can be opened via the menu Window of Embedded Wizard. A 
detailed description of the Debugger is given in “Embedded Wizard User Manual”. 

2.10. Building a Win32 Executable 

The play list example is now completed. In the previous chapters you have learned 
the basic steps and concepts of developing a GUI application with Embedded 
Wizard. In this chapter you will learn how to generate the code and build an 
executable. 

The translation of project members is controlled by their Generator attributes. If this 
attribute is set true , the affected member is enabled for the code generation 
explicitly. If the attribute is set false , the corresponding member is ignored unless 
the member is required due to dependencies from other members. The Embedded 
Wizard evaluates these dependencies and the Generator attributes so all unused 
members are automatically excluded from the code generation. In this manner, the 
amount of generated code may be reduced significantly. 

In order to generate code for our play list example, we have to ensure, that at least 
the Application class is enabled for the code generation. Due to the dependencies 
between the members, the classes SongList and SongItem as well as the used 
Mosaic classes are then involved automatically. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter2_10\PlayList.ewp . 

 In the Navigation Bar switch to the unit PlayList. 

 Select the class brick Application. The attributes of the class appear in the 
middle part of the Inspector. 

 Click on the attribute Generator and enter true . Press Enter. Now, the 
Application class is enabled for the code generation. 
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Figure 2-43 – The Generator attribute determines, whether the member is involved in the code 
generation process or not. 

The code generation is started by the command Build this profile from the Build 
menu. Alternatively the key F8 or the red pyramid tool button can be used. The 
generated *.c and *.h files are always stored in a sub directory of your project 
directory. The sub directory is named after the name of the profile selected for code 
generation. The current profile is determined by the Profile combobox: 

 

Figure 2-44 –The Profile combo box is used to select the profile for prototyping and code 
generation. 

 Press the key F8 to generate the code. You can also click on the Build this 
profile tool button in the Build toolbar. The code is generated now and certain 
code and header files (.c  and .h)  are created in the directory 
Tutorial\PlayList\Chapter2_10\Win32.  
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Figure 2-45 – The profile brick Win32 contains a link to the Win32 platform package for the 
RGBA8888 color format. It is used to generate the C code for a Win32 executable. The code 

generation is started with the red pyramid tool button or the key F8. 

In the next steps we will build a Win32 executable. The necessary Microsoft Visual 
Studio project is not automatically generated by Embedded Wizard and usually has 
to be created manually. To safe your time, in our example the project file is already 
prepared and available in the Chapter2_10  directory. Use the Windows Explorer in 
order to investigate the content of this directory. Besides the Embedded Wizard 
project and unit files, the directory contains following: 

�  Directory Res contains the PNG bitmap files, which are used for drawing the 
outer and the inner frame. 

�  Directory Win32  contains the C source code and header files, generated for 
the Win32. 

�  File PlayList.exe:  the Win32 executable of the play list example. 

�  File PlayList.dsw : the workspace file for MS Visual Studio 6.0. 

�  File PlayList.dsp : the MS Visual Studio 6.0 project file for the PlayList 
project. Compiling this project generates the PlayList.exe . 

The MS Visual Studio project files PlayList.dsw  and PlayList.dsp  are already 
prepared for our example. When the project file PlayList.dsw  is opened in the MS 
Visual Studio, following folders appear in the Workspace window: 
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Figure 2-46 – The project file PlayList.dsp is already prepared. It includes the generated files 
as well as Platform Package files. 

�  The folder PP contains the C files of the Runtime Environment and Graphics 
Engine for the Win32 platform. These files are stored in the directory 
EmbeddedWizard\Platforms\Tara\Win32\RTE  and in the directory 
EmbeddedWizard\Platforms\Tara\Win32\RGBA8888\GFX . 

�  The folder App contains the generated C source code files of the entire GUI 
application. 

 In the Visual Studio press the key F7 to start the compilation. Then press F5 
to execute the compiled application. 

At this point you should realize three important facts: 

�  The compiled application runs native on the Windows target. Unlike the 
Prototyper the generated code is not interpreted now! This may result in a 
faster execution speed. 

�  The resulting executable and the application prototyped in the Embedded 
Wizard development environment do appear and behave identical �  "what 
you see is what you get". 

�  The application can also be translated to other target systems without the 
necessity of any modifications. The classes, you have developed are platform 
independent. To translate the application to another target system, only 
exchanging the corresponding platform packets is required. 

More details about the integration of an Embedded Wizard generated application is 
provided in the document [8] and in chapter 6.4 "Support for native Code". 
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3. The Programming Language Chora 
The development of a GUI application with Embedded Wizard is based on the 
object-oriented programming language Chora, which was conceived specifically for 
this development environment. 

Chora is a universal, platform-independent programming language. The syntax of 
Chora is largely based on the programming languages C, C++ and Java. The 
language supports the most important constructs like local variables, arrays, 
expressions, if /else  conditions, switch /case  selections, for /while  loops and 
many more. This closeness simplifies and shortens the time needed to familiarize 
oneself with Chora.  

Still, Chora is not C++ and it is not Java. Many language constructs, such as the 
pointers and pointer arithmetic popular with C and C++ programmers are deliberately 
not supported in Chora. These restrictions serve foremost to limit possible sources of 
error and to enable development of a platform-independent GUI applications. On the 
other hand, Chora provides the developer with a lot of additional features, which are 
very useful especially when developing GUI applications. 

Chora is an integral part of the Embedded Wizard development environment. The 
idea behind it is to cover the complexity of writing of code behind the so-called 
bricks. Instead of writing the code, the necessary template is dragged from the 
Gallery and deployed within the GUI application. For this purpose, many of the 
common Chora constructs are directly available from the Gallery’s Default templates 
folder. Here you will find ready to use templates for the class, method, property, etc. 

When working with the Embedded Wizard it is seldom necessary to write the Chora 
code. Mostly it is sufficient to drag the desired templates from the Gallery and to drop 
and arrange them within the Composer. Only if you want to implement the behavior, 
you have to write the necessary Chora statements directly in the Editor window. 

As next a brief overview of selected Chora features follows. For detailed description 
of Chora see the document “Chora User Manual”. 

3.1. Object-orientation with Chora 

As an object-oriented programming language, Chora supports the following 
important object-oriented paradigms: 

�  Attributes: The variables of an object can store specific internal states e.g. the 
size and color of a rectangle.  

�  Properties: Properties are intelligent variables of an object. Unlike normal 
variables, they possess write and read methods named onset and onget, 
which are executed when the property is accessed. This is done in a way fully 
transparent to the developer. From his/her point of view, a property is 
accessed in the same manner as a simple variable.  
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�  Methods: The methods implement the behavior of objects. For example, a 
view object can react to events in its HandleEvent() method.  

�  Encapsulation: The access to the value of a property from outside causes the 
corresponding onget/onset method to be executed automatically. This 
protects the properties from being manipulated from outside the object, which 
could lead to inconsistent states within the GUI application. 

�  Inheritance and overriding: The classes of an object can be derived from 
another class and thus inherit their variables, properties and methods. All 
classes can override the inherited methods – including the property's methods 
onset and onget – with their own implementation. In this manner, the inherited 
appearance can be extended or modified in the derived class. 

�  Polymorphism: Different classes can contain methods possessing the same 
names. A particular method, therefore, can be used by objects of different 
classes, mostly with the implementation most suited to that object. The 
decision as to which version of the method is appropriate is decided at 
runtime. As far as the calling method is concerned, the object can behave in 
various ways - it is polymorphous. For example, if the Draw() method is called 
in the context of a text object, it draws the appropriate text on the screen. In 
contrast, if the Draw() method is called for a rectangle object, a rectangle is 
drawn on the screen.  

Through the object-oriented approach of Chora, Embedded Wizard improves the 
reusability, maintenance and platform independence of the software developed. 

3.2. Statements 

The statements of a Chora program control the flow of program execution. The 
programmer uses the statements to define the logic of a method. In Chora, as in 
other programming languages, several kinds of statements are available to perform 
loops, to select other statements to be executed, etc. 

Here is a brief overview of most important Chora statements: 

�  var  and array  declaration statement �  Allows the programmer to declare local 
variables and arrays within the body of a method. Locally declared variables and 
arrays serve to store intermediate results when executing the logic of a method. 

�  Expression statement �  Determines the value of an expression. The expression 
consists of a sequence of operands and operators. For more details see chapter 
3.3 “Data Types and Expressions”. 

�  if  selection statement �  The if  selection statement provides a means of 
conditionally executing sections of code. The statement controls conditional 
branching. The body of the if  selection statement is executed if the value of the 
condition is true. 

�  switch  selection statement �  The switch  selection statement helps control 
complex conditional and branching operations. The switch  selection statement 
transfers control to a statement within its body depending on the expression in 
the switch  statement. 
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�  for  iteration statements �  The for  iteration statement lets you repeat an other 
statement a specified number of times. The body of a for  iteration statement is 
executed zero or more times until a condition becomes false. You can use 
additional expressions within the for  iteration statement to initialize and change 
values during the for  iteration statement’s execution. 

�  while  iteration statement �  The while  iteration statement lets you repeat an 
other statement a specified number of times. The body of a while  iteration 
statement is executed zero or more times until a condition becomes false. 

�  return  statement �  The return  statement terminates the execution of a 
method and returns control to the calling method. Execution resumes in the 
calling method at the point immediately following the call. A return  statement 
can also return a value to the calling method. 

�  Signal, postsignal, idlesignal  statements �  The statements form a 
simple method for communicating between objects. For more details see chapter 
3.7 “Signals and Slots”. 

�  trace  and tracestack  debug statements �  The statements are for test 
purposes. The programmer can use them to evaluate an expression at runtime 
and to send the result to the debug console. 

�  native  statement �  The native  statement allows the programmer to insert 
native code, for example calls to ‘C’ functions, directly into the body of a method. 
In this manner, the Chora statements and the native statements can be mixed 
together within one and the same method. 

�  attachobserver, detachobserver, notifyobservers  statements �  
These statements provide a powerful infrastructure for registration and delivery of 
notifications between objects. For more details see chapter 3.9 “Observers”. 

3.3. Data Types and Expressions 

The knowledge about data types is of great importance when implementing 
expressions or defining variables or properties. Each variable definition requires 
explicit information regarding the desired data type. With this information, the Chora 
compiler is able to recognize what content a variable will have in the target system. 

On the other hand the Chora compiler can recognize what to do when the variable 
will be involved within an expressions. It can recognized, what kind of operation 
should be performed and whether the operation is valid. 

Chora language supports three different kinds of data types: 

�  Instant data types �  The instant data types are an integral part of the Chora 
programming language and can be used in any program without additional 
definitions. They cannot, however, be changed. Chora provides a lot of useful 
instant data types, like int32 , string , bool , rect , color , object , … etc. 

�  User-defined data types �  The user-defined data types include classes and 
enumerations. The programmer may define an arbitrary number of data types to 
use in a Chora program. 
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�  Reference data types �  Allow the building of links to properties in order to 
access them indirectly. The reference data types are derived from other types by 
prefixing them with the reference operator ^ . For example, a variable of the data 
type ^string  is able to store a reference to a property of type string. For more 
details see chapter 3.8 “Property References”. 

Beside the data types, Chora also provides a rich set of operators. The programmer 
uses the operators to construct complex expressions consisting of different 
operands. Thus, the programmer can, for example, define complicated arithmetic 
operation. Just as easily, he can combine string , point , rect , color , etc. 
operators into expressions: 

TextView.String = “My name is “ + GetMyName(); 

The above example demonstrates how the string  literal “My name is ”  and the 
return value of the method GetMyName()  are combined in order to build one string, 
which will be assigned to the property String  of the TextView  object. 

This following example demonstrates how the rectangle stored in the local variable 
Bounds  is moved a distance of <5,2>  pixels and then forms an intersection with a 
second rectangle Clipping . The result of this operation is assigned to the rectangle 
Result . 

var rect Bounds   = <0,0,200,100>; 
var rect Clipping = <10,10,20,20>; 
var rect Result; 
 
Result = ( Bounds + <5,2>) & Clipping; 

The clarity and simplicity with which the programmer can form complex operations 
using few operators are the strengths of Chora. 

3.4. The "new" Operator 

The new operator is used whenever a new object (an instance) of a particular class 
is created during runtime of the GUI application. The name of this desired class is 
given to the right of the new operator: 

var Views::Rectangle theRectangle; 
 
// Create a new instance of the Views::Rectangle cl ass...  
theRectangle = new Views::Rectangle;  
 
// Prepare this new object. Set bounds and the colo r  
// of the rectangle  
theRectangle.Bounds  = <0,0,100,50>; 
theRectangle.Color   = #FF0000FF; 
theRectangle.Visible = true; 
 
// And display this object within ‘this’ group  
Add( theRectangle, 0 ); 
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When executed, the new operator causes the Chora Runtime Environment to 
reserve an area of memory for the new object and to initialize this object. If the 
memory allocation is failed, the new operator raises a Chora exception and the new 
operator does never return to the caller. Therefore it is not necessary to test the 
value returned by the new operator. 

The new operator is very useful, if you want to create objects directly from the body 
of a method. For example, you could create and make the rectangle view visible in 
response to a user input event, etc. 

Additionally, if instead of the class name, a class  expression is placed right to the 
new operator, the expression is evaluated at the runtime and an object of the 
determined class is created. For example the following new operator will create an 
instance of a class stored in the local variable theClass :  

var class  theClass  = Views::Text; 
… 
var object theObject = new theClass ; 

The class  data type provides a very powerful construct, which can be used to 
create, for example 'object factories' – the kind of the created object depends on the 
expression and can be changed at the runtime. For example, you could implement a 
generic functionality to create different kinds of menu items at the runtime. The 
appropriate kind of the menu is determined by the class  expression. 

In order to obtain the class of an existing object, an additional operator classof  is 
available. This operator is very useful, when the class of an object should be 
determined at the runtime and stored for further processing. For example, the 
returned class can be passed to the new operator in order to create an object of the 
given class. The following example demonstrates how a new object of the class of 
the origin object is created: 

var object anObject = GetAnObject(); 
var class  theClass = classof  anObject; 
… 
var object theObject = new theClass ; 

The classof  operator returns a value of type class . If the operator is applied on 
null  object, the operator returns null  class. If the new operator is applied on the 
null  class, the operator returns a null  object. 

3.5. Garbage Collection 

Garbage collection is a special feature of the Chora programming language. It 
relieves the programmer of the responsibility of having to explicitly delete unused 
objects. The Garbage Collector determinates unused objects and automatically takes 
care of their disposal. This eliminates one of the most-feared sources of programmer 
error, for thanks to garbage collection it is no longer possible for dynamically created 
objects to be destroyed more than once or to remain undesirably in memory as 
memory leaks. 
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An important feature of the Garbage Collector is the 100% certainty that only unused 
and unreachable objects are disposed of. An object is unreachable when there is no 
reference in the entire GUI application that could refer to that object. In that case the 
object can never again be accessed, and only then is disposed of as garbage. 

3.6. Auto Objects 

Besides embedded objects and objects created with the new operator, Chora also 
supports so called auto objects. Unlike the ordinary objects, auto objects exist in the 
global scope, so they can be directly accessed from within the Chora code. 

Auto objects are instantiated automatically on request. When an auto object is not in 
use anymore, the Garbage Collector automatically disposes it. The following access 
to the disposed object causes it to be instantiated and initialized again. This is the 
major difference between auto objects and ordinary global objects, which are known 
from other programming languages. 

Usually auto objects do serve as 'controllers' in the Controller/View approach and are 
used in the development of complex GUI applications. For more details about the 
Controller/View approach, see "Observers" (chapter 3.9). 

Auto objects can be created by dragging the object's class from the Browser view 
and dropping it into a unit while holding down the Ctrl+Alt keys. The attributes and 
the properties of an auto object can be inspected and modified in the Inspector. 
Once created, auto objects appear in the Browser view as child nodes under the 
node Auto objects. 
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Figure 3-1 – The auto-objects available in the project are listed in the bottom area of the 
Browser. In this case an AudioController auto-object is displayed. 

3.7. Signals and Slots 

Signals and slots are introduced to Chora for simple communication between 
objects. An object may send signals to a slot method of another object without 
necessarily knowing the identity of the recipient object. When the signal is received, 
the logic of the affected slot method is automatically executed. 

The process of sending a signal occurs through the use of the signal  statement. 
The following example demonstrates how a sender object sends a signal to the 
OnAction slot of object theObject: 

signal  theObject.OnAction; 

The use of additional slot variables improves the insulation between the sender and 
receiver objects. The sender object simply sends a signal without having to worry 
about which object will be receiving that signal. At runtime, the developer can 
initialize the variable with the entry point of another slot. 

var slot  theSlot = theObject.OnAction; 
 
... 
// later ... send a signal to the slot stored in th e 
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// variable theSlot. 
signal  theSlot; 

The signals and slots are predestinated to make connection between, for example 
menu items and the logic, which should be executed, when the user selects the 
menu item. For this purpose, the menu item class has to define a property with the 
data type slot . In the Composer, you have to assign a slot method to this property. 
When during runtime the menu item is selected, the menu item can send a signal to 
the slot stored in its slot property – the affected slot method will then be executed. 

A template for a slot method is found in the Gallery Default folder. 

Additionally, the statement postsignal  and idlesignal  can be used to send a 
pending signal after a short delay. Unlike the ordinary signal  statement, 
postsignal  and idlesignal  are suited for deferred code execution, for example 
to finalize some initialization steps or to perform background/idle tasks. 

