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Abstract 
WPF is a newly introduced graphical system that is a part of Microsoft’s .NET 
Framework. This report will evaluate WPF and its features. A comparison is made mainly 
towards the previous version of .NET which is .NET 2.0. The work is partly theoretical 
and partly implementational. The prototype that has been implemented is a graphical 
component which resembles a program in which a company can buy spare parts from. 
The report will also evaluate the use of flow documents and different text editing options. 
The implementation will focus on the usability of WPF. 
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1 Introduction 
 
This report has evaluated the new .NET technology that is called WPF (Windows 
Presentation Foundation) and exists in the .NET versions 3.0 and 3.5. To evaluate this 
technology a prototype has been implemented on a company named Signifikant AB in 
Solna, Sweden. The prototype has been implemented in C# and XAML as programming 
languages, and Visual Studio 2008 as the developing environment. The persons involved 
have been the student, Björn Gustafsson, the supervisor at Signifikant AB, Thomas 
Sandström, another student that has evaluated the database connections in the same 
prototype, Mårten Nylén, and the examiner Bengt Lennartsson at Linköping University. 

The prototype has been implemented both as a standalone application and an XBAP. 
XBAP stands for XAML Browser Application and is an application but separates itself 
from the standalone application as it is run in a web browser. This means the application 
can be written in for example C# code but still run in a web browser. One important 
concept here is that the standalone application and the XBAP can us the same codebase 
which is the case in this thesis project. In the title of this thesis the word Web Viewer 
means that it is an XBAP prototype used for viewing the spare parts in the database. 

1.1 Background 
 
This thesis consists of making an implementation and evaluation of a graphical 
component (Figure 1) to the company Signifikant and their business solution Assert. 
Signifikant AB's customers use Assert to gather information for after sales information 
such as a spare part catalogue. All product information is stored in one database which 
can contain images, PDF documents, vector graphics, CAD-drawings, videos etc.  

 

Figure 1: The prototype of the graphical component 
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1.2 Purpose 
 
One purpose has been to evaluate how useful WPF is to create graphical applications. It 
has also been evaluated how easy WPF is to program. The prototype that has been 
implemented will be compared to a similar solution that has been made by Signifikant 
AB, which has a solution that has been made in .NET 2.0. Even though other techniques 
have been used during this project, the main focus has been to evaluate WPF. 

1.3 Method 
 
The work method that has been used is a method used locally on Signifikant. The project 
has been split up into a several sprints, each consisting of a separate part of WPF. The 
content of the sprints have been decided through a discussion between the student and the 
supervisor at Signifikant AB. The prototype that has been built has also been developed 
by another student. This student has evaluated and implemented the database connection, 
since the purpose of this thesis has been to evaluate WPF when dealing with a graphical 
application which was described in the previous chapter.  

1.4 The .NET Framework 
The .NET framework is an integral Windows component, and WPF is the graphical 
subsystem that arrived in .NET 3.0 (Figure 2). The .NET framework is primarily intended 
to create applications for the Microsoft Windows platform.  

 

Figure 2: Different versions of the .NET Framework 
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1.5 Delimitations 
 
The representation and interaction with 3D models in WPF should only have been done if 
there was enough time. Most focus in the thesis has been on the evaluation of creating a 
graphical component. There has also been an evaluation of the possibilities on how to 
make a text layout editor and flow documents in WPF but not as extensive as the 
graphical component. 

In more detail, the graphical component has the following features: 

• Imaging: Panning and zooming. 

• Hot spots: Hot spots in the image that represent parts. Hot spots can be added, 
edited and deleted. 

• Videos: Different ways of showing video. 

• Tabs: Implement tab behavior like the tabs in a web browser. 

The above features can be done in several ways in WPF, and this thesis will investigate 
which one is more suitable for the purpose of the prototype. 

1.6 Disposition 
 
The first implementation chapter will have a brief introduction of how XAML and code 
behind files work in general. The following chapters will investigate the different parts of 
WPF that has been used in the prototype. Within each chapter a theoretical part is 
followed by how it is used in the implementation in the prototype. This is followed by a 
concluding discussion chapter which is based on the implementation chapter. 
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2 Signifikant AB 
 
Signifikant delivers IT-services within systems development, maintenance and ALM 
(Application Lifecycle Management) tools support. They work with administrative, web 
based solutions for customers within the manufacturing and finance industries. For 
manufacturers, Signifikant provides the software solution Assert that supports their after-
sales processes.  
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3 Implementation 

3.1 XAML and code behind 
 
XAML is a markup language based on XML [1]. Anything in XAML can be done 
programmatically in C# code, due to the fact that XAML elements represent classes in 
WPF. This is a very important concept of WPF. XAML is used to create the visible user 
interface elements, while the run-time logic is created in a different file, called the code-
behind file. These two files are automatically joined through partial class definition. For 
example the XAML file is named Page1.xaml and the code-behind file is called 
Page1.xaml.cs. The codebehind file can also be written in Visual Basic, in that case the 
file is called Page1.xaml.vb.  

