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[bookmark: _Toc290278379][bookmark: _Toc303956604]About this Document
[bookmark: _Toc282089023]If you have been developing Qt applications for Symbian^3, Symbian Anna, or Symbian Belle and are interested in building your applications for Windows Phone, this guide is for you.
The guide covers what you need to know to add Windows Phone development to your skill set, while leveraging what you have already learned while developing Symbian Qt applications.
[bookmark: _Toc288837695][bookmark: _Toc290278380][bookmark: _Toc303956605]Target Audience
This document is for Symbian Qt 4.7 application developers willing to develop applications for Windows Phone OS 7.1.
Qt 4.7 reference documentation is available in: http://doc.qt.nokia.com/4.7/index.html.
Qt Quick 1.0 components documentation is available in: http://doc.qt.nokia.com/qt-components-symbian-1.0/qt-components.html.
Windows Phone OS 7.1 development platform documentation is available in: http://msdn.microsoft.com/en-us/library/ff637516%28v=VS.92%29.aspx.
[bookmark: _Toc280616371][bookmark: _Toc282089024][bookmark: _Toc288837696][bookmark: _Toc290278381][bookmark: _Toc303956606]Conventions Used in this Document
	Abbreviation 
	Term 

	WP
	Windows Phone

	API
	Application Programming Interface

	IDE
	Integrated Development Environment

	XAML
	Extensible Application Markup Language


Windows Phone Guide for Symbian Qt Application Developers
[bookmark: _Toc288837697][bookmark: _Toc290278382]


[bookmark: _Toc303956607]Chapter 1: Introducing Windows Phone Platform to Symbian Qt Application Developers
Ever since the release of Windows Phone (WP) platform, developers from around the globe rushed to develop applications for this platform. Now, WP devices are available with manufacturers all over the world. A large number of applications are already available in the WP marketplace.
For WP, Microsoft went back to the drawing board to figure out what phone users really want and built a phone from the ground up. The operating system, the user experience and the application development platform have all been engineered with users in mind. The revenue opportunities in the Windows Phone marketplace, accompanied by a great set of development tools, make WP a very attractive destination for developers to build applications and games.
[bookmark: _Toc286319052][bookmark: _Toc288837698][bookmark: _Toc290278383][bookmark: _Toc303956608]Windows Phone Developer Tools
A good and practical-oriented approach to start with WP development is to get familiar with the WP application development tools. Microsoft recommends using certain tools for WP application development. WP application development toolset is free and can be downloaded from MS Developer App Hub.
The toolset includes:
An IDE (for developers): Visual Studio Express for Windows Phone
A UI design tool (for designers): Express Blend for Windows Phone
Silverlight for Windows Phone and XNA Game Studio for Windows Phone
Windows Phone emulator to test and debug applications
The tools are designed to let you develop consumer applications, business applications and games. WP tools are introduced in more detail in chapter 3.
[bookmark: _Toc286319053][bookmark: _Toc288837699][bookmark: _Toc290278384]

[bookmark: _Toc303956609]Windows Phone Architecture
Before getting into details of WP application development, it’s important to get familiar with the WP overall architecture. WP utilizes a layered software and application architecture that is designed to run on multiple phones. To provide a consistent user experience and features that you can rely on, WP also defines a minimum set of hardware requirements that all WP phones must meet.
Windows Phone Hardware Foundation
The WP hardware specification includes the following hardware requirements for WP phones:
ARM7 CPU
A DirectX capable GPU
Camera
Multi-touch capacitive display
Standard sensors include:
A-GPS
Accelerometer
Compass
Proximity and light sensors
Gyroscope
There are three standard buttons on the WP phone: Back, Start and Search. As we will see in subsequent sections, these buttons provide an easy and natural navigation model for the user.
In WP, Microsoft provides most of the device driver code. A device manufacturer has to write very little device-specific code. This improves the consistency and quality across various devices. WP takes advantage of hardware acceleration through encapsulation layers, such as DirectX or XNA.


Windows Phone Software Platform
The WP software and application platform architecture is made up of four main components, as illustrated in the following picture.

Windows Phone application platform architecture
[bookmark: _Toc288837700][bookmark: _Toc290278385][bookmark: _Toc286319054]WP Runtimes, i.e. Silverlight and the XNA Framework, along with Windows Phone –specific features, combine to provide a mature environment on which to build secure and graphically rich applications. WP Tools, namely Visual Studio and Expression Blend, create a complete developer experience for quickly creating, debugging, deploying and updating applications.
WP Cloud Services, i.e. Windows Azure, Xbox LIVE Services, Notifications services and Location services along with a variety of other web services, allow developers to share data across the cloud and provides a seamless experience across devices. WP Portal Services and the Windows Phone Marketplace provide robust services allowing developers to register and certify and market their applications.
Managed Code in Windows Phone
As you already know, Symbian Qt Quick and C++ applications are built directly as target platform binary executable. In contrast, WP only supports “managed code” applications using C# or VB.NET; WP applications are built to intermediate language byte code and associated metadata.
[bookmark: _Toc288837703].NET Common Language Runtime (CLR) manages the execution of such code within sandboxed environment. CLR provides garbage collection and there is no memory management to worry about or pointers to take care of. The WP application stack is built on the .NET compact framework. The .NET compact framework is optimized for resource constrained devices and is designed to be portable across various hardware platforms.
[bookmark: _Toc303956610]Windows Phone Application Development Frameworks
It’s time to get a bit closer to the WP application development. As a Symbian Qt developer you have become familiar with using Qt Quick, numerous Qt modules and Symbian native frameworks in your applications.
In WP, applications are developed using various WP application development frameworks, most important of which are Silverlight and XNA frameworks that encapsulate several important and essential fundamental features of applications. WP application development architecture is illustrated in the picture below.

Windows Phone application development architecture
In Symbian, the cross-platform Qt is the recommended application development framework. However, it’s also possible to develop applications utilizing Symbian native frameworks. The following table gives an overview of the WP application development frameworks that provide features comparable to the Symbian Qt modules and Symbian native frameworks.

	Symbian Qt modules
	Symbian native frameworks
	Functionality
	Windows Phone application development frameworks

	Qt Quick, Qt Mobility
	AVKON, Sensor Framework, Camera Framework
	Application UI, Device integration (sensors, camera)
	Silverlight, Windows Phone Frameworks

	Qt Quick, Qt Framework Graphics and GUI modules, Qt Mobility
	Graphics package, Animations API, Multimedia APIs and Frameworks
	Graphics, Animation, Media
	XNA Frameworks for games, Silverlight Presentation and Media for consumer and business applications

	Qt Quick, Qt Framework Engine and Core modules
	Generic OS Services, Networking Services, User Library, XML Services, Persistent Storage and File Server
	Base services, Networking, Text, XML, storage
	Common Base Class Library

	Symbian
	
	OS layer
	Windows Phone


[bookmark: _Toc288837701][bookmark: _Toc290278386]Symbian Qt, Symbian native and Windows Phone application development compared
[bookmark: _Toc286319055][bookmark: _Toc288837704][bookmark: _Toc290278389]See Application platform overview for Windows Phone for more information about WP application development.


[bookmark: _Toc303956611]Windows Phone Applications
As a Symbian Qt developer you are well aware that in Symbian Qt the preferred application development framework is Qt Quick introducing QML-based UIs. However, Symbian application development platforms have evolved over times so currently there co-exist several applications & games utilizing either Qt widgets, native Symbian frameworks or customized UIs.
In WP, you can develop applications using Silverlight Presentation and Media and XNA Frameworks, with the support of Windows Phone Frameworks and Common Base Class Library. Generally, it has been recommended that WP application developers use Silverlight for consumer & business applications and XNA for games.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, you can certainly develop great games using Silverlight animation or wonderful rich media consumer applications using XNA framework. In addition, starting from WP OS 7.1, it is also possible to mix Silverlight and XNA content in the same application.
The following table summarizes common archetypes of Windows Phone applications and their counterparts in Symbian Qt.
	Symbian Qt applications
	Windows Phone applications

	Symbian native or Symbian Qt Quick & Qt widget applications with stack or tab based navigation between pages
	Silverlight consumer and business applications with pages connected by flows

	Symbian Qt Quick or customized UI games with OpenGL-ES 2D and 3D graphics
	XNA games with 2D / 3D graphics and XBOX connectivity


Symbian and Windows Phone application archetypes
[bookmark: _Toc288837706][bookmark: _Toc290278391]See Silverlight and XNA frameworks for Windows Phone for more information about using Silverlight and XNA in WP application development.
Note: Advertisements can be published both in Silverlight and XNA based applications through Microsoft Advertising SDK.
Silverlight Presentation and Media
For developing rich and event-driven internet application –style consumer and business applications in WP, Silverlight is the preferred option.
Comparable to the declarative QML user interface language used in Qt, Silverlight uses a declarative language called Extensible Application Markup Language (XAML) to specify user interfaces. You can use separate code-behind files, written in C# or VB.NET, to respond to events or manipulate the controls.
A large set of Silverlight UI controls is specifically designed for the WP OS look and feel and support multi-touch. Silverlight also provides high performance audio and video. It supports both vector and bitmap graphics with hardware acceleration.
Bubble Level Silverlight is a basic example of a Silverlight application. It demonstrates the usage of accelerometer sensor to calculate the inclination of the device and presents this as a traditional bubble level. Bubble Level Silverlight is a WP Silverlight port of a similar Symbian Qt application Bubble Level Qt.
The following emulator screenshots illustrate the user interface of Bubble Level Symbian Qt and WP Silverlight versions.
[bookmark: _GoBack]
Qt Simulator screenshot of Bubble Level Symbian Qt UI


WP Emulator screenshot of Bubble Level Silverlight UI
See Bubble Level Silverlight for more information about Bubble Level Silverlight and porting experiences between Symbian Qt and WP Silverlight.

XNA Frameworks
For developing high performance games enabling immersive and fun gaming and entertainment experiences in WP, XNA framework is the preferred option.
The XNA framework is composed of software, services and resources focused on enabling game developers to be successful developing on Microsoft gaming platforms like Windows Phone, Xbox 360, Zune HD and Windows 7.
The XNA framework, originally developed for Xbox, provides hardware accelerated 2D and 3D rendering and bitmap graphics. XNA also provides gamer services such as authentication and connectivity with Xbox Live, as well as Profiles and Leaderboards.
Moto Trial Racer XNA is a basic example of a XNA game. It’s a motorcycle racing game demonstrating the usage of XNA Game Studio 4.0 and especially Box2D.XNA. Moto Trial Racer XNA is a WP XNA port of a similar Symbian Qt game Moto Trial Racer Qt.
The following device screenshots illustrate the user interface of Moto Trial Racer Symbian Qt and WP XNA versions.

Device screenshot of Moto Trial Racer Symbian Qt UI

Device screenshot of Moto Trial Racer WP XNA UI
See Moto Trial Racer XNA for more information about Moto Trial Racer XNA and porting experiences between Symbian Qt and WP XNA.
[bookmark: _Toc288837707][bookmark: _Toc290278392]Windows Phone Frameworks
Windows Phone Frameworks define common building blocks for WP applications, such as application frame and page structures and application activation / deactivation mechanisms. In addition, Windows Phone Frameworks provide WP applications the interface to system and hardware resources.
In Qt, WebKit browser and widgets can be utilized for displaying HTML and other web content. If you need to use HTML in your WP application, you can use the Windows Phone Frameworks Internet Explorer based web browser control for HTML UI.
Windows Phone Frameworks layer also provides interfaces to various sensors, such as the accelerometer, compass and gyroscope. Camera access is also provided. As a comparison, in Symbian Qt access to device sensors is available through Qt Mobility Sensors API. Camera is accessible through Qt Mobility Multimedia API.
Microsoft provides a push notification service, called Microsoft Push Notification Service, as part of Windows Phone Frameworks. In Symbian Qt, real-time push notifications can be added to client applications using Qt Notifications API.


[bookmark: _Toc286319056][bookmark: _Toc288837708][bookmark: _Toc290278393]Common Base Class Library
In Symbian Qt, common services are available through a variety of Qt Framework modules and, to small extent, through Qt Quick and Qt Mobility. In WP, corresponding base services are provided by Common Base Class Library. WP Common Base Class Library encapsulates a large set of common functions and core services such as base classes, collections, threading, text processing and IO.
The WP Common Base Class Library layer also includes:
Networking stacks: such as HTTP and the Windows Communication Foundation (WCF). WCF provides an easy interface with XML and SOAP services across the Web, with features supporting the XML data transfer, serialization, deserialization and XML parsing.
Database support: One of the new features in WP OS 7.1 is support for local SQL databases. You can write SQL-like queries in C# using Language Integrated Query (LINQ) to query XML data, stored in isolated storage or in remote databases such as SQL Azure.


[bookmark: _Toc303956612]Summary
In this chapter we looked at the WP overall architecture and application development frameworks compared to the corresponding Symbian Qt and Symbian native programming modules. Now that you have an overall picture of the WP platform and a high-level idea of how the WP programming frameworks map to the Symbian Qt and Symbian native programming modules, it’s time to go one level deeper. In the next chapter, we will look at the application design and user interface guidelines of WP applications.
[bookmark: _Toc286319057][bookmark: _Toc288837709][bookmark: _Toc290278394][bookmark: _Toc303956613]Related Resources
To learn more about the topics covered in this blog, visit:
App Hub – Central Place for Windows Phone development. Getting started, download tools and read all about Windows Phone development
MIX ’10 presentation on Windows Phone 7 Architecture by Istvan Cseri
Windows Phone 7 Development for Absolute Beginners. Video series that will help aspiring Windows Phone 7 developers get started.
App Hub Jump Start Tutorials
Introduction to WP7 programming on Codeproject.com
Other Resources you may find useful:
Overview of the Windows Phone 7 Application Platform
Windows Phone 7 Team Blog
Windows Phone Programming
[bookmark: _Toc286319058][bookmark: _Toc288837710][bookmark: _Toc290278395][bookmark: _Toc303956614]Chapter 2: Windows Phone Application Design Guidelines
Microsoft’s Windows Phone (WP) uses a novel design system called Metro. When you take a first look at WP start screen and WP design concepts, you will find some differences compared to the Symbian Qt design you are familiar with. WP Metro concentrates on clean and simple design that operates quickly, surfaces new information automatically, integrates interactions directly with content and emphasizes on color and typography.
In contrast to the application and module focused design of Symbian Qt, WP uses an information-centric design. Instead of a dynamic and customizable array of application icons and shortcuts in Symbian Qt home screen, the start screen of a WP consists of dynamic tiles that display information at a glance to the user.
The tiles are dynamic and they continuously display the up-to-date status of the applications. For example, they show you the next appointment on your calendar or the number of new emails waiting for your attention. Users can personalize their phones by pinning the tiles that they care most about.
WP also introduces a new paradigm called hubs. Hubs bring related information together. There are six hubs: People, Pictures, Music + Videos, Marketplace, Office and Games. The People hub, in the picture shown below, aggregates your address book contacts and Facebook friends.