3.8. Property References 

Besides signals and slots, property references are also useful for the communication 
between objects. With the aid of a reference, it is possible to access a property of an 
object without necessarily knowing the identity of that object. In this way, it is 
possible for one object to read or write the property of another object without needing 
to know anything about the existence of that object. 

A reference to a property is constructed using the prefix reference operator '^ ': 

// Store the reference to the property Color of the  
// object Background. 
var ^color refToColor = ^Background.Color; 

In order to use the reference to access the contents of the property, the reference 
must be dereferenced using the indirection operator '^ '. Unlike the reference 
operator, the indirection operator is placed on the right of the expression: 

var color theColor; 
 
theColor  = refToColor ^ ; // read the referenced property  
refToColor ^  = theColor;  // change the property  

Because every access to a property necessarily invokes a relevant onget or onset 
method, dereferencing of references also automatically invokes these methods. 

3.9. Observers 

Besides signals Chora also provides a simple and powerful infrastructure for the 
registration of observers and the delivery of notifications to them when the observed 
subject has been signaled. This technique serves as the basis for the Controller/View 
approach and is used in the development of complex GUI applications. 
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In the Controller/View approach, the user interface (views) and the application logic 
(controllers) are always kept apart. The observers underlying this model ensure that 
the views are notified automatically as soon as the affected controller has changed 
its state. On the other hand, user interactions on the views cause the affected 
controller to execute the application logic. Usually, a controller is a simple Chora 
object containing several properties and the implementation of onget/onset method. 

The observer infrastructure is made available through the usage of the Chora 
statements: attachobserver, detachobserver and notifyobservers . 
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4. The Mosaic Class Library 
The class library of Embedded Wizard is called Mosaic. It contains ready-to-use 
classes and definitions that facilitate basic development tasks, for instance scrolling 
mechanisms, handling of events and focus or the drawing of simple graphical 
objects. Mosaic has completely been written in Chora and therefore is platform 
independent. 

Mosaic constitutes a fundament for the development of GUI applications. The most 
of the Mosaic classes can directly be accessed from the Gallery’s template folders. 
The different classes of Mosaic are divided in unit according to their functionality: 
Core, Effects, Forms, Graphics, Resources, Views, Panels and Menus. 

As next a brief overview of selected Mosaic aspects and features follows. For 
detailed description of the Mosaic classes see “Mosaic User Manual”. 

4.1. Views 

In a GUI application developed with Embedded Wizard, views are the visible objects, 
which are displayed on the screen at runtime. The basic functionality of all views is 
implemented in the class Core::View of the unit Core.  

Besides others, the class Core::View implements a property Visible and a method 
Draw(). The boolean property Visible can be set true  or false , whereby is decided 
if the view appears on the screen or not. The method Draw() is automatically invoked 
whenever the view has to be drawn on the screen. 

Because the basic class Core::View itself does not possess an own appearance, the 
Draw() method of Core::View is empty. Only in the classes derived from Core::View 
the Draw() method contains an implementation according to the views appearance. 
For instance, the derived class Views::Rectangle overrides the Draw() method in 
order to paint a filled rectangle on the screen. 

A set of classes derived from Core::View is found in the Mosaic unit Views. Besides 
the above mentioned class Views::Rectangle, these are classes like Views::Image, 
Views::Text, Views::Gradient, Views::Line and more. The Gallery’s folder Views 
contains templates for views, that can be dragged into the canvas area of the 
Composer in order to add a new image, text, gradient, line etc. to the GUI 
application. 
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Figure 4-1 – The class Core::View is the base for visible objects in Embedded Wizard. 
Several classes are derived from Core::View as can be seen in the class tree (left). For each 
class of the unit Views the Gallery’s folder Views (right) provides a template, which can be 

dragged into the Composer to create a new instance of the corresponding class. 

The class Core::Group is also derived from Core::View. In contrast to primitive views, 
the class Core::Group is able to manage any number of embedded views as a single 
group. Because usually a GUI application contains of hundreds of different views, 
this group approach facilitates the management of visible objects enormously. 

Independent of its inherent complexity, a group appears to other objects as a single 
view, which can be treated like any other view. For instance, if the property Visible of 
a group is set false , all embedded views will become invisible automatically. 

The size of a group is determined in the property Bounds. Bounds defines a 
rectangular area, in which the embedded views may appear. When a class derived 
from Core::Group is opened in the Composer, this rectangular area is displayed in 
the upper left corner surrounded by a thick blue frame – and is referred to as canvas 
area. All views that are placed fully or partially outside the canvas area, are 
automatically clipped off at the canvas area’s edges. 

Inside a group, the embedded views are always arranged relative to the upper left 
corner of the group. For instance, a view with the origin point 0,0  will always appear 
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in the upper left corner of the superior group. If the group is moved in the GUI 
application, the embedded views are moved accordingly. 

An important aspect of groups is the Z-order of its embedded views. The Z-order 
defines, in which order the views are drawn on the screen. For example, the 
background view of a menu item always has to be drawn first, before the menu 
item’s caption text is drawn. Therefore the background view has to possess a lower 
Z-order than the caption text. When working with Embedded Wizard, the Z-order can 
directly be checked and modified in the Inspector’s column Order. 

The class Core::Group is tailor-made as base class for the development of GUI 
components, which consists of several different views, like e.g. a list of items. 
Therefore, the Gallery’s folder Forms provides the template Simple Group Class for 
the creation of a new group class. Via drag-and-drop the template can be added to a 
unit of your project and then be opened with double-click for editing. Now the desired 
views can be added to the group via drag-and-drop directly from the Gallery. 

The class Core::Group implements, besides others, the methods Add() and 
Remove(). These methods are used to add new views to a group during runtime, or 
to remove existing views from the group. Using the Restack() method of Core::Group 
even the Z-order of views can be changed at runtime. 

Usually these three methods are invoked automatically from Embedded Wizard, 
when views are added to or removed from a group via drag-and-drop. Besides that, it 
is possible to create view objects at runtime and to add them to an existing group 
dynamically. For example, to add an object of class Views::Rectangle to a group, the 
following Chora statements have to be executed. 

// Create a new view  
var Views::Rectangle theView = new Views::Rectangle ; 
 
// Set the origin of the view to <0,0> relative 
// to the origin of the group. The size of the rect angle 
// is set to <100,200> pixel. 
theView.Bounds = <0,0,100,200>; 
theView.Visible = true; 
 
// Display the rectangle on the top of all other vi ews. 
Add( theView, 0 ); 

Every GUI application requires a root object. This root object represents the screen 
on which the GUI application will be displayed at runtime. For that purpose Mosaic 
contains the class Core::Root. This class implements an interface to the target 
system, manages the screen updates and is responsible for dispatching incoming 
events, for instance commands from a remote control device. 

The class Core::Root is derived from Core::Group. Therefore it is also possible to 
embed any number of views and groups directly within the root object. The 
embedded objects are then displayed automatically on the screen. 
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In practice, every GUI application contains a class derived from Core::Root, which is 
equipped with all the necessary menus, dialogs and other visible objects. This class 
is often referred to as application class, because it represents the entire application.  

4.2. Handling of Events 

The handling of events is another important aspect of the GUI application 
development. In a GUI application various events are occurring, for instance the 
pressing of keys on a remote control device. In that case, whenever a remote control 
key is pressed, an event object is transmitted to the GUI application.  The application 
can then react to the event object, for instance a menu can be opened or the content 
of a list can be scrolled.  

The reaction on the received event depends on the GUI application and has to be 
implemented explicitly. For this purpose the class Core::View provides the method 
HandleEvent(). In classes that are derived from Core::View the HandleEvent() 
method can be overridden in order to determine the appropriate reaction on incoming 
events. 

The method HandleEvent() expects an event object as argument. Event objects are 
instances of a class derived from the Mosaic class Core::Event. For example, the 
above mentioned commands from a remote control device are sent to the application 
using an object of the class Core::KeyEvent, which is derived from Core::Event. In 
that case, the code of the pressed key is stored in the variable Code of the 
Core::KeyEvent object. 

Within the HandleEvent() method the type and content of an event can be evaluated 
and certain reactions can be triggered. In the following HandleEvent() 
implementation a menu will be alternating shown and hidden if the Menu key of the 
remote control is pressed (Please note, the event is passed in the argument aEvent): 

// Try to cast the received event to the Core::KeyE vent 
// class. In this manner the type of the event can be 
// verified during the runtime. In case of a 
// Core::KeyEvent, the local variable ke will be 
// initialized with aEvent. If aEvent is not a key event, 
// ke variable is set null. 
var Core::KeyEvent ke = (Core::KeyEvent)aEvent; 
 
// If the received event is a key-down event and th e 
// user has pressed the Menu key? 
if (( ke != null ) && ke.Down && 
    ( ke.Code == Core::KeyCode.Menu )) 
{ 
  // Toggle the visible state of the menu  
  Menu.Visible = !Menu.Visible; 
 
  // This event has been handled  
  return this;  
} 
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// Sign this event as unhandled 
return null; 

A complex GUI application usually consists of several different menus, dialogs and 
more. At runtime several menus can be displayed on the screen, but because the 
user only has one remote control available, he/she can only interact with one menu 
at a certain time. Therefore the GUI application has to decide which of the various 
menus should receive the key event. 

The decision, to which menu the event is dispatched, is determined by the so-called 
'focus path'. The focus path defines the way of an incoming event object – starting at 
the root object through the nested groups to the menu, the user is currently 
interacting with. Thus, all groups and views, belonging to the current focus path, are 
also focused and able to receive events. 

The dispatching of events starts at the root object. The class Core::Root therefore 
implements the method DispatchEvent() (inherited from class Core::Group). This 
method is automatically invoked if a new event is coming in, e.g. caused from a 
remote control device. The DispatchEvent() method is responsible for delivering the 
incoming event objects to the currently focused menu. For that purpose, 
DispatchEvent() travels along the focus path up to the focused menu and hands over 
the event object to the menu’s HandleEvent() method.  

Although the HandleEvent() method has received the event object, it does not 
necessarily have to react on it. If the event has not been processed by the 
HandleEvent() method, it has to be signed as unhandled. This is done by returning 
the value null .  In that case, the event is automatically handed over to the next 
highest group in the focus path. This is repeated, until the event has either been 
handled by any of the involved HandleEvent() methods or the event has returned to 
its starting point – in our case the root object. To sign an event as handled, the 
HandleEvent() method has to return a valid object, e.g. this  which refers to the 
object itself, that has handled the event.  

This allows a structured handling of events. The advantage of this approach may 
become clear in the next example. In Figure 4-2 a section of an application with 
several menus is shown. Each menu is equipped with several menu items. Currently 
the root object, the menu Audio and the menu item Bass belong to the focus path. 
An incoming event is therefore dispatched along the focus path up to the menu item 
Bass. If the keys Left or Right have been pressed, the menu item Bass react to it and 
changes the current bass level. All other events are ignored by the menu item. 
Instead of this, the event is signed as unhandled and automatically sent to the next 
highest group – the menu Audio. This allows the menu to react to the event also. 
The menu checks if either the Up or the Down key have been pressed. If this has 
happened, the menu doe select the previous or the next menu item. 
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Root Object 

Menu Audio 
 
if Up then select previous item 
if Down then select next item 

Menu Video 

Menu Item Volume 
 
if Left  then increase the volume 
if Right  then decrease the volume 

Menu Item Bass 
 
if Left  then increase the bass 
if Right  then decrease the bass 

Menu Language 

Incoming key event from the target platform. 

 

Figure 4-2 - The incoming key event is dispatched along the focus path (red thick lines) up to 
the menu item Bass. This menu item only reacts, if the keys Left or Right are pressed, 

otherwise the event is passed to the menu Audio, which is able to react to the Up and Down 
keys. 

The focus path is controlled by the Focus properties of the involved objects. The 
property is defined in the class Core::Group. This property acts as a switch that 
always points to one of the views embedded inside a group. The embedded group or 
view that is currently assigned to the Focus property is focused. 

When several groups are nested in each other, the switches of the Focus properties 
constitute a path running through the groups – the focus path. In order to move the 
focus from one view or group to another one, the value of the Focus property has to 
be modified. 

Every change to the focus path causes all involved views to automatically invoke 
their HandleFocus() method. This method has a boolean argument aObtain. If the 
view has obtained the focus, the method is invoked with the aObtain argument true . 
If the view has lost the focus, the argument contains the value false . Therefore, the 
HandleFocus() method is tailor-made to highlight the currently focused menu items, 
for instance by changing their color. An example implementation of the 
HandleFocus() method would look as follows: 

// Depending on the aObtain argument highlight the item 
if ( aObtain ) 
  Background.Color = #FFFF00FF; 
else 
  Background.Color = #888800FF; 
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Besides the DispatchEvent() method, the class Core::Root provides another 
possibility to feed events into a GUI application - the method Broadcast(). A call of 
the Broadcast() method with an event object as argument broadcasts the event to all 
views in the GUI application. Therefore, Broadcast() is useful to inform all views 
about state changes in the application – independent from the focus path. 

The distribution of events via the Broadcast() method is processed according to their 
Z-order. The distribution can be stopped early by returning a valid object (non null ) 
from the HandleEvent() method and thereby signing the event as handled. 

Through deriving their classes from class Core::Event, developers can create and 
implement their own types of events. Within a GUI application, any kind of event can 
be implemented and be inserted at runtime from the main application. 

 

Figure 4-3 - All incoming events are objects of a class, derived from Core::Event. For the 
most common types of events - key events, cursor events, language and styles events - the 

Mosaic class library already provides classes. Developers can derive their own classes from 
Core::Event in order to implement their own types of events. 

4.3. Handling of Cursor Events 

Since the version 4.40 Embedded Wizard supports Cursor Events. This makes it 
possible to create GUI applications, which can be controlled by pointing devices like 
the mouse or the touch screen. 

As you have learned in the previous chapter, user keyboard inputs are covered in 
event objects and passed to the HandleEvent() method of affected views in order to 
give them a chance to handle these inputs. Now, the same will occur when the user 
interacts with a GUI application by using a pointing device. As soon as the user has 
clicked a view with the mouse or touched it with his finger on the touch screen, 
cursor events are passed to the affected view objects. For this purpose, the Mosaic 
class library provides the event classes: Core::CursorEvent and Core::DragEvent. 

The class Core::CursorEvent encapsulates cursor pressure and release events. 
Each time the user clicks with the mouse cursor on the screen, hits it with a pen or 
touches it with his finger, a cursor event is prepared and sent to the application. The 
event contains the information about the position where the user has clicked, the 
mouse button, which has been clicked, how often the button has been clicked, etc. 

The dispatching of cursor events will always take place in so called 'grab cycles'. A 
grab cycle starts with the cursor pressure and exists as long as the user is holding 
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down the cursor (or the finger on the mouse button). At first the Mosaic determines 
the view, which is lying below the cursor and also is willing to react to the cursor 
events. This view will become the target for all further cursor events of the grab cycle 
�  the view 'grabs' the cursor for this time. 

At the beginning of the grab cycle the target view will receive the first 
Core::CursorEvent with its variable Down set true . At the end of the grab cycle, 
after the user has released the cursor, the target view will receive the last 
Core::CursorEvent signed with the variable Down set false . In the meantime the 
Mosaic will feed the target view with more events: the repetition and the drag events. 
The position where the user has clicked and the mouse button, which has been 
pressed, are delivered in the variables CurrentPos and Button. 

The repetition events do occur automatically when the user is holding down the 
cursor for a period. In this case the Mosaic feeds the target view repeatedly every 
100 ms with a new Core::CursorEvent. In this manner the target view can measure 
the time how long the user is holding down the cursor and perform any kind of 
desired operation when a given time limit is exceeded, e.g. an automatic scrolling. 
The lapsed hold down time is passed in the variable HoldPeriod. For the first time the 
user clicks a mouse button or touches a screen, the variable is set 0. 

Beside the repetition events, the target view may also receive drag events as soon 
as the user has dragged the cursor while the established grab cycle persists. The 
movement of the cursor is communicated by a second event class Core::DragEvent. 
It also provides the already described variables Button, CurrentPos and HoldPeriod. 
Additionally this event provides a variable Offset, which determines the cursor 
movement relative to the position of the last event. 

The delivery of cursor events presumes, that there is a view at the clicked position, 
which is willing to be the target for the cursor events. So before a new grab cycle 
begins, the Mosaic determines the view below the cursor and asks it, whether it 
wants to handle the cursor events. If the view answers with ‘YES’, a new grab cycle 
begins and the view becomes the target for all following cursor events. In the case, 
the view is not interested in cursor events, the Mosaic proceeds with the next view in 
the background until a willing view has been found or no other views are available at 
the clicked position. 

The process of finding the willing target view is called hit-test and the class 
Core::View provides a method CursorHitTest(). If a view wants to process the cursor 
events, the method should return this . If null  is returned, the view will not receive 
any cursor events. In the implementation of the method the view can evaluate the 
position, where the user has clicked and the mouse button, which has been pressed. 
These are passed in the arguments aPos and aButton. 

The following example should demonstrate the described approach. We would like to 
implement a rectangular ‘sprite’, which can be simply clicked and dragged with the 
cursor. In the first step we will implement the Sprite class. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter4_3\PlayList.ewp . 
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 Ensure the unit PlayList is opened in the Composer. 

 From the Gallery’s templates folder Forms drag a Simple Group Class 
template and drop it into the Composer with the opened PlayList unit. A new 
class brick appears. 

 Press F2 key and rename it to Sprite . 

 Double-click the Sprite brick to open the class. 

 Adapt the size of the blue canvas area to 50 x 50 pixel. 