This short example will illustrate how to create a StackPanel and a Button, both in 
XAML and in C# code.  

<StackPanel> 
<Button Background="Blue"/> 
</StackPanel> 
 
 
StackPanel myStackPanel = new StackPanel(); 
Button myButton = new Button(); 
myButton.Background = Brushes.Blue; 
myStackPanel.Children.Add(myButton); 

 
Obviously there is less code to write in XAML and is more intuitive for people with 
background in web design. On the other hand we have more control over our objects in 
code behind. A more thorough comparison of the advantages and disadvantages of 
XAML will be found in the chapter 4.1.  

3.2 Prototype instructions and features: 
 
When first starting the prototype, an illustration is shown. This illustration can be 
changed by selecting a new part in a dropdown box. Sometimes the selection can generate 
more than one tab, if this part has several illustrations. The illustration has a toolbar 
below itself and is mostly used for interacting with the hotspots. The mouse pointer has 
three different selection modes; select hotspot, edit hotspot and create new hotspot. These 
selection modes can be chosen in the toolbar. The color, number, and shape of the 
hotspots can also be changed with the toolbar. A hotspot can be deleted, and the current 
hotspot layout can also be saved with a save button. 
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3.3 Security Issues 
 
To get access to a file through an XBAP can be a problem if the application is run in 
partial trust (which is default). The file can be a video, image, audio file etc. The WPF 
standalone applications (as opposed to the XBAP) are executed with unrestricted 
permissions. They can be deployed using .msi files, DOS XCopy or ClickOnce. The 
XBAP on the other hand is executed within the so called security sandbox [2], which is 
limited to the default CAS Internet permission set. 

This is an issue when it comes to accessing a file in an XBAP. The problem is that the file 
(for example an image) doesn't show when the XBAP is executed. So since there is no 
run-time error or compilation error it can be hard to understand that it has to do with the 
security issues. Drawing a gradient works fine but the picture that shall be shown doesn't 
come up, since it is read from a file. 

This can be solved by running the XBAP in full trust and requires installing a certificate 
on the client, and this is how it has been solved in the prototype. 

3.4 Rasterized Images in WPF 
 
One way of using images is to “hard code” the path to the images in the application. The 
images are stored in a folder on the hard drive and then added to the project in Visual 
Studio. To use this image in your WPF project, the image build action property must be 
set to "resource". This means that the image must first be added to the resource dictionary 
and then the build action property must be changed to "resource". When addressing the 
source to the file, the path in XAML code could look like this: 

<Image Source=”resources/picture.jpg”></Image> 
 

In the prototype some buttons have images on them, whose paths are hard-coded. The 
main illustrations on the other hand are stored in a database and are fetched using LINQ 
(Language Integrated Query) with the help of the other student that are dealing with the 
database connections. 

When scaling an image it can be done in several ways. One way is to change the values of 
the image's height and width attributes. One important concept when it comes to doing 
this is the aspect of binding. This means that you bind for example the image size to the 
value of a slider, causing the image size to change when the slider is pulled. 

Another way to scale an image is to use the ScaleTransform class [3] and scale the image 
or the layout panel that the image is in. In the prototype this ScaleTransform class is used 
when zooming in on the image, either with a slider or with the mouse scroll. Another 
Transform class is also used to pan the image, the TranslateTransform class. To use more 
than one transform class on an object the transform objects must be put together in a 
TransformGroup class. This transform group is then added to the Element, in this case a 
canvas by writing canvas1.RenderTransform = myTransformGroup. 
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An event handler for the mouse must be implemented to be able to zoom using the mouse 
wheel. The problem with zooming is that it can be done in many ways, for example the 
zooming in Adobe Photoshop and Windows Image Viewer is different. A very intuitive 
way of zooming is to use the mouse wheel and to zoom in on the area where the mouse 
cursor is at the moment, just like in Adobe Reader. Since the zoom is affected by the 
position of the mouse, the position is fetched from the mouse argument via a method 
called GetPosition; 

Point pos = e.GetPosition(canvas1);  

The argument of the getPosition method is the element used for reference when getting 
the mouse position. When zooming with the mouse wheel, the argument of the mouse 
event uses a parameter called "Delta" which is a value describing how much the mouse 
wheel has changed. If the “Delta” value is positive it means that the mouse was scrolled 
forward and the image should be zoomed in. 

3.5 Dependency properties 
 
On some properties, you can see that they are dependency properties [4]. As the name 
implies it is a property that depends on other inputs. Other inputs can be system 
properties, just-in-time properties, data binding, resources and styles, or values known 
trough parent-child relationships in an element tree. For example the images ActualWidth 
property is a dependency property since it depends on the size of the container in which it 
is placed. 