[bookmark: _Toc286319060]Windows Phone People hub

[bookmark: _Toc288837711][bookmark: _Toc290278396][bookmark: _Toc303956615]Designing a Windows Phone Application
As a Symbian Qt developer you are well aware that the recommended application development framework in Symbian is Qt Quick. However, the Symbian platform has evolved over time so at the moment several applications and games still utilize Qt widgets, native Symbian frameworks & development guidelines and even customized components & design concepts. In this chapter, the comparisons between Symbian Qt and WP application design are mostly from the Qt Quick framework perspective.
[bookmark: _Toc288837712][bookmark: _Toc290278397]General Application Design principles
Even though the newly introduced Qt Quick components brought more mobile device focused approach to Symbian Qt development, the cross-platform nature of Qt Framework adds a new dimension to application design on Symbian Qt compared to WP.
While the design of the WP application is different from that of the Symbian Qt, the core design principles are very similar. Common to application development in Symbian Qt and other mobile platforms, in WP you need to keep in mind the compact screen, lower CPU, limited memory and general challenges & possibilities of mobility while designing the applications.
However, usability is the primary goal behind application design on both Symbian Qt and WP platforms. The application need to be simple and focus on key scenarios that most users care about. See Symbian design guidelines and User experience Design Guidelines for Windows Phone for more information about general application design principles.
[bookmark: _Toc288837713][bookmark: _Toc290278398]Visual Elements and Direct Manipulation
Similar to Symbian Qt, visual elements and direct manipulation of objects by touch are the key characteristics of the WP application. WP provides a complete set of UI controls designed for the phone. In Symbian Qt, Qt Quick components are optimized for small screen handheld devices whereas other Qt Framework UI controls are designed for cross-platform usage.
WP utilizes a large set of core single touch and multi-touch gestures including tap, double tap, pan, flick, ‘touch and hold’ and ‘pinch and stretch’. WP touch gestures are semantically similar to the gestures supported in Symbian Qt. Visual and interaction design play a key role in developing successful WP applications.
[bookmark: _Toc286319061][bookmark: _Toc288837715][bookmark: _Toc290278400]

[bookmark: _Toc303956616]Windows Phone Application Structure
WP application structure is based on a Silverlight page model where users can navigate forward through different views of content via links and move backward using the hardware Back button.
There are two definitions in the context of the Silverlight for Windows Phone page model:
Page: a user-recognizable collection of persistent state containing information, memorable content or links
Screen: a general UI screen such as a pop-up window, dialog box or splash screen that does not contain memorable content and is not a user-recognizable collection of persistent state.
Windows Phone Application Frame and Page
WP application visual structure consists of a frame and pages that are the core elements of Silverlight for Windows Phone page model. You can create as many different pages as needed to present the content in your application and then navigate between those pages using the frame.
A frame integrates with the Windows Phone look and feel to provide consistent appearance between applications. Each WP application has a single frame that contains:
A page where application content is rendered. This is the content where widgets or graphics are rendered.
A reserved space for the system tray/status bar and application bar, exposing also certain properties, such as screen orientation of the application.

Windows Phone application frame and page
[bookmark: _Toc288837723][bookmark: _Toc290278408]

Silverlight for Windows Phone page model has lots of similarities with the Symbian Qt Quick application view, thus making the transition to WP UI development easier. For comparison, the basic application view of Symbian Qt Quick application (illustrated in the screenshot below) consists of the following areas:
Status bar (also referred to as system tray) displaying system status icons and feedback such as signal strength, battery life, Wi-Fi connectivity and system time.
Content area reserved for application-specific controls and data. In full-screen view content area is the only mandatory view element.
Tool bar containing a back button, a menu button and up to two additional buttons between them.

Application view using Qt Quick components

For further comparison between WP and earlier Symbian application views, the Symbian style application views consist of the following areas:
Status Pane displaying information about the current application and about the general device status (such as signal and battery strength). Status Pane contains the title pane, context pane, navi pane, signal pane, battery pane, clock pane and the universal indicator pane sub-panes.
Main Pane displaying the application content and state.
Control Pane displaying the labels associated with the two soft keys providing navigation and menus.
  
Application views from Symbian^3, Symbian Anna and Symbian Belle


Windows Phone Application Status Bar and Application Bar
In WP page model, there is a reserved space for the status bar and the application bar in the application frame top and bottom areas. WP status bar and application bar (see the picture below) have similar purpose and location to status bar and tool bar in Symbian Qt.
The WP status bar includes indicators for a variety of system-level status information. The user may interact with the status bar, as it updates to provide different notifications and keep the user aware of things that are important.
The WP application bar provides a place to promote and launch the most common application tasks. For the less common tasks, applications may include a single menu into the application bar.

Status bar and application bar in Windows Phone application area


Typical Structure of a Windows Phone Application
The following diagram shows the structure of a typical WP data-bound application.

Typical Windows Phone application structure
When starting the application, the user is welcomed with a splash screen that is creating a perception of fast response and giving the user immediate feedback that the application is launching. Splash screens are fixed size image files. For indicating progress in application launching sequence, animated splash screens may be used.
Usually the application starts with the home page that is the main navigation page containing links for search, settings and other page widgets. Depending on the application requirements, the home page can also be the primary content page at the same time.
Consider an application that shows information about baseball teams and their players. The primary content page, marked as the widgets page in the above diagram, has the content of interest, for example a list of all baseball teams.
This is a possible application usage scenario:
The user clicks one of the team links to visit the team details page (“Widget Details Page”) which can provide multiple views. The team details page may employ a pivot control or panorama to display different views such as the team summary and the list of all players (“List of Gadgets Page”) from that team.
The user selects one of the baseball players. Access to player information is restricted so the user needs to give credentials (“Login Screen”) before the application takes the user to the page with player statistics (“Gadget Details page”). The player statistics page uses controls such as text blocks, multi-scale images or other multimedia controls.
The user can also use the search widget to search and directly access the team page (“Widget Details Page”) or the player page (“Gadget Details Page”).


[bookmark: _Toc303956617]Windows Phone Application User Interface Design
While there are similarities in the design principles of the applications on Symbian Qt and WP platforms, pay close attention to the user interface of the application for WP. It is best to take advantage of the unique features and strengths of WP platform.
For the user interface to provide a consistent experience across applications, WP applications need to adopt the new User experience design guidelines for Windows Phone. Corresponding guidance to Symbian Qt Quick application UI design is provided in Symbian design guidelines. See Symbian^3 UI style guide for designing native Symbian^3 application UIs.
[bookmark: _Toc288837716][bookmark: _Toc290278401]QML and XAML
Qt Quick utilizes declarative JavaScript-based QML user interface language to describe user interfaces and their behavior in terms of QML elements and QML documents. Similarly WP utilizes declarative XML-based XAML user interface language and XAML documents to describe application user interface and elements in it.
[bookmark: _Toc288837717][bookmark: _Toc290278402]In Qt, QML document is instantiated by the Qt C++ application invoking the QML runtime. Similarly in WP, XAML acts as an instantiation language. XAML contains the actual code needed for UI and XAML document elements have a direct mapping to the Common Language Runtime (CLR) objects. Event handling and XAML control manipulation can be done using separate code-behind files written in CLR language (C# or VB.NET).
The following code snippets provide an example of syntax used in Symbian Qt QML and Windows Phone XAML documents.
Button {
    anchors {
        left: sign.right
        right: parent.right
        verticalCenter: sign.verticalCenter
        margins: (parent.width - (sign.x + sign.width)) / 4
    }
    height: width
    source: "images/calibbutton.png"
    mouseAreaScale: 2
    smooth: true
    onClicked: sign.frontSide = !sign.frontSide
}
Example of Symbian Qt QML document syntax
<!-- Calibration button, the button style is set to have a nice press gradient -->
<Button Name="CalibrateButton"  Width="158" Height="98"
    HorizontalAlignment="Right"
    Content="Calibrate" Margin="0,0,30,0" BorderThickness="2"
    Foreground="Black"
    Click="CalibrateButton_Click" Style="{StaticResource ButtonStyle}">
</Button>
Example of Windows Phone XAML document syntax
Common functionality
WP features a versatile application bar. The application bar can include up to 4 of the most common views or application tasks. You can also use application bar menus for additional context-sensitive tasks. In Symbian Qt you can use dynamic Qt Quick Tool bar to provide similar functionality i.e. menus and commonly used actions for applications.
The following table illustrates how device status information, navigation functionality and common operations are provided by different view elements in Symbian Qt Quick, native Symbian and WP applications.

	Symbian Qt Quick
	Symbian native
	Functionality
	Windows Phone

	Status bar
	Status pane
	Information about device, titles
	Status bar

	
	
	
	Page title

	Tool bar
	Control pane and Tool bar
	Navigation, Menus, Buttons for views or actions
	Back button for back navigation

	Tab bar
	Navi pane
	
	

	
	
	
	View and actions on Application bar


Symbian Qt Quick, Symbian native and Windows Phone view elements
Navigation
On WP, the user navigates forward by launching applications from the Installed Applications list or from a Tile on Start screen in addition to other means, such as tapping on a toast notification associated with an application. WP7.1 OS adds the ability to switch to a previously running application by pressing and holding the hardware Back button, in a similar fashion to Symbian Qt application switching mechanism through hardware Home/Menu button.
Typical Symbian Qt application consists of pages that can be navigated through using tabs, GUI controls, soft keys and tool bars. In Symbian Qt, hardware buttons are linked to soft keys that are displayed in Tool bar (in Control pane in native Symbian style applications). Soft keys can be utilized and configured to support common navigation functions, such as Back.
Typical WP application is a collection of multiple pages where the user navigates through different Activities using widgets such as buttons and links. On WP, the hardware Back button allows the user to navigate backwards through the pages of a running application or through the stack of previously running applications. The Back button also closes menus and dialogs. This WP functionality is similar to navigation using Back button in Symbian Qt Tool bar.
[bookmark: _Toc301877718]As a WP developer, you should consider what the Back button means to your user and plan to override it appropriately. The other two hardware buttons on the WP phone, namely Search and Home, have fixed behavior.
Controls and the Application Interface
The WP development tools and SDK include a rich collection of Silverlight controls that are designed specifically for usability and aesthetics. While you can create your own controls, it is best to use the standard controls wherever possible. These standard controls respond to theme changes and provide a consistent user interface.
There are some similarities and some differences between Symbian Qt and WP Silverlight controls. In Symbian Qt, the recommended GUI controls are Qt Quick components and the supporting QML elements.
Another option for GUI controls in Symbian Qt applications, Qt widgets, is still utilized on some applications. However, Qt widgets are not recommended for Qt mobile application development any more.
The following table shows examples of common Symbian Qt Quick controls (i.e. Qt Quick components and QML elements) mapped to their WP Silverlight counterparts.


	Symbian Qt Quick controls
	Windows Phone Silverlight controls

	QML Button
	Button

	QML Checkbox
	CheckBox

	QML Grid
	Grid

	QML Image
	Image

	QML ListView
	ListBox

	QML ProgressBar
	ProgressBar

	QML RadioButton
	RadioButton

	QML TextEdit
	RichTextBox

	QML Slider
	Slider

	QML TextInput
	TextBox


[bookmark: _Toc288837719][bookmark: _Toc290278404]Common Symbian Qt Quick controls and WP Silverlight controls
More detailed mappings between Symbian Qt GUI controls and WP Silverlight are available in WP API mapping tool.
Notifications
There are some fundamental differences in notification service design between Symbian Qt and WP. WP notification service design is more based on push-type of notifications whereas Symbian Qt is more focused on application and device level notifications. In Symbian Qt, push notifications from services such as Instant Messenger applications and Twitter can be added to applications using Qt Notifications API.
Compared to Symbian Qt notification service, WP is richer in features overall. Symbian Qt Quick provides only basic notification features for Symbian Qt applications. More advanced notification functionality is available through latest releases of Symbian Qt and native Symbian.
In WP notifications play a key role. Tile notifications are displaying informative application-centric notifications without disrupting what the user is doing. Symbian Qt doesn’t have a match to WP tile notifications, non-critical general notifications are provided in Symbian Qt by universal indicators displayed as icons in the status bar.
Another notification mechanism in WP is toast notifications that provide time sensitive information, such as an SMS. The toast notifications are shown on top of the screen for about 10 seconds, but the user may choose to ignore them. In Symbian Qt, similar timer based notification is info banner, that is displayed on top of the active application.
Third notification mechanism in WP is raw notifications that are designed to be used in running applications and require user action. Similar notification mechanism in Symbian Qt is dialogs that contain textual information about the notification, buttons for accepting a user response and descriptive icons to reflect the nature of the notification.
[bookmark: _Toc288837725][bookmark: _Toc290278410][bookmark: _Toc301877719][bookmark: _Toc303956618][bookmark: _Toc288837728][bookmark: _Toc290278413][bookmark: _Toc301875862][bookmark: _Toc286319067]Windows Phone Application Development Templates
Qt Creator provides a few standard project templates and allows creation of custom project templates for setting up basic Qt Quick and Qt applications. Visual Studio provides numerous built-in templates for WP application development to support application basic design, thus making your life easier.
[bookmark: _Toc286319065][bookmark: _Toc288837726][bookmark: _Toc290278411][bookmark: _Toc301877720]You can choose the Windows Phone application template based on the functionality of the application you are developing. For example, the XNA-based Game application template gives your application a foundation to provide game-like features and media such as OpenGL ES graphics.