 From the Gallery’s templates folder Views drag a Rectangle template and 
drop it into the canvas area. A new blue rectangle appears. 

 Adapt the position and the size of the rectangle to fit exactly the canvas area 
of the group. 

Thus the sprite will be a group with a blue rectangle inside. In order to react to cursor 
events, the group has to implement the CursorHitTest() method now. The method is 
inherited from the Core::View class. 

 In the Inspector search for the CursorHitTest member. 

 Now, select the CursorHitTest member in the Inspector and drag it by holding 
down the keys Ctrl+Shift into the Composer. Leave the mouse button and 
then the Ctrl+Shift keys. The method is overridden now. 

 Double-click the method brick in order to open it in the Editor. Enter the 
following code: 

if (( aButton == 0 ) && ( aSequelCount == 0 )) 
  return this; 
 
return super( aButton, aPos, aSequelCount, 
              aDedicatedView );  

In our example, the sprite should react to cursor events only if the user has single-
clicked within the sprite area with the first mouse button. This is determined by the 
condition (( aSequelCount == 0 ) && ( aButton == 0 )) . 

So far so good. The sprite is able now to receive the cursor events but it still cannot 
handle them. To ensure that, we have to override and implement the HandleEvent() 
method. Fortunately this method was already a part of the used template. Therefore: 

 Double-click the HandleEvent() method brick in order to open it in the Editor. 
Replace the existing template code with the following statements: 

var Core::CursorEvent ce = (Core::CursorEvent)aEven t; 
var Core::DragEvent   de = (Core::DragEvent)aEvent;  
 
// If the user has clicked the sprite - change its color 
// to red. 
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if (( ce != null ) && ce.Down && ( ce.HoldPeriod ==  0 )) 
{ 
  Rectangle.Color = #FF0000FF; 
  return this; 
} 
 
// If the user has released the cursor - return to blue 
// color. 
if (( ce != null ) && !ce.Down ) 
{ 
  Rectangle.Color = #0000FFFF; 
  return this; 
} 
 
// If the user is dragging the cursor - the sprite 
// should follow. 
if ( de != null ) 
{ 
  Bounds = Bounds + de.Offset; 
  return this; 
} 
 
// Give the super class a chance to handle the even t. 
return super( aEvent ); 

 Now, press F5 to start the Prototyper. There you can click the blue sprite with 
the mouse and drag it. As you can see, the sprite will follow the cursor and its 
color changes to red as soon as it has been clicked. 

 

Figure 4-4 – The sprite reacts to cursor events. In the Prototyper it can be clicked and 
dragged with the mouse. 

In the second step we would like to place some instances of our Sprite class directly 
within the play list application – just for fun. 

 Close the Prototyper. 

 In the Navigation Bar switch to the class PlayList::Application. 
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 In the Gallery window switch to the Browser view. To do this click on the 
Browser tab on the top of the Gallery window. The Browser appears and a list 
of classes, constants and resources is displayed. 

 In the Browser search for the class PlayList::Sprite. Use the Search edit field 
on the top of the Browser. Herein enter the name sprite . Hereupon the 
Browser will display the Sprite class and its inheritance hierarchy. 

 Click on the found PlayList::Sprite class. While holding down the Ctrl+Shift 
keys drag the class and drop it within the canvas area of the Composer. A 
new instance of the blue sprite appears. 

 Create some additional copies of the newly added sprite. To do this you can 
press the keys Ctrl+C and then Ctrl+V. 

 Now, press F5 to start the Prototyper. Now you can click, drag and arrange 
the sprites while the play list application still works. 

 

Figure 4-5 – The clicked sprite can be arranged with the mouse – other sprites remain non-
affected until they are clicked and dragged. 

In the same manner we could adapt our play list to allow the user the selection of 
song titles by touching them on a touch panel or by clicking with the mouse cursor. 
Thus we have to add the cursor event handling to the class SongItem - we will 
override the both methods CursorHitTest() and HandleEvent(). 

 In the Navigation Bar switch to the class PlayList::SongItem. 

 In the Inspector search for the CursorHitTest member. 

 Now, select the CursorHitTest member in the Inspector and drag it by holding 
down the keys Ctrl+Shift into the Composer. Leave the mouse button and 
then the Ctrl+Shift keys. The method is overridden now. 

 Double-click the method brick in order to open it in the Editor. Enter the 
following code. It ensures, that our items will react to single-clicks with the first 
mouse button only: 
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if (( aButton == 0 ) && ( aSequelCount == 0 )) 
  return this; 
 
return super( aButton, aPos, aSequelCount, 
              aDedicatedView ); 

 In the same manner search in Inspector for the HandleEvent member, 
override it and enter the following code. This implementation ensures only that 
the item becomes focused in scope of its group – the item will appear 
selected: 

var Core::CursorEvent ce = (Core::CursorEvent)aEven t; 
  
// If the user has clicked the item – focus the ite m 
if (( ce != null ) && ce.Down && ( ce.HoldPeriod ==  0 )) 
{ 
  group.Focus = this; 
  return this; 
} 
 
// Give the super class a chance to handle the even t. 
return super( aEvent ); 

 In the Navigation Bar switch to the class PlayList::Application. 

 Press F5 to start the Prototyper. As you can see, the items are now able to 
react to cursor events as well the sprites can be clicked and arranged by the 
mouse. 

The usage of cursor events is easy and it is usually sufficient to override and adapt 
the methods CursorHitTest() and HandleEvent(). But sometimes maybe you would 
need a little bit more control how events are processed. 

The first thing, which may interest you are the properties CursorSequelDelay and 
CursorDragLimit of the class Core::Root (the application class). These properties 
determine the maximum delay and maximum cursor movement between two clicks, 
which are still considered as a closed sequel, e.g. a double-click. These properties 
can be modified in your application class in order to adapt the GUI application to the 
appropriate user. 

A second interesting aspect are the methods CaptureCursor() and DeflectCursor(), 
which also are a part of the Core::Root class. CaptureCursor() allows you temporarily 
to limit the cursor event delivery to a special part of the GUI. Note, in case of an 
active modal form (see chapter 4.5 “Forms”), the delivery of cursor events is already 
automatically limited to this modal form and the user can only interact with it. In this 
case no CaptureCursor() invocation is necessary. 

The method DeflectCursor() makes it possible to explicitly change the current grab 
cycle – the delivery of cursor events will then be deflected to a new target view, 
independently whether the view lies below the cursor or not. This is a very powerful 
feature, which can be used, e.g. to support a menu system, which should appear 
after a click on the GUI background and be controlled without the necessity to 
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release the pressed mouse button. In this case the background deflects the cursor 
events to the menu, so the user can immediately continue interacting with the menu 
without further clicks in the menu area. 

4.4. Timers and Effects 

The Mosaic class library provides the class Core::Timer, which can be used to 
perform animations within the GUI application. During runtime a Core::Timer object 
sends, after the defined time is elapsed, a signal to an attached slot method. Within 
this method the desired animation can be performed. 

Timer objects are controlled using their properties. The property Begin specifies the 
number of milliseconds for the first timer expiration. The property Period specifies the 
interval in milliseconds for the second and all the following timer expirations. If Period 
is equal to zero, the timer will expire only once after the delay specified in the Begin 
property. 

Whether the timer is running or not is controlled by its property Enabled. As long as 
this property is set true , the timer is active and can send signals to the attached slot 
method. The name of the affected slot method has to be specified in the timer’s 
property OnTrigger. 

For you convenience, the Gallery’s templates folder Effects contains a ready to use 
Timer template. All you have to do is to drag this template from the gallery and to 
drop it into the Composer. In the second step you should drag a Slot method 
template from the Gallery's Default folder. At next assign the name of this slot 
method to the timer’s OnTrigger property and implement the desired behavior in the 
logic of the slot method. 
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Figure 4-6 – The Timer objects is enabled and connected to the slot method Slot, so it can 
send signals to this method every second (1000 ms). The implementation of the slot method – 

which can be seen in the Editor below – toggles the visibility of the menu each time it is 
activated. 

An alternative way of performing an animation involves deriving a new class from 
Core::Timer. In the derived class the inherited Trigger() method can be overridden 
and filled with the logic for the desired animation. Because the derived timer class 
encloses the animation logic, the developed class can easily be re-used in any 
project. 

Beside the timers, a set of ready to use animation effects is available in the Mosaic 
class library. Each effect is able to control the value of a referenced property. When 
the effect is running, the value of the referenced property is altered automatically 
step-by-step in the range from a start-value to the end-value. 

Depending on the data type of the referenced property, different kinds of effects are 
available. For example a color  properties can be animated by a color effect 
implemented in the Mosaic class Effects::ColorEffect. On the other hand the 
animation of a rect  property requires an Effects::RectEffect object. 
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For every kind of supported effects the Gallery has available a template in the 
templates folder Effects. An effect can be dragged from the Gallery, dropped into the 
Composer and then it can be connected to the affected property. 

 

Figure 4-7 - The Effects classes of the class library are provided as templates in the Gallery's 
templates folder Effects. 

The reference to the affected property is stored in the effect’s own property Actor. 
During the animation, the effect can read and modify the property via this reference. 
For example, if you want to animate the Color property of a background rectangle, 
named BgRect, the following expression should be assigned to the effect’s Actor 
property: ^BgRect.Color . Please note the preceding reference operator '^' . This 
operator returns a reference to the property, so the property can be accessed by the 
effect. Property references are an integral part of the Chora programming language 
and are described more detailed in chapter 3.8 "Property References”. 

The property NoOfFrames defines the desired number of animation steps. The start 
and the end value of the animation are specified in the properties StartValue and 
EndValue. If the referenced property has reached the specified end value, the 
animation is finished automatically. 
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Figure 4-8 – The effect object ColorEffect is connected to the property Color of the rectangle 
in the background, called BgRect. Every 20 ms the effect changes the color of the rectangle 
step by step from the start value blue (#0000FFFF ) to the end value green (#00FF00FF ), 

what can be tested in the Prototyper. 

Similarly to a timer, the animation speed of an effect is controlled by the properties 
Begin and Period. Whether an effect is running or not is determinate by its property 
Enabled. A detailed description of the different effects classes is found in [2]. 

4.5. Forms 

For your convenience, Mosaic implements several form classes, which are very 
useful for the development of menus, dialogs, list boxes, message boxes, etc. These 
classes are responsible for the management, the selection and the scrolling of menu 
items and other controls. 

The most important class is Forms::Form. It is the base class of all form classes. 
Classes derived it can be used to create small menus, dialogs or message boxes. 
The term 'small' does mean that the menu's or dialog's content is small enough to be 
shown completely without the need for scrolling or moving of this content. 

Usually a menu or a dialog consists of one or more menu items, buttons, check 
boxes, sliders, etc. The form is thus responsible for the management of these so 
called 'controls'. Beside the controls a form may contain any number of ordinary 
views and groups. 
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To distinguish between controls and ordinary views, the class of the affected object 
is important. Only objects instantiated from the Forms::Ctrl or a derived class are 
recognized and managed by the form as controls. 

Before you can start with the development of a menu, all the necessary controls 
should be available first. For example, if you want to create a menu containing menu 
items, a new menu item class should be derived from the class Forms::Ctrl. Then the 
appearance and the behavior of the menu item can be developed as this is done 
with other parts of the GUI application. 

In the second step, the menu class is derived from the Forms::Form class and filled 
with instances of the previously developed menu item class. Due to the fact, the 
menu item class is derived from the Forms::Ctrl class, the form itself is able to 
recognize and handle these items properly. For example the menu handles the 
scrolling and the selection of items automatically – you don’t need to implement this 
behavior. The only thing, you have to do is to arrange the menu items and to ensure 
the Z-order of the items does correspond to the order in witch the items should be 
selected during the runtime by the user. This is exactly the way that was followed to 
develop the play list example in chapter "0. Please note, this tutorial addresses 
aspects particular to the Mosaic 1.0 framework only . This document is 
intended for users maintaining existing GUI project s which are based on 
Mosaic  1.0. In case you are starting with the development  of a new GUI project, 
please use Mosaic 2.0 as the foundation framework. The new Mosaic 2.0 is 
described in the tutorial “Embedded Wizard Tutorial  – Mosaic 2.0”, which you 
will find in the installations directory: 
\EmbeddedWizard\Tutorial_Mosaic20 . 

Consumer Application Development". 

For nice and pretty menus, different kinds of menu items or other controls may be 
mixed together within a single menu. For example, the menu item in the middle of a 
menu may appear bigger and display the label with other font. 

The class Forms::Form implements several methods to manage and access the 
embedded controls. The method GetCount() returns the number of controls 
embedded within the form. In case of our example menu, the method will return the 
number of menu items visible within the menu. The methods GetCtrlAt(), 
GetFirstCtrl(), GetLastCtrl(), GetPrevCtrl(), GetNextCtrl(), GetLeftCtrl(), 
GetRightCtrl(), GetUpperCtrl() and GetLowerCtrl() give you the direct access to one 
of the desired controls. 

With the methods SelectFirst(), SelectLast(), SelectNext(), SelectPrev(), SelectLeft(), 
SelectRight(), SelectUpper() and SelectLower() the selection (the focus) can be 
moved from one control to another. For example, if the menu should respond to the 
keys events Up and Down with changing the selection appropriate, the following 
code is needed in the HandleEvent() method: 

var Core::KeyEvent event = (Core::KeyEvent)aEvent; 
 
// Respond to keyboard key-down events... 
if (( event != null ) && event.Down )  
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{ 
  switch ( event.Code ) 
  { 
    case Core::KeyCode.Up   : SelectPrev(); 
    case Core::KeyCode.Down : SelectNext(); 
    ... 
  } 
 
 ... 

The class Forms::Form supports scrollbars. If you want a menu to display a scrollbar, 
develop a scrollbar class with an own appearance and attach an object of this class 
to the form’s property ScrollBar. The form will then update the scrollbar 
automatically; each time the selection within the menu has changed. 

For the development of scrollbars, a base class Forms::ScrollBar is available. This 
class implements a method ArrangeTracker(). Override this method in your own 
scrollbar class, so the scrollbar can react to the changes in the controlling form. The 
job of the ArrangeTracker() method is to update the position of the slider or tracker 
within the scrollbar depending on the values, passed in ArrangeTracker() method 
call. Similarly to your own menu items, the appearance and the behavior of the 
scrollbar are not limited. 

The second form class Forms::ScrollForm extends the simple form by an additional 
scrolling behavior. This allows the programmer to implement large menus or dialogs. 
The term 'large' does mean, that the menu's or dialog's content is bigger then the 
visible area of the form itself. For this reason it may be necessary to move the whole 
content when the user wants to reach one of the controls, lying outside the form’s 
border. 

Usually the scrolling is performed automatically, when an invisible control is focused 
– you don’t need to implement it. If you want to control the scrolling more exactly, the 
class Forms::ScrollForm implements the methods ScrollLines() and ScrollPages(). 
By calling one of these methods, the entire content of the form is moved by the given 
number of lines or pages. The size of a page does correspond to the visible area of 
the form itself. The size of a line can be specified in the property PixelPerLine. 

The scrolling can be also controlled by the property ScrollPos. This property stores 
an offset between the origin of the scrolled content and the origin of the scroll form 
itself. By assigning values to this property, the content of the form is moved 
automatically. 

The scroll form is also very useful if a large image or a long text should be displayed 
on the screen. From the Forms::ScrollForm class you can derive your own class and 
fill it with any image and multiline text objects. The scroll form will then take care of 
and scroll these embedded objects appropriate. For a single image or a multiline text 
the following ready to use scroll forms are available Forms::ImageForm and 
Forms::TextForm. These two classes implement a set of properties similarly to the 
views Views::Image and Views::Text. 
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Of course, a scroll form can also attach scrollbars. Beside the inherited ScrollBar 
property, the scroll form implements two additional properties HorzScrollBar and 
VertScrollBar. These additional properties can be initialized with a link to a horizontal 
and a vertical scrollbar object. The scroll form will then update these attached 
scrollbars automatically, when the displayed content is moved or resized. 

Usually the scroll form will scroll the entire embedded content, but sometimes it is 
necessary to exclude some of the embedded views from the scrolling. For example 
the form’s background or the used scrollbars should not be affected by the scrolling – 
they should keep their position. For this purpose the class Forms::ScrollForm 
implements a method IsExcluded(). The scroll form will call this method in order to 
ask in derived classes, whether an embedded view does belong to the scrollable 
content or not. You can override this method in order to exclude other views, like a 
caption text, which should for example always appear above the scrolled content, 
etc. 

The third form class Forms::ListForm extends the simple form to a list box. Within 
such list box a set of list items appear and the user can scroll these items in order to 
explore the whole list. The list form can be used, for example, to display the names 
of all channels within a TV set. 

The list form is very flexible and can be used to display very long lists, consisting of 
hundreds and thousands of items. To save the memory, the list form does not store 
the whole content of the displayed list - only the currently visible items are stored. To 
access the content of other items the list form invokes its method GetItemData(). 
This method belongs to the interface the programmer has to implement in derived 
classes in order to supply the form with the data. 

Like other forms the list form works with Forms::Ctrl objects - they will be used to 
display the items. During the update of the list form the content of the data items is 
assigned automatically to the corresponding controls.  

The list form expects the embedded controls to implement the SetData() and 
GetData() methods. These methods are introduced in the class Forms::Ctrl and they 
belong to the so-called ‘courier protocol’. The courier protocol is responsible for the 
transfer of data from or to the controls. If the content of a list form should be scrolled, 
the list form shifts the content of the embedded controls by simply invoking their 
GetData() and SetData() methods. You can consider these methods as kind of 
uniform communication. 