3.6 Events in WPF 
 
In previous version of .NET (2.0 and earlier), there has only been one type of event, a 
direct event. In WPF there are two new sorts of events, called bubbling events and 
tunneling events [5]. Both these events are so called routed events. What this means will 
be explained in the next paragraph. 

The direct event is directed to a single object meaning that it operates only on this object. 
The new events on the other hand are directed through the visual tree. The tunneling 
event traverses down in the visual tree starting from the top level container (Window or 
Page) going through every element to the target element. Along this route every element's 
event will be triggered (assuming that it is implemented). The bubbling event on the other 
hand traverses up from the target element that triggered the event to the top level element 
(Figure 3). In code the tunneling events have the prefix Preview, which we will see more 
of later.  
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Figure 3: Illustration of bubbling and tunneling events 

Assume that the visual tree that looks like this:  

-Window  
--- Grid  
----- Canvas  
------- TextBlock  

Which means the window contains a grid which contains a canvas which finally contains 
a textblock. Now we can add for example a mouseDown tunnelling event (denoted 
PreviewMouseDown) to the Textblock. When the Textblock is clicked, the mouseDown 
events are triggered for the Window, Grid, Canvas, and finally Textblock in this order 
since it is a tunneling event.  

This can be useful in many ways but the most obvious is when you have a control with 
many visual elements but only want one click-event for the entire control.  

One example of how it can be used in a web viewer is when it comes to zooming with 
mouse wheel. When using the mouse wheel, the same event shall be triggered regardless 
whether the mouse is over the image, the canvas, the border or the top level page. One 
exception is when zooming with the mouse pointer over the image. In this case the zoom 
is depending on where the mouse pointer is and keeping that point in the image at the 
same position at the new zoom level.  

3.7 Text Input in WPF 
 
One way of doing text input in WPF is using a TextBox [6]. A textbox is a control that 
contains unformatted text. For formatted text in textbox, a RichTextBox can be used, this 
is looked into in chapter 3.14. 

The textbox that is used in the prototype is showing the selected hotspot's id. This value 
can be edited and when pressing the Enter key the value of the textbox is changed. The 
textbox can also be enabled and disabled depending on if the user is in view mode or edit 
mode. To visualize if a textbox is enabled its opacity is set to a value smaller than 1 to 
give it a passive appearance just like the buttons. 
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A problem that came up with the textbox is that when a canvas is clicked, the canvas does 
not automatically get focus. This means that when the TextBox is edited and the canvas is 
clicked then the desired function would be to save the new value. This could be done with 
the LostFocus event on the TextBox if it had lost it focus when the canvas is clicked. 

One workaround is to programmatically set the focus to the canvas when it is clicked. It is 
not possible to unfocus an object, the focus must be moved to some other object. Setting 
the focus to the canvas creates a gray dotted line around it which indicates that it has 
focus. If this gives an unwanted look, it can be removed by overriding the 
FocusVisualStyle in a style [7]. 

3.8 Tabs in WPF 
 
To create a basic tab behavior like the tabs in a web browser is straightforward. WPF has 
a Control called TabControl, which makes it is very easy in the XAML code to just define 
a Tabcontrol and then add a number of tabs (the elements are denoted as TabItems).  

After a discussion with the supervisor it was decided that the tabs should look like the 
tabs in a web browser. The problem is that the WPF tabs are pretty simple, they don't 
have any close buttons, or a new tab button which dynamically add more tabs. These 
features have to be added manually by the programmer and are not straightforward and 
can be done in different ways. In addition, the look and feel of the tabs are very dull, 
meaning that they are plain, without any gradients or mouseover effects if the application 
is run under Windows XP. Windows Vista on the other hand adds gradients and 
mouseover effects, meaning that the application’s look and feel can be completely 
different depending on which version of Microsoft Windows that is run. This can be 
avoided by setting your own defined style to the tabs, which is the case in the prototype 
built. If you want to create your own functions in a tab (e.g. a closing button) you need to 
go beyond XAML and create your own Tabitem class which derives from the WPF's 
TabItem class. [8]  

Most features in WPF can be implemented either as XAML code, or as C# code, and tabs 
are no exception. Implementing tabs in XAML is very intuitive but implementing tabs in 
C# code is more complex. The reason for this is that if the tabs and their content should 
be dynamically added, then it must be done in code behind. In XAML the content is just 
added inside the TabItem element but cannot be changed at runtime unless you 
implement this behavior in codebehind.  

In the prototype we want to create new tabs on user input. The code to generate new tabs 
programmatically takes only a couple of lines of codes [9]. A powerful technique is to 
generate the content of a tab from a user control. This is because you can create several 
video tabs, all generating from one XAML file. [10] 

3.9 Styles in WPF 
 
Styles in WPF are similar to what CSS is for web pages. A style can be added to a button 
for example. In general a style is a way of applying a set of properties to more than one 
element. Styles are normally implemented implicitly, programmatically or as an inline 
style [11]. Another way of creating a style is by having a file called generic.xaml that 
contains all the style information. This is useful since the XAML-file that contains your 
XBAP otherwise can be very large since the styles can get very long. 
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One common style today is to generate a gradient on your button or other controls. The 
gradients are defined by choosing what type of gradient (linear or radial gradient), what 
color and finally choosing the gradient stops (i.e. what positions the gradient shall start to 
fade to the other color). 

