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COURSE INTRODUCTION 

In recent years, we have witnessed that Smartphone and other handheld devices like 

tablets have become very commonly used devices. These devices and applications 
(running over these devices) have become part of our daily lives. This extensive usage 

of Smartphone applications has created a huge requirement of Mobile apps developers 

in the market. This course “Introduction to Windows Mobile and iOS” will help 

learners to design and develop a simple mobile App in Windows and iOS. This course 
also covers the architecture of Windows and iOS. It is also useful to know about user 

interfaces for development of apps in Windows and iOS. After going through this 

course, you will be able to design simple apps with database and you will be able use 
database for apps in Windows and iOS. This course comprise following four blocks: 

Block 1: Basics of Windows Mobile 

Block 2: Developing Apps with Windows Mobile 

Block 3: Basics of iOS 

Block 4: Developing Apps with iOS 

  



BLOCK 1 INTRODUCTION 

The first block “Basics of Windows Mobile” of the course is an introduction to the 

development environment used for Windows Phone Applications. Visual Studio and 
C# are essential tools which one should know before starting any Windows 

Application development. Different layout controls and GUI components are 

discussed in this block. This block consists of following four units: 

• Unit 1: Development Environment  

• Unit 2: User Interface for Windows Mobile 

• Unit 3: Introduction to C# 

• Unit 4: Windows Mobile: Layout Controllers & Model 
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UNIT 1  DEVELOPMENT ENVIRONMENT 

Structure 

1.0 Introduction 

1.1 Objectives 

1.2 Introduction to Visual Studio 

1.2.1 Advantages of Using Visual Studio 

1.3 Setting Up Development Environment 

1.3.1 Hello World- First Windows App 

1.4 Simulators in Windows 

1.5 Emulators and Debugger 

1.6 Summary  

1.7 References/Future Studies 

1.8 Solutions/Answers 

1.0 INTRODUCTION 

There are various reasons including fall in the prices of electronic hardware 

and technological progress by mankind and also its ever increasing 

dependency on technology which has led to accelerated growth and demand of 

smart phones. As you may be aware, the market of smart phone is very high 

these days. With the increase in the uses of IT technology and services, these 

are made available at finger tips via smart phones. To provide these services on 

these portable devices (phones, tablets, wearable devices), efficient developers 

are required who can write codes for mobile apps that are universal in nature 

i.e. same code could be used/installed on all devices without doing any specific 

tweeting to the existing codes. 

This unit is an introduction to the development environment for the mobile 

application. In this unit, we have covered some basic features of Visual Studio. 

Visual Studio is useful tool for developing mobile apps. Let’s explore Visual 

Studio. 

1.1 OBJECTIVES 

After going through this unit you will be able to: 

• Know the features of Microsoft Visual Studio (MVC);

• Identify the requirements for mobile application development;

• Setup development environment for mobile application development;

• Configure simulators in Windows;

• Configure debugger in Windows; and

• Write and test your first app.

Some of the 

more interesting 

facts about 
mobile phone 

usages and their 

statistics may be 

found at. You 

need to scan this 

QR code using 

your 

Smartphone. 
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Mobile 1.2  INTRODUCTION TO VISUAL STUDIO 

Microsoft Visual Studio (MVS) is a popular tool of Microsoft which provides 

advanced Integrated Development Environment (IDE) and a platform for 

Rapid Application Development (RAD). It is popularly used to develop 

computer programs for Windows Software, Windows Mobile Apps, Web 

Sites, Web Apps, Web Services etc.  

It includes an advanced code editor supporting IntelliSense (IntelliSense is 

useful tool which helps in auto-completing the code at the time of coding) also 

it has a feature of “code refactoring” generally code refactoring is a term used 

when existing code is used without disturbing its behavior. Interestingly, the 

debugger in MVC works at both source-level and machine-level. MVS 

supports a large set of programming languages. It has various built-in 

languages such as C, C++, VB.NET, C#, and F#. Additionally, support many 

others like Python, Ruby, Node.js, XML/XSLT, HTML/XHTML, JavaScript 

and Cascaded Style sheets (CSS) etc.  

In this section we introduce you to the IDE and development through Visual 

Studio 2015. Visual studio can be used to create a variety of applications some 

of them could be; windows based apps, mobile phone based apps, simple 

games, DirectX based games, web services, applications for varying platforms. 

The code editor of visual studio is an advanced code editor having features like 

syntax highlighting and auto code completion with the help of IntelliSense. 

IntelliSense is a feature which senses the incomplete syntax and suggests 

probable portions of it for the purpose of completion. These suggestions are for 

variables, functions/methods and loops. 

MVS also provides option for real time compilation (also known as 

background compilation or incremental compilation). It also highlights syntax 

errors and compiler errors. It does not generate executable code. Visual studio 

has debuggers that can debug at source level as well as machine level codes. 

They work with managed codes as well as native code and can also be used to 

create memory dumps. The debugger permits breakpoints and watches. You 

can have both conditional as well as non-conditional breakpoints. Meaning 

they get triggered when a particular condition is met or when a particular line 

of code is reached.  Other features supported by debuggers are Step-Over, 

Step-into function and edit code and continue.  

Microsoft Visual Studio is available in multiple editions, targeting a particular 

group of people. 

These editions are Community Edition, Professional Edition, Enterprise 

Edition, Test Professional Edition and Express Edition. 

• Community Edition: This edition of visual studio is oriented towards 

individual developers and small teams. 

• Professional Edition: This edition is dedicated to full development process 

and has integrated support for MS SQL server and has Server Explorer too.  

• Enterprise Edition: This edition targets for the enterprise software 

development process. It has additional features in comparison to the 

professional edition. It provides a new set of software development, 

A similar 

introduction for the 

latest IDE (Visual 
Studio 2017) may 

be found at  
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database development, collaboration, metrics, architecture, testing and 

reporting tools. 

• Test Professional Edition: Its focus is dedicated to a tester role. It includes 

support for test environments management, the ability to start tests, report 

on tests and to connect to team Foundation Server. It does not include 

support for software development or test authoring. 

• Express Edition:  This is one of the minimal version of MVS suitable 

for students and hobbyists. It has several editions, each of which targets 

a single programming language such as Visual Basic Express, Visual 

C++ Express, and  Visual C# Express. 

Features of these editions are also depicted in Figure 1 given below.  

 

Figure 1: Visual Studio Comparison (source: https://www.visualstudio.com/vs/compare/) 

Check Your Progress 1 

1) State True or False 

a) RAD stands for Rapid Application Development.                

b) Background compilation generates executable code  

c) Express edition of Microsoft Visual Studio targets a single 

 programming language  

2) What are the different flavors of Microsoft Visual Studio? 

T/F 
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 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

3) List the programming languages supported on Microsoft Visual Studio? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

1.2.1 Advantages of Using Visual Studio 

There are different mobile applications development platforms available today 

and each one of them have their own advantages and limitations. Following are 

some of the advantages of developing windows mobile app in Visual Studio: 

Universal Windows Platform (UWP) Development- You can develop apps that 

aim broad categories of devices such as computers, mobile, Xbox, IoT, Surface 

Hub and HoloLens. With UWP and one Windows core, the same application 

can be run  on any Windows 8x/10 device from phones to desktops as shown 

in Figure 2 below. These apps can be developed using Visual Studio 2015 (and 

above) and the Universal Windows App Development tools. 

 

 

Fig.1.2: One Window Platform (UWP)  

(Source: https://msdn.microsoft.com/en-IN/library/dn975273.aspx) 

With the introduction of the Windows 10 single, unified core, one app package 

can run across multiple platforms. It can be run on a Windows 10 phone, a 

Windows 10 desktop, or an Xbox. These codes are adaptive and adapts to the 

platform installed on. Several other platforms have extension SDKs that can be 

included to exploit the additional feature of that particular platform. 
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Using Universal Windows Platform, you do not need to target an operating 

system, the target need to be a family of devices and platforms. The Universal 

Windows App Development (UWAD) has different emulators that can be used 

to test the application how it looks on a particular device and platform. In order 

to use these emulators, you need to install this software on a physical machine. 

The physical machine must run Windows 8.1 (x64) Professional edition or 

higher, and must have a processor that supports Client Hyper-V and Second 

Level Address Translation (SLAT). 

For UWAD the list of software that you need: 

o Windows 10/8.1 Professional 

o Visual Studio 2015 (or 2017). Make sure that the Universal Windows App 

Development Tools are selected from the optional features list during 

installation. Without these tools, you won't be able to create your universal 

apps. 

After installing this software, you need to enable your Windows 10 device for 

development. 

 

Fig. 1.3: New Project Selection Window showing supported programming languages 

• Leverage expertise- As shown above in Figure 1.3, developers can use their 

existing skill set in C#, Visual Basic, C++, HTML, and JavaScript and 

build next generation applications for wide variety of devices. 
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Advanced IDE for rapid software development- It enhances efficiency using 

different features like code completion, syntax highlighting and easy source 

navigation as shown below in Figure 1.4. It also has support for code 

Optimization and ability to maintain code-base using code refactoring (as we 

discussed earlier) and tools for finding duplicate code. 

 

Fig. 1.4: Microsoft Blend for Visual Studio (selecting a template) 

• Designing rich user interfaces is using Blend- Advanced engaging user 

interfaces can be designed using the Blend for Visual Studio tool that 

comes with the visual studio. It is a XAML (Extensible Application 

Markup Language, pronounced as "zammel)  based designer tool. XAML 

code can be generated by working in the Design view of Expression Blend 

or by directly writing the code in editor window. 

• Debug and analyze- It also has advanced and convenient debugging 

features like IntelliTrace, Code execution control, and inspection. 

Additionally UI debugging tools for XAML is also available. 

• Optimize- It allows developers to identify bottlenecks, improve 

performance and optimize apps through various tools such as CPU Usage, 

GPU Usage, Memory and Network Usage, and App Timeline. 

• App Testing- Team Foundation Server has support for different type of 

testing like manual testing, exploratory testing, load testing or automated 

testing. It has a Visual Studio’s Lab Management tools which could be 

used for deploying and running tests. 

1.3 SETTING UP DEVELOPMENT ENVIRONMENT 

You may download visual studio from https://www.visualstudio.com/ 

downloads/ and click on the setup file for installation. In this section, we are 

installing Visual Studio 2015.When you install Visual Studio 2015, you can do 

so via either of the two ways as shown in figure 5 below i.e. default installation 

or custom installation. Each default installation has minimum set of 

components preselected for installation, which leads to faster installation. 
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Depending on your requirements, you may need to select custom installation. 

However, you must be familiar with the components and your requirements. If 

you fail to select any component, you can reselect it later also by rerunning the 

setup and choosing the option modify. 

 

Figure 5: Visual Studio 2015 Setup Dialog 

During installation if something goes wrong then you may visit the online 

forum for visual studio setup https://social.msdn.microsoft.com/Forums/ 

vstudio/en-US/home?forum=vssetup 

Start with Setup and install in custom mode, Select Universal Windows App 
Development Tools during the customization stage as indicated in figure 6. It 

may take some time (typically 2-4 hours depending on the speed of your 

hardware, Internet connection and the options you have selected. 

 

Figure 6: Select Universal Windows App Development Tools 
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Once your installation is complete, click its icon to launch it. The Figure 7 

below is Visual Studio IDE with an open project. Main components of the IDE 

are Menu Bar, Toolbar (Below Menu bar), Designer Window (for GUI 

Design), Code Window, Solution Explorer, Properties Window, Notification 

and Sign in. 

 

Figure 7: Visual Studio IDE with an open project 

As per the need of the developer, the window layout can be customized. These 

windows are dockable (can be moved and resized), floatable or can be hidden. 

Additionally, windows can be changed to full mode for more space and can be 

later restored. The layout options are available in the windows menu option at 

the top of the IDE. 

 

Figure 8: IDE Layout Management Options 
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1.3.1  Hello World- First Windows App 

1) Create the project: The first step in creating a Windows Phone app is to 

create a new project in Visual Studio as shown below in figure 9. 

 

Figure 9: Create a New Project in Visual Studio 

In the New Project Dialog (as given in figure 10), on the left side first 

choose (1) Templates Next choose (2) Visual C# then (3) Windows 8 and 

select (4) Windows Phone. In the center select the option (5) Blank App 

(Windows Phone) project template. Now (6) Change the project name to: 

FirstApp, then choose (7) May change the default location and finally (8) 

Click OK: 

 

Figure 10: Steps in New Project Dialog 
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2) In the solution explorer as shown in Figure 11, click on MainPage.xaml 

 

Figure 11: Solution Explorer 

You will see that in Figure 12 that MainPage.xaml loads into the main area of 

Visual Studio, you can also observe that it has a XAML code editor view on 

the right and preview pane on the left. 

 

Figure 12: MainPage.xaml 
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The preview pane shows the “chrome” to assist us in visualizing the changes in 

the user interface. At the left hand corner as depicted in figure 13, there is 

option to resize its size so that it fits properly and you can use the space. 

 

Figure 13: Size Option for App Preview 

Click on the (1) Toolbox tab. This will display the Toolbox. (2) pin down as 

shown below in figure 14. 

 

Figure 14: Toolbox Tab 

Now along with the Toolbox, you should be able to view the Design window 

as well.  

3) As given below in figure 15, Now (3) pull a Button control (4) and place 

it on the design surface: 
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Figure 15: Process of Dragging into Design Surface 

4) Now drag a TextBlock control and place it on the design window. 