To keep the list form and the displayed list items synchronous, the list form uses the 
so-called cursor - a pointer or an index to the item data, which does appear in the 
currently focused control of the list. When the list form content is scrolled by the user, 
the form’s method MoveCursor() is invoked to move to pointer to the next item data. 
This is the second method the programmer has to implement in order to supply the 
form with items. 

The scrolling within a list form is controlled by its methods ScrollItems(), 
ScrollPages(), ScrollToFirst() and ScrollToLast(). By using the method ScrollRows() it 
is possible to scroll within a two-dimensional list (a grid) row by row. Most of these 
methods expect a number of items, pages or rows, which should be skipped over in 
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order to perform the desired scrolling operation. For example, if the list form should 
respond to the keys Up and Down with scrolling one item or page up/down, the 
following code is needed in the HandleEvent() method: 

var Core::KeyEvent event = (Core::KeyEvent)aEvent; 
 
// Respond to keyboard key-down events ... 
if (( event != null ) && event.Down ) 
{ 
  switch ( event.Code ) 
  { 
    case Core::KeyCode.Up       : ScrollItems( -1 ) ; 
    case Core::KeyCode.Down     : ScrollItems( 1 );  
    case Core::KeyCode.PageUp   : ScrollPages( -1 ) ; 
    case Core::KeyCode.PageDown : ScrollPages( 1 );  
    ... 
  } 
 ... 

A detailed example of how to implement a list form class is given in [4]. 

If a scrollbar is attached to the list form’s ScrollBar property, it is also updated 
automatically. But this can work only for lists, for which the number of enclosed items 
can be determinate. To support the list with this information, the both methods: 
GetItemsCount() and GetCursor() have to be overridden and implemented in the 
derived class. 

In case of a list with the infinite or indeterminate number of items, the list form cannot 
manage any scrollbars. Especially for this purpose, the indicators can optionally 
show the user, whether it is possible to scroll the list up/down or not. For this purpose 
the class Forms::Indicator is available. 

An indicator can take one of two states: enabled or disabled. Depending on the 
enabled state the appearance of the indicator should change. To do this the 
indicators’ UpdateIndicator() method has to be overridden in the derived classes. 
The Forms::Indicator class does not define any appearance of the indicator. You can 
derive your own indicator class in order to define an own appearance or you can use 
the Forms::ImageIndicator class, which displays one of two bitmaps depending on 
the state of the indicator - "enabled" or "disabled". 

The indicators are attached to the list form using the form’s properties NextIndicator 
and PrevIndicator. The list form will then update the state of the attached indicators 
automatically. 

For your convenience a set of ready to use templates for the most important form 
classes is available directly from the Gallery’s folder Forms. 
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Figure 4-9 - The Gallery's folder Forms provides templates for the Forms classes of the 
Mosaic class library. 

An important feature of all forms is their ability to become modal. As long as a form is 
modal, all user input events are passed to this modal form only. Modal forms are 
very useful for the development of dialogs and message boxes, for instance a 
warning message that asks the user for confirmation, before a movie of his/her hard 
disc recorder archive is deleted. As long as such message box is visible on the 
screen, no other GUI parts can react to the user inputs. Is the modal form dismissed, 
the original event flow is restored and the user can continue working with the 
application. 

Generally it is possible for each form to become modal. To obtain this state, the 
method BeginModal() of the root object with the affected form as an argument should 
be invoked. To leave the modal state, the root object’s method EndModal() or 
EndModalOf() should be applied. The following example demonstrates how a 
message box can become modal: 

// At first create the new message box 
var TheUnit::MessageBox box = new TheUnit::MessagBo x; 
 
// Prepare the message box 
box.Caption = "Warning!"; 
box.String  = "Do you really want to delete the mov ie?"; 
 
// Display it on the screen 
GetRoot().Add( box, 0 ); 
 
// Make it modal 
GetRoot().BeginModal( box, null ); 

When the message box is dismissed, it should call the root object’s EndModalOf() 
method in order to restore the previous event flow. The additional Remove() method 
call ensures, that the message box disappears from the screen: 

GetRoot().EndModalOf( this ); 
GetRoot().Remove( this ); 
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4.6. Widgets, Panels and Menus 

Since version 4.11 Embedded Wizard contains a large set of templates with ready-
to-use UI controls. You will find templates for a push button, an edit field, sliders, 
select boxes, etc. These so called 'widgets' are implemented independent of their 
look&feel. The appropriate appearance is determined by deriving new variants of 
these widgets. Within the variants the appearance and the behavior can be 
implemented following your specific design guidelines. For more details about 
variants see chapter 6.2 “Variants”. 

    

Figure 4-10 –Some of the available ready-to-use widgets: the push button, the edit field, the 
select box and the horizontal slider. 

Per default, Embedded Wizard provides the implementation of two predefined 
look&feels for its widgets. The first is based on the look&feel of the Apple Macintosh 
OS X user interface and is called 'AquaStyle'. The second is based on the Microsoft 
Windows 95 user interface and is called 'Win95Style'. The following picture shows a 
menu designed with these widgets and displayed in the AquaStyle and in the 
Win95Style. 

  

Figure 4-11 – A 'color selection' panel developed with the widgets of Embedded Wizard. In 
the first picture, the Apple Macintosh OS X look&feel is activated. The second picture shows 

the same panel with activated Microsoft Windows 95 look&feel. 

Please note, the AquaStyle and Win95Style are designed for demonstration purpose 
only! They are serving as examples to proof, that Embedded Wizard is predestined 
to develop such modern user interfaces for embedded systems, as they are known 
from the world of the powerful desktop workstations. If you like to use these styles in 
your projects, you should first clarify the necessary copyrights. Anyway, it is 
important to understand that Embedded Wizard is very flexible to adapt the style (the 
look&feel) of the widgets and panels to any design or behavior your application might 
require. 
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The motivation for adding widgets and panels to the Mosaic class library was on one 
hand to provide a ready-to-use collection of user interface controls allowing 
developers to start implementing an application right away. On the other hand these 
Mosaic extensions are serving as examples on how to realize highly reusable and 
customizable user interface components. By using widgets it is possible to create 
complex UIs in a very easy and incredible fast way. 

For your convenience Embedded Wizard provides a set of ready to use templates for 
the widgets and panels directly in the Gallery’s folder Panels. 

  

Figure 4-12 - The Gallery's folder Panels provides templates for the widgets and panel 
classes of the Mosaic class library. 

Besides panels and widgets Embedded Wizard also comes with menus and menu 
items. This set of UI classes allows the application designer to realize complex menu 
systems as found in the UI application of most set-top-boxes, TVs, PVRs, etc. The 
templates include the 'open sub menu' item, the 'close menu' item as well as the edit 
field item, slider item, select box item and more. 

    

Figure 4-13 –Some of the available ready-to-use menu items: the 'open sub menu' item, the 
'close menu' item, the slider item and the select box item. 
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The essential goal of using the menu class is its ability of automatically laying out 
and aligning itself and its contained items. Other than with panels and widgets, 
regular menus follow simple layout rules allowing this automatism. 

Menus are always laying out themselves depending on the space occupied by 
captions, icons, etc. If the available space on the screen is not sufficient to display a 
menu completely it allows scrolling the contained items. The following example 
demonstrates a menu with several menu items: 

 

Figure 4-14 – An example menu developed with Embedded Wizard menu items. The Aqua 
look&feel is activated. 

For your convenience a set of ready to use templates for the menu items and menu 
classes is available directly from the Gallery’s folder Menus. 

  

Figure 4-15 - The Gallery's folder Menus provides templates for the menu items and menu 
classes of the Mosaic class library. 
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4.7. Lightweight 3D Views 

Since version 5.20 Embedded Wizard supports the new feature called lightweight 
3D. This new feature allows the programmer to enrich GUI applications with novel 
and fancy, Apple like visual 3D effects. Moreover, the new feature provides a 
framework for development of analog controls and indicators like rotary knobs, 
dashboard tachometers, etc. Even simple 2D/3D games can be developed now with 
Embedded Wizard. 

The Embedded Wizard lightweight 3D effects are optimized for the usage within 
embedded systems. This means that the GUI applications developed with 
Embedded Wizard use in most instances only the simple but very fast 2D operations. 
Only in the rare cases in which an object is rotated, mirrored or distorted perspective 
in the space, Embedded Wizard will apply the 3D effects and combine the results 
together with other 2D objects. Unlike the real 3D applications there is no 3D scene 
and no light sources 

The lightweight 3D effects are solely based on the approach of a perspective correct 
projection of an image to a four-point polygon. Depending on the shape of the 
polygon the original image can be scaled, rotated and deformed in any other 
arbitrary way in order to create the impression, the image is e.g. tilted backward in 
3D space. The following illustration demonstrates this idea: 

 

Figure 4-16 - The image from a source surface is being projected on four-point polygon 
within a destination surface. The resulting image appears tilted backward in the 3D space. 

This kind of transformation complies with 'OpenGL texture mapping'. The advantage 
of this approach is that the user keeps the freedom of deforming the destination 
polygon immediately with the mouse and that way is able to create any desired 
perspective or distortion. For complex operations such as scaling and rotating 
objects along X/Y/Z-axis Embedded Wizard automatically calculates corresponding 
polygon coordinates. 

Please note, the new 3D effects can only be supported for target systems, which 
offer enough CPU power or provide a dedicated 3D hardware engine. Due to this 
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limitation, we will reserve the decision for which target system the lightweight 3D 
functionality can be offered. In case of a non-3D capable target system, the GUI 
application can be still executed, but no 3D output will appear on the screen. For 
details about the supported target systems please contact Tara Systems GmbH. 

From the users point of view the 3D functionality is covered by the Mosaic classes 
Views::WarpImage and Views::WarpGroup. The first one implements a special kind 
of image view, which is able to display 3D transformed (warped) images, bitmaps, 
etc. So beside the additional 3D functionality this class does act similarly to an 
ordinary Image view. 

The second class Views::WarpGroup is specialized to handle with the appearance of 
a group. It allows you to simply transform a control or even an entire menu in the 3D 
space. Moreover, the transformed control or menu remains able to react to user 
inputs, e.g. the user can still click on the deformed button face! 

Generally the handling with the warp views is very easy. In the simplest case, the 
programmer will grab with the mouse the corners of the warp view and drag them up 
as the desired shape or distortion of the displayed content has been reached. That’s 
all; the programmer doesn’t need to think in the mathematic aspects behind the 3D 
effect neither the configuration of a 3D scene, light sources nor camera position: 

 

Figure 4-17 – To warp the displayed image, it is enough to grab and drag with the mouse the 
corners of the WarpImage view. 

Programmatically the corners of the view can be controlled by its properties Point1, 
Point2, Point3 and Point4 or more exactly by the method SetPolygon(). In this 
manner the shape of the view and the corresponding transformation can be modified 
at the runtime – which may be e.g. very useful and convenient for animation 
purpose. 

The more advanced approach follows the programming paradigm well known from 
OpenGL. In that case the programmer can scale, translate and rotate a view along 
the three axis X, Y and Z. The problem here is that per default Embedded Wizard 
doesn’t support the Z-axis. Therefore in order to be able to perform the desired 3D 
transformations, we have first to promote the affected warp view temporarily into a 
real 3D space. For this purpose the method Begin3D() has to be invoked. 
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Now, after Begin3D() has been invoked, we can specify all the desired 
transformation steps: rotation, scaling and translation. These are available by the 
methods Rotate(), Scale() and Translate(). Analog to OpenGL these methods modify 
only the coefficients of a transformation matrix. At the end of all transformation steps, 
this matrix exactly describes the resulting position and the orientation of the origin 
view. 

To adopt the transformation the method End3D() has to be invoked. This method 
downgrades the warp view back to its usual 2D space forcing it to take the shape of 
the transformed source image as if it were projected on a 2D screen plane. 

For example, the following Chora statements force a WarpImage to rotate its content 
-15.0  degrees along the Y-axis: 

// Rotate an image in the 3D space 
WarpImage.Begin3D( DstAnchor, SrcAnchor, EyeDistanc e ) 
         .Rotate( 0.0, -15.0, 0.0 ) 
         .End3D(); 

Please note the three arguments in the invocation of Begin3D() method. They are 
necessary to determine how 3D transformed objects should be projected on the 2D 
screen. These arguments establish a certain kind of relation between the 2D and 3D 
spaces and determine the resulting perspective distortion. 

Let’s primarily talk about SrcAnchor. This argument determines the origin of the 3D 
coordinate system relative to the top-left corner of the source image. It serves as 
center position to perform all following 3D transformations. For example, the 
following rotation will be performed relative to the specified source anchor position: 

 

Figure 4-18 – Rotation of an image relative to different source anchor positions. In the first 
case, the anchor has been situated on the left image edge. In the second case the anchor is 

located in the center of the image. 
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Thus the SrcAnchor joins the 3D coordinate system together with the source image. 
It determines how the source image will be affected by the applied 3D coordinate 
system transformations. Each transformation, which causes a translation, rotation or 
scaling of the 3D coordinate system also translates, scales and rotates of the joined 
source image in the same way. 

 

Figure 4-19 – Translating, Rotating and Scaling the 3D coordinate system affect the joined 
source image in the same way. 

A pleasant aspect of this approach is the possibility to combine together several 
transformation steps. For example, we could rotate and translate an image in order 
to develop a planetary system application, where the planet Earth revolves around 
the Sun: 

// The Earth image should revolves around the Sun. 
EarthImage.Begin3D( DstAnchor, SrcAnchor, EyeDistan ce ) 
          .Rotate( 0.0, Angle, 0.0 ) 
          .Translate( DistanceToSun, 0.0, 0.0 ) 
          .End3D(); 

In case of such complex transformations, please notice the importance of the order 
in which the individual steps will take place. For example, the rotation along the Z-
axis will change the direction of the X- and Y-axes and therefore affect the following 
translation along the Y-axis: 
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Figure 4-20 – Different results depending on the order of the applied transformation steps. 

Now, after the most important aspects of the handling with the 3D coordinate system 
have been clarified, let’s focus on the DstAnchor argument of the Begin3D() method. 
It determines the position on the 2D destination screen where the resulting 3D 
transformed source image should appear. In other words, it describes the location on 
the 2D screen where to project the origin of the 3D coordinate system. 

The projection itself will be controlled by the third argument EyeDistance. It 
determines the space between the eye of an imaginary contemplator and the 
destination screen, where to project the transformed source image. The selected eye 
distance affects directly the resulting perspective. The smaller the eye distance the 
stronger the perspective distortion. 
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Figure 4-21 – The 2D projection of an image rotated in the 3D space along the Y-axis. The 
source and destination anchors determine how the transformed source image is projected on 

the screen. The eye distance determines the resulting perspective. 

As already mentioned, the lightweight 3D functionality is provided by two Mosaic 
classes Views::WarpImage and Views::WarpGroup. The just addressed aspects, like 
the different kinds of transformations are supported by both of these classes. The 
essential difference between them is, that WarpGroup is specialized to handle with 
the appearance of a group while WarpImage can transform bitmap resources and 
other images. 

In order to handle with a group (e.g. a control or an entire menu) you have to assign 
this group to the WarpGroup view and activate the group as buffered. Buffered 
groups store their current appearance in an internal pixel buffer, so they can be 
handled like ordinary images. Mosaic ensures, that every time, the appearance of a 
buffered group changes, the buffer and the associated WarpGroup will be updated 
automatically. 

// Activate the buffer of a button control 
Button.Buffered = true;  
 
// Assign the button to the WarpGroup 
WarpGroup.Group = Button; 
 
// Apply some kind of transformation to the button 
WarpGroup.Begin3D( DstAnchor, SrcAnchor, EyeDistanc e ) 
         .Rotate( … ) 
         .Translate( … ) 
         .Scale( … ) 
         .End3D(); 
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Moreover, you can assign the same group to several warp views in order to create 
scenes with mirroring effects, etc. 

// Assign the button to two different WarpGroups 
UpperMirror.Group  = Button; 
BottomMirror.Group = Button; 

   

Figure 4-22 – Use the WarpGroup to create e.g. mirror effects of buttons and other UI 
controls. When interacting with the button, the mirrors automatically refresh they 

appearance. 

Please note, the usage of buffered groups can be very memory intensive. Therefore 
avoid activating the buffers if it is not absolutely necessary and always deactivate 
them when they are not in use anymore. 

Well, if you need to interact with the warped appearance of a group by a pointing 
device, mouse or touch panel, you can simply achieve it by activating the property 
RelayCursorEvents of the warp group. In this case, the warp group responds to 
cursor events, converts the given coordinates to the coordinate space of the warped 
group and finally passes the events to this group. In this manner, you can interact 
with distorted or skewed menus, etc. 

For your convenience a set of ready to use templates for the WarpImage and 
WarpGroup classes is available directly from the Gallery’s folder Views. They can be 
simply dragged and dropped into the Composer as it is usual to do with other kind of 
Mosaic views: 

  

Figure 4-23 - The Gallery's folder Views provides ready to use templates for the warp image 
and warp group classes of the Mosaic class library. 
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The Mosaic also provides other classes, which handle the lightweight 3D effects in a 
more low level manner. But, usually you never will need to use these classes directly. 
The first one is Graphics::WarpEffect. This class encapsulates the interface to the 
underlying 3D target system. 

The second class is Graphics::WarpMatrix. It represents the 3D transformation 
matrix and implementation the 3D transformations rotation, translation and scaling. 

For more details see "Mosaic User Manuals" and the delivered 3D examples. 