[bookmark: _Toc303956619]Summary
In this chapter we looked at the similarities and differences when designing applications for Symbian Qt and WP platforms. When you plan your WP application, you will be able to leverage your existing work and programming logic from Symbian Qt Quick applications.
In addition, we compared the general structures and concepts in Symbian Qt and WP application user interface development and introduced the WP Metro design that uses WP interface guidelines. You also found out that the WP Silverlight offers a large library of UI controls and gestures that have some counterparts in Symbian Qt platform.
[bookmark: _Toc286319066][bookmark: _Toc288837727][bookmark: _Toc290278412][bookmark: _Toc301877721][bookmark: _Toc303956620]Related Resources
To go deeper into the topic discussed, visit:
Windows Phone User Experience Design Guidelines
Windows Phone Developer Tools
Silverlight for Windows Phone  toolkit on CodePlex
Design resources for Windows Phone
Metro Design Language
Other Resources that you may find useful:
Application Page Model for Windows Phone
Frame and Page Navigation Overview for Windows Phone
[bookmark: _Toc303956621]Chapter 3: Windows Phone Developer and Designer Tools
[bookmark: _Toc286319072][bookmark: _Toc288837733][bookmark: _Toc290278418]With the release of the Windows Phone (WP) developer tools, Microsoft brings the user-friendly, high productivity Visual Studio Development environment to WP. As Qt developer you are familiar with Qt Creator and Qt SDK so you can quickly migrate to WP developer tools and work with ease.
[bookmark: _Toc286319069][bookmark: _Toc288837729][bookmark: _Toc290278414][bookmark: _Toc295206482][bookmark: _Toc302502708][bookmark: _Toc303956622]Comparing Windows Phone and Symbian Qt Tools
In Symbian Qt application development, Qt Creator is a cross-platform Integrated Development Environment (IDE) tailored to the needs of Qt application developers. Equivalent IDE for native Symbian C++ application development is Carbide c++ integrating device & platform specific Symbian SDKs and emulators.
In WP, Visual Studio 2010 Express for Windows Phone provides a full-featured IDE for WP application development. Visual Studio 2010 facilitates designing, developing and debugging of Windows Phone applications. It’s worth noticing that Visual Studio and Qt Visual Studio Add-in can also be used for Qt application development.
Other essential WP tools that help you through the development cycle of the Windows Phone application are:
Expression Blend
XNA Game Studio
Windows Phone Emulator
Silverlight for Windows Phone Toolkit

Visual Studio and the other above-mentioned WP application development tools offer similar functionality that is provided by Qt Creator and the Symbian Qt application development tools. The following table gives an overview of the functionality of the most important development tools on both Qt and WP platforms.

	Functionality
	Audience
	Qt tools
	Windows Phone tools

	Primary UI design: Colors, gradients and animation
	UI designers
	Qt Quick Designer, Qt Designer 
	Expression Blend

	UI design
	UI designers and programmers
	Qt Quick Designer and Qt Designer integrated to Qt Creator IDE
	Visual Studio 2010 Express and Expression Blend for Windows Phone

	Application development (coding)
	Programmers
	Qt SDK including Qt Creator IDE
	Visual Studio 2010 Express for Windows Phone, Silverlight for Windows Phone Toolkit

	Game development (coding)
	Programmers
	Qt SDK including Qt Creator IDE
	XNA Game Studio

	Testing / Emulation
	Testers
	Qt Simulator in Qt SDK, QML Viewer
	Windows Phone Emulator in Visual Studio 2010 Express

	Documentation
	Development team and stakeholders
	Doxygen, Qt Assistant
	NDoc, Sandcastle, Doxygen, Microsoft  Help System


Qt and Windows Phone application development tools
The WP toolset ensures that the entire team of designers, developers and testers familiar with Qt toolset find it easy to migrate to the WP development.
[bookmark: _Toc286319070][bookmark: _Toc288837730][bookmark: _Toc290278415][bookmark: _Toc295206483][bookmark: _Toc302502709][bookmark: _Toc303956623]Development Life Cycle and Windows Phone Tools
WP toolset is designed to address the co-operation and needs of different members in application development team. In a similar fashion to Qt Quick Designer and Qt Creator in Symbian Qt, Expression Blend and Visual Studio facilitate a close collaboration between WP designers and developers.
Both these tools share the same file structure and source files. Expression Blend uses XAML for UI design and the XAML is consumed by Visual Studio. This system allows separation of responsibilities between the designer and the developer while allowing them to work together seamlessly, as illustrated below.

WP toolset supports development team co-operation
[bookmark: _Toc288837731][bookmark: _Toc290278416]Managing projects in Visual Studio 2010
Like Qt Creator, Visual Studio 2010 Express for WP is a fully-featured IDE. Visual Studio 2010 allows you to:
Manage the entire structure of the development project, the source and the resource files
Configure the application codebase, known as Visual Studio Solution, as a collection of projects in a separate functional unit
With Visual Studio 2010, you can manage source files, share code and manage the work among team members. Visual Studio integrates a compiler and a debugger. You can access both the compiler and the debugger either from the GUI or from the command line.
Creating a new basic Silverlight application with Visual Studio is straightforward. We start WP development by creating a simple ShoppingList example application step by step.
Start Visual Studio 2010 Express for WP from Start menu.
In Visual Studio 2010, open File menu and click New Project.
In the New Project dialog box, choose Visual C# templates from the Installed templates.
Choose Silverlight for Windows Phone templates and select Windows Phone Application.
In the Name text box, enter name ShoppingList for project. Select location for ShoppingList project and click OK.
In the opening dialog, select Windows Phone 7.1 from the Target Windows Phone OS Version drop-down list and click OK. Visual Studio 2010 creates the new project.
The Solution Explorer pane displays the solution that you created. This solution has only a single project containing the sources, resources and properties.

New Windows Phone Silverlight application in Visual Studio
[bookmark: _Toc286319071][bookmark: _Toc288837732][bookmark: _Toc290278417][bookmark: _Toc295206484]Note: Unlike Qt Creator, Visual Studio 2010 Express for WP does not provide integration with source control systems. The Visual Studio Professional edition provides features such as integration with various source control systems like Subversion. You can also use Visual Studio Team System, which is designed for greater communication and collaboration among the development teams.
[bookmark: _Toc302502710][bookmark: _Toc303956624]Windows Phone UI Design Tools
The WP developer tools for UI design include:
Visual Studio UI Designer
Expression Blend
As a basis to application UI design and UI design tools, WP uses a specific XML markup language, XAML, for the UI specification. In Qt Quick, UI specification is constructed using JavaScript-based QML UI definition language.
Visual Studio UI Designer for Windows Phone
Visual Studio UI Designer for WP has a similar purpose and set of features compared to the Qt Quick Designer & Qt Designer integrated to Qt Creator so Qt application developers will find it easy to use.
Basic application UI design with Visual Studio UI Designer is simple. In our example project, the main page for the ShoppingList application, MainPage.xaml, is already open in the Visual Studio UI Designer for editing.
To change the titles of the application and the current page and to add a text block to application’s content area, do the following:
Right-click the application title MY APPLICATION in Visual Studio UI Designer and select Properties.
In the Properties window, select Text and enter SHOPPING LIST.
Similarly, change the title of the page by entering My List in the Text property of the page title.
Drag a TextBlock from the Toolbox. Place it on top of the content panel.
Update the text block’s Text property to Item.

Application and page title changed in ShoppingList application
To create layout for the ShoppingList application, do the following:
Drag a TextBox from the Toolbox and place it below the text block.
Update the text box’s Text property to empty string.
Above Properties tab, click TextBox1 and enter txtItem to change the ID of the text box to txtItem.
Resize the text box by dragging its lower right corner so that its width is 300 or by entering 300 to text box’s Width property.
Drag a Button from the Toolbox to the right of the text box.
Change the button’s Content property to Add and its ID to btnAdd.
Resize the button so that its width is 140.
Drag another TextBox and place it underneath the txtItem text box.
Resize the new text box so that it covers the rest of the phone screen.
Update the ID of the new text box to txtList.
Update the Text property of the new text box to Nothing here yet!.

Complete UI layout for ShoppingList application
To start debugging, compile the application and launch it by pressing F5 or by clicking Start Debugging icon in Visual Studio 2010.
Visual Studio 2010 builds the ShoppingList application and deploys it to the WP Emulator that runs the application. You can enter text and click Add button but the application does not respond because there is no event handling code yet for the button you inserted in the previous steps.
The following screenshot illustrates ShoppingList application layout in WP emulator.

ShoppingList application layout in WP emulator
Expression Blend for Windows Phone
Expression Blend for WP is a visual UI design tool that is suitable for designers. Qt Quick Designer and Qt Designer are close equivalents to Expression Blend in Qt development toolset.
Expression Blend can be launched directly from Visual Studio’s view menu. With Expression Blend, you can:
Drag and drop UI elements to design the UI
You can layout the controls accurately up to pixels. You can easily create and use color palettes and gradients
Add special effects, such as reflections and shadows
Import Photoshop files and other application resources to the Windows Phone application
Create fine application behavior and animations without any programming
The following image shows the ShoppingList application XAML UI in Expression Blend.

ShoppingList application UI in Expression Blend
Expression Blend is targeted for UI designers and Visual Studio UI Designer for programmers. Programmers can use Visual Studio UI Designer to integrate the application logic to the UI designed with Expression Blend. However, Visual Studio UI Designer can also be used to design UI for applications.
Both Expression Blend and Visual Studio UI Designer have:
A single control set that provides accurate fidelity to their run-time visual representation. This feature allows you to easily visualize the application.
Same project structure and share the same source files for designers and developers.
[bookmark: _Toc288837734][bookmark: _Toc290278419]Use or produce XAML, which is a Silverlight XML declarative markup language used for interface design. This feature allows a designer to work on the design using Expression Blend while the developer uses Visual Studio to design the logic behind the application. You can establish a smooth design and development workflow.
[bookmark: _Toc303956625]Developing Applications in Visual Studio
Visual Studio has a simple to use, full-featured and a configurable source editor. The editor tool has various features that are familiar to Qt Creator editor users. The features of the Visual Studio editor include:
Rich editing
Format code
Auto-completion of code
Outline or hide code
Visual Studio editor is customizable. Visual Studio editor allows you to define various keyboard shortcuts or create your own macros. Macros help you to automate repetitive actions by combining a series of commands and instructions. You can easily customize Visual Studio Editor to use shortcuts and keyboard combinations you are familiar with.
In Qt Creator, each opened file uses a part of the main editor window that can be split horizontally and vertically. The default editor view in Visual Studio uses tabbed windows for separate files. You can change this behavior to suit your needs. You can change the way in which various windows are docked within Visual Studio Shell.
Let’s return to our ShoppingList example application. To add logic to the ShoppingList application, do the following:
To stop debugging and to close the running application, press Shift + F5 or click Stop Debugging icon in Visual Studio 2010.
Double click Add button of MainPage.xaml in Visual Studio UI Designer. The Visual Studio editor opens up and displays MainPage.xaml.cs with a method btnAdd_Click.

Visual Studio Editor
To add logic for the items that are added to the ShoppingList application, edit the btnAdd_Click method. Start by entering the following code:
string tStr = txtItem.Text;
Note: When you enter letters, Visual Studio editor displays the context-sensitive auto-completion dialog box. The Visual Studio equivalent for Qt Creator code completion is called Content Assistant.

Auto-completion dialog box in Visual Studio editor
Note: You can also utilize VS IntelliSense and Code Snippets to enhance your coding efficiency. VS IntelliSense and Code Snippets are introduced shortly in the following chapters.
[bookmark: _Toc288837735][bookmark: _Toc290278420]VS IntelliSense in Visual Studio
VS IntelliSense is a Visual Studio feature using history, code context and .NET reflection for intelligent auto-completion in Visual Studio editor. VS IntelliSense can suggest and complete variable names, parameters, classes and method names. VS IntelliSense can also generate appropriate code where needed, as shown in the code below:

To complete the event hookup, Visual Studio generates an empty stub for the event handler button1_Click method.
[image: ]
[bookmark: _Toc288837736][bookmark: _Toc290278421]

Code Snippets in Visual Studio
Code Snippets in Visual Studio are an equivalent to code snippets in Qt Creator. Code Snippets allows you to insert code fragments with a few clicks in Visual Studio editor. Visual Studio contains a large number of snippets. These snippets help you to create own snippets. You can also create an index and search for the code snippets by using the self-defined terms.
To add a code snippet to ShoppingList application, do the following:
Focus cursor to new line in the btnAdd_Click method of MainPage.xaml.cs.
To start the Insert Snippet prompt, press CTRL+K CTRL+X in Visual Studio editor or select Insert Snippet from Visual Studio Edit menu.
Insert a code snippet for if statement to the code by selecting Visual C# followed by I. Insert Snippet prompt is illustrated below:
[image: ]
Code Snippet in Visual Studio editor
The inserted if statement code snippet can be used to wrap the event handling code in ShoppingList application.
private void btnAdd_Click(object sender, RoutedEventArgs e)
{
    string tStr = txtItem.Text;
    if (true)
    {
        