During this process you might have observed that XAML is also produced in 

the code editor window as shown below in figure 16 along with some 

properties: 

 

Figure 16: Code Editor Window  

5) We can change the XAML that is generated by Visual Studio using the 

Properties window as shown below in figure 17. For example, (1) 

Change the button name to ClickMeButton and (2) button text to 

ClickMe and see changes in (3) XAML Code and (4) Designer Window 

 

Figure 17: How to change the XAML 
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6) Now select the button in the designer window and click the lightening 

bolt (shown in figure 18) in the properties window, 

 

Figure 18: Lightening Bolt in the Properties Window 

By doing this, you must be able to see the events that can be handled by this 

control (Button).  

After double-click in the textbox next to the Click event. It will create a 

Method automatically called ClickMeButton_Click. This method stub code is 

created at the back for our MainPage.xaml. You can see that the 

MainPage.xaml.cs file opens in the main area permitting us to create C# code 

as shown below in the figure 19. 

 

Figure 19: MainPage.xaml.cs file 

7) As depicted in figure 20, Inside of the method stub for the 

clickMeButton_Click event handler 

 

Figure 20: Method Stub for the Clickmebutton_Click Event 

8) Now, select the green triangular Run button (see in the centre on the top) 

as shown in figure 21. It will launch our app in the “Emulator 8.1 WVGA 

4 inch 512 MB”. The finer details of this are explained in the next section: 

 

Figure 21: Launch App in the Emulator 
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If you notice we have launched it in debug mode. Here we can set break points, 

view the values of variables. 

If you use your mouse cursor to click the “Click Me” button (simulating the 

use of your finger to tap the button on the Phone’s screen) it will display the 

message “Hello World!” (As shown in figure 22) in a large font. 

 

Figure 22: Click Me button  

9) To stop running the app in the Emulator, return to Visual Studio and 

press the red square Stop button (see the cursor of the mouse) as shown 

in figure 23. Alternatively, you could shut down the Emulator using the 

large X icon in the toolbar to the right. 

 

Figure 23: Stop Button 

Check Your Progress 2 

1) State True or False 

a) MainPage.xaml file is responsible for GUI controls layout.  

b) GUI control parameters can be changed directly in xaml file  

as well as through properties window.  

c) Button click even hander takes two arguments as its parameter.  

2) Which property of TextBlock control needs to be changed for changing 

font name and size in the property window? 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

T/F 
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3) What are the types of arguments passed to the click event handler in 

button control? 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

1.4 SIMULATORS IN WINDOWS 

Visual Studio also comes with simulator for windows as shown in figure 24 

below. Simulators allow for debugging Metro style applications in scenarios 

requiring hardware support such as rotation and touch. To debug using 

Windows Simulator, choose Simulator from the debugging options in the 

Visual Studio toolbar as shown in figure 25. 

 

Figure 24: Creating a Window Based Application 

 

Figure25: Selecting simulator from Debug Menu 
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The same option can be enabled by (1) right click the project properties 

(2) click the debug tab and select target device as depicted in figure 26. 

 

Figure 26: Debug Options 

After choosing simulator option to debug the application, you may either press 

F5 or start debugging from the tool bar. Below figure 27 is a screenshot of a 

JavaScript Grid Application running in the Simulator. 

 

Figure 27:JavaScript grid application running in simulator 

1.5 EMULATORS AND DEBUGGER 

Emulator for windows phone is a simulator run on computer to depict 

Windows Phone device. Using this simulator of Windows Phone device, you 

can easily test your apps without using actual mobile phone device at the 

desktop itself. These Emulators provide almost same physical performance 

which you can get on the mobile handset. Generally, programmers have to 

work on the desktops hence such emulators are highly useful. 

Emulators are configurable as per the requirements. Once windows phone app 

is ready click Run/Debug button on the visual studio toolbar, launches 

emulator for example Emulator 8.1 WVGA 4 inch 512MB.  
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Figure 28:Emulator Selection Options 

Wide Video Graphics Array (WVGA) is any display resolution ( check 

different resolution options are shown in figure 28 above) with the same height 

as VGA (480 pixels) but wider than 640 pixels, such as 800x480, 848x480, or 

854x480. The other resolutions could be WVGA (800 × 480), WXGA (1280 × 

768), 720p (1280 × 720) and 1080p (1920 x 1080) The 512MB the memory 

available with this configuration of the emulator. The default emulator image 

is WVGA 512MB, which emulates a memory-constrained Windows Phone 8.1 

phone. 

If the default emulator is launched as depicted in figure 29, then go to the 

Settings app in the About button, you can see this confirmed. 

 

Figure 29:Default Emulator Screen 

It can be seen that we have similar kind of hardware buttons at the bottom (see 

figure 30) of the Emulator as seen on a Windows Phone, but the buttons on the 

side of the phone are missing. These missing buttons can be access in the 

Emulator window with the help of keyboard function keys, some of which are 

mentioned below 
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Figure 30:Hardware buttons 

Table 1:Additional buttons and their functions 

 

In addition to these shortcut keys there are options on the right hand floating 

toolbar some of these options are explained below, however some options are 

very basic, which we have not explained and left for you to explore. 

 

Figure 31: Floating Toolbar on the emulator 

[3]. this is single finger mode 

[4]. two-finger mode used for pinch gesture 

[5]. Rotates the emulator screen by anticlockwise 90 degrees  
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[7]. Enlarge screen size as per your desktop screen 

[9]. opens an MSDN page show how to run Windows apps. 

(https://msdn.microsoft.com/library/windows/apps/dn632391.aspx) 

[10]. It opens up additional tools window. 

 

Figure 32: Additional tools dialog on the emulator 

There are eight tabs on the Additional Tools dialog (as shown in figure 32), 

through which different configuration settings can be done. These options 

are; 

• Accelerometer which can be used to test apps that usel accelerometer 

sensor. 

• Location tab which allows you to set the current location of the phone 

• Screen Shots tab allows creating screen shots, which can be helpful when 

you're creating documentation or bug reports. 

• Network tab gives information like IP address and MAC address and 

allows certain configurations related to network. 

• SD Card, through this tabyou can designate a location on your hard drive 

that will simulate the use of the SD Card so that you can test whether your 

app is correctly saving or working with the file system of a removable SD 

card. 

• Notifications tab allows to simulate push notifications. 

• Check points tab as shown in figure 33 allows you to save the current state 

of the emulator as a checkpoint. 

 

Figure 33: Checkpoint tab on the additional tools dialog 

• As shown in figure 34, Sensors tab allows you to turn on and off certain 

sensors to test how your app works should it rely on one of those sensors 

and they don’t exist in the user’s phone. 
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Figure 34: Sensors tab on the additional tools dialog 

 

Check Your Progress 3 

1) State True or False 

a) The default emulator is 8.1 WVGA 4inch 512MB  

b) Emulator 8.1 1080P 5.5 inch has a resolution of 1080x1080.  

c) The shortcut to lock emulator screen is F12. 

2) How to select or unselect the sensor support in the emulator? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

3)  Why are checkpoints important in emulators? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

1.6  SUMMARY  

In this Unit, we discussed the requirements for windows app/ mobile app 

development. We discussed the features of the Visual Studio IDE that makes it 

one of the most popular development environments. We also discussed that in 

order to run emulators we need a machine with Hyper-V enabled and operating 

system Windows 8.1 Professional or higher. We also discussed creation of our 

first windows mobile phone app and launched it on default emulator. During 

this process we edited code in code window, designed using XAML editor and 

changed properties through properties tab. We also discussed the simulators 

T/F 
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that can be used using the debug menu to launch windows metro style projects. 

At the end, we discussed the emulator options and configuration screens along 

with their shortcuts. 

1.7  REFERNCES/FURTHER READINGS 

• https://msdn.microsoft.com 

• https://www.visualstudio.com/vs/universal-windows-platform/ 

• https://www.visualstudio.com/vs/compare/ 

• https://channel9.msdn.com/Series/Windows-Phone-8-1-Development-for-

Absolute-Beginners 

• https://developer.microsoft.com/en-us/windows/apps/getstarted 

• https://www.visualstudio.com/vs/mobile-app-development/ 

• http://marek.piasecki.staff.iiar.pwr.wroc.pl/dydaktyka/mc/L09/Lesson_02.

pdf 

• https://www.slideshare.net/jlfernandezz/phone-81-

developmentforabsolutebeginners 

• http://www.studfiles.ru/preview/1701874/page:12/ 

• http://documents.tips/documents/visual-cnet-theory-notes.html 

• https://www.youtube.com/watch?v=jS_h0OiR57c 

• https://social.msdn.microsoft.com/Forums/vstudio/en-

US/home?forum=vssetup 

1.8  SOLUTIONS / ANSWERS 

Check Your Progress 1 

1) a) T 

 b) F 

 c ) T 

2) Mainly there are 4 editions of visual studio. They are Visual Studio 

Community, Visual Studio Professional, Visual Studio Enterprise, and 

Visual Studio Test Professional 

3) The built-in languages include C, C++ and C++/CLI (via Visual C++), 

VB.NET (via Visual Basic .NET), C# (via Visual C#), and F# (as of 

Visual Studio 2010).  

Check Your Progress 2 

1) a) T 

b) T 

c ) T 
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2)  Text Property in the property windows allows to change font name and 

size 

3) The two arguments are  an object type which is sender of the event and 

RoutedEventArgs containing details of the event. 

Check Your Progress 3 

1) a) T 

b) F 

c ) T 

2) The additional tools dialog in emulator has sensors tab which allows us to 

check or uncheck sensors support with the emulator. 

These checkpoints allows you to test a scenario where the phone is configured 

in a certain way over and over by restoring the state of the phone to a snapshot 

of its previous state. These check points work as marker and store the state of 

the emulator at that particular instance of time. 
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UNIT 2   USER INTERFACE FOR WINDOWS 

MOBILE 

Structure  

2.0 Introduction  

2.1 Objectives  

2.2 Introduction to Universal Windows Platform (UWP)  

2.3 Extensible Application Markup Language (XAML)  

2.4 UI Controls  

 2.4.1 Button  

 2.4.2 Textbox  

 2.4.3 Checkbox 

 2.4.4 Toggle Switch 

2.5 Summary  

2.6 References / Future Studies 

2.7 Solutions/Answers   

2.0   INTRODUCTION 

Mobile User Interface (UI) is a graphical and touch based display on smart 

phones and tablets. User friendly and efficiently designed UI will enhance the 

overall User Experience (UX) of the mobile application usage. UX is the 

collection of all tasks which aim at optimizing the effective use of the 

application whereas UI deals with optimizing interactivity. The main use of UI 

is to design each screen or page of the application while ensuring consistent 

design across the product. An efficient UI design requires clear understanding 

of the business processes and the ability to visualize through the eyes of the 

end user. Universal Windows Platform (UWP) introduced from Windows 10 

simplifies the task of creating efficient UI with the help of various Application 

Programming Interfaces (APIs).                 

In this unit, you will be introduced to Universal Windows Platform (UWP), 

which is used to develop applications that can be used by all windows devices 

such as PCs, mobile, tablets, Xbox and others. Various features and 

components of UWP that helps in creating universal app to be used by all 

Windows devices are explained in this chapter. You will also be introduced to 

the concepts of Extensible Application Markup Language (XAML). This is 

based on XML and can be used across all platforms for GUI design creations 

and objects manipulations. This unit also introduces basic UI controls such as 

text boxes, check boxes, command buttons and switches.      

2.1   OBJECTIVES 

After going through this unit, you will be able to: 

• Understand the Universal Windows Platform; 

• Identify efficient ways to build apps; 
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• Understand the basic features of Extensible Application Markup 

Language; 

• Define the purpose and use of User Interface; and  

• Utilize UI controls in application development; 

2.2   INTRODUCTION TO UNIVERSAL WINDOWS 

PLATFORM (UWP) 

Please refer to Unit 1 of block 1 in section 1.2.1, you have learnt that Universal 

Windows Platform (UWP) is used to develop apps for a broad category of 

devices such as computers, mobile, Xbox, IoT, etc. In this section, we will 

learn some more details about UWP.  

 Universal Windows Platform was initially introduced with Windows 8 as 

Windows Runtime (WinRT). This is an evolution of Windows app model 

mainly intended to provide common application architecture. With the 

introduction of Windows phone 8.1, WinRT was aligned to be used between 

Windows phone 8.1 and Windows. This enables developers to create Universal 

Windows 8 apps having shared codebase. This app targets both Windows 8 

phones and Windows. The introduction of Windows 10 provide base for 

Universal Windows Platform.     

UWP is considered as an extension of Windows Runtime. The core idea of 

introducing UWP is to enhance application portability across all devices. Due 

to the technology advancements remote access to apps are possible. This raises 

user expectation to use the apps in the devices of their choice. The basic idea 

for the introduction of UWP is to accommodate the convenient device usage 

requirement of the user. The latest version of Windows (i.e) Windows 10 

makes it still easier to develop apps for UWP. Figure 1 represents components 

of one window platform utilized in UWP. 

Figure1: UWPs one Windows Platform 

(Source: https://msdn.microsoft.com/en-IN/library/dn975273.aspx) 

UWP has one set of Application Programming Interface (API), one store and 

one app package to develop apps. These apps have ability to support different 

types of screen sizes and various interaction models such as touch, mouse, 
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keyboard, pen, game controller etc. This makes the app portable enough to be 

used by all Windows 10 devices like PCs, tablets, smart phones, Xbox, Surface 

Hub, HoloLens etc.  