Industry Application Development ���������	
�    

Embedded Wizard Copyright TARA Systems GmbH Page 93  
Tutorial - Basics www.embedded-wizard.de  

5. Industry Application Development 
In the previous chapters we have learned how to create an application with 
Embedded Wizard. The developed example is oriented at the demands of a 
consumer electronics device, which is operated with a remote control. 

But is Embedded Wizard a useful tool for designing industry related applications, 
too? Yes, of course. Industry controllers either come with a set of buttons for 
dedicated actions, which can be hard wired with application logic, or are equipped 
with a touch panel controller. Because touch panels offer a much higher flexibility 
than the real world counterparts, they are found in more and more devices. 

Industry related controller applications for several reasons require dedicated input 
components. Two of the reasons are that the controller panels are often relatively 
small compared our natural pointing device: the finger. The user interface needs to 
be unambiguous and easy to operate (a robot arm can probably cause more pain 
than a set top box when operated inappropriately).  

To enable the reader to design and implement such dedicated user interface 
components, the following chapters will give step-by-step examples for a handful of 
typical controls. These will be a seven-segment display, a LED light, a two-way slide 
control and a wheel control to define an angle or adjust a value. 

5.1. Creating a LED Light Control 

A very common part on many industry control panels is the LED indicator light. Such 
indicators usually signal the state of a machine. Depending on color and lighting 
pattern it can indicate ‘all fine’, e.g. with a constantly beaming green light or ‘alert, 
with a hectically blinking red light. Other colors are often used to simply indicate the 
power state of a device (e.g. Figure 5-1). 

   

Figure 5-1 – Real-world LED examples. 
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Figure 5-2 – Three kinds of a ‘virtual’ LED light. The LED can obtain an active or inactive 
state. The appropriate appearance is determined by bitmaps. 

Our implementation will foresee a property to specify a bitmap resource, which is 
supposed to contain the active and inactive state in its two frames (Figure 5-2). In 
general the UI component reflects an on/off state like a light bulb. 

 First close the previous project. 

 Load the project 
Tutorial\IndustryExample\Chapter5_1\Example.ewp . It already 
contains the unit Example and an application class for testing purposes. 

 Ensure that the unit Example is opened in the Composer. 

 From the Gallery’s templates folder Forms drag the template Simple Group 
Class and drop it into the Composer. A new class brick appears. 

 Press F2 and rename this class brick to Light . 

 Next from the Gallery’s templates folder Resources add a new Bitmap 
resource. Change its name to LightYellow.  

 In Inspector change the value of the bitmap’s attribute FileName to 
.\Res\LightYellow.png. For your convenience the required bitmap file 
is already prepared in the accompanying project files. 

 The bitmap LightYellow.png consists of two frames: one for the inactive and 
the other for the active state of the LED. In order to inform Embedded Wizard 
that there are several frames available, set the attribute FrameSize to the 
value <64,64> . 

 

Figure 5-3 – The bitmap file LightYellow.png contains two frames: one for the inactive and 
the other for the active state of the yellow LED. The frames are arranged side by side 

horizontally or vertically. 

 In the same manner add two more bitmap resources, one named LightRed  
and the other LightGreen . Change their FileName attributes accordingly to 
.\Res\LightRed.png  and .\Res\LightGreen.png.  Ensure that their 
FrameSize attributes are set correctly to the value <64,64> . 

 Now double-click the brick of the previously added class Light in order to open 
it in the Composer. As you can see an empty canvas area appears with a 
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brick of the method HandleEvent below. This method is contained per-default 
with the used template. 

 Because there is no necessity for a LED to react to any user input events, the 
HandleEvent brick can be deleted. To do this, select the brick and press the 
key Del. 

In the following step we will ensure that the canvas area (the resulting size of an 
LED) does match with the size of the used bitmap resources. The size is determined 
by the property Bounds. 

 First locate in the Inspector the member called this. This member stands for 
the currently edited class and provides an instant access to its properties. 
Select this member. 

 In the middle area of the Inspector look for the property Bounds and change 
its value to <0,0,64,64> . As you can see, the size of the canvas area has 
changed immediately to 64 x 64 pixels. 

 From the Gallery’s templates folder Views drag the template Image and drop it 
into the canvas area of the Composer. A new image view to display bitmap 
resources appears. Rename it to LightFace.  

 Arrange the image view at the upper left corner of the canvas area. To do this 
click and move it with the mouse. Remember, you can also move selected 
members by the cursor keys Left, Right, Up, Down. 

 Set the image view property AutoSize to the value true.  This ensures that 
the size of the image automatically matches with the size of the displayed 
bitmap. 

 In the same manner change the property Bitmap to the value 
Example::LightRed . You remember, this can also be done in a more 
convenient way by using an Assistant. Simply click the button  on the right 
hand side of the property Bitmap and select the desired bitmap resource. 

After the last step, the component appears as an inactive red LED. In order to 
provide a way to control its state, we will extend the class by a new property LightOn. 
By assigning true or false to this property the LED should become active or inactive 
automatically. 

 From the Gallery’s templates folder Default drag the template Property and 
drop it into the Composer below the canvas area. A new property with its 
onget and onset methods appears. 

 Press Esc key to cancel the current selection and then click on the property 
brick to select it. Now the name of the property can be changed: rename it into 
LightOn.  
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 The new property should control the state of the LED: active or inactive. 
Therefore change in Inspector its attribute Type to the value bool . 
Remember, a bool property can store either the value true or false. 

 Per default the LED should appear inactive. Accordingly change the Default 
attribute of the new property to the value false . This attribute determines the 
initialization value of the property. 

Now the onset method of the property LightOn needs to be implemented. An onset 
method is invoked automatically when at the runtime the value of the appropriate 
property is changed. In our case the method should ensure that the LED is activated 
or inactivated correspondingly to the new value of the property. 

 To do this, double-click the method OnSetLightOn to open it in the Editor and 
implement the following logic: 

 

Figure 5-4 – The implementation of the onset method of the property LightOn. 

Please note the statements in the last four lines. Depending on the new value of the 
LightOn property the image view LightFace will display the first or the second frame 
from the bitmap resource. The first frame (FrameNumber 0) contains the inactive 
state design of the LED and the second frame (FrameNumber 1) the active one. 

The counterpart to the onset method is the onget method. It is invoked automatically 
when the value of the appropriate property is read. Since there is no necessity for 
special handling of read accesses to the LightOn property, the onget method can be 
simply removed now. 

 To do this select the onget method OnGetLightOn and press Del to delete it. 

Our LED component is almost complete. It can be activated and deactivated simply 
by assigning a value to its LightOn property. This approach follows the object-
oriented concept of encapsulation, where components are considered as black 
boxes with a clear interface to interact with. 

Anyway, there is one issue, which is still not handled by the LED: the color selection. 
In our example we already provide prepared bitmap resources for red, green and 
yellow LEDs. All we have to do now is to extend the interface of the LED component 
by an additional property Face. This property will determine the bitmap resource, 
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which is used to display the LED. When the property is changed, the appearance of 
the LED will be adapted accordingly. The required implementation steps correspond 
to the implementation of the LightOn property: 

 From the Gallery templates folder Default drag the template Property and drop 
it into the Composer below the canvas area. A new property with its onget and 
onset methods appears. 

 Press Esc key to cancel the current selection and then click on the property 
brick to select it. Now the name of the property can be changed: rename it into 
Face.  

 The new property should store a bitmap resource: the face of the LED. 
Therefore change its attribute Type to the value Resources::Bitmap . You 
can select the data type in a more convenient way by using an Assistant. 
Simply click the button  on the right hand side of the attribute Type and 
select it. 

 Per default the LED should appear red. Accordingly change the Default 
attribute of the new property to the value Example::LightRed . This value 
can also be selected in a more convenient way by using an Assistant. 

 Now implement the logic, which should be executed when the property Face 
is changed at the runtime. To do this double-click the method OnSetFace to 
open it in the Editor and implement the following statements (Figure 5-5): 

 

Figure 5-5 – The implementation of the onset method of the property Face. 

Please note the last line of the onset method. If a new bitmap resource is assigned 
to the property, it is passed on to the image view LightFace. In this manner the view 
displays the bitmap. 

 Since there is no necessity for special handling of read accesses to the Face 
property, the onget method can be simply removed now. To do this select the 
method OnGetFace and press Del to delete it. 
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Figure 5-6 – The finished implementation of the LED light view. 

This is all we needed to do. Congratulations, you just implemented your first custom 
UI control! Now we guess you are curious to see if the component works as desired. 

 Navigate back to the unit Example. Double-click the class Application, which 
will serve as our test environment for the controls we are going to design. 

 In the Gallery window switch to the Browser view. To do this click on the 
Browser tab on the top of the Gallery window. The Browser appears and a list 
of classes, constants and resources is displayed. 

 In the Browser search for our LED class Example::Light. Use the Search edit 
field on the top of the Browser. Herein enter the name light . Hereupon the 
Browser will display the desired class and its inheritance hierarchy. 

 Select the found Example::Light class and while holding down the keys 
Ctrl+Shift drag & drop it into the canvas area of the Composer. After dropping, 
a new object of the class should appear. Note, the LED is per default red and 
inactive – it reflects our ‘default’ implementation. 

 Now you can play around with it, e.g. to get a yellow LED change its property 
Face to Example::LightYellow . To activate the light change the property 
LightOn to true . 
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Figure 5-7 – Two LED lights embedded within the Application class. The second one is 
currently active. 

As you can see, it is very easy to design your own UI controls. You are welcome to 
use your own image designs or extend or improve the component as you like it. 

5.2. Creating a 7-Segment LC Display 

Usually the development of UI controls starts with the derivation of a new class from 
the Mosaic base class Core::Group. In the following steps, views are dragged from 
the Gallery and embedded within the canvas area of the edited class. The mentioned 
base class Core::Group contributes all the necessary functionality to manage the 
embedded views, to arrange and to display them on the screen. This is exactly the 
way we have applied by the implementation of the SongList, SongItem or Light class 
in the previous chapters. 

Now, we would like to show you an alternative, low-level way to implement a simple 
UI control. Instead of creating a new group, we will derive the control directly from the 
Mosaic class Core::View. As you have already read in “Views” (chapter 4.1) 
Core::View is a very-very basic Mosaic class - it provides generic functionality for 
drawing itself only and can’t manage other embedded views. This means that the 
necessary drawing operations have to be implemented by hand – even low-level. 

In our example we are going to design and implement a simple 7-segment LC 
display. Such displays can often be found in different industry applications (Figure 
5-8): 
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Figure 5-8 – Real-world 7-segment LCDs. 

For the sake of simplicity our implementation of a seven-segment display will be 
designed in a very basic fashion: it displays 4 digits and a leading plus/minus sign 
only (Figure 5-9): 

 

Figure 5-9 – Our version of a 7-Segment LCD. 

For your convenience this example already contains a prepared bitmap file with pre-
rendered digits of a seven-segment LCD (Figure 5-10). In order to compose a 
number the appropriate digits will be simply copied one by one from this bitmap to 
the screen. This approach in general simplifies the drawing operations. 

 

Figure 5-10 – The bitmap file 7SegmentDigits.png with frames of pre-rendered digits of a 7-
Segment LCD. 

 Let’s start. First close the previous project. 

 Load the project 
Tutorial\IndustryExample\Chapter5_2\Example.ewp . 

 Double-click the brick of the unit Example to open it in the Composer. 

 From the Gallery’s templates folder Resources add a new Bitmap resource. 
Change its name to SegmentDigits.  

 In Inspector change the value of the bitmap’s attribute FileName to 
.\Res\7SegmentDigits.png. As mentioned before, the required bitmap 
file is already prepared in the accompanying project files. 

 The bitmap 7SegmentDigits.png consists of 13 frames: one frame for each 
digit and for the plus and minus signs. In order to inform Embedded Wizard 
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that there are several frames available, set the attribute FrameSize to the size 
of a single frame <27,41> . 

Now, we continue with the UI control itself. Do you remember? In this example we 
want to design a seven-segment view in a very low-level manner. Therefore we have 
to derive the class of the new UI control directly from the very-basic class 
Core::View.  

 From the Gallery’s templates folder Default drag the template Class and drop 
it into the Composer. A new class brick appears. Note, the text in the upper 
area of the brick �  the new class has still no ancestor �  it is not derived from 
any other class. 

 In Inspector change the value of the class’ attribute SuperClass to 
Core::View . This attribute determines the derivation of a class. Please note 
the changed appearance of the brick after this operation �  in terms of object-
orientation our new class inherits its icon symbol from the specified ancestor 
Core::View. 

 Press F2 and rename this class brick to SegmentView . 

 Double-click the new class SegmentView to open it in the Composer. 

As you can see, unlike the previous examples the new class does not provide any 
canvas area. This is because its direct, very basic ancestor Core::View is not able to 
manage any embedded views �  no views can be dragged and dropped here. 
Instead of that the class provides a Draw() method, which will be invoked 
automatically each time the view should redraw itself on the screen. This method is 
the suitable location to implement the display functionality of our LCD. 

But before we can start with the Draw() method, we have to extend the class by 
some properties, which are needed for storing the number value and other attributes 
of the LCD. On the other hand these properties will serve as the interface to the LCD 
view, too. 

Let’s start with the simplest property: Value. At runtime it stores the number value 
which is to be displayed in the LCD view. So the appropriate data type for this 
property appears to be int32 �  the property can store 32 bit signed integer values.  

 From the Gallery’s templates folder Default drag the template Property and 
drop it into the Composer. A new property with its onget and onset methods 
appears. 

 Press Esc key to cancel the current selection and then click on the property 
brick to select it. Now the name of the property can be changed: rename it into 
Value.  

 The new property should store a signed integer value. Therefore change its 
attribute Type to the value int32 . May be the property already obtains the 
data type int32 per default. In this case continue with the next step. 
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 Per default the LCD should display 0. Accordingly change the Default attribute 
of the new property to the value 0. 

 Since there is no necessity for special handling of read accesses to the Value 
property, the onget method can be simply removed now. To do this select the 
method OnGetValue and press Del to delete it. 

 Now implement the logic, which should be executed when the property Value 
is changed at the runtime. To do this double-click the method OnSetValue to 
open it in the Editor and implement the following statements: 

 

Figure 5-11 – The implementation of the onset method of the property Value. 

Please note the last line of the onset method: after the value of the property has 
been changed, the method InvalidateView() is invoked. This method registers the 
view to be redrawn in the next screen update cycle and will force an indirect 
invocation of its Draw() method. In the Draw() method the new value can be 
evaluated and the appearance of the LCD view can be adapted. 

The second property we have to implement is called Bounds. You already know it 
from the previous examples: its function is to determine the size and the position of a 
rectangular view in the coordinate space of its superior group. When Bounds is 
changed at the runtime, the appropriate view is moved or resized correspondingly. 

 In the same manner as we have done it in the previous step add a new 
property to the edited class. Rename it to Bounds  and change its data type to 
rect  (remember we need to store a rectangle within the property). 

 To determine the default size of an LCD view set the Default attribute of the 
new property to the value <0,0,140,41> . This value results from the area 
needed to display 4 digits and the leading sign. 

 Because we do not handle the read access to the property, remove its onget 
method OnGetBounds. 

 Now implement the logic, which should be executed when the LCD view is 
moved or resized at the runtime. To do this double-click the method 
OnSetBounds to open it in the Editor and implement the following statements: 
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Figure 5-12 – The implementation of the onset method of the property Bounds. 

Please note the last line of the onset method: after the bounds of the view has been 
changed, the method InvalidateRect() is invoked in order to inform the superior group 
that possibly a part of its area needs to be redrawn during the next screen update 
cycle. For example, after the view has been moved, some previously covered parts 
of the group may become visible now. 

When invoked, InvalidateRect() expects the position and the size of the affected area 
in the coordinate space of the superior group. This area includes the bounds of the 
view before and after the modification. The applied ‘rectangle union’ operator (the 
pipe) combines the both values to one rectangle, which encloses both areas. 

The method GetExtent() belongs to a very basic protocol inherited from the base 
class Core::View. It provides a kind of abstraction to get the bounding area around a 
view independently of its shape. In our case the returned value of the method equals 
to the value of the property Bounds, but in case of e. g. a line view no Bounds 
property is available. Instead of this two end points defining the start and end point 
are specified and GetExtent() has to calculate the bounding rectangle from those. 

 

Figure 5-13 – Intermediate step of the implementation of the LCD view. The class contains 
the both properties. 

Because the generic base version of the GetExtent() method does no calculations in 
its default implementation (besides returning an empty rectangle), each new view 
class expects an own, adapted GetExtent() method. In our LCD view its 
implementation is very simple: the method has to return the current value of the 
Bounds property. 

 In Inspector search the method GetExtent() and select it. 
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 Override the method. To do this, click the method in Inspector and drag it into 
the Composer, while holding the keys Ctrl+Shift and the left mouse button 
down. The method’s brick is now visible in the Composer. 

 Double-click the method’s brick. The method can be edited now in the Editor. 

 Delete the comment in the first line and enter the following code: 

 

Figure 5-14 – The implementation of the GetExtent()  method. 

The second important method, which also belongs to the protocol of the base class 
Core::View is the method MoveView(). It provides a generic way to move a view 
independently of its shape. We consider it as a counterpart to the previously 
mentioned method GetExtent(). 

In our LCD view the implementation of the MoveView() is very simple: the method 
‘moves’ the rectangle stored within the Bounds property only. 

 In Inspector search for the method MoveView() and select it. 

 Override the method. To do this click the method in Inspector and drag it into 
the Composer, while holding the keys Ctrl+Shift and the left mouse button 
down. The method’s brick is now visible in the Composer. 