    }
}


Enter the following code in the btnAdd_click method to complete event handling:
private void btnAdd_Click(object sender, RoutedEventArgs e)
{
    string tStr = txtItem.Text;  
    if (!String.IsNullOrEmpty(tStr))
    {
        if (txtList.Text.== "Nothing here yet")
        {
            txtList.Text = "";
        }
        txtList.Text += txtItem.Text + Environment.NewLine;
        txtItem.Text = "";
    }
}
Note: Visual Studio supports various refactoring mechanisms. You can select any piece of code and right-click the code to access the refactoring menu.
[bookmark: _Toc286319074][bookmark: _Toc288837738][bookmark: _Toc290278423][bookmark: _Toc295206485][bookmark: _Toc302523694][bookmark: _Toc303956626]Building and Debugging Applications in Visual Studio
Visual Studio 2010 Express for WP allows you to build the Visual Studio solution on demand. It allows you to separately build each project to make a part of the complete solution.
Visual Studio uses an XML based, declarative build system called MSBuild. MSBuild is equivalent to cross-platform qmake build system in Qt Creator. You can access the builds either from the Visual Studio GUI or by using the command line for batch processing. MSBuild is flexible and allows you to create a specific target either as a debug build or as a release build.
Visual Studio build properties window is shown in the following screenshot.
[bookmark: _Toc288837739][bookmark: _Toc290278424][image: ]
Build properties in Visual Studio
Windows Phone Emulator
The WP Emulator provides a virtualized environment in which you can deploy, debug and test applications. The WP Emulator is designed to provide a comparative performance of an actual device and meets the peripheral specifications required for WP application development.
To access the WP Emulator from Visual Studio, do any of the following:
Right-click project file in Solution Explorer and click Deploy
Press F5 in the key board, this starts the Emulator along with the debugger
Press CTRL+F5, this starts only the Emulator
Cross-platform emulator for Qt development, Qt Simulator, enables application run-time emulation of several mobile devices and multiple mobile platforms supporting Qt. With Qt Simulator you can simulate various system events and configure a variety of global settings, parameters and properties in platform environment and device hardware. WP has specific hardware requirements and specific target platform so in WP Emulator support for adjusting device hardware parameters is limited.
[bookmark: _Toc288837740][bookmark: _Toc290278425][bookmark: _Toc295206486][bookmark: _Toc302523695]Debugging Applications
Visual Studio Express 2010 for Windows Phone includes a symbolic debugger that you can use with the WP Emulator or with a remote device. Once the application loads into the debugger, you can view the variables of the application and control the execution. Visual Studio debugger functionality corresponds closely to Qt Creator debugger plugin acting as an interface between the Qt Creator core and external native debuggers such as the GNU Symbolic Debugger (GDB), the Microsoft Console Debugger (CDB) and a QML/JavaScript debugger.
To work with debugger, do the following with ShoppingList example application:
To start the debugger, press F5
In the ShoppingList application text box, enter napkins and click Add. Refer to the image below.
[image: ]
Testing ShoppingList application in WP emulator
Note: To demonstrate debugging process, “napkins” is added after “Nothing here yet!” on purpose in this version of the ShoppingList example application.
Stop debugging by pressing Shift + F5. In Visual Studio editor, click the green area to the left of the following code line.
string tStr = txtItem.Text;
Another option is to right click the code line and select Breakpoint->Insert Breakpoint. Visual Studio inserts a breakpoint at that line.
[image: ]
Breakpoint in Visual Studio Editor
Launch the debugger again using F5, enter text into the ShoppingList application text box and click Add. When the application stops to the breakpoint in the debugger, rest the mouse pointer over txtItem in the code.
Click ‘+’ icon in the opening pop-up to view the details of variable txtItem.
[bookmark: _Toc288837741][bookmark: _Toc290278426]Tracking Variables
You can view the details of the variables such as the Type, Fields and Properties. The dialog screenshot below shows how you can scroll up and down the Type Hierarchy to inspect the objects.
[image: ]
Inspecting variables in Visual Studio
You can set a watch on variables to keep them under observation continuously.
To track variables in ShoppingList example application, do the following:
Right-click txtList and click Add Watch. The Watch window displays the variable txtList.
Click ‘+’ icon near txtList to expand txtList.
[image: ]
Tracking variables in Watch window
To inspect why the control does not enter the following if statement, press F10 to step through the code.

if (txtList.Text == "Nothing here yet")
{
    txtList.Text = "";
}
You can observe in the Watch window that the value of txtList.Text is “Nothing here yet!”. It gets compared with “Nothing here yet” (without exclamation point), this is a bug in the code. Modify the code to include the exclamation point in comparison.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]if (txtList.Text == "Nothing here yet!")
Note: While in the debugger, you can use the VS immediate mode where you can write the managed code instructions to modify or view the variables or execute code to help with debugging.
[image: ]
Visual Studio Immediate Window
Once the code is updated, re-launch the debugger by pressing F5.
To test the ShoppingList application, add items to the Shopping list.
[image: ]
Fully functional ShoppingList application in WP emulator
[bookmark: _Toc288837742][bookmark: _Toc290278427]A Note about Debugging
You will observe that you can easily debug a WP application using the managed programming environment. The debugging in WP application is done entirely at the application level using the C# code and types.
[bookmark: _Toc286319075][bookmark: _Toc288837743]Note: The .NET framework includes two classes called Debug and Trace, which help you to write run-time debug messages to the output window. C# also supports an assert statement, which is evaluated at run time. If the statement returns true, Visual Studio does not respond. But if the statement returns false, the program enters the debugger.
[bookmark: _Toc303956627]Windows Phone Application Deployment Tools
For a WP developer, the most convenient way to test an application during development phase is to use Visual Studio to deploy it to the virtualized environment of Windows Phone emulator. Windows Phone emulator addresses many development and usage scenarios, but in the end it’s naturally essential to have the ability to test and execute application in a physical Windows Phone device.

Deploying applications to Windows Phone device
To start deploying applications into Windows Phone device, you need to register your device using Windows Phone Developer Registration Tool installed as part of Windows Phone SDK. For device registration, you need a Windows Live ID and a valid App Hub developer account as a prerequisite. Thus, your device must be connected to your host computer where Zune is installed and running.
To deploy your application into Windows Phone device, you can use Visual Studio. For deployment, you need a registered Windows Phone Device that must be connected to your host computer where Zune is installed and running. To deploy application, just select target Windows Phone Device in Visual Studio Standard toolbar, choose preferred build (Debug or Release) from Solution Configurations list box and press F5 to start deployment.
Note: If you are using Visual Studio 2010 Express for Windows Phone to deploy your application to device, the Solution Configurations list box can be displayed in Standard toolbar by selecting Tools->Settings ->Expert Settings.
Another option to deploy your application into Windows Phone device is to use Windows Phone Application Deployment Tool installed as part of Windows Phone SDK. Prerequisites are equal to Visual Studio device deployment.
Note: For deploying applications that interact with Media API, you should use Windows Phone Connect Tool for device connection instead of Zune.
See Deploying and testing on your Windows Phone for more information about deploying applications to device.
Distributing applications through Windows Phone Marketplace
When your application implementation is completed, you can submit your application to the Windows Phone Marketplace to distribute it to other Windows Phone users. Windows Phone Marketplace Test Kit tool (installed as part of Windows Phone SDK) can be used to make sure your application meets the Windows Phone Marketplace publishing requirements.
Once your application meets the prerequisites for Windows Phone Marketplace, you can submit your application to App Hub for Windows Phone Application certification. After that your certified application can be published, distributed and maintained through Windows Phone Marketplace.
In a nutshell, the Windows Phone application distribution lifecycle consists of the following general steps:
Register as a Windows Phone Developer in App Hub
Develop and test your application
Assemble the prerequisites for Windows Phone Application Certification
Submit your application to App Hub for certification
Publish your application into the Windows Phone Marketplace
Add links to your application in the Windows Phone Marketplace Catalog
Update your application in the Windows Phone Marketplace
See Developing and publishing applications overview for Windows Phone Marketplace for more information about how to publish your applications to the Windows Phone Marketplace.
[bookmark: _Toc303956628][bookmark: _Toc290278428][bookmark: _Toc295206487][bookmark: _Toc302523696]Windows Phone Documentation Tools
QT Creator has an integrated browser-like help tool called Qt Assistant that can also be utilized as an application-specific documentation tool. However, in most of the Symbian Qt applications API documentation is constructed utilizing external documentation tools, such as Doxygen, that can be used stand-alone or integrated to Qt Creator as a plugin.
WP developers benefit from Microsoft’s feature-rich Help System that is integrated to Visual Studio and utilizes both locally installed and MSDN Online content. For constructing API documentation, you can use external documentation tools or include XML tags in special comment fields in WP application source code and Visual Studio compiler creates a XML documentation file for you.
Note: Visual Studio editor has a feature that makes it easy to create basic code comments for XML documentation file. Place the cursor just above a class or a member and type the ‘/’ character three times. Visual Studio creates a skeleton for code comment block. When you press the ‘<' key for new tag in code comment block, VS IntelliSense selector shows a list of available code comment tags.
To add comments and to create XML documentation file for the ShoppingList example application, do the following:
Stop debugging by pressing Shift + F5. In Visual Studio Solution explorer, double-click MainPage.xaml.cs to open it up in Visual Studio editor.
Focus cursor to the line before btnAdd_Click method of MainPage.xaml.cs and type the ‘/’ character three times. Visual Studio creates the following skeleton for method comment block:
[image: ]
Skeleton for btnAdd_Click method comment block
Add method summary comment inside <summary> tags as illustrated below. Click the ‘<' key and select <code> tags to mark txtItem and txtList as code inside <summary> tags.
[image: ]
Adding <code> tags for code objects inside <summary> tags
Complete the method comments by describing parameters inside <param>tags and add further comments to ShoppingList application classes and methods.
When ready, right-click ShoppingList application project file in Visual Studio Solution explorer and choose Properties.
In the left pane of the ShoppingList properties window, click Build.
Check the XML documentation file check box and choose a name and location for the XML documentation file to be created.
Build your project by pressing F6 and Visual Studio compiler creates the XML documentation file. Locate and view the generated documentation file in XML format.
[image: ]
XML documentation file for ShoppingList application
To create final documentation directly from code comments or from the compiler-generated XML documentation file, there is a variety of free document generation tools available for .NET, such as:
NDoc
Sandcastle
Doxygen


[bookmark: _Toc303956629]Summary
In this chapter we looked at the Windows Phone toolset for application development. WP toolset has similarities with the Qt development tools so Qt developers find the WP toolset easy to migrate to. The feature-rich tools in WP toolset are designed to support every step in the entire application development lifecycle. The design, development and testing tools seamlessly support the co-operation of the whole application development team. The tight integration between the WP tools helps you to streamline the design and develop & test the workflow. WP tools provide an end-to-end functionality and are highly customizable.
Related Resources
To get more information about Windows Phone developer tools, visit:
Expression Blend
XNA Game Studio
Windows Phone Emulator
Silverlight for Windows Phone Toolkit
Other Resources you may find useful:
Exercise: Creating Windows Phone Applications with Microsoft Visual Studio
How to: Build and Deploy a Windows Phone Application Using Visual Studio
Debugging Windows Phone Applications
Deploying and Testing on Your Windows Phone
[bookmark: _Toc288837744][bookmark: _Toc290278429][bookmark: _Toc301875863][bookmark: _Toc286319076][bookmark: _Toc303956630]Chapter 4: C# programming
Microsoft Windows Phone (WP) applications are developed using VB.NET or C# programming languages and corresponding libraries. In the previous chapter we already took a first look at the C# programming language while developing the ShoppingList example application and getting familiar with the WP application development tools.
This chapter maps the essential WP C# language features to the similar C++ language features in Qt. Overview of the C# programming language is provided and the most important WP C# features are described to help you write safe and quality code. Common idioms and programming concepts in WP C# are compared to Qt C++ and, in addition, example code snippets are provided to help you get familiar with WP C# code faster and enhance productivity.
[bookmark: _Toc302523698][bookmark: _Toc303956631][bookmark: _Toc290278458][bookmark: _Toc301857100]Overview of the C# programming
C# is an elegant and type-safe object-oriented programming language that enables developers to build a variety of secure and robust applications that run on the .NET Framework.  C# syntax is highly expressive, yet it is also simple and easy to learn to anyone familiar with C, C++ or Java.
C# syntax simplifies many of the complexities of C++ and provides powerful features such as nullable value types, enumerations, delegates, lambda expressions and direct memory access, which are not found in Java. C# supports generic methods and types, which provide increased type safety and performance, and iterators, which enable implementers of collection classes to define custom iteration behaviors that are simple to use by client code. Language-Integrated Query (LINQ) expressions make the strongly-typed query a first-class language construct
As an object-oriented language, C# supports the concepts of encapsulation, inheritance and polymorphism. All variables and methods, including the Main method, the application's entry point, are encapsulated within class definitions. A class may inherit directly from one parent class, but it may implement any number of interfaces. Methods that override virtual methods in a parent class require the override keyword as a way to avoid accidental redefinition. In C#, a struct is like a lightweight class; it is a stack-allocated type that can implement interfaces but does not support inheritance.
The following chapters give an overview of Windows Phone C# applications in .NET framework and the C# programming guidelines and conventions. See Introduction to the C# language for wider overview of the C# programming language.


[bookmark: _Toc286319077][bookmark: _Toc288837745][bookmark: _Toc290278430][bookmark: _Toc295206489]Managed Programming in .NET framework
In Symbian Qt, the C++ code is compiled and built directly to executable for Symbian Qt target platform. WP supports managed programming in C# (and VB.NET), as visualized in the following image:
[image: ]
Managed programming visualized
In WP, the C# compiler (and similarly, the VB compiler) compiles the C# (or VB.NET) code to an intermediate language (IL) byte code that conforms to the Common Language Infrastructure (CLI) specification, and to associated metadata. The Common Language Runtime (CLR) executes the byte code. The C# uses metadata to manage type safety, exception handling and array bounds. CLR also manages memory and performs garbage collection.
Overview of a Windows Phone C# application
WP C# applications can consist of one or more .cs files. Each file can contain zero or more namespaces. A namespace can contain types such as classes, structs, interfaces, enumerations and delegates, in addition to other namespaces. The following code snippet outlines a skeleton for a WP C# application containing these basic elements.


// A skeleton of a C# application 
using System;
namespace YourNamespace
{
    class YourClass
    {
    }
    struct YourStruct
    {
    }
    interface IYourInterface 
    {
    }
    delegate int YourDelegate();
    enum YourEnum 
    {
    }
    namespace YourNestedNamespace
    {
        struct YourStruct 
        {
        }
    }
    class YourMainClass
    {
        static void Main(string[] args) 
        {
            // Your program starts here...
        }
    }
}


The C# Language Specification does not define an explicit coding standard for C# applications. C# coding conventions describes general conventions and best practices for layout and code commenting and provides guidelines for C# language usage. Common naming conventions for C# applications are covered in Guidelines for Names. Secure coding guidelines and design guidelines for class libraries provide a unified programming model that promotes quality, secure code and consistency in C# application design.
[bookmark: _Toc303956632]Introduction to the C# programming language
In this chapter, the following essential idioms and concepts of WP C# programming language are introduced and compared to the Symbian Qt C++ programming language:
Managed Programming
Threading
Timers
Data Binding
Memory Management
Base Class
Class Reference
Class Declaration
Polymorphism: Base class
Polymorphism: Derived class
Interfaces: Interface
Interfaces: Implementation
Properties: Defining a property
Properties: Auto-implemented properties
Struct
Exception Handling
Event Handling
The following table addresses the above-mentioned essential programming language idioms and provides a quick comparison between WP C# and Symbian Qt C++ programming languages. See the attached links for more information about the topics. In addition to WP C# and Symbian Qt C++ languages, implementation of some features includes usage of UI description languages XAML and QML respectively.


	Comparison
	Windows Phone C#
	Symbian Qt C++

	Managed Programming

	WP C# code is compiled to intermediate language byte code and meta data. Byte code is executed by The Common Language Runtime (CLR) that handles memory management and performs destruction of objects through garbage collection.
	Qt C++ code is compiled directly to target platform executable, there is no intermediate language in between. Qt C++ developer is responsible for memory management.