The styles are then put in a resource for either the current XAML file or the generic file 
Generic.xaml. The next chapter will discuss the resources.   

3.10 Resources in WPF 

3.10.1 Resources in general 
 
Every resource must have a unique key. The key can either be explicit, like 
x:Key="myResource" or can be implicit. An implicit key is used on every element of a 
certain type. For example the <Style TargetType=Button" assigns an implicit key, 
meaning that the style will be used on all buttons in this case. 

When an element has a resource link, the system first looks for the implicit resource. If 
that doesn't exist, the parent to the element is searched if it have the resource defined, this 
procedure then keeps going up the element tree if it does not find the resource. This 
means that if the root element (which is page in an XBAP) has a resource defined, then 
all elements in the element tree can use it. If elements of different types are using the 
same resource, the element has to have the properties that are set in the resource, 
otherwise there will be a compile error. 

If the resource still is not found application resources are checked. Application resources 
exist in the resource dictionary that is defined for the Application object for your WPF 
application. 

If the look-up behavior for the resource is dynamic (more on this later) then two other 
places are also checked for the resource. These places are the theme resource dictionary, 
which is a XAML-file in the project called Generic.xaml that is located in the \Themes 
folder in the project folder. Finally the System Resources are checked if the resource is no 
where else to be found. 

When programming the prototype a problem came up regarding the Generic.xaml file. 
This happened as the project was separated into three projects, one that contains only the 
starting file for the XBAP, one containing the starting file for the standalone application, 
and the third project containing all the rest which was a "class library" project. This was 
done to use the same codebase both for the XBAP and the standalone application and 
only have work with one solution file. When this was done the tabs and their content 
would no longer show at all. 
 
 
The problem was that the new projects did not create a link to the Generic.xaml. This is 
difficult to see since the link is not obvious, if a search is made in the entire solution to 
find the generic.xaml or a path to the Themes folder nothing will be found. This might be 
confusing and the reason is that the link is in the project file AssemblyInfo.cs and looks 
like this [12]: 
 
 
[assembly: System.Windows.ThemeInfo( 
    System.Windows.ResourceDictionaryLocation.None,  
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    System.Windows.ResourceDictionaryLocation.SourceAssembly 
)] 
 

The above code loads the themes that are placed in the Themes folder (including the 
Generic.xaml) for user controls, so the above code actually hard codes the path to 
Themes/Generic.xaml. Since the tabs were loaded in a user control, the theme for the tabs 
was not loaded. 

3.10.2 Dynamic resource vs. static resource 
 
When the resource is defined, it is either referenced as static or dynamic resource. As the 
name implies, when the static resources processes the resource is looked up during 
loading. The dynamic resource reference on the other hand processes a key by creating an 
expression, which remains unevaluated until the application is run, and then the 
expression is evaluated and provides a value. 

This means that if we don't have any intention of changing the value of the resource after 
it has been set for the first time, we can use a static reference. Besides if we are creating a 
theme for a user control that we wish to have a predictable look then we shall also use a 
static reference. This is the case in this project, even though our different controls (i.e. 
different types of tabs such as image viewing, video viewing etc.) looks fairly similar. 

There are several other considerations that can be taken into account when it is decided 
how to reference the resource, more information is given here [13]. 
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3.11 Hot spots and shapes in WPF 
 
There are several different approaches to generate a hot spot. A hot spot is a hot area on 
the canvas that when it is clicked, an action is taken. The action can be a mouseover 
effect, a menu that pops up or controls in the windows changing depending on which 
hotspot was activated. The hot spots in the prototype represent parts in the illustration that 
can be ordered in a commercial version of the program. Programmatically a hotspot can 
be implemented in several ways. 

One way is to create a whole new class, called e.g. HotSpot, which implements all the 
behaviour that the hotspot needs. The question is whether this class should be derived 
from another class, such as Shape or Ellipse. If not, some of the methods that are needed 
have to be implemented by the programmer. 

Another way is just to create an Ellipse data type which has the shape of a circle. The 
problem is that you cannot have so much control over this shape. 

A useful thing in .Net is the Tag Property. Just like previous .NET technologies such as 
Windows Forms, many classes in WPF define a Tag property (of type System.Object) 
intended for storing custom information about an object. This means that they have a sort 
of connection between them. In the prototype this is used when generating multiple 
Ellipses or Rectangles that are hotspots. The Ellipse or Rectangle Object is tagged to an 
object of the user created HotSpot class. 