 Double-click the method’s brick. The method can be edited now in the Editor. 

 Delete the comment in the first line and enter the following code. Please note 
the expression with the plus operator. When applied in combination with 
operands of data type rect and point, the operator acts as a ‘rectangle move’ 
operator �  the coordinates of the rectangle are moved by the value of the 
given point: 

 

Figure 5-15 – The implementation of the MoveView()  method. 

So far so good, the interface of our LCD view is finished. Now we can address the 
implementation of the LCD drawing functionality. For this purpose the inherited 
method Draw() has to be overridden. 

 In the same manner as we have done it in the previous step, locate and 
override the method Draw(). Double-click the method’s brick to open it in the 
Editor. 



Industry Application Development ���������	
�    

Embedded Wizard Copyright TARA Systems GmbH Page 105  
Tutorial - Basics www.embedded-wizard.de  

 Delete the comment in the first line and enter the following code: 

 

Figure 5-16 – The implementation of the Draw()  method. 

In the first part of the method, some local variables are defined. In particular note the 
variable pos. It stores the drawing position for digits, which will be drawn in the 
following for-loop. The for-loop iterates exactly 4 times and draws the digits one by 
one from the right hand side to the left side. After the for-loop the sign is evaluated 
and drawn left to the most left digit. 

The Draw() method is always invoked with three parameters aCanvas, aClip and 
aOffset. While aCanvas determines the destination for all drawing operations, aClip 
limits the available drawing area �  the clipping area. The view has always to pay in 
attention of the given clipping area; otherwise parts of other views may become 
covered by the performed drawing operations. 

Usually aCanvas does represent the entire screen, where UIs do appear. The last 
parameter aOffset determines a distance between the top-left origin of this canvas 
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and the origin of the affected view. In this manner the drawing functionality of views 
always remains independently of the particular drawing destination and the position 
where views are arranged within the destination. 

The LCD view is almost ready. The last thing we have to consider when developing 
low-level views is the desired shape of the view. In our case the view should appear 
rectangular. To achieve this, we have to modify the value of the inherited variable 
viewShape. 

 In Inspector locate for the variable viewShape. This can be done in a very 
convenient way by entering of the desired member’s name directly into the 
Search edit field of the Inspector. 

 Now the attribute Default of the found viewShape variable can be changed. 
Set it to the value Core::ViewShape.Rect . As always this can be done in a 
more convenient way by using an Assistant. Please note the abbreviated 
notation shown within the Assistant �  the appropriate entry is called Rect  
only. 

Unlike in all previous implementations, the variable viewShape only plays a role at 
design time, when an object of the LCD class is arranged in the Composer. The 
Composer evaluates this variable in order to determine the appropriate mode how 
the user may handle the affected view by the mouse. At the runtime this variable has 
no effect. 

That’s it. Our seven-segment LCD view is ready to use. In the unit Example you will 
find an Application class, which can serve us as a test environment for the newly 
created UI component.  

 Navigate back to the unit Example. Double-click the class Application, which 
will serve as our test environment. 

 In the Gallery window switch to the Browser view. To do this click on the 
Browser tab at the top of the Gallery window. The Browser appears displaying 
a tree view of classes, constants and resources. 

 In the Browser search for our LCD view class Example::SegmentView. Use 
the Search edit field at the top of the Browser. Enter the name segment . The 
Browser tree will contain the desired class and its inheritance hierarchy. 

 Select the class Example::SegmentView and while holding down the keys 
Ctrl+Shift drag & drop it into the canvas area of the Composer. After dropping 
it, a new object of the class will appear. Note that the LCD displays the value 0 
per default – the object reflects the default values of the properties defined in 
its class. 

 Now you can play around with the component. For example, you can enter 
numbers in its property Value. 
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Figure 5-17 – The LCD view embedded within the Application class. 

As you can see, if necessary it is possible to develop low-level views, which then will 
be handled by Embedded Wizard in the same manner as it is done with any other 
view: the view can be arranged in Composer by the mouse and its properties can be 
inspected and changed directly in the Inspector. 

Well, probably you never will need to develop your own low-level view classes as 
demonstrated in this chapter. Anyway, with this example we just intended to show 
you some of the corresponding implementation aspects and on the other hand we 
wanted to make you a bit more familiar with the core functionality of the Mosaic class 
library. 

If you like, you are welcome to adapt the example implementation of the LCD view. 
In the directory Examples\Robot  you can find a project with a little bit more 
complex version of the seven-segment view. It is not limited to 4 digits and is able to 
display a period sign and a measuring unit. 

5.3. Creating a Joystick Control 

After having implemented some informative, static UI components which cannot be 
operated directly by the user, let us now move on with implementing an interactive 
control. We start with an easy one: a joystick control. A joystick can be found in a lot 
of different industry appliances (Figure 5-18): 
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Figure 5-18 –Some examples of real-world joysticks. 

Like in the real world appliance, the user of our joystick implementation should be 
able to grab and incline the joystick’s handle. This can be done by a computer 
mouse or in case of a touch panel directly with the user’s finger. As soon as the user 
has inclined the handle, the joystick starts sending signals to an attached user 
defined slot method, which in turn can control any device, e. g. a robot arm. This 
operation phase ends after the handle is released again. For the sake of simplicity 
we will limit our implementation to only the horizontal direction (Figure 5-19): 

 

Figure 5-19 – A virtual horizontal joystick control: HJoystick. 

The control is made up of a background, two arrows, indicating the possible slide 
directions and a button, which invites the user to drag it left or right. For your 
convenience we have equipped this example with all the necessary pre-rendered 
bitmap files. The appearance of the background is stored in the file 
ButtonBackground.png and the blue handle itself is available in ButtonFaceBlue.png. 
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Figure 5-20 – The bitmap file ButtonBackground.png consists of 3x3 tiles for drawing of 
scalable frames. The bitmap file ButtonFaceBlue.png contains two frames: one for the 

released and the other for the pressed button. 

Please note the design of the background bitmap. It consists of 3x3 tiles and 
therefore allows to be used for drawing a scalable frame. This technique has been 
described more detailed in “Graphics Design” (chapter 2.6). The button bitmap in 
turn consists of 2 frames for two different states of the joystick: the released state 
and the pressed state when the user has touched it. 

We start with the design by putting together the visual elements before we go into 
implementing the logic. 

 First close the previous project. 

 Load the project 
Tutorial\IndustryExample\Chapter5_3\Example.ewp . 

 Ensure the unit Example is opened in the Composer. Please note, beside the 
previously developed UI components and the Application class the unit also 
contains three bitmap resources ButtonBackground, ButtonBlue and 
HJoystickArrows. These are already prepared, so we can immediately start to 
focus on other more important implementation aspects. 

The first aspect we have to consider is the class of the joystick control. We have 
decided to derive it from the super class Forms::Ctrl because this class provides 
some useful features, which support the development of interactive UI controls. 
Anyways, Forms::Ctrl itself is derived from Core::Group so it also provides all the 
required functionality of an ordinary group like the management of embedded views. 

 From the Gallery’s templates folder Forms drag the template Control Class to 
the Composer and drop it there. A new class brick appears. 

 Press F2 and rename the class to HJoystick . 

 Now double-click the newly created brick of the class HJoystick in order to edit 
it in the Composer. As you can see an empty canvas area appears with bricks 
of a HandleEvent, GetData and SetData method below. These methods are 
created automatically with the used template. 

 Because there is no necessity for any data transfer to or from the joystick, the 
GetData and SetData bricks can be deleted. To do this, select the bricks one 
by one and press the key Del. 
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In the following step we will ensure that the canvas area (the resulting size of a 
joystick) is large enough to cover the joystick’s background and the blue button. The 
size is determined by the property Bounds. 

 First locate in the Inspector the member called this. This member stands for 
the currently edited class and provides an instant access to its properties. 
Select this member. 

 In the middle area of the Inspector look for the property Bounds and change 
its value to <0,0,220,74> . As you can see, the size of the canvas area has 
changed immediately to 220 x 74 pixels. Additionally a Bounds brick appears 
now in the Composer, because we have overridden this property. Take and 
arrange this brick outside the canvas area. 

 From the Gallery’s templates folder Views drag the template Frame and drop 
it into the canvas area of the Composer. Rename it to Background.  

 Arrange the frame view so that it exactly covers the entire canvas area. To do 
this move it to the upper left corner of the canvas area and then resize it to the 
size 220 x 74 pixel. To resize selected objects more precisely you can use the 
keys Shift+Left, Shift+Right, Shift+Up, Shift+Down. During the operation the 
size of the selected member can be inspected in the status bar at the bottom 
of the Embedded Wizard window. 

 Now set property Bitmap of the newly added frame view to the new value 
Example::ButtonBackground . You remember, this can also be done in a 
more convenient way by using an Assistant. Simply click the button  on the 
right hand side of the property Bitmap and select the desired bitmap resource. 

 From the Gallery’s templates folder Views drag the template Image and drop it 
into the canvas area of the Composer. Rename it to Arrow1.  

 Set the image view property AutoSize to the value true.  Doing this ensures 
that the size of the image automatically matches the size of the displayed 
bitmap. 

 Change its property Bitmap to the value Example::HJoystickArrows . Use 
an Assistant to do this. 

 Place the image view to the position 11, 7 . To do this you can click and 
move it with the mouse. You can also move selected members by the cursor 
keys Left, Right, Up, Down. The current position of the image view can be 
inspected directly in the Inspector �  as long as the image view is selected, its 
property Bounds reflects its position and size. 

 Now create a duplicate of the image view. To do this, ensure that the image 
view is still selected and press the keys Ctrl+C and then Ctrl+V. The created 
copy appears exactly on top of the original image view. 

Please note the name of the copy: when a member is copied, Embedded Wizard 
automatically appends a number to its name. In case of an already numbered 
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member, the number simply is incremented. Therefore the copy of Arrow1 is 
automatically created as Arrow2. 

 Place the copied image view to the position 146, 7  so it appears at the right 
hand side of the background. 

 Now set its property FrameNumber to the value 1.  This ensures that the 
second frame of the bitmap resource is displayed. As you can see this second 
frame contains a right hand version of an arrow. 

The composition of the background is finished. Now, let’s place the blue button - the 
handle - in the center of the joystick. We name it ‘the knob’. 

 Again from the Gallery’s templates folder Views drag the template Image and 
drop it into the canvas area of the Composer. Rename it to Knob.  

 Set the image view property AutoSize to the value true  to ensure, that the 
image automatically adapts its size to the size of the displayed bitmap. 

 Change its property Bitmap to the value Example::ButtonBlue . As usually 
an Assistant can be used to do this. 

 Arrange the image view at the position 77, 4 . The blue button should now 
appear exactly in the center of the background between the both arrows. 

As you can see, when using the existing ready-to-use views it is not difficult at all to 
compose a UI control: simply drag & drop the desired views from the Gallery, 
arrange them in the canvas area and configure them in the Inspector – that’s easy. 
Well, the previous steps only covered the appearance aspects of an UI control yet. 
Therefore, in the following we will address the corresponding behavior aspects. For 
example, how should the user interface react when the user has touched the joystick 
with a finger? The suitable location for the necessary implementation is the method 
HandleEvent(). 

But before we can start with the HandleEvent() method, we have to extend the class 
by some properties, which will form the interface to the UI control. The first one is the 
property Value. It stores a number, which will be continuously incremented or 
decremented as long as the user is inclining the joystick handle. By evaluating this 
property, the owner of the joystick can determine how often and how long the joystick 
handle has been inclined. Correspondingly the position of the controlled device, e.g. 
a robot arm, can be calculated. Because the property should store a number, the 
appropriate data type for it is int32 �  a 32 bit signed integer. 

 From the Gallery’s templates folder Default drag the template Property and 
drop it into the Composer. A new property with its onget and onset methods 
appears. 

 Press Esc key to cancel the current selection and then click on the property 
brick to select it. Now the name of the property can be changed: rename it into 
Value.  
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 The new property should store a signed integer value. Therefore change its 
attribute Type to the value int32 . May be the property already obtains the 
data type int32 per default. In this case continue with the next step. 

 Per default the joystick has the value 0. Accordingly change the Default 
attribute of the new property to the value 0. 

Unlike the previously developed SegmentView component, the property Value 
serves as an ordinary counter variable only and does not have any effect on the 
joystick’s appearance. Therefore there is nothing to do, when the property is read or 
written �  its onget and onset methods can be simply removed: 

 To do this select one by one the method OnGetValue and then OnSetValue 
and in each case press the key Del to delete it. 

The second property we have to implement is called OnScroll. Its task is to refer a 
user defined slot method, which will receive signals as long as the joystick handle is 
inclined and the counter Value is incremented or decremented. In this manner the 
owner of the joystick can react immediately to every user interaction and perform any 
kind of operations, e.g. move a robot arm. In order to be able to store a slot method 
the data type of the property has to be set to slot. 

 In the same manner as we have done it in the previous step, add a new 
property to the edited class. Rename it to OnScroll  and change its data type 
to slot . 

 Because per default there is no slot method attached to the joystick, set the 
Default attribute of the new property to the special value null . In Chora null  
stands for ‘no slot’, ‘no reference’ or ‘no object’. 

Luckily the OnScroll property determines the recipient for the delivery of signals only 
and has no effect on the joystick’s appearance. The appropriate onget and onset 
methods can therefore be simply removed now: 

 To do this select one by one the method OnGetOnScroll and then 
OnSetOnScroll and in each case press the key Del to delete it. 

 

Figure 5-21 – Intermediate step of the implementation of the joystick control. The appearance 
and the property interface are already finished. 

So far so good, the interface of our joystick is finished. Now we can address the 
implementation of its functionality. You remember, we want to design a joystick, 
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which can be controlled by cursor events. As it was mentioned in the chapter 
“Handling of Cursor Events” (4.3) the first step to do this is to override and implement 
the method CursorHitTest(). The return value of this method determines, whether a 
view is willing to receive cursor events or not. 

 In Inspector search the method CursorHitTest() and select it. 

 Override the method. To do this, click the method in Inspector and drag it into 
the Composer, while holding the keys Ctrl+Shift and the left mouse button 
down. The method’s brick is now visible in the Composer. 

 Double-click the method’s brick. The method can be edited now in the Editor. 

 Delete the comment in the first line and enter the following code: 

 

Figure 5-22 – The implementation of the CursorHitTest()  method. 

Please note the condition in the if -selection statement. The joystick agrees to 
handle cursor events only when the user has explicitly touched the joystick’s knob. 
The related verification is done by the == operator. When applied in combination with 
operands of data type rect and point, the operator acts as a ‘is point in rectangle’ 
operator �  it results true if the given point is enclosed within the specified rectangle. 
Otherwise the operator returns false and the if -condition is not fulfilled. 

Now we can adapt the inherited HandleEvent() method. This method is the right 
place for handling incoming user input events – in our case: cursor events. Usually 
we have to override the method first. But fortunately the template, used to create this 
class, already contains an overridden version of HandleEvent(). Therefore: 

 Double-click the HandleEvent() method brick in order to open it in the Editor. 
Replace the existing template code with the following statements (part 1): 
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Figure 5-23 – The implementation of the HandleEvent() method (Part 1 of 3). 

In the implementation above please note the both if -selection blocks. The first one 
is executed immediately after the user has touched the joystick’s knob. Its function is 
to give the user a visual feedback that from now the dragging is performed: the knob 
appears pressed and the both arrows are hidden. 

As soon as the user has released the finger, the second if -selection block is 
executed. It ensures that the joystick’s origin state is restored: the knob appears 
released and the both arrows are visible again. The appearance of the knob is 
controlled by its FrameNumber property. It selects a frame of the associated bitmap 
resource. Remember, the associated bitmap resource Example::ButtonBlue contains 
two frames: one with released knob and the other with pressed knob. 

So far so good, in the following second part of the HandleEvent() method we address 
the dragging of the knob. The related code calculates a new knob position 
accordingly to the current cursor position and ensures that the knob never leaves the 
predetermined joystick’s area. The calculation also involves the HittingPos, the click 
position at the beginning of the current cursor grab cycle. So what we do is to 
translate the movement of the cursor relative to the HittingPos into the movement of 
the knob relative to the knob’s origin position 77: 

 Continue the editing of the HandleEvent() method. Append the following code 
(part 2): 
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Figure 5-24 – The implementation of the HandleEvent() method (Part 2 of 3). 

The third and last part of the HandleEvent() method covers the functionality, which 
will be performed permanently as long as the joystick’s knob is displaced. First, 
accordingly to the current displacement the property Value is modified. Then a signal 
is sent to a slot method stored in the property OnScroll in order to notify the joystick’s 
owner about the value’s change: 

 Continue the editing of the HandleEvent() method. Append the following code 
(part 3): 

 

Figure 5-25 – The implementation of the HandleEvent() method (Part 3 of 3). 

Please note: this procedure starts with a delay of 100 milliseconds after the user has 
touched the joystick’s knob. The related information, how long the user is holding 
down the cursor is passed in the member HoldPeriod. 

Well, that’s it. The implementation of the joystick is finished and we can test it now. 
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 Press F5 to start the Prototyper. Now you can interact with the joystick. For 
example you can click on its knob and drag it. 

In the next test step we will connect the joystick to a seven-segment view, so it can 
display the joystick’s value. For this purpose you will find in the unit Example the 
class Application. It can serve us as a test environment. 

 Navigate back to the unit Example. Double-click the class Application, which 
will serve as our test environment. 