	Threading

	WP C# applications have two threads, the UI thread and the composition thread.
The UI thread is the main thread in Silverlight application taking care of the XAML handling, first-time drawing of visual objects, pre-frame callbacks and executing other user code. 
The composition thread handles some work that the UI thread would normally handle. The composition thread combines graphics textures and passes them to the GPU for drawing. Simple storyboard-driven animations are also passed to GPU processing by composition thread.
To avoid blocking the main UI thread, application developers can utilize secondary background threads or BackgroundWorker class to perform time-consuming tasks such as downloads and database transactions.
Moving data from background thread to the UI thread can be implemented using shared variables and an event, or by sending a notification to the UI thread using Dispatcher.BeginInvoke method. BackgroundWorker class has own event-based mechanism for background processing.
Read more from: http://msdn.microsoft.com/en-us/library/ff967560(v=vs.92).aspx#BKMK_Threads
	Symbian Qt C++ applications have one main thread in which main event loop is running and UI controls can be accessed. UI operations are only allowed from the application main thread.
When asynchronous operations are likely to take a long time and lot of platform resources, usage of Qt’s platform-independent QThread threads separately may be a good implementation solution.
To create a thread, subclass QThread and re-implement the run()function.
 
 class MyThread : public QThread
 {
     Q_OBJECT
 protected:
     void run();
 };
 void MyThread::run()
 {
     ...
 }
Event handling between Symbian Qt application threads can be implemented using asynchronous notifications through signals and slots mechanism.
Note that similar threading system is also available through QML WorkerScript Element.

	Timers

	Timer class in WP C# provides a simple timer that executes callback methods at specified intervals. Timer runs in a different thread than the application main UI thread and, in order to access objects of the UI thread, it is necessary to inform the DispatcherTimer of the UI thread using Dispatcher.BeginInvoke.
To implement timer directly into the application main UI thread, DispatcherTimer class can be used. DispatcherTimer timer is integrated into the Dispatcher queue which is processed at a specified interval of time and at a specified priority.



Read more about Timer from: http://msdn.microsoft.com/en-us/library/system.threading.timer(v=vs.95).aspx

Read more about DispatchedTimer from: http://msdn.microsoft.com/en-us/library/system.windows.threading.dispatchertimer(v=vs.95).aspx
	QObject, the base class of all Qt objects, provides the basic timer support in Symbian Qt. When your application is running in event loop, you can start a timer with QObject::startTimer().
The main API for timer functionality is QTimer. QTimer class provides regular timers that emit a signal when the timer fires.
 
 QTimer *timer = new QTimer(this);
 connect(timer, SIGNAL(timeout()), this, SLOT(doSomething()));
 timer->start(1000);

This timer mechanism can also be used in multithreaded applications i.e. in any thread that has an event loop.
Note that similar timer mechanism is also available through QML Timer element.
Read more from: http://doc.qt.nokia.com/stable/timers.html


	Data Binding

	Data binding in WP C# provides a simple way to display and interact with data, allowing data to flow between the UI and a data object.
When a binding is established and the data changes, the UI elements that are bound to the data can reflect changes automatically. Similarly, changes made by the user in a UI element can be reflected in the data object.
Data binding in WP C# applications can be implemented through XAML or programmatically with C# code.
In XAML, the binding is created using Binding object element. Binding can also be expressed as an XAML attribute.
In C# code, binding can be created using Binding class: 
 
 //Create the source string
 string s = "Hello";
 //Create the binding description
 Binding b = new Binding("");
 b.Mode = BindingMode.OneTime;
 b.Source = s;
 //Attach the binding to the target
MyTextBox.SetBinding(TextBlock.TextProperty, b);


Read more from: http://msdn.microsoft.com/en-us/library/system.windows.data.binding(v=vs.95).aspx
	Property binding is a powerful feature of Symbian Qt that allows values of different elements to be specified in a declarative way and synchronized automatically. It uses signals to notify and update other elements' values when property values are changed.
Property bindings are created in QML using the colon ":" before the value, for example:
 
 Rectangle {
     width: parent.width
 }

Sometimes it is necessary to bind explicitly to a property of an object that wasn't directly instantiated by QML - generally a property of a class exported to QML by C++.
The QML element Binding provides a mechanism to create bindings between properties exposed from C++ and values coming from QML. For example:

 Binding { 
     target: system
     property: "brightness"
     value: slider.value
 }

Read more from: http://doc.qt.nokia.com/latest/propertybinding.html

	Memory Management 
	WP C# value types live on the stack, reference type objects live on the heap. 
In WP C#, the common language runtime's garbage collector manages the allocation and release of memory for an application. For developers, this means that you do not have to write code to perform memory management tasks when you develop managed applications.
Read more from: http://msdn.microsoft.com/en-us/library/f144e03t%28v=VS.100%29.aspx

In addition to garbage collection, IDisposable interface defines a method to release allocated resources.
Read more from: http://msdn.microsoft.com/en-us/library/system.idisposable.aspx
	Symbian Qt C++ objects can live in the stack or in the heap. Classes that support implicit sharing (like QImage) live always in heap.
Symbian Qt C++ does not have garbage collection. You have to remember to delete objects.
If the parent takes ownership of the Qt C++ object; parent will automatically delete its children in its destructor:

QObject* object = new QObject(parent);

If the Symbian Qt C++ object has no parent, you have to remember to delete the object:

QObject* object = new QObject();
delete object;

	Base Class
	All classes in WP C# are derived implicitly from Object.

Read more from: http://msdn.microsoft.com/en-us/library/system.object%28v=VS.100%29.aspx
	QObject is the heart of the Qt C++ Object Model.


Read more from: http://doc.qt.nokia.com/qobject.html


	Class Reference

	ref keyword before parameter type in WP C# method signature means that reference to parameter is copied to the method. This reference still refers to the same object on the heap as the original reference used in the caller's argument.

 Address addr = new Address();
 addAddress(ref addr);

 void addAddress(ref Address addr)
 {
 Console.WriteLine("Name: {0}, Address: {1} added.", addr.name,  addr.address); 
 }

out keyword before parameter type in WP C# method signature means that parameters are only passed back to the calling function. You must assign a value to an out parameter before your method returns.

 Address addr = new Address();
 modifyAddress(out addr);

 void modifyAddress(out Address  addr)
 {
 addr = new Address();
 addr.name = "Joe";
 addr.address = "C# Station";
 }

Note that there is no pointers (*) in WP C#. Pointers are allowed in unsafe mode only.
Read more from: http://msdn.microsoft.com/en-us/library/8f1hz171%28v=VS.100%29.aspx
	Qt C++ has implicit sharing. Implicitly shared classes are both safe and efficient when passed as arguments, because only a pointer to the data is passed around, and the data is copied only if and when a function writes to it, i.e. copy-on-write.

Read more from: http://doc.qt.nokia.com/implicit-sharing.html

Classes that do not support implicit sharing, like your own classes, should be used in references like regular C++ classes. For example:

 Address* addr = new Address(this);
 addAddress(*addr);
 void addAddress(MyAddress&   address)
 {
 }

	Class Declaration

	Declaring a class in WP C#.

MyObject myObject = new MyObject();

Objects are derived automatically from Object base class and automatically have default empty constructor and destructor.

Note that C# does not use header files; all code is written into .cs files.

 // Namespace Declaration
 using System;
 class MyObject 
 {
 }
	Declaring a class in Qt C++.

MyQObject* myObject = new MyQObject (this);

 #include <QObject> 
 class MyQObject : public QObject
 {
      Q_OBJECT
   public:
      MyQObject (QObject *parent = 0);
      ~ MyQObject ();
 }
 MyQObject:: MyQObject (QObject *parent):QObject(parent)
 {
 }
 MyQObject::~ MyQObject ()
 {
 }

	Polymorphism: Base class
	Example of WP C# base class implementation.

 public class DrawingObject
 {
 // virtual modifier indicates to   
 // derived classes that they can
 // override this method
    public virtual void Draw()
    {
    }
 }

	Example of Qt C++ base class implementation.

 class DrawingObject : public QObject
 {
    public:
       DrawingObject(QObject* parent = 0);
   // virtual modifier indicates to 
  // derived classes that they can
  // override this method
    virtual void Draw();
};

	Polymorphism: 
Derived class
	Example of deriving base class in WP C#.

 public class Line : DrawingObject
 {
 // override modifier allows a method
 // to override the virtual method 
 // of its base class at run-time
    public override void Draw()
    {
    }
 }

Note that multiple inheritance is not supported in C#, although a class can implement any number of interfaces.
	Example of deriving base class in Qt C++.

 class Line : public DrawingObject
 {
    public:
    Line(QObject* parent = 0);
    // Overrides the virtual base class 
    // method
       void Draw();
 };

	Interfaces: Interface

	Example of WP C# interface.

 interface ISomeInterface
 {
     void SomeMethodToImpl();
 }
	Example of Qt C++ interface.

 class ISomeInterface
 {
     virtual void SomeMethodToImpl();
 };

	Interfaces: Implementation
	MyInterfaceImpl implements ISomeInterface interface in WP C#.

 class MyInterfaceImpl 
: ISomeInterface
 {
     public void SomeMethodToImpl()
     {
     }
 }
	MyInterfaceImpl implements ISomeInterface interface in Qt C++.

class MyInterfaceImpl
 : public QObject, ISomeInterface
 {
 public:
     MyInterfaceImpl(QObject* parent=0);
     void SomeMethodToImpl();
 };

	Properties: Defining a property

	Defining WP C# property.

 public class MyObject
 {
     private int m_id = 0;

     // ID property
     public int ID
     {
         get
         {
             return m_id;
         }
         set
         {
             m_id = value;
         }
     }
 }

Calling ID property.
 MyObject myObject = new MyObject();
 myObject.ID = 100;
 int i = myObject.ID;

Read more from: http://msdn.microsoft.com/en-us/library/x9fsa0sw.aspx
	Defining Qt C++ property.

 class MyObject : public QObject
 {
 Q_OBJECT

 // ID property
     Q_PROPERTY(int id READ ID WRITE setID)

 public:
     MyObject(QObject* parent=0);

     int ID() const;
     void setID(const int);

 private:
     int m_id;
 };


Calling ID property.
 MyObject* myObject = new MyObject();
 myObject->setID(100);
 int i = myObject->ID();

	Properties: Auto-implemented properties

	WP C# has Auto-implemented properties that can be declared in a single line. C# compiler creates the backing store field behind the scenes to contain the property value, giving the same logic that exists with traditional properties, but saving you from having to use all of the syntax of the traditional property.
 public class MyObject
 {
     public int ID { get; set; }
 }
Calling ID property.
 MyObject myObject = new MyObject();
 myObject.ID = 100;
 int i = myObject.ID;
Read more from: http://msdn.microsoft.com/en-us/library/bb384054.aspx
	Qt C++ doesn’t have Auto-implemented properties.

	Struct
	In WP C#, a struct is a value type while a class is a reference type.  Value types hold their value in memory where they are declared, reference types hold a reference to an object in memory.

 struct MyStruct
 {
     // Property in the struct
     public int Width { get; set; }

     public void SayWidth()
     {
     }
 }

Read more from: http://msdn.microsoft.com/en-us/library/saxz13w4.aspx
	Example of Qt C++ struct. Qt C++ structs can have methods but cannot have properties.

 struct MyStruct
 {
     // Can't define property into
    // struct
     //Q_PROPERTY(int width READ  width WRITE setWidth)

 private:
     int m_width;

 public:
     void sayWidth();
     int width() const;
     void setWidth(const int);
 };

 void MyStruct::sayWidth()
 {
     qDebug() << m_width;
 }

 int MyStruct::width() const
 {
     return m_width;
 }

 void MyStruct::setWidth(const int w)
 {
     m_width = w;
 }

	Exception Handling
	In WP C#, you can handle exceptions in try/catch/finally blocks, for example:

 FileStream inStream = null;
 try
 {
     inStream = File.OpenRead("somefile.txt");
 }
 catch(Exception ex)
 {
     Console.WriteLine(ex.ToString());
 }
 finally
 {
     if (inStream != null)
         inStream.Close();
 }

Read more from: http://msdn.microsoft.com/en-us/library/ms229005.aspx
	Qt C++ has some exception handling functionality but it is not fully compatible between all supported platforms. The Symbian platform implements its own exception system that differs from the standard C++ mechanism.

	Event Handling
	The event model in the WP C# is based on having an event delegate that connects an event with its handler. To raise an event, two elements are needed: delegate and event data.
EventHandler is a predefined delegate and EventArgs is event’s data.

For example, to associate the button clicked event with the method that will handle the event (OnClick), add an instance of the (EventHandler) delegate to the (Click) event.


 // Create Button
 Button btn = new Button();
 // Create event handler for Button 
 // Click event
 btn.Click+=new  EventHandler(OnClick);

 public void OnClick(object sender,EventArgs e){
 // Button clicked
 }

Read more from http://msdn.microsoft.com/en-us/library/system.eventhandler.aspx

	Qt uses signal and slot mechanism. Signals and slots are used for communication between objects in Qt C++.
Another mechanism to receive and handle events is to subclass QObject and to re-implement the necessary event handling functions.

Note that Qt signal and slot event handling mechanism is also accessible through QML code.



 // Create Button
 QPushButton* btn = new QPushButton(this);
 // Listen/connect Button clicked() 
 // signal to btnClicked() slot
  connect(btn, SIGNAL(clicked()), this, SLOT(btnClicked()));

 void MyClass::btnClicked(){
 // Slot where Button clicked signal is
 // sent
 }


Comparison between C# and Qt C++ programming language fundamentals
See C# Language Specification for more details about all aspects of the C# programming language. See C# Programming Guide for more information about C# programming.
[bookmark: _Toc303956633]Differences between C# and Qt C++
The following table summarizes the most essential differences between syntax and features of C# and Qt C++ programming languages.
	Differences between C# and Qt C++ programming languages


	Inheritance: C# classes can implement any number of interfaces, but can inherit from only one base class. Furthermore, C# structs do not support inheritance, and do not support explicit default constructors (one is provided by default). In Qt C++, structs can have methods but cannot have properties.

	Arrays: In Qt C++, arrays are provided as container classes. STL containers can also be used. Qt C++ containers handle array objects as pointers (excluding copy-on-write). In C#, arrays are objects that include methods and properties. The syntax for declaring C# arrays is different from that for C++ arrays: the tokens "[]" appear following the array type in C#, not the variable.

	Booleans: In Qt C++, the bool type is essentially an integer. In QML, a boolean is a binary true/false value.  In C#, there is no conversion between the bool type and other types.

	Passing parameters: In Qt C++, classes are passed as pointers through implicit sharing. Class data is copied only if and when a function writes to it. In C#, classes are passed by reference and structs are passed by value unless explicitly passed by reference with the ref or out parameter modifiers.

	The switch statement: Unlike the Qt C++ switch statement, C# does not support fall-through from one case label to another.