The introduction of UWP increases productivity as only a single project is 

developed using the required programming language and APIs. The same code 

can be run on any type of Windows based hardware. UWP apps automatically 

start utilizing the capabilities of the devices in which it is currently being 

operated.    

UWP apps are basically targeted for device families. Now, one may ask as to 

what are device families?  It is a collection of APIs provided with name and 

version number. It represents the type of Operating System (OS) being used. 

For example, Smartphones and tablets which belong to mobile device family 

runs on mobile OS, PCs that belong to desktop device family run on the 

desktop OS. Device families are represented as a hierarchical structure with 

Universal device family as the root.  

Figure 2 shows the hierarchy of device families. The universal device family 

does not directly relate to any device or OS. Instead, it has the APIs that are 

common to all OS and devices. Each child device adds its own APIS as an 

extension of the inherited APIs. UWP Apps can use adaptive code to 

dynamically detect and utilize features of the devices.       

The target device for the app usage has to be selected by the app developer. 

This choice of a device family is determined by two factors such as the set of 

APIs that will be available for use and the devices the app can reach. These two 

factors are inversely related. For example, an app that targets universal device 

family includes APIs common for all devices and must include highly adaptive 

UI to facilitate all device usage. On the other hand, an app targeted for mobile 

device family need only moderate UI as its usage is restricted to all mobile 

devices. App usage can be limited to subset of device families like desktop and 

mobiles or desktop and Xbox etc.  Extension SDKs are used to facilitate UWP 

app to access APIs conditionally that are specific to particular device family. 

 

Figure 2: Device Family hierarchy 

(Source: https://docs.microsoft.com/en-us/windows/uwp/get-started/universal-application-

platform- guide) 

Devices have different form of input interface, screen resolution and DPI 

density. Windows 10 provides a set of universal controls, layout panels and 

tools that enable apps to have highly responsive and adaptive UI. Adaptive 

scaling enables apps to adjust DPI differences across devices. Controls 

automatically adapt across different device families and input modes. Common 

input handling allows reception of input using mouse, keyboard, touch, pen or 

game controller.                   
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What are Universal controls? These are the updated controls which can work 

on larger or smaller screens by using responsive UIs. Depending on the device 

in which the app runs, the app features are added and modified based on the 

screen sizes. These are accomplished with the help of adaptive panels and 

design states. Introduction of new RelativePanel helps to define the style of 

layout as relationships between the child elements. It allows the developer to 

build dynamic UI without the need for nested layouts as the elements of the 

layout are arranged based on relationships. The relationships are specified as 

property in the control creation statement. Example code of RelativePanel is 

given below: 

<RelativePanel> 

 <TextBox x:Name=”T1” Text=”Sample” Margin=”5”/> 

 <Button x:Name=”B1” Content=”Button1” RelativePanel.RightOf=”T1”/> 

 <Button x:Name=”B2” Content=”Button2” RelativePanel.RightOf=”T1” 

RelativePanel.Below=”B1”/> 

</RelativePanel> 

In the code, snippet given above RelativePanel.RightOf=”T1” property 

specification in the Button B1 specifies that whenever the screen is displayed 

B1 button will be in the right of Text box T1. RelativePanel.RightOf=”T1” and 

RelativePanel.Below=”B1” property in code for button B2 specifies the 

display will to the right of T1 and below B1. Thus, the layout is specified in 

relation to the elements of the panel.       

What is common input handling? Building a UWP app that accepts input from 

various input devices is referred to as common input handling. APIs are 

utilized to process the input of various formats. Some of the APIs used for 

input are: 

• PointerPoint converts pen, touch and mouse data into a single set of 

interfaces, and events that are used on the main thread or background 

thread. 

• InkCanvas XAML control and InkPresenter Windows Runtime API is used 

to access ink stroke data. 

• PointerDevice is a querying API that is used to determine device capability 

and its input modality.  

• CoreIndependentInputSource, a new API allows to utilize raw input in the 

main thread or a background thread.        

How the display format varies with the visual space? Adaptive visual state 

enables the app to change the visual state depending on the window size. The 

visual states such as wideview or narrowView are activated by the 

StateTriggers depending on the pixel threshold specified. The panel 

arrangements are to be specified by the app developer, which are executed on 

triggers. This results in display format variation depending on the visual space 

or resolution. The efficient way of UI design is to target the broadest device 

family. Device preview toolbar present in Visual Studio IDE will help to have 

a feel of how the UI will look on various devices.                    

Why to use UWP for app development? The utilization of UWP for building 

apps can be better understood from the below given characteristics of UWP.  
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• Device families are targeted rather than OS. APIs, system characteristics 

and behavior are common across all the devices among the device family. 

Examples of device families are Desktop device family, Mobile device 

family, IoT device family, Xbox device family etc.  

• All apps are packaged and distributed using .AppX packaging format. 

This provides trustworthy app installations. It also ensures that UWP apps 

can be deployed and updated effortlessly.   

• One app store is maintained for all devices. The developed apps are 

submitted to the store after successful registration. The apps will be made 

available to all the devices or to the one that was specified by the 

developer. All apps for Windows devices are handled from one place. 

• Common API surface is used across device families. Apps developed 

using the core APIs of UWP can be used across all Windows devices. 

This is because all Windows device families support the use of core APIs 

of UWP. 

• User Interface (UI) includes adaptive controls. These help to develop 

responsive design based screens or pages. The responsive design enables 

the UI to automatically adapt to the pixel availability of the device. This 

also helps to utilize multiple input types such as keyboard, touch, mouse, 

pens and game controllers. 

• Use of extension SDK helps to develop light weight apps that are 

designed for specific devices. These extension SDKs includes specialized 

APIs for each device family.       

What could be the languages that can be used to develop UWP app? UWP 

supports windows application development using C# or VB.Net with 

Extensible Application Markup Language (XAML), JavaScript with HTML, 

C++ with DirectX or XAML. The app components can be written in one 

language and used in application written in another language.  Visual Studio 

2015 is the native development environment that is used to develop apps which 

support implementation of UWP. It includes UWP app template for each 

language. This helps developers to create single project for all devices.  On 

completion of app development, app package has to be developed and 

submitted to Windows store. 

How to identify the availability of APIs for coding? The set of APIs available 

depends on the device family for which the app is targeted. The list of APIs 

and their scope of usage can be studied from the API reference documentation. 

IntelliSense feature of Visual Studio will help to check for the API availability 

as it will not recognize APIs not present in the scope. Adaptive code needs to 

be written to call APIs not included in the device family. In the first step of 

adaptive coding, the required API must be made available by adding its 

corresponding reference as extension SDK. Second step is to check the API 

availability using IsTypePresent() method of 

Windows.Foundation.Metadata.ApiInformation class prior to using API.       

What are the features that need to be present in an app to retain the user base?  

The basic features required to be present in all apps are exceptional user 

friendliness and device portability. The apps developed must include features 

that enable user to utilize them across maximum range of devices. Retention of 

active user base is essential to keep the app alive. User Experience (UX) plays 

a vital role in determining how easily the app will be used and with how much 
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comfort its functions are used. Various resources provided to retain the user 

base for the apps are: 

• Action center to organize and display notification remainders for the users.  

• Background triggers and executions to bring up the apps when the user 

needs it.  

• Use of Push notifications and alerts to grab user attention.  

• Navigation design basics for UWP app helps to design the app workflow 

that can accommodate large screen, small screen, mobile etc.   

• Live tiles can be used to display search context based information.     

• Interaction guidelines help to accommodate multiple input modalities. App 

should allow user to interact using speech, Cortana, Keyboard interaction, 

touch interaction etc.    

• Roaming data can be used in the apps to capture user preferences, usage 

pattern across the devices and settings in the cloud. 

• Cloud based Windows Credential Lockers which considers reliability and 

security as top priority can be used to store user credentials. 

Monetization of the apps can be achieved by making it as paid download app. 

Price has to be fixed by the developer for each download. In-app purchases 

offer more flexibility to monetize the app. The unified Windows Dev Center 

dashboard helps developers to submit, manage and control apps from a single 

place. Detailed analytics of app usage report, payout details and app promotion 

techniques are also provided by the dashboard.   Trial period offered for the 

app will help user to have a look and feel of the app. This will help them to 

become familiarize with the app. The trial period will also help them to study 

the features of the app and finds its appropriate usage before purchasing it. This 

also allows the user to make informed decision making in the app selection 

process.        

How to setup for UWP development? The latest version of Windows 10 is 

required to develop UWP apps. Microsoft Visual Studio 2015 must be present 

to design code and test the apps. Steps to be followed for setting up the app 

development environment are: 

• Install Windows 10, the version required to run UWP apps. 

• Microsoft Visual Studio community 2015 can be downloaded from 

https://dev.windows.com/en-us/downloads. While installing, opt for 

custom installation to check for tools inclusion. Make sure that all 

Universal Windows App Development Tools are included.     

• Enable Developer Mode on PC in which the app is to be developed and 

on the device in which it is to be tested. Different ways to enable 

developer mode are: 

�       Automatic opening of developer mode setting window. If the 

developer mode is not enabled and an UWP project is opened in 

Visual Studio, then automatically the Enable Developer mode 

window will be opened. Follow the instructions after selecting the 

“setting for developer” link.  

�       Enable development mode for Windows 10. Go to Update & 

Security option present in Start->Settings. Click on “Developer 
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Mode” present under “For developers” option. Read the disclaimer 

corresponding to the setting chosen and then click “Yes” to save the 

changes made. Figure 3 represents the developer mode setting 

screen. 

Note:  Device can be enabled for Sideloading or developer mode. 

Sideloading is utilized to install, run and test apps that are not 

certified by Windows Store. These are the apps that are internal to 

the organization. Developer mode lets the user to sideload apps and 

also to run and debug the app in Visual Studio.    

 

Figure 3: Developer mode setting screen 

Completion of the above steps will set the app development environment. The 

developed apps need to be submitted to the Windows app Store. This requires a 

developer account creation. Create a developer account using the link 

https://developer.microsoft.com/en-us/store/register. Signup needs to be done 

as an individual user, student or as company. Microsoft account is required for 

signing in. If the developer does not have the account, it has to be created prior 

to the initiation of registration process.  Contact and payment details need to be 

provided for registering. One-time registration fees payment depending on the 

account type and region is required.         

After completing installation of the required software, environment setting for 

developer mode and registration at Windows Store, the developer can start app 

development targeting a particular device family or the universal device family. 

Care should be taken to check the inclusion of the required APIs and Extension 

SDK references for error free app development process.    
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LANGUAGE (XAML) 

XAML is simple and declarative language that is based on Extensible Markup 

Language (XML). It is a part of Windows Presentation Foundation (WPF), 

which handles visual presentation applications both browser based and 

computer based applications. It can be used in various platforms like WPF, 

Silverlight, Mobile development and Windows Store apps. It can also be used 

across all .Net framework and Common Language Runtime (CLR) versions.   

It is a User Interface framework that contains extensive library of controls to 

support UI development. Some of the controls are the visual representation to 

accept input such as buttons, textbox, check box etc. Some other are container 

controls that hold other controls like images, layout, panel etc.    

The main purpose of using XAML is design Graphical User Interfaces (GUI). 

It is easy to create, initialize and manage properties of objects that have 

hierarchical relations. It is also used to declare workflow in Workflow 

Foundations. XAML is used to construct effective UI by using markups instead 

of using programming languages like C#. UI documents can be created using 

XAML by adding definitions of elements such as textbox, image, controls, 

shapes, animation etc. along with event triggers that helps to respond for user 

input.  

XAML is declarative and hence require additional code behind file to include 

runtime logic, perform calculations or dynamic control creation. A window or a 

page created under WPF consists of XAML document for presentation of 

controls and code-behind file or access the controls and handle its events. 

XAML documents are stored in file with .xaml extension and underlying code 

is stored in the same name as that of XAML document but with .cs or .vb 

extension. XAML parser reads the .xaml file and attempt to display the 

document contents on the artboard. If the parser encounters any error in the 

document then the display is aborted.       

What are the advantages of using XAML? XAML is an extension of XML and 

is used create effective UI of applications. Various advantages of using XAML 

are listed below. 

• Clear separation between the markup and code allows simultaneous 

development of graphical design and behavior of applications. These two 

tasks can be carried out by two different groups using different tools. This 

reduces the app development time. 

• This separation of graphic design and code helps to maintain clean 

architecture and allows changing of the visual effects without affecting the 

business logic. 

• It is easier for designers to understand rather than to learn C# or Vb.Net 

languages. It is simple and allows designers to create UI with little code. 

• XAML can be compiled to utilize the full advantage of Longhorn graphic 

subsystem for effective visual effect of UI.  

• Each XAML element corresponds to .NET framework classes that include 

methods, properties and events. Adding a new tag instantiates the 

corresponding object at runtime.         
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Microsoft provides tools such as Visual Studio and Expression Blend to create 

XAML files. The XAML Designer of Visual Studio 2015 provides a visual 

interface for creation of XAML based Window Store, WPF, Window Phone 

and Silverlight apps. Interface can be created by drag and drop of controls from 

the Toolbox. Properties window is used to set properties. The XAML view is 

used to edit XAML file. XAML designer workspace consists of various visual 

interface elements such as artboard, Device window, XAML editor, Document 

Outline window and properties window. This chapter outlines UWP apps 

creation using XAML with C# in Microsoft Visual Studio 2015 environment.    