 In the Gallery window switch to the Browser view. To do this click on the 
Browser tab on the top of the Gallery window. The Browser appears and a list 
of classes, constants and resources is displayed. 

 In the Browser search for our joystick class Example::HJoystick. Use the 
Search edit field on the top of the Browser. Herein enter the name joystick . 
Hereupon the Browser will display the desired class and its inheritance 
hierarchy. 

 Select the found Example::Joystick class and while holding down the keys 
Ctrl+Shift drag & drop it into the canvas area of the Composer. After dropping, 
a new joystick object of the class should appear. 

 In the Gallery window switch back to the Templates view. Then from its folder 
Default drag the template Slot Method and drop it within the Composer below 
the canvas area. A new slot method brick appears now. 

 In order to attach the slot method to the joystick, enter its name Slot  into the 
joysticks property OnScroll. From now, the joystick is able to send signals to 
this slot method. 

 Double click the slot method to open it in the Editor. Enter the following 
statement: 

 

Figure 5-26 – The implementation of the Slot method in the Application class. 

 Press F5 to start the Prototyper. Now, when you interact with the joystick, the 
value displayed in the segment view is adapted in order to reflect immediately 
the joystick’s value. 
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Figure 5-27 The joystick embedded within the Application class. 

If you like, you are welcome to adapt this example implementation of our joystick. In 
the directory Examples\Robot  you can find a project with a more complex version 
of this UI control. It provides some additional functionality like the accelerator, etc. 
Besides that, the project also contains a vertical and a cross implementation of a 
joystick in the same design. 

5.4. Creating a Slide Wheel Control 

Another interactive user interface control is the slide wheel. Wheel controls are found 
in many products, ranging from video recorders (shuttle controllers) to MP3 players 
as well as in industry appliances (Figure 5-28): 
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Figure 5-28 –Some examples of a real-world wheel control. 

Like in the real world, the user of our wheel control should be able to touch it and to 
slide its knob. This can be done by a computer mouse or in case of a touch panel 
directly with the finger. As soon as the user has slid the knob, the wheel control 
sends a signal to an attached user defined slot method, which in turn can control any 
device, e.g. a robot arm. This operation ends after the knob has been released 
again. 

 

Figure 5-29 – A virtual slide wheel control Wheel. 

The control is made up of a background containing the ring shaped, sensitive region, 
two arrows, indicating the possible slide directions and a button, which invites the 
user to drag it. For your convenience we have equipped this example with all the 
necessary pre-rendered bitmap files. The appearance of the background is stored in 
the file WheelBackground.png and the arrows are available in WheelArrows.png. 
The resource for the button itself has been already defined in the previous chapter. 

The implementation steps of the virtual wheel control are very similar to these of the 
joystick from the previous chapter. First the desired appearance of the wheel control 
and the interface consisting of the properties Value and OnScroll are designed. In 
the following step the two methods CursorHitTest() and HandleEvent() are filled with 
the appropriate logic. 
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Because most of these steps have been described in-detail in the previous chapter, 
we don’t want to discuss them again. Instead of this we start with an already 
prepared project and focus on the aspects, which are special and important for the 
development of our wheel control. 

 First close the previous project. 

 Load the project 
Tutorial\IndustryExample\Chapter5_4\Example.ewp . 

 Ensure the unit Example is opened in the Composer. As mentioned before, 
the unit already contains the prepared class Wheel and the required 
resources WheelBackground and WheelArrows. 

 Now double-click the class Wheel to open it in the Composer. As you can see, 
the wheel control is almost finished: its appearance is already designed and 
some few methods are overridden. 

 

Figure 5-30 – The half done wheel control 

Let’s have a look the first wheel specific aspect: the motion of the knob. Unlike the 
joystick from the previous example, the wheel’s knob can be slid on a circular path 
only. The appropriate calculation expects the use of mathematic functions like sine 
and cosine. These methods are not part of Chora, so we have to either write the 
functions on our own or use predefined values.  
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Well, due to the missing functionality, we decide to equip the Wheel class with an 
array of 64 precalculated knob positions. The amount of 64 was more or less a 
compromise between the best possible precision and the size of the array: it results 
in a rotation resolution of 5.625 degrees (360 degrees / 64 samples). The array is 
called knobPositions. After selecting the array’s brick you can access and analyze 
the pre-calculated values directly in the Inspector. 

After this issue has been clarified we can address the cursor event handling. As 
usually it starts with the implementation of the CursorHitTest() method: 

 In Inspector search the method CursorHitTest() and select it. Then override 
the method. 

 Double-click the method’s brick to open it in the Editor and enter the following 
code: 

 

Figure 5-31 – The implementation of the CursorHitTest()  method. 

The above implementation accepts incoming cursor events only if the user has 
clicked inside the orbit area of the knob. The radius of this area is determined by the 
size of the knob and lies between 36 and 108 pixels relative to the center of the 
wheel control. 

In order to determine, whether a point does belong to the orbit area, a distance 
between this point and the center of the wheel control is calculated. Usually, such 
calculation is performed accordingly to the equation: distance = sqrt( x2 + y2 ). But for 
some optimization purposes we omit the root and calculate directly with the squared 
distances: 1300 and 11600. 

Now we can adapt the inherited HandleEvent() method. This method is the right 
location for handling incoming user input events – in our case: cursor events. Usually 



Industry Application Development ���������	
�    

Embedded Wizard Copyright TARA Systems GmbH Page 121  
Tutorial - Basics www.embedded-wizard.de  

we have to override the method first. But happily the template used to create this 
class already contains an overridden version of HandleEvent(). Therefore: 

 Double-click the HandleEvent() method brick in order to open it in the Editor. 
Replace the existing template code with the following statements (part 1): 

 

Figure 5-32 – The implementation of the HandleEvent() method (Part 1 of 2). 

This part of the implementation is very similar to the one of the joystick from the 
previous chapter. The first if -selection block is executed immediately after the user 
has touched the wheel control. Its task is to give the user a visual feedback that from 
now on the dragging phase is performed: the knob appears pressed under the cursor 
and the both arrows are hidden. 

As soon as the user releases the finger, the second if -selection block is executed. It 
ensures that the wheel control’s origin state is restored: the knob appears released 
at its original position and the both arrows are visible again. 

Please note the used method GetKnobAtPos(). Its function is to find in the array of 
pre-calculated knob positions the nearest one to the clicked point. The method 
returns an index of the found array entry, which in turn is used to move the knob to 
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the corresponding position. The additional offset <33,33> compensates the distance 
between the center and the origin of a knob. This is necessary because the array 
contains pre-calculated center-related coordinates of the knobs. We will implement 
this helper method later after the HandleEvent() method is done. 

So far so good, in the following, second part of the HandleEvent() method we care 
about the dragging phase of the knob. The related code calculates a new knob 
position accordingly to the current cursor position first. Then, corresponding to the 
knob’s displacement, the property Value is modified. Finally a signal is sent to a slot 
method stored in the property OnScroll in order to notify the control’s owner about 
the change. 

 Continue the editing of the HandleEvent() method. Append the following code 
(part 2): 

 

Figure 5-33 – The implementation of the HandleEvent() method (Part 2 of 2). 

The HandleEvent() method is done. Now we can implement the previously 
mentioned helper method GetKnobAtPos(). Its function is very easy: it loops through 
the entries of the array knobPositions in order to find the one closest to the position 
passed in the method parameter aPos. Finally the method should return the index of 
the best match entry. 
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 From the Gallery’s templates folder Default drag the template Method and 
drop it into the Composer. A new method brick appears. 

 Press F2 and rename the method into GetKnobAtPos.  

 Double click the new method to open it in the Editor. 

Please take a look at the declaration of the new method. It appears in the caption 
row of the Editor window and determines the appropriate parameters and the return 
data type. Per default a newly created method is declared with a single int32 
parameter named aArg1 and an int32 return value. In our case we want the method 
to provide a parameter aPos of the data type point. To change this, we have to edit 
the method’s declaration. 

 

Figure 5-34 – The caption row of the Editor displays the declaration of the currently edited 
method. After clicking on the small button  the declaration can be edited. 

 On the right hand side of the Editor click on the small button . A Declaration 
area with a list of parameters and the returns data type appears. 

 In the declaration area, double-click the parameter aArg1. An in-place edit 
field is shown where the data type and the name of the clicked parameter can 
be entered. 

 In the in-place edit field enter the type and parameter name point aPos . 
Please note the white space sign between the data type and the parameter 
name. Apply the modification by pressing the Enter-key. 

 Click on the small button  again to close the declaration area. 

 Now enter in the Editor the following logic of the edited method (Figure 5-35): 
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Figure 5-35 – The implementation of the method GetKnobAtPos(). 

Well, that’s it. The implementation of the wheel is finished and we can test it now. 

 Press F5 to start the Prototyper. Now you can interact with the wheel control. 
As you click the knob and drag it, you will see that it follows your movements. 
If you release it, the knob will move back to its initial position. 

In the next test step we will connect the wheel to a seven-segment view, so it can 
display the control’s value. For this purpose you will find in the unit Example an 
Application class. It can serve us as a test environment. 

 Navigate back to the unit Example. Double-click the class Application, which 
will serve as our test environment. 

 In the Gallery window switch to the Browser view. To do this click on the 
Browser tab on the top of the Gallery window. The Browser appears and a list 
of classes, constants and resources is displayed. 

 In the Browser search for our wheel control class Example::Wheel. Use the 
Search edit field on the top of the Browser. Enter the name wheel  there. 
Having done this, the Browser will display the desired class and its inheritance 
hierarchy. 

 Select the found Example::Wheel class and while holding down the keys 
Ctrl+Shift drag & drop it into the canvas area of the Composer. After dropping 
it, a new wheel control appears. 

 In the Gallery window switch back to the Templates view. Then from its folder 
Default drag the template Slot Method and drop it within the Composer below 
the canvas area. A new slot method brick appears now. 
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 In order to attach the slot method to the wheel control, enter its name Slot0  
into the control’s property OnScroll. From now on, the control is able to send 
signals to this slot method. 

 Double click the slot method to open it in the Editor. Enter the following 
statement: 

 

Figure 5-36 – The implementation of the Slot0 method in the Application class. 

 Press F5 to start the Prototyper. Now, when you interact with the wheel 
control the value displayed in the segment view is adapted in order to reflect 
the control’s value immediately. 

 

Figure 5-37 The wheel control embedded within the Application class. 

If you like, you are welcome to adapt this implementation of the wheel control 
example. In the directory Examples\Robot  you can find a project with a more 
complex version of this UI control. It provides some additional functionality like an 
accelerator, etc. 
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5.5. Example Application 

As a round-up and to get a better feeling for the developed controls we will now 
implement an example application. This is how our example application will look like 
(Figure 5-38): 

 

Figure 5-38 – Example application using previously developed controls. 

The example application uses each of the previously designed and implemented 
controls. The wheel control is used to move the little car image within the square 
preview area. The joystick changes a value (e. g. the temperature) displayed in a 
seven-segment view. Depending on the selected value, an LED is changing its color 
and blink rate to indicate ok, warning and alert states. 

 First close the previous project. 

 Load the project 
Tutorial\IndustryExample\Chapter5_5\Example.ewp . 

 Ensure the unit Example is opened in the Composer. 

 Double click the class Application to open it in the Composer. 

 First of all, we want to change the background color of the application. To do 
this, locate in the Inspector the member called Background. You know, this 
can be done in a very comfortable way by entering a part of the member’s 
name directly into the Search edit field of Inspector. For example enter back . 

 In the middle area of the Inspector look for the property Color and change its 
value to #FFC96BFF. Thereupon the application’s background appears 
orange now. 
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 In the Gallery window switch to the Browser view. To do this click on the 
Browser tab on the top of the Gallery window. The Browser appears and a list 
of classes, constants and resources is displayed. 

 In the Browser search for our developed UI control classes. We know that 
these classes are defined within the unit Example. Therefore to find them, 
enter the name example  directly into the Search edit field of the Browser. 
Now, a list of affected classes and their inheritance hierarchy is shown in the 
Browser. 

 In the Browser select the Example::Light class and while holding down the 
keys Ctrl+Shift drag & drop it into the canvas area of the Composer. After 
dropping, a new LED appears. 

 Arrange the newly added LED object at the position 10,250 . 

 Now an LCD view should be added to the application. In the Browser select 
the Example::SegmentView class and while holding down the keys Ctrl+Shift 
drag & drop it into the canvas area of the Composer. After dropping, a new 
LCD view appears. 

 Arrange the newly added LCD view at the position 80,260 . 

 We continue with the joystick. In the Browser select the Example::HJoystick 
class and while holding down the keys Ctrl+Shift drag & drop it into the canvas 
area of the Composer. After dropping, a new joystick appears. 

 Arrange the newly added joystick at the position 250,240 . 

 The last UI control we add to our little application is the wheel control. In the 
Browser, select the Example::Wheel class and while holding down the keys 
Ctrl+Shift drag & drop it into the canvas area of the Composer. After dropping, 
a new wheel control appears. 

 Arrange the newly added control at the position 250,10 . 

Beside the four UI controls our application should also contain a square preview 
area, with a car image inside. Later, the user should be able to move the car image 
simply by the wheel control. Let’s design this preview area. 

 In the Gallery window switch back to the Templates view. Then from its folder 
Views drag the template Rectangle and drop it within the canvas area. A new 
blue rectangle appears. 

 Arrange and resize the rectangle to the bounds <10,10,240,230> . 

 In Inspector change the rectangle property Color to the value #FFFAE2FF. 
This will be the background of the preview area. 
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 On top of the background rectangle, a color gradient should be displayed. 
Again from the Gallery’s templates folder Views drag the template Gradient 
and drop it over the rectangle. 

 Arrange and resize the gradient to the bounds <10,130,240,230> . Later it 
will serve as the ground for our car image. 

 When you take a look at the screenshot (Figure 5-38) you will see, that the 
gradient’s direction is vertical: the colors of the gradient change from top to 
the bottom. Accordingly change the gradient property Style to the value 
Views::GradientStyle.Vertical . 

 Then change the gradient colors. Assign the value #414141FF  to its property 
Color1 and the value #FFFAE2FF to the property Color2. Don’t worry: usually 
you don’t need to think in the cryptic notation of color values. You can also 
select colors in a more comfortable way by using an Inspector Assistant. 

 Now we create the border around the preview area. To do it drag from the 
Gallery’s templates folder Views the template Bevel and drop it over the 
preview area. 

 Arrange and resize the bevel to the bounds <10,10,240,230> . 

 To get the impression of a sunken bevel change the colors of its edges. Set 
the property LightColor to #67665FFF  and the property ShadowColor to the 
value #DADADAFF. 

 To get the edges of the bevel a little bit smaller change its property Width to 
the value 2. 

 Finally let’s add the car image. From the Gallery’s folder Views drag the 
template Image and drop it within the designed preview area. 

 Assign to the image a bitmap resource with a picture of a car. The necessary 
resource is already contained within this project. Therefore, all you have to do 
is to set its property Bitmap to the resource name Example::Car . 

 To always adjust the size of the image automatically to the size of the car 
picture set the image property AutoSize to the value true . 

 Finally arrange the image at the center of the preview area at the position 
110,108 . The car is located now on the top of the gradient. 

Well, this is it for the visual part. Now let us take care of behavioral aspects of our 
example. The first one is the movement of the car image. We want to change its 
horizontal position directly by the wheel control. The required functionality will be 
implemented in a slot method, which in turn will be attached to the wheel control: 

 From the Gallery’s folder Default drag the template Slot Method and drop it 
within the Composer below the canvas area. A new slot method brick appears 
now. Rename the slot method to ScrollWheelSlot . 
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 In order to attach the slot method to the wheel control, enter the method name 
ScrollWheelSlot  into the control’s property OnScroll. From now, the 
control is able to send signals to this slot method. 

 Double click the slot method to open it in the Editor. Enter the following 
statement: 

 

Figure 5-39 – The implementation of the ScrollWheelSlot method in the Application class. 

The implementation of this method is very easy. Before we adapt the car’s position, 
we ensure that the car cannot move outside the preview area – we limit its 
movement to the fixed range 12..193 pixels. 

 Feel free to start the Prototyper at this point by pressing F5. Now you can spin 
the wheel knob and – if everything works as desired – the car moves left and 
right, according to the spin direction. 

Let’s continue with the next part. When the joystick is moved left or right, its current 
value should be displayed in the LCD view. When the value steps over certain 
thresholds, the LED light should change the color and blink rate. Again we implement 
the necessary functionality in a slot method, which then will be attached to the 
joystick. 

 From the Gallery’s folder Default drag the template Slot Method and drop it 
within the Composer below the canvas area. A new slot method brick appears 
now. Rename the slot method to ScrollJoySlot . 

 In order to attach the slot method to the joystick, enter the method name 
ScrollJoySlot  into the joystick’s property OnScroll. From now on, the 
control is able to send signals to this slot method. 

 Double-click the slot method to open it in the Editor. Enter the following code: 
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Figure 5-40 – The implementation of the ScrollJoySlot method in the Application class. 

First we assign the current value of the joystick to the segment view to update the 
display. Next we select the red, yellow or green image in the LED light control. For 
values below -20 or above 100 we select the red, for values between 5 and 50 we 
select the green appearance and for other values we select the yellow image. 

When green, the LED should not flash, so the BoolEffect is disabled and Light is 
permanently turned on. When yellow, the effect timer interval is set to 1000 
(milliseconds) and the timer is enabled. The slow blinking has the purpose to indicate 
a warning. If the red appearance is selected, the effect timer interval is increased to 
250 (milliseconds). The high blinking rate is used to indicate an urgent alert state. 
The blinking will be done by a timer object. 