	Delegates: C# delegates are roughly similar to method pointers in Qt C++. However, delegates are type-safe and secure.

	Base-class methods: C# supports the base keyword for calling the overridden base class members from derived classes. Also, overriding virtual or abstract methods is explicit in C#, using the override keyword.

	Method hiding: Qt C++ supports the implicit "hiding" of method through inheritance. In C#, you must use the new modifier to explicitly hide inherited members.

	Preprocessor directives are used for conditional compilation. No header files are used in C#.

	Exception handling: C# provides the finally keyword to provide for code that should be executed regardless of whether an exception is thrown. In Qt C++, exception handling is not fully compatible between all supported platforms and error codes are used instead of throwing exceptions. Furthermore, Symbian platform has its own TRAP/Leave/CleanupStack based exception handling mechanism.

	C# operators: C# supports additional operators such as is and typeof. It also introduces different functionality for some logical operators.

	The typedef keyword: In Qt C++, typedef is used to create shorter or more convenient names for types that have already been declared. In C#, the using directive provides this capability.

	The extern keyword: In Qt C++, extern is used to import types and functions. In C#, extern is used to create aliases for using different versions of the same assembly.

	The static keyword: In Qt C++, static can be used both to declare class-level entities and to declare types that are specific to a module. In C#, static is only used to declare class-level entities.

	The Main method in C# is declared differently from the main function in Qt C++. In C# it is capitalized and always static. Also, support for processing of command-line arguments is much more robust in C#.

	Pointers are allowed in C#, but only in unsafe mode.

	Overloading operators is performed differently in C#.

	Strings: In Qt C++ a string is simply an array of characters. In C#, strings are objects that support robust searching methods.

	The foreach keyword enables you to iterate through arrays and collections in C#.

	Globals: In C#, global methods and variables are not supported. Methods and variables must be contained within a class or struct.

	The #define preprocessing directive: In Qt C++ the #define directive is commonly used to declare constant values. In C# the #define directive cannot be used for this purpose. Constants in C# are best defined as enumerated types (integral values only) or as static members of a class or struct. If you have several such constants, consider creating a separate "Constants" class to hold them.

	Importing types: In Qt C++, types common to multiple modules are placed in header files. In C#, this information is available via metadata.

	Local variables in C# cannot be used before they are initialized.

	Memory management: Qt C++ is not a garbage collected language; memory that is not explicitly release remains allocated until the process terminates. C# is a garbage collected language.

	Destructors: C# has different syntax for deterministically releasing unmanaged resources.

	Constructors: Similar to Qt C++, if you do not provide a class constructor in C#, a default constructor is automatically generated for you. The default constructor initializes all the fields to their default values.

	C# does not support bit fields.

	C# input/output services and formatting rely on the run-time library of the .NET Framework.

	In C#, method parameters cannot have default values. Use method overloads if you want to achieve the same effect.

	In C#, generic types and methods provide for type parameterization in a way that is similar to C++ templates in Qt. There are significant differences, however. For example, in C# generic type information is preserved at run time.

	The as keyword is similar to a standard cast, except that rather than throw an exception if the conversion fails, the return value is null. This is similar to using static_cast in Qt C++, which, unlike dynamic_cast in standard C++, performs no run-time check and hence does not throw an exception on failure. Qt C++ qobject_cast function behaves similarly to the standard C++ dynamic_cast, with the exception that it doesn't require RTTI support and it works across dynamic library boundaries.


C# for C++Developers provides more information about how to adapt to C# development as a C++ developer.
[bookmark: _Toc303956634]Summary
In this chapter, we looked at C# programming from the perspective of a Symbian Qt C++ developer. C# is a strongly typed, object-oriented programming language that uses static binding. The most essential differences between Qt C++ and C# were described and visualized using comparisons and code snippets. However, several C# concepts are similar to the Qt C++ concepts so the knowledge of Qt C++ and the object oriented programming in general will help you to master C# quickly.
[bookmark: _Toc303956635]Related Resources
To go deeper into C# programming language, visit:
C# for C++Developers
Introduction to the C# language
C# Language Specification
C# Programming Guide
[bookmark: _Toc284433051][bookmark: _Toc303956636]Chapter 5: Introducing Windows Phone Application Life Cycle
The Windows Phone (WP) execution model is designed to improve user experience by cutting down on response time and offering seamless navigation among applications. Due to fundamental differences in application execution architecture, WP application’s life cycle differs largely from the Symbian Qt application’s life cycle.
[bookmark: _Toc290278467][bookmark: _Toc295206499][bookmark: _Toc303956637]Executing Multiple Applications in Windows Phone
The following chapters describe how WP OS platform execution model controls the execution of multiple WP applications.
Multitasking in Windows Phone and Symbian Qt
To enable seamless navigation, WP7 activates and deactivates applications dynamically by limiting the phone to run one application at a time. WP7 prioritizes the foreground application and tombstones other open applications.
Tombstoned application is not preserved in memory, but information about the application state is stored and resumed when WP7 activates the application again. This WP7 behavior differs from Symbian Qt platform, where several applications may be up and running at the same time and the user may switch between active applications.
However, newly introduced WP7.1 OS architecture allows simultaneous execution of multiple applications, thus providing multitasking and application switching functionality similar to Symbian Qt platform. In WP7.1 OS, applications are typically put into a dormant state when the user navigates away from the application.
In the dormant state, execution of the application’s code is stopped, but the application remains intact in memory. If an application is dormant and the user navigates back to the application, the application resumes and the state of each page in the application is automatically restored to the state before the user navigated away.
Tombstoning of Applications in Windows Phone
Tombstoning is a process through which WP7 deactivates an application when a user navigates away from it. WP7 keeps a record of the tombstoned application and stores the latest data and the state of the application. If the user returns to a tombstoned application by using the hardware Back button, WP7 reactivates this application and the application can use the preserved data to restore state.
In WP7.1, when user navigates away from the application, the operating system will attempt to put the application into a dormant state. Dormant state applications can be reactivated and automatically restored to the previous state using the hardware Back button, either by using normal press to return to application or by using long press to activate the application switch mechanism. WP7.1 OS may also tombstone dormant state applications in cases such as freeing up memory for other applications.
The following table compares the application execution behavior between Symbian Qt and Windows Phone 7 & Windows Phone 7.1.
	Symbian Qt Behavior
	User Action or Event
	Windows Phone 7 Behavior
	Windows Phone 7.1 Behavior

	Running application is moved to the background but it remains active
	An incoming phone call or SMS
	Running application is deactivated to tombstoned state
	Running application is deactivated to dormant state

	Running application is moved to the background but it remains active
	User presses the Home button on the phone
	Running application is deactivated to tombstoned state
	Running application is deactivated to dormant state

	Background application is moved to foreground with the current state
	User starts another application from the multitasking menu
	Multitasking is not supported in WP7
	Dormant state application is moved to foreground and automatically restored to preserved application state

	Background application is moved to foreground with the current state
	User navigates between applications using the Back button on the phone (Tool bar Back button in Symbian)
	Tombstoned state application is moved to foreground and restored to the state stored during deactivation
	Dormant state application is moved to foreground and automatically restored to preserved application state


[bookmark: _Toc290278469][bookmark: _Toc295206501]Platform behavior on certain user actions and phone events


[bookmark: _Toc303956638]Life Cycle Events of a Windows Phone Application
This chapter introduces the events taking place during the life cycle of a WP application. The following picture illustrates the life-cycle and states of a WP application.
[image: ]
Life-cycle and state transitions of a Windows Phone application
[bookmark: _Toc290278470]Launching 
In WP, the user can launch applications from the installed Applications List, from a tile on the Start screen, through a toast notification or through menus. An application is launched when it is started by other means than navigating back to it using the hardware Back button. Whenever the user launches an application, WP creates a new instance of the application.
The Launching event is raised even before application is visible to the user. In the handler for this event, you should execute as little code as possible. Storing data or performing network operations at this state may increase the startup time of the application. For the best performance and user experience, resource-intensive tasks should be performed on a background thread after your application has loaded.
[bookmark: _Toc290278471]Running
After launching, the application goes into the Running state. In this state, the application manages its own state as the user navigates through the different pages of the application. Application continues to run until the user navigates forward away from the application or backwards past the first application page.
In the Running state, settings and the persistent data are saved. This reduces the data that you need to save when the application’s state changes. However, the decision to save data in this state is optional. If the size of the persisted data is not large, you don’t need to save the data.
[bookmark: _Toc290278472]Closing
Your application comes across the Closing event when the user presses the hardware Back button while located in the application’s first page. In the handler for this event, you can save data that should persist across instances to the isolated storage.
There is a time limit of 10 seconds for applications to complete all application and page navigation events. If this limit is exceeded, the application is terminated. For this reason, it is a good idea to save persistent state during Running state of the application and avoid having to do large amounts of file I/O in the Closing event handler.
[bookmark: _Toc290278473]Deactivating
WP deactivates your application in the following scenarios:
The user opens another application
The user locks the phone screen
An event accesses the Launcher or Chooser APIs
The user presses the Windows button to open the Start screen on the phone
The user presses the Search button on the phone
In the handler for Deactivated event, you must save any application state so that it could be restored at a later time. Windows Phone applications are provided with the State object, which is an in-memory dictionary you can use to store and restore application state without resource-intensive file operations.
It is possible for an application to be completely terminated after Deactivated event. When an application is terminated, its state dictionary is not preserved. For this reason, you should also store any state that should be persisted across application instances to isolated storage during the Deactivated event.
After the Deactivated event your application enters the dormant or tombstoned state.
[bookmark: _Toc290278474]

Activating
The Activated event is raised when the user returns to a dormant or tombstoned application. Applications should check the event arguments to determine whether the application is returning from being in dormant or in tombstoned state.
If the application is returning from dormant state, the state of application has been automatically preserved by the WP operating system. If the application is returning from tombstoned state, the application should use the State dictionary to restore its state before deactivation.
Applications should not perform resource-intensive tasks such as loading from isolated storage or using network resources in the Activated event handler because it increases the time it takes for the application to resume. Instead, these operations should be performed on a background thread after the application has been activated.


[bookmark: _Toc303956639][bookmark: _Toc290278475][bookmark: _Toc295206502]Event Handlers in Windows Phone Applications
In Symbian Qt, each application has own process and main thread that controls application life-cycle, resources and state. Application execution is controlled in event loop based on different application-specific and system-wide events such as signals and slots, commands, Window server events, system events, domain-specific events and touch-specific events, most of them asynchronous.
WP application life-cycle is largely different from the Symbian Qt application life-cycle. In WP, your application is in transition between the active and inactive states. You can implement handlers for application’s life-cycle events and page events to save and restore application & page states.
[bookmark: _Toc288115618]The following table introduces WP application life-cycle events & Page class event handler methods compared to somewhat similar Symbian Qt methods & events.
	Windows Phone State
	Windows Phone Application Events
	Windows Phone Page Methods
	Symbian Qt Events

	Launching
	Application_Launching
	  InitializeComponent()
	QEvent::ApplicationActivate event

	Running
	
	
	QObject::eventFilter event loop

	Deactivated
	Application_Deactivated
	OnNavigatedFrom
	QEvent::ApplicationDeactivate event

	Activation
	Application_Activated
	OnNavigatedTo
	QEvent::ApplicationActivate event

	Closing
	Application_Closing
	OnNavigatedFrom
	QEvent::ApplicationDeactivate event


WP application life-cycle events and Page class event handler methods

In addition to WP application life-cycle events and event handlers introduced in the previous chapter, WP application page events can be managed using WP page event handler methods. The InitializeComponent() method in WP is used in the constructor of the Page class to initialize variables. You need to get the Application_Launching event to define the global variables in InitializeComponent() method.
Of the other WP page event handling methods, OnNavigatedTo is used in Page class when a page becomes the active page in a frame. Respectively, OnNavigatedFrom method is used when a page is no longer the active page in a frame. These methods have close relationship with application events Application_Launching, Application_Deactivated, Application_Activated and Application_Closing.
The OnNavigatedTo(NavigationEventArgs) method in WP is called whenever the user navigates to an application page i.e. when the application is first launched, when the user navigates between the pages of the application or when the application is re-launched after being made dormant or tombstoned. In this method, applications should check whether the page is a new instance. If it is not, state does not need to be restored. If the page is a new instance and there is data in the State dictionary for the page, then the data should be used to restore the state of the page’s UI.
The OnNavigatedFrom(NavigationEventArgs) method in WP is called whenever the user navigates away from an application page, as a result of normal page navigation within your application or when the application is deactivated. Whenever this method is called, your application should store the page state so that it can be restored if the user returns to the page.
[bookmark: _Toc303956640][bookmark: _Toc290278483][bookmark: _Toc295206505]Implementing application life-cycle management
This chapter illustrates the WP application life-cycle management and application & page state handling on application code level. For that purpose we use our ShoppingList example application, WP Page class event handler methods and Isolated Storage for persistent data. Purpose of the code snippets is to provide plain and simple examples of Isolated Storage and Page class event handler method usage.
Refer to previous chapters and see Execution Model Overview for Windows Phone for more comprehensive information about Windows Phone application execution model and application & page event handling. Execution Model Best Practices for Windows Phone provides useful hints and tips for execution model implementation strategy in your own applications.
[bookmark: _Toc290278478]Saving the Application and Page State Data
To save the persistent state data of a WP application, you can use Isolated Storage. Isolated Storage is a safe application-specific storage space that is not accessible to other applications. All WP application I/O operations are restricted to Isolated Storage and do not have direct access to the underlying OS file system or to the Isolated Storage of other applications. The following picture illustrates the options for using Isolated Storage.