How to create an app using XAML and C#? The steps to create an UWP app 

using XAML and C# through Microsoft Visual Studio 2015 are given below. 

An example app creation window is shown in figure4. The workspace 

consisting of various windows such as solution explorer, server explorer, 

toolbox, XAML code and design window for the newly created project is 

shown in figure 5.   

• Start Visual Studio 2015. 

• Click on File�New�Project option 

• A New Project dialog box appears. The left pane of the dialog box 

contains templates for various types of projects. It aloows the developer to 

select the preferred coding language. From the left pane, select Universal 

under Templates� Visual C#�Windows. 

• Based on the left pane selection the center pane changes. Select Blank 

App (Universal Window) from the corresponding center pane. 

• Select the directory where the project needs to be stored. 

• Specify a name for the new project. Otherwise default name will be 

provided.  

• Click OK to create a UWP project.             

• A workspace of the newly created project opens up. It includes various 

windows. Depending on the settings some of the windows will be 

invisible. They can be viewed by using View option of the main menu bar. 

The newly created project will be listed in Solution Explorer Window. It 

has many other files that are required for an UWP app execution. 

• MainPage.xaml contains the default UI code as shown in the figure 5. It is 

advisable not to make any changes to the code until you have through 

knowledge of app development.  

• MainPage.xaml.cs contains default code. The required business logic 

needs to be appended along with these existing codes. It is advisable to 

retain the default code created.    

• .xaml and .xaml.cs file are run when the project is executed.  

• .xaml file gets updated as and when new controls are added to the design 

window. Event handling code will be added to .xaml.cs file. 

• Device preview option available in the Design Window will enable 

developer to change the layout that fits the screen size of the device family 

for which the app is targeted.      
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• Target device can be selected for the execution of the app. By default local 

machine will be selected. App can be tested on local machine, simulator, 

emulator or any remote device. 

• On execution of the app, the screen will be displayed based on the device 

selection. 

Figure 4: Sample UWP app creation window 

Figure 5: UWP app development window 

What are the building blocks of a XAML document? XAML is a declarative 

language using which objects can be created and instantiated. As XAML is an 

extension of XML, it follows the XML structural rules. They also maintain 

schema, document along with the concepts of well formatted and valid 

document as in XML. An XAML file contains tags to create controls. These 

tags are special words enclosed in angle brackets, for example “<TextBox>”. 
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The tag names, its attribute names and property names are case sensitive unlike 

HTML. This is because they are directly related to the class names in .NET 

framework. 

XAML files are converted and executed with the help of Common Language 

Runtime (CLR). XAML is a markup language and CLR enables runtime 

execution. XAML files cannot be directly executed by CLR. XAML parser 

system helps to map XAML types with that of the CLR class type to instantiate 

a runtime representation.  

The objects created can be containers /layout controls, UI controls and 

Resource dictionaries. Layout control is used to arrange the position, size and 

layering of the elements in the screen. Example StackPanel, DockPanel, 

Canvas, Grid, RelativePanel etc. UI controls are used to create controls for user 

interaction. Example, Button, CheckBox, Calendar, ListBox etc. All XAML 

controls are inherited from System.Windows.Controls.Control. Figure 6 

shows the inheritance hierarchy of controls. 

 

Figure 6: Inheritance hierarchy of control 

What is the syntax to create a control in XAML? Object element of XAML is 

used to create UI / layout controls for the application. Object element syntax 

resembles the syntax of other markup languages. These are used to instantiate 

CLR classes. The object creation starts with left angle bracket (<) followed by 

the class name. Two ways to complete the object creation syntax is given 

below. 

• Include any number of attributes as “attribute name = value” pair after the 

class name. Forward slash (/) followed by right angle bracket (>) 
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terminates object creation. The code given below creates an instance of 

Button class along with name attribute. 

  <Button Name =”B1” Height = 30 Content = “Add”/>  

• This method is followed for specifying property of the object being 

created. Close the opening tag with right angle bracket (>). Include 

property elements or inner text respective to the object created following 

the opening tag. Add the opening tag prefixed with backslash (/) to 

terminate the statement. Follow the tag closing order in case of nested 

open tags. Example 

  <Button> Add</Button>     

In the above example “Add” is an inner text that is assigned to the 

Content property of the Button control.  Example given below creates 

property of the object element being created. Property is not specified like 

attributes but is created as another object element under the object 

element for which it has to be designed. In the example given below 

MenuItem property is created for ContextMenu object. 

  <ContextMenu> 

   <MenuItem name=”M1”>  File </MenuItem> 

   <MenuItem name = M2”> Edit </MenuItem> 

  </ContextMenu> 

Properties and attributes of an object can also be provided as Control.Property 

notation. Example  

 <Button> 

  <Button.Content> Add </Button.Content> 

  <Button.Height> 30 </Button.Height> 

 </Button> 

Note: All tag names, attribute names and property names are case sensitive as 

they are related to class types of .NET framework.  

How are UI and windows events handled in XAML? The response of the UI 

controls or the window for mouse actions, keyboard inputs or any other type of 

input is programmed using events handling. All controls have a range of events 

associated with them. The required events need to be subscribed in XAML file. 

While subscribing the method to be executed has to be mentioned. The 

procedure to be executed on the event has to be written in code-behind file 

under the same method name mentioned in XAML code. During execution the 

application will be notified on the occurrence of the event. The corresponding 

method from the code-behind file will then be executed. Code snippet given 

below is an example for event subscription and its handling for a button 

control. The sample screens before and after event execution is given in figure 

7 figure 8 respectively.   

.xaml code to include Click event for the Button control B1. The method to be 

executed on click event is named as “Click-event”. Methods are named as per 

the convenience of the developer.   

<Grid> 
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 <Button Name=”B1” Content=”Click” Click=”Click_event” 

ClickMode=”Press” Foreground=”Blue”/> 

 <TextBox Name=”T1” Content=”Start”/ >  

</Grid> 

Corresponding .xaml.cs code to handle Click event. It must have a method in 

the name of “Click_event”. Case sensitivity has to be maintained while using 

the method name.   

void Click_event(object sender, RoutedEventArg e) 

{  

 B1.Background=new SolidColorBrush(Windows.UI.Colors.Red); 

 T1.Text = “Button Clicked”; 

} 

 

Figure 7: Screen after the start of execution 

 

Figure 8: Screen after the click of Button Control. 
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Note: The figure 8 given above is the representation of the device as local 

machine. Readers are encouraged to execute the same application with 

different device selection to visualize the dynamic screen adaption feature of 

UWP app. 

This concludes the basics of UWP, a platform to create Windows application 

that can be used across all device families and XAML, a markup language to 

design UI with ease. 

Check Your Progress 1 

1) State True or False 

a) All UWP apps must be built to target universal device families  

b) XAML tags are case sensitive.          

c) C# with XAML is the only option to create UWP applications.    

d) UWP apps target specific OS.                 

e) One app Store is maintained for all device apps.  

2) How are XAML tags different from normal markup language tags? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

3) What is the need of UWP? 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

4) Explain event handling in UI controls? 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

2.4   UI CONTROLS 

The spread of digitization has raised the customer expectation to utilize the 

application on the device of their convenience. Hence, it is very much essential 

to develop applications that will work effectively in all type of devices. UWP 

of Windows 10 has come up with a platform to develop a single application to 

T/F 
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be used in device of user preference. Well designed, organized and intuitive 

applications attract more user base. UI, one of the main components of an app 

that has to be designed with utmost care as it is the place where the user spends 

most of the time during the app usage. This section deals with how to create 

controls, manage properties and attributes and handle their respective events. 

Broad points to be kept in mind before the designing an effective UI to increase 

visitor count or download count of website or application are: 

• Understand the business processes and operations of the customers 

thoroughly.  

• Prototype the UI design and share with team members to collect feedback. 

This will help to fine tune the appearance of UI. 

• Analyze the suggested changes and match with the user expectation. 

• Interface must be easy to use. 

• Keep the UI design layout uncluttered with minimum functionality. 

• Maintain the visibility of vital information more prominent than non-vital 

information. 

Apart from designing a good looking UI, it is also essential to maintain quick 

loading of the app and swift navigation between the controls. The performance 

ability of app is related to the XAML parsing technique that recognizes and 

validates the XAML elements in the code. The new tools introduced in 

Windows 10 helps to decide the timings to load the UI controls when the app is 

loaded.  The essential controls are loaded at the start and the sparsely used 

controls are loaded later. This helps to reduce the startup time of the 

application. The techniques used in UWP apps for enhancing the performance 

of the application are: 

1) Progressive Rendering 

2) Deferred Loading 

x:Bind and x:Phase are used in progressive rendering to improve the 

performance of the application. x:Bind is used to indicate the binding of the 

control with data members and also provide compile time syntax validation. 

x:Phase is assigned with numeric value. Based on this it provides facility to 

prioritize the rendering of XAML control within the data template. 

Deferred loading technique is used to reduce the startup time of the application. 

This is done by reducing the count of UI element loading at the startup of the 

app. The controls to be loaded later are assigned with 

x:DeferLoadStrategy=”Lazy” property. This delays the creation of these 

controls but with an increase in memory usage. The differed elements have to 

be loaded at the time of need using FindName() method with the argument as 

the name of the element that has to be loaded.           

What are the major categories of controls that are used in user interface? Two 

different types of user interfaces that are used in a screen or page creation are:  

1) UI elements / controls  

2) Layout / Container controls 

UI controls are the building blocks in the design of UI. These are used to 

accept input from the user in an interactive manner. TextBox control is used to 
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accept values including characters, numbers and special characters. TextBlock 

is used when larger text input needs to be accepted from the user. Checkbox is 

used to accept yes/no choice of input and RadioButton control is used to select 

one choice from a collection. ListBox control provides a list of items from 

which users can select a single item, continuous range of items or group of 

discrete items. ComboBox control is used to provide a drop down list of item 

for the user to select. Menu control is used to create elements in hierarchical 

manner simulating the menu of any windows application. TimePicker and 

Calendar control allows the user to select date and time input. RichEditBox 

control is used to edit text document with formatting, hyperlinks and images. 

Layout controls are used to arrange the GUI elements of the UI. These are also 

called as container controls as other UI controls or layout controls are place 

inside them. StackPanel control is used when the controls need to be in a single 

line either horizontally or vertically. WrapPanel control position the child 

elements in a line from left to right or from top to bottom depending on the 

orientation of the screen. Canvas is a container control in which the child 

elements are placed using relative coordinates. Grid control provides a flexible 

area to arrange the child controls in tabular format. RelativePanel is a control 

within which the child elements are placed in relation to each other.    

What is the use of <Style> tag in XAML file?  Like CSS in HTML, XML 

framework provides techniques to customize and personalize the appearance of 

the screen. Style can be defined as an inline along with each control ion XAML 

or it can be defined as reusable resources. These resources are to be defined in 

individual page (i.e) App.xaml file or in a separate resource dictionary. 

Resource dictionary of XAML file can be shared across different apps. This 

will help to have consistent look on applications belonging to a team or 

organization.  On the other hand a single app can use more than one resource 

dictionary. The location of the resource description also defines its usage 

scope. Page level resources usage scope is restricted to the page ion which they 

are defined. Resources defined in a separate resource dictionary file have the 

scope based on its reference. If the resource with same key is defined in both 

the page and App.xaml, then the page definition overrides the App.xaml 

definition. 

Style definition includes TargetType attributer followed by one or more Setter 

elements. The value of TargetType is a string indicating the 

FrameworkElement type on which the style needs to be applied. Each Setter 

element has Property and Value attributes indicating the control property and 

its value for style application.  

Style resources defined can be applied on the controls  

1) Implicitly by specifying only the TargetType attribute. 

2) Explicitly by specifying TargetType and x:Key attribute in the Style tag 

and adding the Style property in the corresponding control tag.    

Add the code snippet given below in MainPage.xaml file before <Grid> tag 

<Page.Resources> 

        <Style TargetType="TextBox"> 

            <Setter Property="Foreground" Value="Aqua"/> 

            <Setter Property="Background" Value="Blue"/> 

        </Style> 

 </Page.Resources> 
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Any new textbox added to the grid will have the style mentioned in the above 

code snippet. Different styles can be maintained for the same type control by 

specifying key name in the style tag specification and including the style name 

in the control creation tag. Now include the below given code snippet along 

with the existing style tag code. 

<Style TargetType="TextBox" x:Key="newstyle"> 

            <Setter Property="Foreground" Value="Red"/> 

            <Setter Property="Background" Value="Aqua"/> 

            <Setter Property="FontStyle" Value="Italic"/> 

The x:key=”newstyle” will create a new style collection for the same button 

control. The usage of this style setting must be activated by specifying it in the 

required textbox control as given below 

 <TextBox x:Name="textBox" Style="{StaticResource newstyle}"  

HorizontalAlignment="Left" Height="32" 

Margin="163,312,0,0" TextWrapping="Wrap" Text="TextBox" 

VerticalAlignment="Top" Width="73"/>  

Style = {StaticResource newstyle} property is used to indicate the use of 

“newstyle” for the textbox control. Having these two style code snippet in the 

XAML file, use of textbox control tag without style property will create 

textbox with foreground color as “aqua” and background color as “blue”. 

Textbox with style property set will create textbox with foreground color as 

red, background color as aqua and font style as italics. 

Explain the inheritance hierarchy of the UI controls objects.  