One way of storing objects of the user created HotSpot class is to use a BindingList. With 
a BindingList you can easily iterate through the hotspots. The problem if you have a 
Shape with a Hotspot Tag is when the hotspot's shape is to be changed by the user at 
runtime. When a property in a hotspot is changed, an event is raised and a listener 
(ListChangedEventHandler) that listens to our BindingList is called. This way of storing 
the hot spot information was later abandoned when the database was introduced. The 
reason for this is that the hot spots were stored later stored in a data structure that is 
directly connected to the database 
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3.11.1 Geometry vs. Shape 
 
The Geometry class [14] and shape class can look alike since they both describe 2D 
shapes for examples Ellipses, Rectangles and so on. They have some important 
differences though. One is that the geometry class inherits from the freezable class while 
the shape class inherits from FrameworkElement. This means that only the shape objects 
can render and participate in a layout system since it is an element. You will get a 
compilation error trying to add a Geometry to your canvas. But it is possible to set the 
data property of a path (which is a Shape object) to a Geometry, and then place the Path 
object within the canvas. For example a round path is created and added to the canvas, 
then the data property of the path is set to an EllipseGeometry. 

On the other hand geometry objects are more versatile. For example a Geometry can be 
used to define a region for clipping or define a region for hit testing. 

The base class for geometries is the abstract class Geometry. The classes that derive from 
this base class can either be simple geometries (Ellipses, Rectangles etc.) or path 
geometries (Bezier curves, arc segments etc.) or a composite geometry where multiple 
geometries are combined to one geometry. 

There are several shape objects that are ready-to-use in WPF [15]. The shape objects 
inherit from the shape class and are Ellipse, Line, Polygon, Polyline and Rectangle. All 
the shape objects have these common properties: Stroke, StrokeThickness, Fill and data 
properties for coordinates. These come in very handy when a hotspot is edited. If a 
hotspot is created as a shape and its color is edited it is very easy to just set the fill to the 
new color that the user has chosen at runtime.  

When the shape is to be used, it can be put inside panels and most controls since they 
derive from UIElement. One good panel is the canvas panel since it supports absolute 
position of its child objects. The Shape object does not have any properties that define its 
position in the canvas. One way is to apply a transform to the RenderTransform property 
of the Shape object.  
myShape.RenderTransform = new TranslateTransform(x1, y1); 

The other way is to set the position of the shape when adding it to the canvas by writing: 

 
<Ellipse Name="e1" Canvas.Left="100" Canvas.Top="0" /> 
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To summarize why we should implement a hotspot as a shape the following arguments 
are relevant.  

• A Geometry does not have a Tag property. 

• Cannot place a Geometry directly in a canvas 

• A Geometry does not make use of event handlers 
 

Since the shape class can draw the necessary shapes (not only Ellipses and Rectangles but 
also Polygons), it is suitable for representing hot spots. 

Compared to previous technologies used for drawing, such as GDI+, we no longer have 
to redraw by writing a function that responds to redraw requests [16]. Instead WPF keeps 
the screen repainted since WPF represents drawings as objects. 

3.11.2 Drawing Objects 
 
Another way of representing hot spots in the prototype was tested using the classes 
GeometryDrawing and ImageDrawing. To display a drawing as an image, a 
DrawingImage and an Image control is used. The advantages are that they gain 
performance since they use the freezable features and lack support for the layout system. 
The latter is also the disadvantage, a drawing object doesn't have support for input or 
focus either. This means that they are better for low-level drawing such as backgrounds or 
things that we don't need to interact with. This makes them rather unsuitable for hotspots. 

A DrawingGroup is used to combine multiple drawings into a singe Drawing [17]. Unlike 
other Drawing objects, you can apply a Transform and Opacity for example, which is 
useful for our hotspots. A drawing group is also a Drawing which means that it can 
contain other DrawingGroup objects. Note also that it inherits from the Freezable class. 

A comparison between the different ways of creating a hot spot can be found in chapter 
4.5. 

3.11.3 Issues with image size 
 
One problem with the hot spots is that the different images have different sizes, and 
different aspect ratios. When switching to a new Illustration, the Image’s source property 
is changed to a new Image. Since you only change the source property and don’t create a 
new object, the Image’s Width and Height property are the same, but the Image’s 
RenderSize.Width property and RenderSize.Height property are changed. The problem 
was when the hot spots for the new image were to be drawn, the new Image hasn't 
finished loading. And since the hotspots are placed in the image depending on the 
image’s actual size, they receive the wrong values. The hot spots were drawn based on 
the size of the previously shown image. This caused the hot spots to be slightly off their 
correct positions. This was corrected by running the Image’s UpdateLayout method 
which ensures that all child elements are updated for layout.  

Another similar problem came up when the tabs were implemented. The problem was 
that all hot spots were drawn to a position of (0, 0). The reason for this was that the image 
was not completely drawn when the properties from the image were used. This time the 
UpdateLayout method did not work, so the hotspots were instead drawn when the 
image.Onload event was fired.  