Data types that can be stored to Isolated Storage
To implement the saving of persistent application and page state data, you need to obtain the Isolated Storage for the application. After that, create a file or use Key/Value pairs in Isolated Storage to store the persistent state data. In our ShoppingList example application, we save the shopping list data to a file.
To obtain Isolated Storage and to store the shopping list to a file, do the following in ShoppingList example application:
Add the following using directives to your MainPage.xaml.cs to include namespaces for Isolated Storage handling:
using System.IO;
using System.IO.IsolatedStorage;
To determine if the page is a new instance, add the following Boolean variable to the MainPage class definition in MainPage.xaml.cs.
public partial class MainPage : PhoneApplicationPage
{
    bool _isNewPageInstance = false;
In the constructor of the MainPage class, set the isNewInstance variable to true.
//Constructor
public MainPage()
{
    InitializeComponent();

    _isNewPageInstance = true;
The constructor will be called only when the user is launching the ShoppingList application. If the user is simply navigating back to the MainPage of ShoppingList application, data is not restored.
The OnNavigatedTo method is called whenever the user navigates to an application page. Add the OnNavigatedTo implementation to MainPage class. Use the Boolean variable _isNewPageInstance to determine if the page is a new instance. If the page is new and previous Isolated Storage file exists, restore the data from Isolated Storage file to MainPage txtList text box. Refer to the code snippet below.
protected override void OnNavigatedTo(System.Windows.Navigation.NavigationEventArgs e)
{
    base.OnNavigatedTo(e);
    // If _isNewPageInstance is true, the page constructor has been
    // called during application launching.
    // Application data may need to be restored from the Isolated
    // Storage.
    if (_isNewPageInstance)
    {
        // Obtain the Isolated Storage for the application.
        IsolatedStorageFile myStorage = ew
            IsolatedStorageFile.GetUserStoreForApplication();
        // Try to load previously saved data from Isolated Storage.
        // Check if file exists.
        if (myStorage.FileExists("ShoppingList.dat"))
        {
            // Create StreamReader for Isolated Storage file and
            // specify file options.
            StreamReader myStorageReader = new
                StreamReader(myStorage.OpenFile("ShoppingList.dat",
                FileMode.Open));
            // Read the data from Isolated Storage file and output it
            // to UI.
            txtList.Text = myStorageReader.ReadToEnd();
            //Close the StreamReader
            myStorageReader.Close();
        }
    }
    // Else, if _isNewPageInstance is false, the application is
    // reactivated. No need to restore application data.
    // Set the _isNewPageInstance to false.
    _isNewPageInstance = false;
}
The OnNavigatedFrom method is called whenever the user navigates away from an application page. Add the OnNavigatedFrom implementation to MainPage class. Store the MainPage txtList text box data to Isolated Storage file. Refer to the code snippet below.
protected override void OnNavigatedFrom(System.Windows.Navigation.NavigationEventArgs e)
{
    base.OnNavigatedFrom(e);
    // Store the member data to the Isolated Storage, in case the
    // application is never re-activated.
    // Obtain the Isolated Storage for the application.
    IsolatedStorageFile myStorage =
        IsolatedStorageFile.GetUserStoreForApplication();
    
    // Create StreamWriter for Isolated Storage file and specify file
    // options.
    StreamWriter myStorageWriter = new
        StreamWriter(myStorage.OpenFile("ShoppingList.dat",
        FileMode.OpenOrCreate));
    // Store the UI data to Isolated Storage file.
    myStorageWriter.Write(txtList.Text);
    // Close the StreamReader.
    myStorageWriter.Close();
}

Note: To manage transient application and page state data in WP applications, use State property in PhoneApplicationService and PhoneApplicationPage classes. State property is a dictionary used for saving and restoring data during Application_Activated and Application_Deactivated events.


[bookmark: _Toc303956641]Summary
In this chapter we had a look at the different states of application life cycle in Windows Phone and compared application execution frameworks in Symbian Qt and Windows Phone. In addition, Windows Phone application life-cycle events and page events were described. Methods for event handling in Windows Phone applications were also introduced, as well as practices for saving application and page state data, both transient and persistent.
[bookmark: _Toc290278484][bookmark: _Toc295206506][bookmark: _Toc303956642]Related Resources
To know more about the execution model for Windows Phone, visit:
Execution Model Overview for Windows Phone
Execution Model Best Practices for Windows Phone
Other Resources you may find useful:
How to: Preserve and Restore Page State for Windows Phone
How to: Preserve and Restore Application State for Windows Phone
[bookmark: _Toc303956643]Chapter 6: Porting Applications to Windows Phone
In the previous chapters we have gone through the basics of Windows Phone (WP) application development. You have got an overview of the WP application architecture, application design principles, development tools and the C# programming language. The fundamentals are in place so, to get further with WP application development, the next step could well be porting your favorite Symbian Qt application to WP.
Symbian Qt utilizes Qt C++ and JavaScript based QML as application development programming languages whereas WP applications are implemented with C#/VB.NET and XML based XAML. The programming languages differ so code rewriting is inevitably required when porting applications between Symbian Qt and WP.
However, the rewriting of code is not that troublesome after all. In fact, lots of functionality can be implemented in WP using less configuring and less complexity than in Symbian Qt. For support, you can use the WP API Mapping tool that is a handy tool to find out similar purpose classes between Symbian Qt/Qt Quick and Windows Phone. Furthermore, there are a lot of similarities and reusable parts in application development models between Symbian Qt and WP and you can certainly port the application business logic. 
To support your porting effort, this chapter introduces some example applications from Nokia Developer that have been ported / rewritten from Symbian Qt to WP C#. Screenshots, code snippets and quotations of porting considerations are presented and, in addition, links to application distribution pages provide more information about applications and porting experiences between Symbian Qt and WP. Presented example applications serve as valuable example cases that support application porting and rewriting considerations between Symbian Qt and WP. 
[bookmark: _Toc303956644]RSS Reader Example Application
The QML RSS Reader Example Application demonstrates the usage of RSS feed resources from the Internet. It contains a rich UI with view navigation, search, accordion list and animations. The Qt Quick UI components are being utilized for navigation (PageStack and ToolBar) and for dialogs & buttons. Rest of the custom components & graphics are designed to be reusable in other applications. RSS Reader uses the QML local storage to store the feeds that the user has subscribed. The application also demonstrates how the graphical theme can be switched from the settings view.
The WP C# RSS Reader Example Application is a port from the corresponding Symbian Qt/QML example application, similarly showcasing the usage of RSS feeds and some WP specific features. Read the application porting story for more information.
The following screenshots illustrate some UIs of Symbian Qt and WP C# RSS Reader example applications.
[image: ]
Main view of RSS Reader Symbian Qt and WP C# versions

Feed view of RSS Reader Symbian Qt and WP C# versions
The following quotation from WP C# RSS Reader porting story describes the design considerations when porting RSS Reader from Symbian Qt to WP C#.

“Porting the design
The Windows Phone 7 version of RSS Reader looks and also behaves somewhat differently than the QML version. Even though the basic flow of the application is the same (choose a feed, choose an article, read the article preview, open it in the platform browser), the way to accomplish the task is different.
In the QML version, there is a custom accordion list that is used to access the feeds in different categories, but in the Windows Phone 7 version we wanted to embrace the Metro UI. Therefore we decided to use the Panorama control in the main view, so that each PanoramaItem contains one category of RSS feeds. The feeds are shown as large squares with the feed icon and name (if the feed icon is not available, a default icon is shown). The squares imitate the style of the Windows Phone 7 start menu icons.
The feed view is constructed as a Pivot control. The Pivot control consists of PivotItems with one PivotItem for each RSS feed in the currently selected category, and the user can switch between the RSS feeds by swiping the screen horizontally. Inside the PivotItem, the RSS items of the feed are shown very similarly to the QML version, in a scrollable list. Filtering the list of items on the Windows Phone 7 version is done a bit differently; tapping the search button takes the user to a new screen with the list of items and a textbox for searching. The decision to go to a separate page is due to screen estate concerns, as there would be a bit too little room for the actual RSS items if the search field were on the PivotItem (especially when the on-screen keyboard is visible).”

The following code snippet demonstrates WP C# RSS Reader data model definition (RSSCache) and data binding in XAML document.

<Application.Resources>
    <local:RSSCache x:Key="RSSPagesDataSource" />
</Application.Resources>
...
<Grid x:Name="LayoutRoot" DataContext="{Binding Source={StaticResource RSSPagesDataSource}, Path=Cache}">
[bookmark: _Toc303956645]Diner Example Application
The Diner Example Application demonstrates how QML can be used to build a simple, impressive catalog-type restaurant information application for Symbian based on local XML data. It is straightforward to convert the application to use internet resources instead of local XML-resources. The application is designed in a way that it is easy to replace the content and visual style for different restaurants. The application utilizes the Qt Quick UI components for navigation (PageStack and ToolBar) and for dialogs, buttons and other GUI controls.
Diner application features tab-based navigation, using the TabGroup and ToolBar Qt Quick UI components. The UI is implemented using mostly the Qt Quick provided Symbian platform specific UI components, but it also has some custom graphics and UI elements, which are designed to be reusable in other applications. The booking view also introduces the experimental com.nokia.extras -components, namely the DatePicker and the TimePicker dialogs.
The WP C# Diner Example Application is a port from the corresponding Symbian Qt/QML example application, similarly demonstrating how to build a simple, catalog-type application for WP based on local XML data. Read the application porting story for more information.
The following screenshots illustrate some UIs of Symbian Qt and WP C# Diner example applications.
[image: ]
Main view of Diner Symbian Qt and WP C# versions

Location views of Diner Symbian Qt and WP C# versions

Reservation view of Diner Symbian Qt and WP C# versions
The following quotation from WP C# Diner porting story describes the design considerations when porting Diner from Symbian Qt to WP C#.

“Changes to design
When examining QML Diner app, it is apparent that straight-forward porting of the look&feel to the Windows Phone environment is not sensible. The QML version features a vivid color theme that is against Windows Phone design guidelines. Also, the navigation model of the QML version is based on using a tab bar control for which no direct equivalent is available in Windows Phone. Therefore a decision was made not to attempt to port the look&feel of the application to Windows Phone. Instead a new application theme more close to other Windows Phone applications was designed and a new navigation model based on panorama control was introduced. The porting aspect of the project was not centered on look&feel but on the features of the application.
The look&feel of panorama-based applications is dominated by the background image of the panorama. For this reason, special attention was given to the selection of the background image. To be in accordance with the dark default theme of Windows Phone, a relatively dark, warm-colored, and restaurant-themed image was selected. A white text color was selected for the application, also because of the dark theme of Windows Phone. This selection of a dark background image and overall theme means that the default platform theme is overridden: even if the user is using a light Windows Phone theme, Diner app still features a dark theme.
As a smaller detail, orientation switching is a major design goal in the QML application. In the Windows Phone environment, orientation switching is recommended to be used only in views that require user input while the user's device is equipped with a physical keyboard. For this reason, the Windows Phone version of the application is locked to portrait mode in all views except for the view for making reservations.”

The following code snippet demonstrates how parsing of XML file containing restaurant data is done in WP C# Diner using LINQ.

XElement menu = doc.Descendants("menu").First();
Restaurant.Categories =
    (from category in menu.Descendants("category")
     select new Category()
     {
         Id = category.Attribute("id").Value,
         Name = category.Attribute("name").Value,
         IconURI = category.Attribute("icon").Value,
         Dishes = (from dish in category.Descendants("dish")
         select new Dish()
         {
             Name = dish.Attribute("name").Value,
             Text = dish.Value
         }).ToList<Dish>()
     }).ToList<Category>();

The following code snippet demonstrates how loading and saving of reservations into Isolated Storage file is implemented in WP C# Diner.

private void LoadReservations()
{
    using (IsolatedStorageFile file =
        IsolatedStorageFile.GetUserStoreForApplication())
    {
        using (IsolatedStorageFileStream stream = new
            IsolatedStorageFileStream("reservations.dat",
            System.IO.FileMode.OpenOrCreate, file))
        {
            if (stream.Length > 0)
            {
                DataContractSerializer serializer = new
                    DataContractSerializer(
                    typeof(ObservableCollection<Reservation>));
                Restaurant.Reservations = serializer.ReadObject(stream) as
                   ObservableCollection<Reservation>;
            }
        }
    }
}

private void SaveReservations()
{
    using (IsolatedStorageFile file =
       IsolatedStorageFile.GetUserStoreForApplication())
    {
        using (IsolatedStorageFileStream stream = new
            IsolatedStorageFileStream("reservations.dat",
            System.IO.FileMode.Create, file))
        {
            DataContractSerializer serializer = new
                DataContractSerializer(
                typeof(ObservableCollection<Reservation>));
            serializer.WriteObject(stream, Restaurant.Reservations);
        }
    }
}
[bookmark: _Toc303956646]Sudokumaster Example Application
Sudokumaster is a logic-based, combinatorial number-placement puzzle with nine 3x3 grids each containing all the digits from 1 to 9. In the beginning only some of the numbers are placed in the grids and the player needs to figure out the correct positions for the missing numbers.
Sudokumaster was originally developed for Symbian platforms. Later on, Qt Quick version of the Sudokumaster was implemented and then Qt Quick version was rewritten to WP Silverlight Sudokumaster. Read the porting story of Sudokumaster WP Silverlight version for more information.
The following screenshots illustrate some UIs of Symbian Qt and WP Silverlight Sudokumaster example applications.