Object class is the root class of UI control objects inherited hierarchy. This is 

further inherited to form DependencyObject class, which is the immediate base 

class of all UI related classes. UIElement class derived from this class, which is 

the base class for the Windows Runtime UI objects (i.e) controls. These UI 

controls are used to design the visual appearances and input processing of the 

app interface. UIElement class is further inherited to FrameworkElement class, 

which provides common API to support user interaction and automatic layout 

feature of the apps. This is further inherited to Control class, which is the base 

class for all UI elements. 

Three main members of these classes are: 

1) Events 

2) Methods 

3) Properties        

All UI controls classes created as an extension from Control class inherit these 

members (reusability) and add more members that are specific to its operations 

(extensibility).  Table 1 lists few properties of UIElement, FrameworkElement 

and Control classes, which are used to set or retrieve the appearance and 

behavior details of the controls. 
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Table 1: Property collection of controls 

Property Operations 

allowed 

Description Class 

ActualHeight Read-only Gets the rendered height of a 

Framework Element. 

FrameworkE

lement 

ActualWidth Read-only Gets the rendered width of a 

Framework Element  

FrameworkE

lement 

AllowDrop Read/write Gets or sets a value to identify 

whether the UI Element can be 

a drop target in drag-and-drop 
operations.  

UIElement 

Allow Focus 

On 

Interaction 

Read/write Gets or sets a value that 

indicates whether the element 

automatically gets focus when 
the user interacts with it.  

FrameworkE

lement 

Allow 

FocusWhen 

Disabled 

Read/write Gets or sets whether a disabled 

control can receive focus.  

FrameworkE

lement 

Background Read/write Gets or sets a brush that 

provides the background of the 
control.  

Control 

BorderBrush Read/write Gets or sets a brush that 

describes the border fill of a 

control.  

Control 

BorderThick

ness 

Read/write Gets or sets the border 

thickness of a control. 

Control 

CanDrag Read-only Gets or sets a value that 

indicates whether the element 

can be dragged as data in a 
drag-and-drop operation.  

UIElement 

CharacterSp

acing 

Read/write Gets or sets the uniform 

spacing between characters 

Control 

DataContext Read/write Gets or sets the data context 

for a Framework Element 

when it is used in data binding.  

FrameworkE

lement 

FocusState Read-only Gets a value that specifies 

whether the control has focus, 

and the mode by which focus 

was obtained. 

Control 

FontFamily Read/write Gets or sets the font used to 

display text in the control.   

Control 

FontSize Read/write Gets or sets the size of the text 

in this control. 

Control 

FontStretch Read/write Gets or sets the degree to 

which a font is condensed or 

expanded on the screen.  

Control 
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allowed 

Description Class 

FontStyle Read/write Gets or sets the style in which 

the text is rendered.  

Control 

FontWeight Read/write Gets or sets the thickness of 

the specified font. 

Control 

Foreground Read/write Gets or sets a brush that 

describes the foreground color 

used in the control.  

Control 

Height Read/write Gets or sets the required height 

of a Framework Element.  

FrameworkE

lement 

IsDoubleTap

Enabled 

Read/write Gets or sets a value to 

determine whether the Double 

Tapped event can be triggered 
from the element.  

UIElement 

IsEnabled Read/write Gets or sets a value indicating 

whether the user can interact 

with the control.  

Control 

IsRightTapE

nabled 

Read/write Gets or sets a value to 

determine whether the 

RightTapped event can be 

triggered from the element. 

UIElement 

IsTabStop Read/write Gets or sets a value that 

indicates whether a control is 
included in tab navigation.  

Control 

IsTap 

Enabled 

Read/write Gets or sets a value that 

determines whether the Tapped 

event can originate from that 
element.  

UIElement 

Is Text Scale 

Factor 

Enabled 

Read/write Gets or sets whether automatic 

text enlargement, to reflect the 

system text size setting, is 
enabled.  

Control 

MaxHeight Read/write Gets or sets the maximum 

height constraint of a 

Framework Element.  

FrameworkE

lement 

MaxWidth Read/write Gets or sets the maximum 

width constraint of a 
Framework Element.  

FrameworkE

lement 

MinHeight Read/write Gets or sets the minimum 

height constraint of a 
Framework Element.  

FrameworkE

lement 

MinWidth Read/write Gets or sets the minimum 

width constraint of a 

Framework Element.  

FrameworkE

lement 

Name Read/write Gets or sets the identifying 

name of the object. When a 

FrameworkE

lement 
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Property Operations 

allowed 

Description Class 

XAML processor creates the 

object tree from XAML 

markup, run-time code can 

refer to the XAML-declared 
object by this name.  

Parent Read-only Gets the parent object of the 

Framework Element in the 

object tree.  

FrameworkE

lement 

TabIndex Read/write Gets or sets a value that 

determines the order in which 

elements receive focus when 

the user navigates through Tab 
key.  

Control 

TabNavigati

on 

Read/write Gets or sets a value that 

modifies how tabbing and 

TabIndex work for this control.  

Control 

Visibility Read/write Gets or sets the visibility mode 

of a UIElement. Invisible 

UIElement is not rendered and 

does not communicate to 
layout.  

UIElement 

Width Read/write Gets or sets the width of a 

Framework Element.  

FrameworkE

lement 

Table 2 lists some of the events present in UIElement, FrameworkElement and 

Control classes. Events are triggered depending on the user actions. The 

business logics are included in the code-behind file for the events to execute.  

Table 2: Events collection of Controls 

Event  Name Description Class Name 

Click Occurs when a button control is 

clicked.  
ButtonBase  

DragEnter Occurs when the input system 

reports an underlying drag event 

with this element as the target. 

UIElement 

DragLeave Occurs when the input system 

reports an underlying drag event 

with this element as the origin. 

UIElement 

DragOver Occurs when the input system 

reports an underlying drag event 

with this element as the potential 

drop target. 

UIElement 
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initiated.  

UIElement 

Drop Occurs when the input system 

reports an underlying drop event 

with this element as the drop target 

UIElement 

DropCompleted Occurs when a drag-and-drop 

operation is ended.  

UIElement 

GotFocus Occurs when a UIElement receives 

focus. 

UIElement 

KeyDown Occurs when a keyboard key is 

pressed while the UIElement has 

focus.  

UIElement 

KeyUp Occurs when a keyboard key is 

released while the UIElement has 

focus.  

UIElement 

LostFocus Occurs when a UIElement loses 

focus.  

UIElement 

PointerEntered Occurs when a pointer enters the hit 

test area of this element. 

UIElement 

PointerExited Occurs when a pointer leaves the hit 

test area of this element.  
UIElement 

RightTapped Occurs when a right-tap input 

stimulus happens while the pointer 

is over the element.  

UIElement 

SizeChanged Occurs when either the 

ActualHeight or the ActualWidth 

property changes value on a 

Framework Element.  

FrameworkElem

ent 

Table 3 lists some methods of UIElement, FrameworkElement and Control 

classes. Methods are used to modify the behavior of the control 

programmatically: 

Table 3: List of Methods of Controls 

Method Name Description Class Name 

Focus Attempts to set the focus on the 

control.  

Control 

OnContent 

Changed 

Invoked when the value of the 

Content property changes.  

ContentControl 
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Method Name Description Class Name 

OnDouble 

Tapped 

Called before DoubleTapped event 

occurs.  

Control 

OnDragEnter Called before DragEnter event 

occurs.  

Control 

OnDragLeave Called before DragLeave event 

occurs. 

Control 

OnDragOver Called before DragOver event 

occurs.  

Control 

OnDrop Called before Drop event occurs.  Control 

OnGotFocus Called before GotFocus event 

occurs.  

Control 

OnHolding Called before the Holding event 

occurs.  

Control 

OnKeyDown Called before KeyDown event 

occurs.  

Control 

OnKeyUp Called before the KeyUp event 

occurs.  

Control 

OnLostFocus Called before LostFocus event 

occurs.  

Control 

OnPointerEnte

red 

Called before PointerEntered event 

occurs.  

Control 

On Pointer 

Exited 

Called before the PointerExited 

event occurs.  

Control 

OnPointer 

Pressed 

Called before the PointerPressed 

event occurs. 

Control 

OnPointer 

Released 

Called before the PointerReleased 

event occurs.  

Control 

OnRight 

Tapped 

Called before RightTapped event 

occurs.  

Control 

OnTapped Called before the Tapped event 

occurs.  

Control 

SetBinding Attaches a binding to a Framework 

Element, using the provided binding 

object.  

FrameworkElem

ent 

SetValue Sets the local value of a dependency 

property on a DependencyObject.  

DependencyObj

ect 

UpdateLayout Ensures that all positions of child 

objects of a UIElement are properly 

updated for layout.  

UIElement 
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2.4.1 Buttons 

Button control provides an easy way to initiate an immediate action. The 

simplest example is to submit a form. The commonly used Click event of a 

Button control is raised when left mouse button is pressed when the mouse 

pointer is over it or when enter key / space bar is pressed when the control has 

got keyboard focus or when it is touched with finger or stylus. The method to 

raise Click event can be set using ClickMode property. It has three values such 

as Hover, Press and Release. The default mode is Release. If the ClickMode is 

set as Hover, then touch and keyboard actions cannot be used to raise Click 

event. 

The inheritance hierarchy of Button control is given below. 

Object  DependencyObject  UIElement  FrameworkElement  Control 

 ContentControl  ButtonBase  Button 

Immediate base class of Button class is ButtonBase class. This is inherited from 

ContentControl class, which is an extension of Control class. 

Table 4 lists properties specific to Button control. Read only properties are 

mentioned and the other properties have read/write operations. 

Table 4: Button control Properties 

Property Name Description 

ClickMode Gets or sets a value that indicates when the Click event 

is to be triggered. Values are Hover, Press and Release. 

(Inherited from ButtonBase class) 

Command Gets or sets the command to invoke when this button is 

pressed. (Inherited from ButtonBase class) 

CommandPara

meter 

Gets or sets the parameter to pass to the Command 

property. (Inherited from ButtonBase) 

Content Gets or sets the content of a ContentControl. (Inherited 

from ContentControl) 

IsPointerOver Gets a value to indicate whether device pointer is 

located over button control. Read only property 

inherited from ButtonBase. 

IsPressed Gets a value that indicates whether a ButtonBase is 

currently in a pressed state. Read only property inherited 

from ButtonBase. 

XAML Syntax to create a Button control is   

<Button ----/> 

 Or 

<Button> 

 Single object  

</Button> 

XAML code and the code-behind (.xaml.cs) for the Click event and 

PointerEntered event for the Button are given in example 1. At the start of the 

app the TextBox will no contents. When the pointer enters the Button, 

PointerEntered event will be fired and the TextBox content will change to 
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“Pointer Entered”. On the Click of the Button control the content of the 

TextBox will change to “Click Event Raised.”  

Example 1: XAML Code 

<Button x:Name = “Button1” Content= “Button for pointer enter demo” 

Click= “CLICK1” ClickMode= “Press” PointerEntered= “ENTER1” /> 

<TextBlock x:Name= “TB1”/> 

Example 1: .xaml.cs code for handling events 

void CLICK1(object sender, RoutedEventArgs e) // to handle click event 

{ 

    TB1.Text = “Click Event Raised”; 

} 

void ENTER1(object sender, PointerRoutedEventArgs e) // handle pointer 

entered  

{ 

     TB1.Text = "Pointer Entered"; 

} 

Note :  

There are special types of buttons called back button and repeat buttons. Back 

buttons is used to navigate back to the pages using navigation history. Repeat 

buttons are used to trigger the click event multiple times from the time it is 

pressed till it is released. Delay property of this button is used to delay the 

initiation of the repeat actions and Interval property is used to set the time 

between repeats. The readers are advised to do self-exploration of these 

controls. 

2.4.2 TextBox 

This control is used to accept, edit and display text during user interaction. It is 

used in forms to accept fields such as names, address lines, pin code etc. It is 

basically used for accepting single line of text but can also be modified to 

accept multiple lines. Font based formatting can be applied to the TextBox 

during the design as well as runtime of the application. Restriction on the 

number of characters can be implied for a TextBox control. The contents of a 

TextBox can be made as read only during runtime. It also has features like 

built-in context menu for copy, paste operations, “clear all” button to delete 

entire contents of the text box and spell check facility. 

Inheritance hierarchy of TextBox class is  

Object  DependencyObject  UIElement  FrameworkElement  Control 
 TextBox 

XAML Syntax to create a TextBox control is   

<TextBox ----/> 

 Or 

<TextBox> 

 Single object  

</TextBox> 
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Properties specific to TextBox class is listed in table 5. All the properties listed 

below have both read and write operation.   

Table 5: TextBox control properties 

Property Name Description 

AcceptsReturn Gets or sets a value to indicate whether the text 

box accepts and displays newline character 

(i.e) return key 

Header Gets or sets a header for the text box. It is like 

label for the text box control. 

InputScope Gets or sets the onscreen keyboard display 

facility for input accepted in touch screen UI. 

IsReadOny Gets or Sets a value indicating the permission 

to change the contents of the text box  

IsSpellCheckEnabled Gets or Sets a value indicating the interaction 

of text box with spell check engine 

IsTextPredictionEnable

d 

Gets or sets a value specifying the presence of 

auto complete feature 

MaxLength Gets or sets the maximum length allowed for 

input. 

PlaceHolderText Gets or sets a template text which will be 

displayed until the value is changed. It does 

not get reflected in Text or Content property.  

SelectedText Gets or sets the content of the selected text. 