3.12 Videos in WPF 
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One way of showing a video file in WPF is to use ActiveX which starts different media 
players, like VLC and Windows Media Player. 

To be able to do this you must first add a reference to the Windows Media Player 
assembly wmp.dll in your project.  

The next step is to create the ActiveX control, this is done by adding the Windows Media 
Player control to the design surface and then build the project. This will automatically 
create an AxHost wrapper class for the ActiveX control. In the case with Windows Media 
Player, it is named AxInterop.WMPLib.dll. 

The third step is to host the ActiveX control. A reference to the previously generated 
AxInterop.WMPLib.dll must be added. References to WindowsForms must also be added 
and the XAML and C# code needs to handle these Interop calls. For a more detailed 
description of all of the above steps, visit [18]. 

Another way of showing videos in WPF is by showing the video in a MediaElement [19]. 
This is the most basic and simplest solution. Since this is the WPF way of showing an 
image, you only need one line of code in the XAML, and then some event handlers if you 
would like to control the playback of the video. 

When running the project as an XBAP there are some security issues with using ActiveX. 
To use ActiveX the XBAP must not be run in partial trust. This means you have to 
consider some alternatives. 

One solution is to run the XBAP in full trust. This was previously described the chapter 
3.3. 

Other solutions are to rewrite the ActiveX component in WPF, or placing the ActiveX in 
a HTML page, and host the HTML page in a WPF frame [20]. 

3.13 PDF documents in WPF 
 
Just like you can use ActiveX to show video files, you can use ActiveX to show PDF files 
via Adobe Reader. 

An ActiveX control supports other interfaces than just HTML and is therefore useful for 
showing PDF documents. This includes a few steps since you have to create the ActiveX 
control [18]. This is done in the Windows Forms Designer since the ActiveX control is 
placed in WindowsFormsHost control. 
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3.14 Flow documents in WPF 
 
A flow document is a document that changes the layout depending on things such as 
device resolution, window size etc [21]. On the contrary, a fixed document is a PDF or 
XPS document which always has the same layout. The XPS file format is Microsoft’s 
equivalence to Adobe’s PDF format. A flow document can contain paragraphs, lists, 
images, tables, UIElements, figures, floaters etc. 

If the user is to be able to edit the content of a flow document, the flow document needs 
to be inside of a RichTextBox. When a flow document is inside a RichTextBox it does 
not behave exactly as it does normally. 

The RichTextBox control also exists in .NET 2.0 but the RichTextBox that comes with 
WPF has some new features [22]. This includes Real-time spell checking, formatting 
commands like ToggleBold (Ctlr + B) and the possibility of placing a flow document 
inside a RichTextBox (Figure 4). All of these features are built in so the programmer 
doesn’t have to write any extra code to get for example spell checking. 

 
 
Figure 4: A simple prototype using a flow document inside a RichTextBox  

There are two different categories for flow content, block-derived classes and inline-
derived classes (Figure 5). The block derived classes are used to group elements under a 
common parent or apply a common attribute. On the contrary, elements that are inline 
derived classes are used within a block element. They often contain what is seen on the 
screen. For example, a Paragraph (Block Element) can contain a Run (Inline element), 
where the Run element contains the visual text. 
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Figure 5: Objects that are most typically used with flow content 

 
Figures and floaters are mostly used to embed images, or to place text with placement 
properties that are different from the primary flow (Figure 6).  

 

Figure 6: The Figure's text flow differs from the primary content's flow 

 
There are a few differences between figures and floaters which can be seen here [23]. 



Page | 18  
 

One problem is that a RichTextBox does not have a lineheight property, but a paragraph 
has. This is an issue when you want to define a style for a RichTextBox. Since you cannot 
iterate through a RichTextBox, because it has not a definition for getEnumrator, it is not 
possible to directly go through all the paragraphs in a RichTextBox and set the lineheight 
there. It is though possible to go through a RichTextBox if you iterate using foreach 
paragraph in a richTextBox.Document.Blocks: 

foreach (object obj in richTextBoxHeader.Document.Blocks) 
            { 
                if (obj is Paragraph) 
                { 
                    Paragraph paragraph = (Paragraph) obj; 
                    paragraph.LineHeight = lineHeight; 
                } 

            } 

It is also possible to find the paragraph where the cursor is at the moment, with the 
command richTextBox.Selection.Start.Paragraph: 

richTextBoxHeader.Selection.Start.Paragraph.LineHeight = 
lineheight; 
 
In the prototype, all the styles were kept in a container, more specifically a Dictionary, 
which has a pair that consists of a Key and the Data. Here the Key is the name of the 
template and the data is an object of the user created style class. Iterating through a 
Dictionary has a slightly different syntax than normal foreach iterating. 