Main views of Sudokumaster Symbian Qt and WP Silverlight versions

[image: ][image: ]
Spinning wait note in Sudokumaster Symbian Qt and WP Silverlight versions

The following code snippet demonstrates how the Sudokumaster puzzle is generated using new thread from ThreadPool in WP C# Sudokumaster.
private void NewGame()
{
    ...
    // Display wait note (spinning circle)
    waitIndicator.Visibility = System.Windows.Visibility.Visible;
    waitIndicator.StartSpin();
    ...
    // Disable databinding while generating puzzle
    DataContext = null;
    
    // Puzzle generation takes couple of seconds, do it in another thread
    ThreadPool.QueueUserWorkItem(dummy =>
    {
        // generating puzzle doesn't touch UI so it can run on another thread
        game.GeneratePuzzle();
        
        // switching to UI thread to modify UI components
        Deployment.Current.Dispatcher.BeginInvoke(() =>
        {
            DataContext = game.Model; // let's turn on databinding again
            gameTimer.Start();
            gameStartTime = DateTime.Now;
            gameState = GameState.Ongoing;
            UpdateStatus();
            waitIndicator.Visibility = System.Windows.Visibility.Collapsed;
            waitIndicator.StopSpin();
        });
    });
    ...
}

In Symbian Qt Sudokumaster, new thread is created using QML WorkerScript.  
WorkerScript {
    id: puzzleWorker
    source: "gameLogic.js"
    onMessage: {
        Functions.numbers = messageObject.board;
        empties = messageObject.boardEmpties;
        boardChanged();
        viewLoader.close();
        gameOn = true;
        mainBoard.focus = true;
        mainTimer.start();
    }
}
// gamelogic.js
WorkerScript.onMessage = function(message) {
    generatePuzzle(message.rands);
    WorkerScript.sendMessage({board: numbers, boardEmpties: empties});
}

The following code snippets demonstrate how Sudokumaster’s wait note animation is implemented in WP C# XAML and Symbian Qt QML respectively.
WP C# XAML:
<Rectangle.Resources>
    <Storyboard x:Name="spinAnimation">
        <DoubleAnimation
         Storyboard.TargetName="Transform"
         Storyboard.TargetProperty="Angle"
         By="360"
         Duration="0:0:0.5"
         AutoReverse="False"
         RepeatBehavior="Forever" />
    </Storyboard>
</Rectangle.Resources>

Symbian Qt QML:
NumberAnimation on rotation {
    id: animation
    loops: Animation.Infinite
    from: 0
    to: 360
    duration: 1500
}
[bookmark: _Toc303956647]Match’em Poker Example Application
Match'em Poker is arcade-style match-N game with poker hands in a square-grid. Player can change the position of two cards without any limitations. When a "poker hand" is formed, it will destroy itself from the level and scores are added. Blocks will drop if there is empty space below them.
Match'em Poker was originally implemented in iOS and ported to Symbian Qt utilizing Qt GameEnabler that enables the use of native OpenGL ES 2.0 code within a Qt application instead of Qt’s QtOpenGL rendering. Symbian Qt Match'em Poker includes the SVG icon, resource collection files, game engine and OpenGL ES 2.0 graphics.
Symbian Qt Match’em Poker was later ported to WP XNA Match’em Poker that uses XNA Game Studio and SpriteBatch based rendering. The objective was to port the application with minimal effort: reusing all of the original assets and modifying the code as little as possible. Read the porting story of Match’em Poker WP XNA version for more information about observations during porting effort.
The following screenshots illustrate some game views from Symbian Qt and WP XNA Match’em Poker example applications.
[image: ][image: ][image: ]
Game views from Match'em Poker Symbian Qt and WP XNA versions
[bookmark: _Toc303956648]Summary
In this chapter we inspected application porting between Symbian Qt and WP C# through four existing example porting / rewriting cases.  Example porting cases covered several application areas within Silverlight and XNA frameworks and included functionality such as application UI controls, data binding, navigation, data management, threading, animations and graphics. Application design porting considerations were also presented.
[bookmark: _Toc303956649]Related Resources
To know more about the before-mentioned and other example applications ported from Symbian Qt to Windows Phone, visit:
Nokia Developer: Windows Phone - Code examples
Other Resources you may find useful:
MSDN: Porting Your Application to Windows Phone
App Hub: Porting Your App or Game to Windows Phone 
Nokia Developer: Documentation and Resources for Windows Phone
Chapter 7: Windows Phone Example Applications
As we have seen in the previous chapters, the Windows Phone (WP) application architecture and application design differs from the Symbian Qt application architecture. Even though several similarities exist and many parts of existing work can be reused during transition from Symbian Qt C++ applications to WP C# applications, there are also some application areas where fundamental differences exist and/or comparisons between Symbian Qt C++ and WP C# are hard to express. 
We try to address those areas by introducing a set of example applications that assist in binding Symbian Qt C++ and WP C# application development closer to each other. This chapter presents WP C# example applications on Application UI, device integration, networking and data management area. Full application code is provided to illustrate WP C# programming concepts on before-mentioned application areas, in addition to showcasing common structures of WP C# applications and topics introduced in the previous chapters.
Another purpose is to provide more practical-oriented approach to the transition from Symbian Qt C++ to WP C# application development. Ready-made example applications of good quality and covering several use cases show you the preferred way of implementing certain features in WP C# applications. 
[bookmark: _Toc303956651]Windows Phone General Examples
The following table lists general purpose example applications for Windows Phone. These example application and starter kits demonstrate many essential features in WP application development.
	Application
	Description
	Related information

	Execution Model Sample
	This sample illustrates a technique for preserving and restoring UI and application state as the application is activated and deactivated by the operating system.
	Execution Model Overview for Windows Phone

	Unit Converter Starter Kit
	This starter kit demonstrates how to apply the Model-View–ViewModel design pattern in Windows Phone application, how to optimize application start up and how to create a context sensitive menu.
	Unit Converter Starter Kit for Windows Phone

	Level Starter Kit
	This starter kit demonstrates how to make Windows Phone application's color scheme match the user's theme choice, how to make Silverlight application interact realistically with the accelerometer of the phone and how to customize phone orientation sensing.
	Level Starter Kit for Windows Phone

	Translator Starter Kit
	This starter kit demonstrates how to call a web service, how to use an XNA Framework API from within a Silverlight application to play a sound, how to maintain a history list in isolated storage and how to animate an image in a ToggleButton.
	Translator Starter Kit for Windows Phone


[bookmark: _Toc303956652]Windows Phone Application UI Examples
The following table lists example applications from Windows Phone Code Samples demonstrating how to implement several WP application UI concepts.
	Application
	Description
	Related information

	Back Stack Navigation Sample
	This sample shows how to visualize, inspect and modify the navigation history, or back stack, of an application. This sample uses the new BackStack property and the RemoveBackEntry() method available in Windows Phone OS 7.1.
	How To: Navigate Using the Back Stack for Windows Phone

	Application Bar Sample
	This sample enables you to dynamically test the different ApplicationBar properties, such as Opacity and Mode as well as different colors. This sample contains application bar code for a plain page, a pivot page and a panorama page.
	Walkthrough: Creating an Application Bar Test Application for Windows Phone

	Silverlight/XNA Framework Sample
	This sample combines Silverlight and the XNA Framework into a single Windows Phone application. This sample demonstrates how to render Silverlight controls and text from the XNA Framework by using the UIElementRenderer class.
	How to: Combine Silverlight and the XNA Framework in a Windows Phone Application
MyLittleTeapot Sample

	Tile Sample
	This sample demonstrates how to create, update and delete secondary Tiles. The Tile updates demonstrate how to update the properties on both the front and back of a Tile. The update techniques can also be applied to Application Tiles.
	Tiles Overview for Windows Phone
Shell Tile Schedule Sample

	Tile Notification Sample
	This sample demonstrates how to update a Tile using the Microsoft Push Notification Service. This sample contains two projects – one project for the client code that sets up the Windows Phone device to receive a notification and another project that sends the notification to the Microsoft Push Notification Service
	Push Notifications for Windows Phone
Toast Notification Sample
Raw Notification Sample


	Scheduled Notification Sample
	This sample shows how to use the Scheduled Action Service to schedule and manage Reminders. Reminders are dialogs that pop up and display a message to the user at a time scheduled by the application that created them.
	How to: Create Alarms and Reminders for Windows Phone


[bookmark: _Toc303956653]Windows Phone Device Integration Examples
The following table lists example applications from Windows Phone Code Samples demonstrating how applications can integrate with device hardware and platform.
	Application
	Description
	Related information

	Background Audio Player Sample
	This sample implements an AudioPlayerAgent that allows audio to play even when the application is not in the foreground. This background agent will run under the lock screen where the user can control the audio using the universal volume control (UVC).
	How to: Play Background Audio for Windows Phone
Background Audio Overview for Windows Phone

	Device Status Sample
	This sample demonstrates how to use the DeviceStatus, including accessing the properties of the class, to determine if the power source of the device has changed and to determine if a physical keyboard has been deployed.
	How to: Use the DeviceStatus Class for Windows Phone.

	Basic Camera Sample
	This sample demonstrates how to activate the shutter and auto focus for camera, how to configure picture resolution and flash settings and how to use the hardware shutter button. This sample also demonstrates touch focus and a front-facing camera for the devices that support those features.
	How to: Create a Base Camera Application for Windows Phone
Camera Color Conversion (YCbCr to ARGB) for Windows Phone.
How to: Work with Grayscale in a Camera Application for Windows Phone

	Video Recorder Sample
	This sample demonstrates video preview, recording and playback. It uses the FileSink class to write video to isolated storage, from which the video can be played afterward.
	How to: Record Video in a Camera Application for Windows Phone

	Raw Sensor Data Sample
	This sample shows how to obtain data from the Compass, Accelerometer and Gyroscope sensors.
	Sensors Overview for Windows Phone

	Music + Videos Hub Sample
	This sample shows how to use the MediaHistory and MediaHistoryItem classes to create a Music + Videos Hub application. It also uses the XNA MediaPlayer class to control playback of music.
	How to: Integrate with the Music and Videos Hub for Windows Phone


[bookmark: _Toc303956654]Windows Phone Data Management Examples
The following table lists example applications from Windows Phone Code Samples that demonstrate different data management scenarios.
	Application
	Description
	Related information

	Background Transfer Service Sample
	This sample shows you how to use the Background Transfer Service to schedule and manage background file transfers.
	How to: Implement Background File Transfers for Windows Phone

	Contacts and Calendar Sample
	This sample demonstrates how to access contacts and appointments, and display the details by using data-binding. It also demonstrates two different techniques for displaying contact photos.
	Contacts and Calendar for Windows Phone

	Local Database Sample
	On Windows Phone OS 7.1, you can use LINQ to SQL to store relational data in a local database that resides in your application’s isolated storage container. This sample is a to-do list application that uses a multi-table local database. Items that appear in the list are added, updated and deleted from a local database, where they will persist between application launches
	How to: Create a Local Database Application with MVVM for Windows Phone

	Bing Maps Sample
	This sample demonstrates how to use the basic functionality of the Bing Maps Silverlight Control for Windows Phone.
	Bing Maps Silverlight Control for Windows Phone

	Location Service Sample
	This sample application receives data from the Microsoft Location Service and displays geographic coordinates of the device.
	Location for Windows Phone

	Search Extensibility Sample
	Search Extras are a new way for applications to seamlessly extend the Search experience on Windows Phone. Learn how to integrate your application with search result item cards. This sample is a fictitious product recall application that you can launch from the extras pivot page of an item card from a product search. If you do not have a Windows Phone OS 7.1 device, edit the DefaultTask element in the application manifest to simulate a Search Extras call in the emulator.
	Search Extensibility Overview for Windows Phone


[bookmark: _Toc303956655]Windows Phone Networking Examples
The following table introduces two example applications from Windows Phone Code Samples demonstrating multicast group communication and use of sockets.
	Application
	Description
	Related information

	Multicast Sockets Sample
	This sample demonstrates how to communicate over a multicast group in a Windows Phone application. It implements the classic Rock Paper Scissors game. Players join a multicast group to discover each other. UDP unicasting is then used to challenge a player and play the actual game. The UdpAnySourceMulticastClient class available in Windows Phone OS 7.1 is used in this sample.
	How to: Send and Receive Data in a Multicast Group for Windows Phone.

	Tic-Tac-Toe Over Sockets Sample
	This sample demonstrates the use of sockets in a Windows Phone application to communicate with a service hosted on the network. It uses the new System.Net.Sockets class available on Windows Phone.
	Sockets for Windows Phone





[bookmark: _Toc303956656]Summary
In this chapter we took a look at several types of Windows Phone example applications. Lots of essential functionality, features and use cases within Application UI, device integration, data management and networking areas were covered with these sample applications. 
[bookmark: _Toc303956657]Related Resources
To know more about the example applications and get started with application development for Windows Phone, visit:
Windows Phone Development Quick Starts
Windows Phone Training Kit
Other Resources you may find useful:
App Hub content catalog 
App Hub game development



[bookmark: _Toc303956658]Chapter 8: Using the API Mapping Tool
[bookmark: _Toc303956659]What’s the API Mapping tool
Windows Phone 7 API mapping tool helps developers find their way around when they discover the Windows Phone platform.  Think of the API mapping tool as being like a translation dictionary. For example, let's say that you're planning a vacation to France. Since you don't speak the language, you'll bring a pocket travel dictionary. Having this tool will surely help you to get some idea about what you are ordering from a restaurant menu but you'll have no idea what the actual recipe is - nor will you be able to have a conversion in French with the server! But that's a great learning tool to make the first steps.
With this tool, developers can grab their apps, pick out the API calls, and quickly look up the equivalent classes, methods and notification events in WP7. A developer can search a given API call and find the equivalent WP7 along with links to the API documentations for both platforms. All WP7 API documentations are pulled in from the Silverlight, C# and XNA sources on MSDN.

[bookmark: _Toc303956660]How to use the tool
For this first iteration of the mapping, we’ve focused on the core libraries for Qt 4.7 for Symbian (QtCore, QtGui, QtLocation, QtNetwork, QtSensors, QtSql, QtXml, QtWebKit, QML Elements, QML Components). 
Go to: http://wp7mapping.interopbridges.com/
And you start by simply browser the tree on the left pane. One you’ve reach a mapped item, you’ll see on the right pane the equivalent class/method/event with links to both Qt and Windows Phone 7 documentation.
 
[image: ]
Qt to Windows Phone API Mapping Tool: http://wp7mapping.interopbridges.com/ 

[bookmark: _Toc303956661]What's next?
Of course, this is a work in progress, coverage will expand and more APIs will be mapped soon. So, please consider using the mapping tool in your porting efforts, and provide feedback on the dedicated forum, where you can also suggest new mapping APIs to include: http://wp7mapping.uservoice.com
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buttonl.Click +=new RoutedEventHandler (buttonl Click)

Press TAB to generate handler button_Click’
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5 btnAdd_Click(object sender, RoutedEventArgs ¢)

namespace Shoppinglist

public partial class MainPage : PhoneApplicationPage
{

1/ Constructor

public MainPage()

{

i

InitializeConponent();

private void btnAdd_Click(object sender, RoutedEventirgs e)
{
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if (txtlist.Text == "Nothing here yet")

{
1

xtList.Text 4= txtItem.Text + Environnent.NewLine;

txtList. Text
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] FAAPImapping\latest\ShoppingList\ShoppingList\Bin\Debug\ShoppingList XML

<7xml version="1.0"7>
- <doc>
- <assembly>
<name>Shopping
</assembly>
- <members>
- <member nam
<summary> Ini
</member>
- <member name="M:ShoppingList.MainPage.btnAdd_Click
(System.Object,System.Windows.RoutedEventArgs)">
- <summary>
Event handler for Button click. Adds the item given in
<code>txtItem</code>
and a new line to
<code>txtList</code>

t.MainPage. InitializeComponent">
eComponent </summary>

</summary>
<param name="sender">Object invoking the event i.e. Button</param>
<param name="e">Event-specific arguments</param>
</member>
- <member name="M:ShoppingList.App.#ctor">
<summary> Constructor for the Application object. </summary>
</member>
- <member name="M:ShoppingList.App.InitializeComponent'>
<summary> InitializeComponent </summary>
</member>
- <member name="P:ShoppingList.App.RootFrame">
<summary> Provides easy access to the root frame of the Phone Application. </summary>
<returns>The root frame of the Phone Application. </returns>
</member>
</members>
</doc>
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