SelectionHighlightColo

r 

Gets or sets the color used to highlight the 

selection 

SelectionLength Gets or sets the length of the selected text 

SelectionStart Gets / sets the starting position of the text 

selected.  

Text Gets or sets the value of the text box. 

TextAlignment Gets or sets the text alignment of the text box 

contents. 

TextWrapping Gets or sets the wrapping features of the 

contents if it grows beyond the size. 

Events specific to TextBox class is listed in table 6.  
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Table 6: TextBox control Events 

Event Name Description 

ContextMenuOpening Triggered when the request is processed to 

display context menu. 

Paste Triggered when contents are pasted to the text 

box control. 

SelectionChanged Triggered when user tries to change the 

selected text of the control. 

TextChanged Triggered when the contents of the text box is 

changed. 

TextChanging Triggered along with the process of text 

modification but before completion 

Example 2 given below includes both .xaml and .xaml.cs code. The .xaml code 

is given to create a TextBox with properties to accept multiple lines, justified 

alignment, and auto visibility of scroll bars if the content goes beyond its 

maximum allowed height. .xaml.cs code explains the process of creating a 

TextBox at runtime with same properties and adds it to the grid. This is 

executed on the Click event of the Button.  

Example 2: XAML code to add a TextBox 

<Grid Name= “grid1”> 

 <TextBox x:Name= “textBox1” TextWrapping= “Wrap” AcceptsReturn= 

“True” MaxHeight= “50” ScrollViewer.VerticalScrollBarVisibility= 

“Auto” TextAlignment= “Justify” Text=  “TextBox” /> 

 <Button x:Name = “B1” Content= “Click to create runtime Text box” 

Click= “button_Click”/> 

</Grid> 

Note: The attribute ScrollViewer.VerticalScrollBarVisibility= “Auto” will 

insert the vertical scrollbar once the contents goes beyond its maximum height. 

.xaml.cs code to add button at runtime 

private void button_Click(object sender, RoutedEventArgs e) 

{ 

    TextBox TB2 = new TextBox(); 

    TB2.AcceptsReturn = true; 

    TB2.TextWrapping = TextWrapping.Wrap; 

    TB2.MaxHeight = 200; 

    TB2.Width = 350; 

    TB2.TextAlignment = TextAlignment.Justify; 

    TB2.Header = "TextBox created at runtime"; 
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    ScrollViewer.SetVerticalScrollBarVisibility(TB2, 

ScrollBarVisibility.Auto); 

    grid1.Children.Add(TB2); 

} 

The new TextBox created is named as TB2. This is added to the Grid, which is 

the parent layout control using add method. The new TextBox will be active 

only till the execution of the current session. Once the execution is completed it 

will not available in the design time. 

Example 3 shows both .xaml and .xaml.cs code to check the value of a TextBox 

and retain the focus if no value is entered. LostFocus and TextChanged events 

are used in this example. The Header property of the TextBox is used to display 

the description of the text box contents and also the error message if not 

contents is entered. 

Example 3: XAML code to create TextBox at design time 

<TextBox x:Name="textBox1" TextWrapping="Wrap" AcceptsReturn="True" 

MaxHeight="50" ScrollViewer.VerticalScrollBarVisibility="Auto" 

TextAlignment="Justify" Text="TextBox" TextChanged="head_print" 

LostFocus="chk_text"/> 

.xaml.cs code for checking textbox contents 

private void chk_text(object sender, RoutedEventArgs e) 

{ 

    if (textBox1.Text == "") 

    { 

        textBox1.Header = "Null Value not allowed"; 

        textBox1.Focus(FocusState.Programmatic); // set focus back to the same 

control. 

    } 

} 

private void head_print(object sender, RoutedEventArgs e) 

{ 

    String s = textBox1.Header.ToString(); 

    if ( s != "Enter Name")  // check to change header only after error message 

display 

        textBox1.Header = "Enter Name"; 

} 

Note:  

PasswordBox control is used to accept masked input like password or other 

sensitive information. AutoSuggestBox is used for the input of search items. 

RichEditBox is used for handling formatted text along with some file 

operations like open, save, load etc. 
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2.4.3 CheckBox 

This control used for selection or deselection action. It is used as a single 

control or a list of multiple controls in the user interface. Single check box is 

used for binary input choice such as “yes” / “no”. Single check box usage 

scenarios are “Remember me?” in the login screens, “Accept terms and 

conditions” in service agreement forms. Multiple check boxes can be created in 

a group for multiple selection scenarios such as selection of hobbies, pizza 

toppings, timing slot selections etc.  

Three states are maintained by the check box control such as checked, 

unchecked and indeterminate. The current state of the check box control is 

determined using IsChecked property of the control.  

The instance of this control is created from CheckBox class, which has 

ToggleButton as immediate base class. The Inheritance hierarchy of CheckBox 

class is 

Object  DependencyObject  UIElement  FrameworkElement  Control 

 ContentControl  ButtonBase  ToggleButton  CheckBox 

XAML Syntax to create a TextBox control is   

<CheckBox ----/> 

 Or 

<CheckBox> 

 Single object  

</CheckBox> 

Properties specific to CheckBox class is listed in table 7. All the properties 

listed below have both read and write operation and are derived from 

ToggleButton class.   

Table 7: CheckBox control properties 

Property Name Description 

IsChecked 
Gets or sets a Boolean value examining 

whether the control is checked 

IsThreeState 
Gets or sets a Boolean value examining 

whether the control supports three states. 

Events specific to CheckBox class is listed in table 8. These are derived from 

ToggleButton class. 

Table 8: CheckBox control Events 

Property Name Description 

Checked Is triggered when the control is checked. 

Indeterminate 
Triggered when the control is switched to 

indeterminate state 

Unchecked 
Triggered when the control is switched to 

unchecked state 
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OnToggle method is special mothed of this control inherited from 

ToggleButton class. This method is called when the control receives toggle 

notification. 

XAML and .xaml.cs code for Checked and Unchecked events is given in 

Example 4. In this example a textbox and three checkboxes are used. The font 

bolt and italics settings of the textbox contents are carried out based on the 

checkbox value. Three check boxes are labelled as “SELECT ALL”, “BOLD” 

and “ITALICS”. Depending on the checked and unchecked operation on the 

“BOLD” and “ITALICS” check boxes the text formatting will vary. If 

“SELECT ALL” box is checked then both formatting are applied to the text 

box contents and other two check boxes are also checked. If it is unchecked 

then both the formatting are removed and “BOLD” and “ITALICS” check 

boxes are unchecked. 

Example 4: XAML Code 

<TextBox x:Name="textBox" Text="TextBox created for Formatting "/> 

<CheckBox x:Name="ch_Bold" Content="BOLD" Checked="chkbox_test" 

Unchecked="unchk" FontWeight="Bold" /> 

<CheckBox x:Name="ch_Italics" Content="ITALICS" 

Checked="chkbox_test" Unchecked="unchk" FontStyle="Italic"/> 

<CheckBox x:Name="ch_Select_All" Content="SELECT ALL" 

Checked="chkbox_test" Click="unchk" ClickMode="Press"/> 

.xaml.cs code for handling events 

void chkbox_test(object sender, RoutedEventArgs e) 

{  

// this code block will be executed for checked event of all three 

checkboxes.  

// “ctrl” object is used to check which control has fired the checked 

event 

    CheckBox ctrl = sender as CheckBox; 

    if (ctrl.Content.ToString() == "SELECT ALL") 

    { // Code to set all check boxes as checked and do all formatting 

        ch_Bold.IsChecked = true; 

        textBox.FontWeight = FontWeights.Bold; 

        ch_Italics.IsChecked = true; 

        textBox.FontStyle = FontStyle.Italic; 

    } 

    else if (ctrl.Content.ToString() == "BOLD") 

        textBox.FontWeight = FontWeights.Bold; 

    else if (ctrl.Content.ToString() == "ITALICS") 

        textBox.FontStyle = FontStyle.Italic; 

// code to check “SELECT ALL” check box if both “BOLD” & “ITALICS” are 

checked. 

    if (ch_Bold.IsChecked == true && ch_Italics.IsChecked == true)  

        ch_Select_All.IsChecked = true; 
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} 

void unchk(object sender, RoutedEventArgs e) 

{ // this code is executed for click event of “SELECT ALL” and unchecked 

event of other  

  //two check boxes. Used to remove formatting. 

    if(e.OriginalSource == ch_Select_All) 

    { 

        if (ch_Select_All.IsChecked == false)  

        { // remove all formatting and uncheck all the check boxes 

            ch_Bold.IsChecked = false; 

            textBox.FontWeight = FontWeights.Normal; 

            ch_Italics.IsChecked = false; 

            textBox.FontStyle = FontStyle.Normal; 

        } 

    } 

    else 

    { 

// “SELECT ALL” is unchecked if either “BOLD” or “ITALICS” is 

//unchecked  

        ch_Select_All.IsChecked = false;   

        if (e.OriginalSource == ch_Bold) 

            textBox.FontWeight = FontWeights.Normal; 

        else if (e.OriginalSource == ch_Italics) 

            textBox.FontStyle = FontStyle.Normal; 

    } 

} 

2.4.4  Toggle Switch 

It is a control that can switch between two states such as “ON’ and “OFF”. 

This is used in the UI to enable / disable controls or to toggle the visibility of 

controls. Disabled controls will occupy the screen space but cannot be used. 

Screen real estate usage is optimized by making controls not relevant to the 

current context as invisible.   Figure 9 displays the ON and OFF states of the 

ToggleSwitch control: 

 

Figure 9: Sample ToggleSwtich Control 

The inheritance hierarchy of this class is  

Object  DependencyObject  UIElement  FrameworkElement  Control 

 ToggleSwitch 
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Properties specific to ToggleSwitch control is given in table 9. 

Table 9: ToggleSwitch control properties 

Property Name Description 

Header Gets or sets a value to display the description of the 

control 

IsOn Gets or sets a Boolean value to identify the “ON” state 

of the ToggleSwitch control 

OnContent Gets or sets the content that should be displayed 

during the “ON’ state of the control 

OffContent Gets or sets the content that should be displayed 

during the “OFF’ state of the control 

Toggled event is triggered when the state of the ToggleSwitch control changes.  

Example 5 includes XAML and .xaml.cs code to design UI with ToggleSwitch, 

a Button and a ProgressRing control. Depending on the ON/OFF state the 

visibility of the ProgressRing and enable property of Button is changed. 

ProgressRing control is used to visually indicate work in progress with the help 

of animated ring. Image of ProgressRing is given below 

 

IsActive property of the ProgressRing control is set to true to activate the 

control. Setting the same to false will deactivate the control. This does not 

release the screen space occupied by the control. Hence Visibility property is 

set to Collapsed to release the screen space. 

Example 5: XAML code: 

<ToggleSwitch x:Name="TS" Header="Progresss ring and button Controller" 

OnContent="Slide to Deactivate" OffContent="Slide to Activate 

Controls" Toggled="on_off"/>         

<ProgressRing Name="PGR1" Margin="279,40,0,0" 

VerticalAlignment="Top" Width="18"/> 

<Button x:Name="button2" Content="Button" Height="30" Width="58" 

IsEnabled="False"/> 

.xaml.cs code to activate/deactivate ProgressRing and enable/disable 

Button  

private void on_off(object sender, RoutedEventArgs e) 

{ 

     if (TS.IsOn == true)  // check ISOn property of ToggleSwitch 

     { 

          PGR1.IsActive = true;  // Activating ProgressRing 

          PGR1.Visibility = Visibility.Visible; 

          button2.IsEnabled = true; 

     } 
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    else 

     { 

          PGR1.IsActive = false;  //Deactivating Progressing 

Ring 

          PGR1.Visibility = Visibility.Collapsed; 

          button2.IsEnabled = false; 

 } 

} 

Check Your Progress 2 

1)  State True or False 

i) Multiline input cannot be accepted using TextBox control  

ii) Style setting provided at the start of the page can be over  

ridden with inline style setting of the control.         

iii) Clear and in-depth understanding of the business process is  

essential for designing a good UI.                                                                   

iv) Properties, events and methods collections of all the controls  

are the same.                

v)  Controls created at runtime can further be used in the  

design time. 

2) Write XAML code to create UI with three buttons and a Textbox. Three 

buttons are to be used for three colors hence the contents of the buttons 

should be color name. The code-behind file should have the logic to 

change the forecolor of the textbox depending on the color button clicked. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

3) CheckBox and ToggleSwitch is used for yes/no input. What are the 

differences between them? 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

2.5 SUMMARY 

Universal Windows Platform (UWP) is an introduction with Windows 10 

which is used to develop applications to be used by all device families. User 

Interface (UI) of the apps is designed using XAML and the business logic is 

developed using C#, VB.net, C++, Python etc. This facilitates independent and 

simultaneous development of interface and business logic operations. This 

reduces app development time, code complexity and enhances productivity. 

XAML code includes case sensitive tags for UI control creation. These tags are 

related to the classes of .NET framework. Object is the root base class of all the 

 T/F
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controls used. Appearance and behavior of the controls are handled using 

properties and events. We have discussed some of the basic controls such as 

Button, CheckBox, TextBox and ToggleSwitch in this chapter. Ample XAML 

and code-behind examples are provided with scenarios to understand the usage 

of the control. Learners are advised to do self-exploration of all the properties 

and events of the controls. 