 From the Gallery’s folder Effects drag the template Toggle Bool and drop it 
within the Composer below the canvas area. A new effect object appears 
now. 

 Change its property Actor to ^Light.LightOn . Please note the preceding ‘^ ‘ 
operator. It results in a reference to the property LightOn of the object Light. 
This allows the effect object to access the affected property indirectly �  the 
property LightOn will be controlled from the inside of the effect object. 

 As long as the flashing of the LED is enabled, it should be performed 
permanently. Therefore, change the effect property Endless to the value 
true . 

 Congratulations. The application is complete! We can now test it again in the 
Prototyper. Press F5. Drag the joystick knob to the left or right to change the 
value and influence the light color and blinking frequency. 

What we have learnt in the previous chapters: 
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�  How to create custom passive/informative as well as touch aware, interactive 
user interface controls from scratch. 

�  How to construct UI components by deriving them from the Mosaic classes. 

�  How to apply and connect the custom controls in an application. 
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6. Advanced Embedded Wizard Aspects 
Besides the aspects described in the previous chapters, Embedded Wizard and its 
programming language Chora provide a lot of additional and useful features. The 
following chapters should give you an impression of the most important advanced 
features. 

6.1. Languages 

Embedded Wizard supports the development of multilingual GUI applications. The 
multilingual GUI application can contain menus with texts, images, etc., for various 
languages. At the application's runtime, the user can switch between the different 
languages. A German user, for example, will select the German language, while an 
English user will prefer English: 

  

Figure 6-1 – In Embedded Wizard, menus can be localized for different languages. 

Embedded Wizard’s multilingual function is limited to the definition of constants and 
resources. This means, a single constant or resource may have multiple, language-
dependent contents. The appropriate content is determined automatically at the 
runtime, depending on the currently selected language. 

By using multilingual constants and resources it is not only possible to change the 
displayed text, but also to change corresponding bitmaps, as well as the position and 
the color of any view object. 

The multilingual constants and resources can be applied in the initialization of 
objects and in the implementation of methods in order to make them multilingual. 
The Chora Runtime Environment determinates automatically the proper language 
variant of the affected constant or resource. 

When developing a multilingual GUI application, all desired languages have to be 
included within the project. To add a new language simple drag the Language 
template from the Gallery’s folder Default and drop it into the Project Composer. At 
least, the language Default is necessary – it represents the default (generic) 
language. 
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Figure 6-2 – The project contains the language variants German, Greek and the Default 
language. 

When the set of desired languages is defined, the language-dependent contents of 
constants and resources can be specified in the Inspector. In case of a constant, 
simply expand its attribute Values and enter the appropriate language-dependent 
expressions. 

 

Figure 6-3 - In a project are defined the three languages Default, German and Greek. A 
constant can hold a different value for each of these languages. If a value is missing, the 

Default value is used. 

The language selection is controlled by the global built-in variable language . This is 
one of the few global variables of the Chora programming language. To switch the 
language at the runtime, simply assign the name of the desired language to this 
global variable. 

// Switch the language to German 
language = German; 

During the development and test, the language can also be selected in a more 
convenient way by using the Language combo-box of the Embedded Wizard 
development environment: 
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Figure 6-4 – The Language combo-box provides a simple way to test multilingual GUI 
applications during the development. 

A big advantage of the Embedded Wizard multilingual support is the automatic 
update after the language has been switched. In this case all existing objects are 
reinitialized, so the GUI does appear in the new language. This automatism is 
controlled for each class by the attribute MultiLingual. Only if this attribute is set 
true , Embedded Wizard generates additional code to reinitialize the objects of the 
appropriate class automatically after a language switch. 

  

Figure 6-5 – In order to allow a class to reinitialize itself after the language has been 
changed, the attribute MultiLingual of the class should be set true . 

More information about the aspects the localization are available in “Chora User 
Manual”. 

6.2. Variants 

Beside the localization Embedded Wizard also supports a very powerful feature, 
called Variants, which is very helpful to create GUI applications for different screen 
resolutions, to implement different skins or themes, or to simplify the customization 
of existing reference software. 
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The concept of variants is based on the concept of object-oriented inheritance and 
can be applied to classes, resources, constants and auto-objects. Each of them can 
exist in several versions, with a modified or extended content or implementation.  

The selection of the appropriate version is either done at code generation time (static 
variant) or dynamically during runtime (dynamic variant). This approach has one big 
advantage: Although a variant of a class is used, the application will still access the 
corresponding origin class. Thereby a new appearance or behavior can be added to 
existing applications without any modifications on the origin classes, constants or 
resources, which is very helpful for the customization of existing projects. 

The derivation of variants is as simple as the derivation of classes: To build a variant 
of a resource, constant or class, just hold down the keys Ctrl+Shift+Alt while 
dragging the affected brick. The created variants are signed in the Composer and 

Inspector with a small pink  icon: 

  

Figure 6-6 – A variant member is signed with a small icon. 

The initialization values of a variant are edited in the Inspector – in the same way as 
it is done with the ‘origin’ constants, resources, etc. There you can also see the 
derived values of the variant. These appear in the thin font, whereas the values 
overridden by the variant always are displayed in the fat font: 

 

Figure 6-7 – When a variant is inspected, you can see the origin inherited values as well you 
can override them with other values. Inherited and non-overridden values are displayed with 

the thin font (here Default and German) 

The selection of a variant is controlled by its VariantCond attribute in the Inspector. If 
this attribute is set to true , the variant overrides the origin class, resource or 
constant statically and permanently (static variant). If this attribute is set to the name 
of a profile, the variant is only used in case of generating code for this profile (second 
kind of static variant). However, if the attribute contains the name of a style, the 
selection is performed during runtime if the affected style is active (dynamic variant). 

Styles can be compared to flags, which can be set during runtime to control the 
selection of dynamic variants. The user can define several styles to control for 
example the screen resolution, the currently active skin or to activate special features 
of the GUI. For this purpose, a template Style is available within the Gallery's folder 
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Default. Styles can be defined only within the Project Composer, in the same way as 
languages and profiles. 

 

Figure 6-8 - The project contains three styles HiRes, Safari and WideScreen. 

To switch the different styles on and off, the built-in variable styles  can be set at 
the runtime - simply assign a set of the desired styles to this global variable in order 
to activate them: 

// Activate the styles HiRes and Safari. 
styles = [HiRes, Safari ]; 

In the Embedded Wizard IDE, the selection of the currently active styles can be done 
at design time within the combo-box Styles. 

 

Figure 6-9 - The Styles combo-box provides a simple way for test of multi-variant GUI 
applications during the development. 

6.3. Profiles 

The development of a GUI application using Embedded Wizard is done independent 
of a specific hardware platform. Finally, through the translation of the application into 
ANSI C code, functions and mechanisms of the run-time environment and the 
graphics library are integrated, which are adapted to a specific target system. 

The target specific extensions, needed for the generation of platform-specific code, 
are contained in the so-called Platform Packages. Platform Packages are designed 
for a defined hardware platform and may occur in several versions for each platform 
(e.g. according to the supported color space). 
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By default, Embedded Wizard contains four Platform Packages, which enable the 
generation of ANSI C code for the MS Windows™ operating systems. The four 
Packages, Tara.Win32.RGBA8888, Tara.Win32.RGBA4444, Tara.Win32.RGB565A8 
and Tara.Win32.Index8 are designed for the same target system, but differ though 
by the color space they use. The Platform Packages are stored in the directory 
EmbeddedWizard\Platforms .  

So that Embedded Wizard can create C code from a project for a particular target 
system, the project file must contain a link to the appropriate Platform Package. This 
is done with the help of the Profile brick, which can be dragged and dropped from the 
Gallery’s templates folder Default into the project Composer. 

 

Figure 6-10 - The project contains one profile Win32. 

All newly-created projects contain a profile Win32. This profile is linked to the 
Platform Package Tara.Win32.RGBA8888. An application translated with this 
Platform Package can be compiled and executed on a MS Windows™ system with 
24-bit RGB color depth and 8-bit transparence. 

By contrast, if an application is translated using the Tara.Win32.Index8 package, all 
menus are displayed on screen in 8-bit with up to 256 colors selected from a CLUT 
(color look-up table). With this package a developer can test, on a PC, how the 
application will appear on a platform with an index8 display. 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter6_3\PlayList.ewp . 

 In the Navigation Bar switch to Project page. 

 Create a copy of the Win32 profile brick and rename it Win32_Index8 . 

 In Inspector change the attribute PlatformPackage of the Win32_Index8 
profile brick to Tara.Win32.Index8. You can use here the Assistant, 
which provides a list of all available Platform packages. 
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 In the Navigation Bar switch to the class PlayList::Application. Our example 
still appears in RGBA8888 color mode. 

 In the Profile combo-box above the Navigation Bar select the newly created 
profile Win32_Index8. As you can see, the application appearance is 
changed; the color gradients appear with a kind of noise: 

  

Figure 6-11 – The selected profile Win32_Index8 uses the platform package 
Tara.Win32.Index8. Therefore, the GUI appears with other colors, because the Composer 

shows the class’ appearance according to the selected Platform Package - in the same way as 
the class will appear later on the target platform (what you see is what you get). 

This visible color noise in the Index8 environment results from a dithering algorithm; 
with it non-existing colors are displayed by mixing color values of the neighboring 
pixel. More effective is the usage of an optimized CLUT for the Index8 environment. 
Embedded Wizard can generate a CLUT for your application. For more details see 
the ‘Embedded Wizard User Manual’. 

Beside the Windows™ operating systems, a lot of additional Platform Packages for 
different CPU architectures and graphic subsystems are available. Please refer to 
our website http://www.embedded-wizard.de for detailed information. 

6.4. Support for native Code 

Usually a GUI application will need to exchange data with the target environment. 
Due to the fact, that Chora is strictly platform independent, it does not support any 
constructs for the direct access to the underlying hardware or to its operating system 
– the programs written in Chora can be seen as “enclosed within a box”. This 
restriction should ensure the highest platform independence and avoid error sources. 
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For communication purpose, Chora supports so-called native methods and the 
native  statement. These extensions allow code to be mixed with the native code of 
the target system. In case of a native method, you can directly adopt C or assembler 
code into the method’s body. During the code generation, the code will be taken over 
without any modifications. 

Please take care, that Embedded Wizard is not able to evaluate the native code. You 
have to take care, that the code is error-free and that the syntax of the native code 
does match to the one of the generated code. For example, you cannot combine 
C++ native code within a generated C code. In this case the C compiler will report 
errors. Usually such problem can be solved easily by implementing additional 
wrapper functions, which bridge the differences between these languages. 

Whether a method is native or not is controlled by the methods attribute Native in the 
Inspector. When the attribute is true , the Chora compiler assumes that the method 
contains only native code. 

  

Figure 6-12 – The attribute Native determines whether the method does contain the platform 
independent Chora code or the native code of the target platform. 

Beside the native methods, a more powerful native  statement is available in Chora. 
The statement allows the mixing of Chora code and the target specific code within 
the body of a single method. The following example demonstrates, how the ‘C’ 
function MiddleWare_IsMuted()  is invoked from the Chora method after it has 
been enclosed in the native  statement. Please note the local variable isMuted , 
which has been passed as an argument to the native  statement. This local variable 
allows the data transfer between the Chora and the ‘C’ world: 

var bool isMuted ; 
 
native ( isMuted ) 
{ 
  /* This part is the pure ‘C’ code */ 
  isMuted = ( MiddleWare_IsMuted() == 0 ); 
} 
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return isMuted ;  

However, an excessive usage of native methods and statements prevents the 
platform-independent GUI development. In practice, native methods and native  
statements should be used only in developing driver classes. A driver class serves 
as an interface between the GUI and the underlying target system. By adapting the 
driver class, the GUI program can be ported to other target platforms. 

For example, to control the audio hardware, the driver class could contain two native 
methods GetVolume() and SetVolume(). These methods insulate the GUI application 
from the hardware. When at the runtime, the volume level should be changed, the 
appropriate part of the GUI needs to call the driver’s SetVolume() method only. The 
details of the target specific implementation are hidden within the SetVolume() 
method, when the target platform is changed, only the implementation of the 
SetVolume() method needs an adaptation. 

The native method and the native  statement are for the code generation only - the 
Embedded Wizard is not able to interpret the enclosed native ‘C’ or assembler code 
sequences. For this purpose so-called intrinsic modules can be developed to extend 
the Embedded Wizard’s prototyping environment. 

When using the intrinsic modules, parts of the target system will become available in 
the prototyping environment. Accordingly, the entire GUI application can be tested 
within the Embedded Wizard. For more details about the development of intrinsic 
modules, see the inline comments in the directory EmbeddedWizard\Chora\Sdk . 

In order to enable Embedded Wizard to distinguish between the code for different 
target systems and the code for the prototyping environment, special Chora 
preprocessor directives $if , $else , $elseif and $endif  are available. These 
directives work like a filter. If the condition in the $if  directive is fulfilled, the 
following code block is taken over. If the condition is false, the following code block is 
ignored. By using these directives, a single native method may contain several code 
blocks for different target systems. 

In the condition of the $if  directive the predefined macros $profile , $platform  
and $prototyper  may be evaluated. Embedded Wizard, depending on the 
selected target platform, determines the content of these macros automatically. For 
example in case of the prototyping the $prototyper  macro is set true . Otherwise 
this macro contains the value false . The use of these macros is now explained 
using an example of a fictive audio driver class with a native method 
SetVolume(aVolume): 

$if $prototyper 
 
  // Call an intrinsic function, which changes the volume 
  // level. Assumed, an intrinsic module implements  the 
  // function IntrinsicSetVolumeLevel(). 
  IntrinsicSetVolumeLevel( aVolume ); 
 
$elseif $platform == TARA.Win32.* 
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  /* This is the C code, taken over when generating  code 
     for the Windows target system */ 
  waveOutSetVolume( someWindowsHandle, aVolume ); 
 
$endif 

A more detailed description about the communication between a GUI application 
created with Embedded Wizard and a main application running on a target system is 
provided in [8]. Besides that, the basic steps of creating a Win32 executable are 
shown in the previous play list example in chapter "2.10 Building a Win32 
Executable". 

6.5. Integrating existing Units 

The classes and definitions of a project are placed in units. This mechanism allows 
integrating existing units into a new project. Previously developed classes can thus 
be used again in other applications. The re-use of existing units reduces the effort for 
the development of frequently used components and functions. 

The integration of an existing unit into a new project is now explained using an 
example. Your installation directory of Embedded Wizard (usually 
C:\EmbeddedWizard ) contains a sub-directory called Demo. This directory contains 
a unit called Sheep.ewu . This unit provides, amongst others, the class 
Sheep::Sheep, which can display an animated sheep walking across the screen. The 
sheep unit is now to be added to our example project. (Don’t worry, our sheep is very 
well educated and will not eat any part of the project � .) 

 First close the previous project. 

 Load the project Tutorial\PlayList\Chapter6_5\PlayList.ewp . 

 In the Navigation Bar switch to the Project page. 

 Drag the template Unit from the Gallery’s folder Default into the Composer. 
Rename the new unit, in Inspector to Sheep . 

 In Inspector, select the attribute Directory of unit Sheep and change its value 
to C:\EmbeddedWizard\Demo  (If you haven’t installed Embedded Wizard in 
this directory, then you have to adapt the path appropriately). You can do this 
more comfortable by using the Assistant, which appears after a click on the 
small button  right to the attribute Directory. 

After confirming the path entry with Enter key, a message appears in the Message 
Log, informing you that the unit Sheep is not up-to-date to the unit file anymore, as it 
is now linked to the previously existing unit file Sheep.ewu . 
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Figure 6-13 – If a unit is not up-to date, Embedded Wizard will suggest you to reload the unit 
file into your project. 

 Double-click this message with the mouse. A confirmation message box will 
appear. In the message box press the button Yes. This causes the 
Sheep.ewu  file to be loaded in the project, allowing the unit’s functionality to 
become available. 

 If you open the Sheep unit with a double-click, in the Composer are shown the 
classes, resources and definitions of the unit e.g. the Sheep::Sheep class. 

To enable the animated sheep, which is contained in the class Sheep::Sheep, to 
walk within the GUI, an object of the Sheep::Sheep class should be embedded into 
our example application. 

 In the Navigation Bar switch to the Application class. 

 In the Gallery switch to the Browser view. Search within the Browser for the 
class Sheep::Sheep (you can enter the name sheep  into the Browser's 
Search edit field in order to force the Browser to display all project members 
containing this name). 

 In the Browser select the member Sheep::Sheep, hold down the keys 
Ctrl+Shift, drag the member to the PlayList::Application class, and drop it right 
into the canvas area. The sheep will appear motionless in the canvas area 
now. 
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Figure 6-14 – To embed an object of the Sheep::Sheep class, drag the class member into the 
Composer while holding down the Ctrl+Shift keys. 

 With the mouse arrange the sheep object’s position and its size, so the sheep 
can walk at the bottom of the play list. The sheep’s bounds define the area in 
which the sheep is to walk. 

 Start the Prototyper by pressing F5. 

The SongList can be scrolled, as previously, and the sheep walks, irrespective of the 
user’s interaction, along the top of the menu. The sheep animation in class 
Sheep::Sheep consists of a series of individual bitmaps which, controlled over time, 
move over the screen. Using the property AnimationTime, belonging to the Sheep 
object, the speed of the animation can be changed. 
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Figure 6-15 - The class PlayList::Application from the previous example project, with an 
embedded object of class Sheep::Sheep. 