One remarkable thing is that it does not exist a TextDecoration class, only a 
TextDecorations class, this means that you cannot assign a paragraph a TextDecoration 
by writing TextDecoration.Underline. There is a walk-around to this issue, you can either 
create your own TextDecoration, or use Selection.ApplyPropertyValue(Inline. 
TextDecorationsProperty, TextDecorations.Underline); 

3.15 Focus in WPF 
There are two different types of focus in WPF, one is called keyboard focus and the other 
logical focus (or sometimes just focus) [24]. Keyboard focus is connected to the element 
that currently is receiving input. Logical focus is connected to the element within a scope 
that currently has focus. Keyboard focus can only be on one place on the desktop at a 
certain time. This means that multiple elements in your application can have logical 
focus, but only one element can have logical focus in a particular focus scope. 

When the user navigates through the program the keyboard focus can be changed to 
another focus scope, but the logical focus that was in the previous scope is remembered. 
So when the user returns the scope, then the logical focus will be on the element that had 
the focus the previous time. 
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4 Discussion 

4.1 Working with XAML and code behind files 
 
One advantage with XAML compared to C# code is that it is very easy to create the 
layout of the application. It is easier to see the structure of the layout of the application by 
looking at XAML rather than looking at C# code. It is also faster to write XAML code 
since you don’t have to write for example that a canvas should add an object as its 
children. In XAML this is defined by placing the Element inside the tags of another 
element instead of writing: 
 
canvas1.children.add(myElement); 
 

One disadvantage is that you cannot debug the XAML. When something goes wrong with 
parsing the XAML, you often end up with a XamlParseException that doesn’t give any 
useful information and Visual Studio always states that the error was caused on line 1 
position 9, which it most of the times isn’t. Though it is possible to debug the 
XamlParseException on your own [25], there is no built in tool for debugging the XAML. 
The basic XAML errors, like syntax errors are of course shown in the correct form, but 
the run-time exceptions are not. Additionally you cannot put break points in the XAML to 
step through the program at runtime like you can with the C# code files. 

The main purpose of this thesis is to evaluate how useful WPF is when creating 
applications like the prototype. In general when you see what can be done and how it can 
be done WPF works very good. 

The aspect of binding is a very powerful feature. This was not used so much in the 
prototype but the possibility of binding data to almost any property, canvas, form or 
control is a very useful feature. 

4.2 Styles and resources 
 
Using styles in the XAML is very easy and most of the times intuitive. The feature of 
having one style and using it on multiple elements is very good when you later must 
change the look and feel of the elements. This can be compared to setting a variable in C# 
code, but since there are no variables or fields in the XAML, this is a nice solution to that 
problem. 

The fact that it is possible to have one style (that defines e.g. Background) for multiple 
elements of different types is very powerful. The only requirement is of course that this 
element has the property that is defined in the style. 

Using styles that are defined in the same XAML-file that they are used in is easy. Using 
the generic.xaml and setting the styles here is not difficult, but the usage of it is not 
perfectly clear at start. You can define all the styles in the resources for the current 
XAML-file and not use a generic.xaml if you don’t want to, but it is sometimes useful to 
define styles that can be used through the entire namespace. 
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4.3 Events 
 
To summarize briefly the new events in WPF, the event is traversing either up or down 
the element tree and triggers the events of other elements along the route. This is a good 
feature of course since you can have the same behavior for multiple elements along the 
route. The syntax might be a bit strange where the tunneling event for example is called 
PreviewMouseRightButtonDown (having the prefix Preview) and the bubbling event is 
called MouseRightButtonDown. This means you have to think a few steps to know what 
type of event that should be used. 

4.4 Tabs 
 
To create and generate a static tab is very easy. To populate it with content is also fairly 
straightforward. But to implement a closing button and closing behavior and add styles is 
time consuming. Especially if the tabs have styles that are defined in the generic.xaml 
which was the case in the prototype. Since it is very common to have a closing behavior 
on the tabs, this would be a good thing for Microsoft to implement in the control.  

Some controls are looking differently on Windows XP and Windows Vista. This is a 
thing that shows very much on the tabs where the default tabs are completely plain in 
Windows XP while they have gradients and mouseover effects in Vista. This can be very 
confusing and annoying that the so called look and feel is changed dependeing on the 
operating system.  
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4.5 Shapes and Hot spots 
 
An extensive part of the implementation was dealing with how to represent the hot spots. 

One thing that the Shape object was lacking was a property that defines its position, it 
only had a RenderTransform property which was used in the prototype. It would have 
been more intuitive if the Shape had a position property. Then the canvas that it was 
placed in could get the position values from its child (the Shape object) and then position 
it depending on that value. 
Table 1. Different ways of generating hot spots. 

 

 Advantages Disadvantages 

Hotspot class tagged to a 
Shape 

• You can use all of the 
functions and events. It 
can be put inside most 
panels and controls since 
it derives from 
UIElement. 

• Gives better performance 
than geometries even with 
1000 hotspots. 

• To use Tag as a 
connection between a 
hotspot and a shape is not 
that intuitive 

Hotspot class with 
overridden OnRender 
function that draws a 
Geometry 

• May gain performance 
since the geometry 
derives from freezable 
class. 