2.6 REFERENCES / FURTHER STUDIES 

• Universal Windows Apps with XAML and C# Unleashed Paperback – 

Import, 2 Feb 2015, Adam Nathan, Sams Publishing 

• Developing windows 10 Applications with C#, 2016, Sergii Baidachnyi, 

CreateSpace Independent Publishing Platform, North Charleston, SC  

• https://mva.microsoft.com/training-topics/c-app-development 

• www.c-sharpcorner.com/technologies/xaml 

• https://developer.microsoft.com/en-us/windows/apps/getstarted 

• https://docs.microsoft.com/en-us/windows/uwp/get-started/universal-

application-platform-guide 

• https://technet.microsoft.com/en-us/library/security/jj170812(v=vs.120) 

2.7   SOLUTIONS / ANSWERS 

Check Your Progress 1 

1) a)  False 

 b) True 

 c) False 

 d) False 

 e) True 

2) XAML document structure resembles the structure of XML as it is an 

extension of the same. GUI of the applications is designed using these 

tags, which are used to define UI control elements. These tags are 

enclosed in angle brackets like any other markup language. But the 

difference is that XAML tags are case sensitive. This is because on 

execution of the application these tags are used to instantiate objects of 

UI controls. These tags are directly related to the class name defined in 

the .NET framework hence case sensitivity needs to be maintained.  

3) UWP is Universal Windows Platform that is used to design applications 

which can be executed across all devices families. It is an extension of 

Windows Runtime (WinRT) of Windows 8, which is used to create 

applications to be used between Windows phone 8.1 and Windows. 

Reasons to use UWP apps are  

• Devices are targeted instead of OS. 

• One app store is maintained for all devices.  

• Common API surface is used across device families.  

• User Interface (UI) includes adaptive controls.  

• Use of extension SDK helps to develop light weight apps. 
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4) The GUI of UWP applications are designed using XAML along with 

programming language of choice. XAML is used to create the UI design 

and the business logic is written in the code-behind file using 

programming language. Hence two files are maintained .xaml for design 

and .xaml.cs for code-behind. The response of the controls for the key 

press or mouse actions needs to be handled using event handling. The 

events need to be subscribed in the XAML code along with the methods 

to be executed on the event occurrence.  The code specifying the action 

that needs to be taken must be created in the code-behind file with the 

same method mentioned in the XAML file. When the program executes 

on the occurrence of the event, notification will be sent and the event 

handling code executes. 

Check Your Progress 2 

1) i) False 

 ii) True 

 iii) True 

 iv) False  

 v) False  

2)  XAMl code  

        <Button x:Name= “rdbt” Click= “clrchg” ClickMode= “Press”> RED 

</Button> 

        <Button x:Name= “blbt” Click= “clrchg” ClickMode= “Press”> 

Blue</Button> 

       <Button  x:Name= “grbt” Click= “clrchg” ClickMode= “Press”> Green 

</Button> 

<TextBox Name= “TB1” HorizontalAlignment= “Left” 

VerticalAlignment= “Top” Text= “Hello”/>  

 .xaml.cs file having function to change the text color based on button click 

        void clrchg(object sender, RoutedEventArgs e) 

        { 

            if (e.OriginalSource = = rdbt ) 

                TB1.Foreground = new SolidColorBrush(Windows.UI.Colors.Red); 

            else if (e.OriginalSource = = grbt) 

                TB1.Foreground = new 

SolidColorBrush(Windows.UI.Colors.Green); 

            else 

                TB1.Foreground = new SolidColorBrush(Windows.UI.Colors.Blue); 

        }      

3) The difference between CheckBox and ToggleSwitch is that CheckBox is 

used for status change and ToggleSwitch is used for action. CheckBox 

interactions can be delayed whereas the interactions of the ToggleSwitch 

control must be committed immediately. Multiple selections are possible 

with CheckBox but is not possible with ToggleSwitch. 
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UNIT 3   INTRODUCTION TO C# 

Structure  

3.0 Introduction 

3.1 Objectives 

3.2 Net Framework 

3.3 C# (C Sharp) 

3.4 Basics of  C# language 

 3.4.1 Keywords 

 3.4.2 Variable and Datatypes 

 3.4.3 Operators 

 3.4.4 Control Statements  

 3.4.5 Introduction to Classes 

 3.4.6 Methods  

 3.4.7 Properties 

 3.4.8 Constructors and Destructors 

3.5 Model View Controller (MVC) 

3.6 Summary  

3.7 References/Future Studies  

3.8 Solution and Answers 

3.0     INTRODUCTION 

In the current scenario of digital world, use of internet is very popular in each 
and every walk of life. Early in the 21

st
 century, Microsoft came up with the 

vision to exploit or utilize the internet infrastructure so that every user having 
any kind of device would be able to  run application at any time and at any 
place ,which through internet connect to various web services in their 
corresponding web servers. As a solution .Net Framework and a new language 

was introduced called as C# (pronounced as C Sharp). 

In this unit, you will be introduced to .Net Framework, basic building blocks of 
.Net Framework. Adding to this you will be able to explore the fundamentals 
of the C# language includes data types, keywords, syntax and features, classes, 
methods. Finally in the end we will discuss the basics of MVC.  

3.1     OBJECTIVES 

After completion of this unit, you will be able to: 

• Explore .Net Framework 

• Understand the basics of C# Language 

• Write small C# application  

• Define the concept of MVC. 

3.2 NET FRAMEWORK 

.Net Framework defines an environment for developing and running software 
applications written in variety of languages. It provides security, program 
portability and a common programming model for the windows platform. The 
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three building blocks of .Net Platform were CLS, CLR and CTS. Common 
Language Specification (CLS) defines a minimal set of specifications that 
compulsorily supported by the compiler. For example one language follows 
case sensitivity and other doesn’t support, so CLS specifies some set of 
common standard with the help of CLR. Common Language Runtime (CLR) is 
responsible for maintaining the execution of application. The output after 
compiling the program is not executable code, instead it is called a MSIL 
(Microsoft Intermediate Language) code. MSIL code defines a portable 
executable code. The job of CLR is to translate the intermediate code to 
executable code. By using Common Type System (CTS) .net framework 
provides cross language inter-operability. CTS specify the rules which include 

how the types can be declared, used and managed at runtime. 

The main advantage of .Net Framework was cross language inter-operability. 
By that it means that code written in one language can be easily worked with 
code written in another language. It is needed for the creation of large 
distributed applications. .Net supports to work in a number of languages like 

VB, J#, C++ and C#.  

3.3 C# (C SHARP) 

In the year 2000 Microsoft introduced C# as new language whose name was 
inspired by musical note C#. Anders Hejlsberg developed a very simple, 
general purpose and object oriented language C#. It is a first component 
oriented language derives from the family of C and C++. It is very similar to 
JAVA but some of the features added in C# make it strong language to develop 
web based language. C# supports software engineering principles such as array 
bounds checking and automatic garbage collection. C# programming increases 

the programmer productivity along with the durability of the application. 

Check Your Progress- I  

1) Fill in the blanks - 

a) ……………. is .NET components can be used to remove unused 

references from the managed heap. 

b) Code that targets the Common Language Runtime is known as 

……………………………. 

c)    Component Network is ……………..  a part of .Net Framework.  

2) What is Common Type System (CTS)? 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

3) What are the advantages of .Net? 
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Introduction to C# …………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

3.4  BASICS OF C# LANGUAGE 

It is time to look upon a simple program in C# and learns how to compile and 

run C# program. Following are the steps: 

1) Open a notepad, write the mentioned below code and save it with .cs 

extension. .cs extension means source code written in C#. 

 

2) For Compilation, open Visual Studio Command Prompt 2008 and go to 
the folder where your .cs file is stored. Then write command csc 

followed by file name (with .cs extension). 

 

3) If you get any errors then remove it and save. For run only write the file 

name (without .cs extension). 

Let us briefly discuss about the source code: 

� First line of the code is a multiline comment starting with /* and ending 

with */ 
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� The next line specifies the using System; - It is used to include the System 
namespace in the program. A program can include multiple using 

statements. 

� The next line of source code specifies the namespace declaration. 

Namespace It is basically a collection of classes. The firstprogramin 

Csharp namespace contains the class firstexample. 

� Class declaration is specified in the next line which is used to contain the 
data and method which our program uses. Like in our source code class 

firstexample does. Classes can include multiple methods. 

� Next line defines the Main method. Main method is an entry point of the 
program for execution. 

� Line of source code that starts with // is ignored by the compiler and it is 
put to add single line comment in the program. 

� Behavior of the Main method is specified with the statement 

Console.WriteLine("Welcome to C# Programming"); where WriteLine 
is a method of the Console class defined in the System namespace. This 

statement causes the message "Welcome to C# Programming” to be 
displayed on the screen. 

3.4.1   Keywords 

Learning of any language starts with the learning of its alphabets. Therefore, 
Let us start with C# language learning with the introduction of its keywords. 

C# has reserved words (predefined meaning to the C# compiler) and contextual 
words (special meaning in the context of the code). Following table list given 

in web reference [1] and [2] shows reserved words and contextual words: 

Reserved Words 

abstract As base bool break byte case 

catch Char checked class const continue decimal 

default delegate do double else enum event 

explicit Extern FALSE finally fixed float for 

foreach Goto if implicit in int interface 

internal Is lock long namespace new null 

object operator out override params private protected 

public readonly ref return sbyte sealed short 

sizeof stackalloc static string struct switch this 

throw TRUE try typeof uint ulong unchecked 

unsafe ushort using virtual void volatile while 

Contextual Keywords 

Add alias ascending descending dynamic from get 

Global group into join let orderby partial 

(type) 

Partial(method) remove select set       
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The basic requirements of any programming language are variables and their 
data types. Whenever you create a variable, it means you are allocating a space 
in memory that is used for storing temporary data. A simple program that 

shows how we use variables is demonstrated below:  

  

 

Output of the above program is shown below: 

 

C# is a ‘strongly typed’ language. ‘Strongly typed’ means that whenever we 

declare a variable or object, it must have a declared type. 

 Data types of C# can be categorized as follows: 

� Value Type 

� Reference Type 

Value Type- Details of value type data types [2] are mentioned below: 



 

 

Basics of Windows 

Mobile 

68 

Type Represents Range 
Default 

Value 

bool Boolean value True or False FALSE 

byte 8-bit unsigned integer 0 to 255 0 

char 16-bit Unicode character U +0000 to U +ffff '\0' 

decimal 128-bit precise decimal values 

with 28-29 significant digits 

(-7.9 x 10
28

 to 7.9 x 10
28

) / 

10
0 to 28

 

0.0M 

double 64-bit double-precision floating 

point type 

(+/-)5.0 x 10
-324

 to (+/-)1.7 x 

10
308

 

0.0D 

float 32-bit single-precision floating 

point type 

-3.4 x 10
38

 to + 3.4 x 10
38

 0.0F 

int 32-bit signed integer type -2,147,483,648 to 

2,147,483,647 

0 

long 64-bit signed integer type -9,223,372,036,854,775,808 

to 9,223,372,036,854,775,807 

0L 

sbyte 8-bit signed integer type -128 to 127 0 

short 16-bit signed integer type -32,768 to 32,767 0 

uint 32-bit unsigned integer type 0 to 4,294,967,295 0 

ulong 64-bit unsigned integer type 0 to 

18,446,744,073,709,551,615 

0 

Reference Type   

Reference types contain the reference of other variables in contrast to the value 
types which contain the actual value of that variable. Example of reference 
type is object, dynamic and string. 

Object type is the base of all the data types in C#. When a object type variable 

is converted to value type it is called as unboxing and reverse process is 

known as boxing. Any type of value can be stored in dynamic type of data 
type. Difference between object type and dynamic type is that type checking in 
object type takes place in compile type and for dynamic type it is to be done at 

run time. String data type is used to store string values to a variable. 

3.4.3  Operators 

An operator is used to perform some type of operation on operands. C# has a 

rich set of operators that can be categorized as follows: 

• Arithmetic Operators 

• Relational Operators 

• Logical Operators 

• Bitwise Operators 

• Assignment Operators 

Arithmetic Operators- Following are the details of arithmetic operators 

shown in web reference [2]. 
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Operator Symbol Description 

+ Addition of  two operands 

- Subtraction of two operands 

* Both operands are multiplied 

/ Numerator is divided by 

denominator 

% Modulus Operator and remainder of 

after an integer division 

++ Value is incremented by one 

-- Value is decremented by one 

Relational Operators- Following are the details of relational operators shown 

in web reference [2]: 

Operator 

Symbol 

Description 

= = Used to check whether the values of two operands are equal 

or not; if the values are equal then the condition is true. 

!= Used to check whether the values of two operands are equal 

or not; if the values are not equal then the condition is true. 

> Condition is true if the value of left operand is greater than 

the value of right operand;  

< Condition is true if the value of left operand is less than the 

value of right operand. 

>= Condition is true if the value of left operand is greater than 

or equal to the value of right operand. 

<= Condition is true if the value of left operand is less than or 

equal to the value of right operand. 

Logical Operators- Following are the details of logical operators as described 

in shown in web reference [2]. 

Operator 

Symbol 

Description 

&& Called Logical AND operator. Condition is true if both the 

operands are non zero. 

|| Called Logical OR Operator. Condition is true if any of the two 

operands is non zero. 

! Logical state of its operand is reverses by Logical NOT 

operator. If the state of operand is true then NOT operator 

makes it false. 
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Bitwise Operators- Following are the details of bitwise operators described in 

shown in web reference [2]. 