• A Geometry doesn't have 
the possibility of being 
tagged. 

• Lack support for the 
layout system 

• A Geometry doesn't have 
a fill property but when 
running the 
drawGeometry a fill (a 
brush) can be added 

• The rendering of the hot 
spot and the hot spot logic 
is in the same class. 

Making hot spots not 
UIElements at all, but an 
image that just has a list and 
draws the hot spot as one 
Image. 

 

• You have to manually 
redraw the hotspots when 
changed by running the 
InvalidateVisual 
command which runs the 
OnRender method. 

• When a hot spot is 
clicked, you must check 
the position of the mouse 
and from there calculate 
which hot spot that was 
clicked 

• Causing issues and bugs 
when moving one hot 
spot and zooming. This 
also occurs when 
removing a hot spot. 
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The conclusion is that using a Shape object is best for representing hot spots (Table 1). 
This is mainly due to the fact that since it is a UIElement, it has so many useful properties 
and events that make the implementation easier. 

One thing that also is remarkable is the performance differences between using Shape 
object and a Geometry object. The Geometry object derives from the Freezable class and 
should therefore have better performance, but when showing 1000 hot spots the 
experienced performance was actually slightly better with the Shape objects. The exact 
reason for this is not known for sure, but other things can also affect the performance 
such as how the hot spots were stored and how the function that draws the hot spots is 
structured.  

4.6 Flow Documents 
 
Since WPF is a Microsoft product they want people to use their file formats. If you have a 
flow document and want to save it as a fixed document such as PDF or XPS, WPF can 
only save the document in XPS. Since PDF is such a common file format nowadays, this 
is very awkward to have to save it first as XPS to later somehow convert it to a PDF. 

The RichTextBox control is a very nice improvement from previous version of the 
RichTextBox. The fact that all the standard formatting commands don’t need to be 
implemented is very efficient.  

When you first look at the flow documents everything might seem very easy and 
straightforward. This is the fact when dealing with static text presentation, but when the 
users must be able to interact with the document at run-time and create their own styles it 
becomes more difficult. Especially when the user must save their different text styles and 
templates. On the other hand, making a word processor is a pretty extensive task and 
WPF is probably the best tool to use because of the intuitiveness of the XAML and code 
behind style and some controls like the RichTextBox. 

4.7 Alternative technologies 
The prototype of Assert in this project was created in WPF. Signifikant AB has 
previously created other versions of Assert, one that has been developed in .NET 2.0 and 
one developed in Java even though this thesis mainly has evaluated WPF towards .NET 
2.0. It is of course possible to create this kind of application in other programming 
languages like C++ and Visual Basic and not use the .NET Framework but it is probably 
more time consuming since the prototype is a graphical Windows application, which suits 
the .NET framework.  

Another relatively new technology that can be used to develop this application is 
Microsoft Silverlight which is a web presentation technology that runs on a variety of 
platforms (Microsoft Windows, Mac OS X, and Symbian OS) and uses XAML and is 
very similar to WPF. Silverlight is often compared to Adobe Flash. One drawback is that 
since it is a web based technology you can’t create standalone applications, and therefore 
not use a shared code base like you can with .NET 3.0. 
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4.8 Options and choices along the way of implementation 
  

One issue was if the part of WPF that was dealing with flow documents should be 
evaluated. The chapters in books and homepages that described this subject were 
relatively extensive. This means that it was a major part of WPF. Besides, a layout editor 
which uses a flow document was something that can be useful in a web viewer as a part 
of Assert. 

In chapter 1.5 of this report it says that the representation and interaction with 3D models 
in WPF should only have been done if there was enough time. The evaluation of 3D 
models was therefore abandoned, partly because there was not enough time, partly 
because 3D models were not a major part of Assert. Moreover, when creating heavy 3D-
applications, the programming language of choice is probably not WPF since other 
techniques such as OpenGL and DirectX is more often used and mostly faster. The WPF 
3D support can though be used in a smaller scale in a Windows application. 

Another issue was dealing with how to represent the hot spots. This is evaluated in 
chapter 4.5. 

4.9 Switching to WPF from a company’s point of view 
 
One has to consider the background for a company that possibly could start to develop 
applications in WPF and .NET 3.5. They are likely to have been working with previous 
versions of .NET and have a solid knowledge base within that area. Regardless of this 
there will of course be a transition period when learning the new version. 

As the name implies, the prototype that was created in this thesis project is just a 
prototype and for that purpose WPF worked good. Creating an application for line of 
business on the other hand is a different task, since these applications must be more 
stable, and a client server model has to be implemented. Because the application has to be 
more stable, one issue can be that you can’t debug the XAML to a full extent as you can 
with C# code. The evaluation of how difficult it is to implement the client server model 
and the database connections is not brought up in this thesis, since this focuses on the 
graphical part of the WPF, which today is good enough. 
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