Operator 

Symbol 

Description 

& Binary AND Operator copies a bit to the result if it exists in 

both operands. 

| Binary OR Operator copies a bit if it exists in either operand. 

^ Binary XOR Operator copies the bit if it is set in one operand 

but not both. 

~ Binary Ones Complement Operator is unary and has the effect 

of 'flipping' bits. 

<< Binary Left Shift Operator. The left operands value is moved 

left by the number of bits specified by the right operand. 

>> Binary Right Shift Operator. The left operands value is moved 

right by the number of bits specified by the right operand. 

Assignment Operators- Following are the details of assignment operator 

describe in shown in web reference [2]. 

Operator 

Symbol 

Description 

= It is used to assign value from right side operands to left side 

operand. 

+= It is used to add the value of right operand to the  value of left 

operand and assign the result to left operand. 

-= It is used to subtract the value of right operand from the  value 

of left operand and assign the result to left operand. 

*= It is used to multiply the value of right operand to the  value of 

left operand and assign the result to left operand. 

/=  It is used to divide the value of  left operand with the right 

operand and assign the result to left operand 

%= It takes modulus using two operands and assign the result to 

left operand 

<<= Left shift AND assignment operator 

>>= Right shift AND assignment operator 

&= Bitwise AND assignment operator 

^= bitwise exclusive OR and assignment operator 

|= bitwise inclusive OR and assignment operator 

Operator Precedence in C#- 
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Category Operator Associativity 

Postfix () [] -> . ++ - - Left to right 

Unary + - ! ~ ++ - - (type)* & 

sizeof 

Right to left 

Multiplicative * / % Left to right 

Additive + - Left to right 

Shift << >> Left to right 

Relational < <= > >= Left to right 

Equality == != Left to right 

Bitwise AND & Left to right 

Bitwise XOR ^ Left to right 

Bitwise OR | Left to right 

Logical AND && Left to right 

Logical OR || Left to right 

Conditional ?: Right to left 

Assignment = += -= *= /= %=>>= 

<<= &= ^= |= 

Right to left 

Comma , Left to right 

3.4.4 Control Statements  

A program is a set of instructions and these instructions are normally executed 

in the order as they are written, but when we need that some statements will 

execute or not execute depending upon some condition the there is a need of 

control statements. Control statements are of the following two types: 

1) Decision Control Constructs 

2) Looping Control Constructs 

Decision Control Constructs- Following is the list of decision statements in 

C#. 

Statement General Syntax Description 

if statement if( boolean expression) An if statement consists 

of a boolean expression 

followed by one or 

more statements. 

{ 

   Set of statements; 

} 

if...else statement if( boolean expression) An if statement can be 

followed by an optional 

else statement, which 

executes when the 

boolean expression is 

{ 

   set of statements; 

} 
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else false. 

{ 

   Set of statements; 

} 

nested if 

statements 

if(boolean expression) You can use one if or 

else if statement inside 

another if or else if 

statement(s). 

{ 

   if(boolean expression) 

    { 

    Set of statements; 

    } 

} 

switch statement switch(integer expression)  A switch statement 

allows a variable to be 

tested for equality 

against a list of values. 

{  

   case integer_value_1:        

          statements; break;  

   case integer_value_2:     

       statements; break; 

     // …  

default: statements; break;  

} 

nested switch 

statements 
switch(integer expression)  Switch statement can be 

nested inside another 

switch statement(s). 
{  

     case integer_value_1:      

     switch(integer selector)  

     { 

       case integer_value_1:    

             statements; break;  

case integer_value_2:     

statements; break; 

     // …  

default: statements; break;  

    }  

      case integer_value_2:    

             statements; break; 

     // …  

default: statements; break;  

 

} 
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Many time there is a situation when there is a need to execute the same 

instruction multiple times. This situation will be handled by using loop 

statements. Following is the list of looping statements in C#. 

Loop Type General Syntax Description 

while loop  
while(<condition>) Statement or a group 

of statements will 

repeatedly execute 

while a given 

condition is true. 

Condition is tested 

before executing the 

loop body. 

{ 

  statement(s); 

} 

for loop  

for ( <initialize list>; 

<boolean condition>; 

<incremental list> ) 

Sequence of 

statements will be 

executed multiple 

times till the condition 

is true and abbreviates 

the code that manages 

the loop variable. 

{ 

   statement(s); 

} 

foreach loop  foreach(<type><iterator 

variable> in <List>) 

It executes statements 

repeatedly for all the 

elements in List. 

{ 

  statement(s); 

} 

do...while loop  
do Working of this loop is 

same as while loop, 

except that condition is 

tested at the end of the 

loop body 

{ 

   statement(s); 

}while(<condition>); 

Jumping Constructs- When there is a need to control the flow of a loop then 

jump statements are used.  
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Following is the list of jumping statements in C#. 

Control Statement General Structure Description 

break statement while(condition)                   

{ //set of statements              

if(<condition>)                     

continue;                               

else                                       

break;                                   

} 

It is used to exit from 

the loop or switch 

statement and transfers 

execution to the 

statement immediately 

following the loop or 

switch. 

continue statement 

Remaining part of the 

loop body after 

continue is skipped and 

immediately retests its 

condition prior to 

reiterating. 

goto statement 

goto <labelname>;               

<labelname>: statement 

This statement transfers 

the control from one 

point to another in a 

program with the help 

of label. 

3.4.5 Introduction to Classes 

C# is an object oriented programming language and it is the basic building 

block of OOP. Class represents an encapsulation that holds the properties, 

methods and events of a real instance of the object. 

To declare a class uses the keyword class followed by a class name and a set of 

class members enclosed in curly braces . 

General Structure of a class given in web reference[2] is as follows: 

 

<access specifier> class  class_name 

{ 

   // member variables 

   <access specifier> <data type> variable1; 

   <access specifier> <data type> variable2; 

   ... 

   <access specifier> <data type> variableN; 

   // member methods 

   <access specifier> <return type> method1(parameter list) 

   { 

      // method body 

   } 

      ... 

   <access specifier> <return type> methodN(parameter list) 

   { 

      // method body 

   } 

} 
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Following is the list of access specifiers in C#. 

Access Specifier Description 

Public  It is the most common access specifier in C#. It can be 

access from anywhere. The scope of the accessibility is 

inside class as well as outside. The type or member can 

be accessed by any other code in the same assembly or 

another assembly that references it. 

Private The scope of the accessibility is limited only inside the 

classes or struct in which they are declared. The private 

members cannot be accessed outside the class and it is 

the least permissive access level. 

Protected The scope of accessibility is limited within the class or 

struct and the class derived (Inherited) from this class. 

Internal The internal access modifiers can access within the 

program that contain its declarations and also access 

within the same assembly level but not from another 

assembly. 

Protected Internal  Protected internal is the same access levels of both 

protected and internal. It can access anywhere in the 

same assembly and in the same class also the classes 

inherited from the same class. 

• Data type specifies the type of variable, and return type is used to specify 

the type of the data the method returns, if any. 

• dot (.) operator is used to access the class members. 

• The dot operator links the name of an object with the name of a member. 

  Let us look at the program shown below that demonstrates the concept of classes. 

using System; 

namespace demo_class 

{   class Program 

    {  class Rectangle 

        {  public int length; 

           public int width; 

           public void getdata(int x, int y) 

            {   length = x; 

                width = y; 

                Console.WriteLine("{0}", length); 

                Console.WriteLine("{0}", width); 

            } 

   public int area_rect() 

            { 

                int area = length * width; 

                Console.WriteLine(area); 

                return(area); 

            } 

        } 

        static void Main(string[] args) 

        { 
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            int area1, area2; 

            Rectangle rect1 = new Rectangle(); 

            Rectangle rect2 = new Rectangle(); 

     rect1.length = 10; 

            rect1.width = 20; 

            Console.WriteLine("{0}", rect1.length); 

            Console.WriteLine("{0}", rect1.width); 

            area1 = rect1.length * rect1.width; 

            Console.WriteLine("Area of a rectangle is {0}", area1); 

             rect2.getdata(20, 40); 

            area2 = rect2.area_rect(); 

           Console.WriteLine("Area of a rectangle is {0}", area2); }}}  

The output of this program is shown below: 

 

3.4.6  Methods 

A method is a collection of statements that perform a particular task. Every C# 

program has at least one class with a method named Main.To use a method, 

you need to: 

Define the method- The syntax for defining a method in C#  given in web 

reference [2] is as follows: 

 

<Access Specifier> <Return Type> <Method Name>(Parameter List) 

{ 

   Method Body 

} 

• Access Specifier: This determines the visibility of a variable or a method 

from another class. 
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Introduction to C# • Return type: A method may return a value. The return type is the data type 

of the value the method returns. If the method is not returning any values, 

then the return type is void. 

• Method name: Method name is a unique identifier and it is case sensitive. 

It cannot be same as any other identifier declared in the class. 

• Parameter list: parameters are used to pass and receive data from a 

method. The parameter list refers to the type, order, and number of the 

parameters of a method. Parameters are optional; that is, a method may 

contain no parameters. 

• Method body: This contains the set of instructions needed to complete the 

required activity. 

Call the method- To call a method (non static), you need an instance of a 

class using dot operator. For static methods, you need class name by using 

dot operator. Let us look at the example that shows the concept of methods. 

using System; 

namespace demo_methods 

{ 

    class methods_demo 

    { 

        int a,b,c; 

        public void getdata(int x, int y) 

        { 

            a = x; 

            b = y; 

        } 

        public int add(int a, int b) 

        { 

            c = a + b; 

            return c; 

        } 

        void display() 

        { 

            Console.WriteLine("Addition of two numbers {0} and {1} is ={2}", a, 

b, c);  

         } 

        static void show() 

        { 

          Console.WriteLine("Demonstration of methods");  

        } 

        static void Main(string[] args) 

        { 

            methods_demo.show(); 

            methods_demo obj1 = new methods_demo(); 

            obj1.getdata(20, 40); 

            obj1.add(20, 40); 

            obj1.display();          

         } 

    } 

} 
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Output of the above program is as follows: 

 

3.4.7 Constructors and Destructors 

Constructors 

Constructors are the special methods with the same name as that of class and 

are used to instantiate the object of the class. A class can have more than one 

constructor. If the class does not contain any constructor then the compiler 

creates default constructor that instantiate the object of the class. Different 

types of constructors are shown below: 

• Default Constructor 

• Parameterized  Constructor 

• Static Constructor 

• Private Constructor 

• Copy Constructor  

Let us look the program named constructor.cs shown below for the 

demonstration of various types of constructors: 

using System; 

namespace demo_defaultconstructor 

{ 

    class Sample 

    { 

        public string param1, param2; 

        public Sample()     // Default Constructor 

        { 

            param1 = "Welcome";               param2 = "To C# Programming"} 

         public Sample(string x, string y)     // Declaring Parameterized 

constructor with Parameters 

        { 

            param1 = x; param2 = y; 

        } 

        public Sample(Sample obj)     // Copy Constructor 

        { 

            param1 = obj.param1; param2 = obj.param2; 

        } 

        static Sample()   
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          Console.WriteLine("Static Constructor is called"); 

        }               

     } 

    class Program 

    { 

        static void Main(string[] args) 

        { 

         Sample obj = new Sample();  // Once object of class created 

automatically constructor will be called 

            Console.Write(obj.param1); 

            Console.WriteLine(obj.param2); 

            Sample obj1 = new Sample ("Hello"," To C# Programming");    

            Console.Write(obj1.param1); 

            Console.WriteLine(obj1.param2); 

            Sample obj2 = new Sample (obj); 

            Console.Write(obj2.param1); 

            Console.WriteLine(obj2.param2); 

            Console.ReadLine(); 

        }     } } 

The output of the program is as follows: 

 

Destructors- Destructor is a special function which is used to destroy the 

instance objects. Its name is same as of the class but preceding with a tilde 

sign. It does not take any parameter and also does not return a value. 

Destructors are useful release the memory resources manually that are of no 

longer use.  

3.4.8  Properties 

The fundamental of OOPS is not to access data members directly because of 

the breach of integrity. Normally, we include accessor methods to access the 

data members. However, these methods need to be remembered by the user 

and we have to specifically write the code for these methods. To overcome 

these problems C# has smart fields known as Properties as they are simple and 

elegant to use. 

Property is a method that is used to set or get the value of the variable. For 

example consider a private variable “id” and we access that variable by using a 

property also “ID” to access the private variable declared. 
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private int id;    //Private variable declaration 

public int ID 

{ 

  get{ return id;} 

  set{id=value;} 

} 

 

C# has the following three types of Properties 

SNo. Type Description 

1. read only property Property that includes only get accessor. 

2. write only 

property 

Property that includes only set accessor. 

3. read and write 

property 

Property that include both get and set accessor. 

3.5 MODEL VIEW CONTROLLER 

The Model-View-Controller (MVC) is software architectural design that 

decides an application into three main logical components: the model, the 

view, and the controller. These three components are used handle specific 

aspects related to the development of application. MVC is a frequently and 

efficiently used design pattern that relates the UI(User Interface) to the 

underlying business logic. 

Components of MVC- 

There are three components of MVC- 

Model- Model represents the data and business logic. This can represent either 

the data that is being transferred between the View and Controller components 

or any other business logic related data. Model objects retrieve and store model 

state in a database. For example, an Employee object might retrieve 

information from a database, operate on it, and then write updated information 

back to a Employee table in a database. 

View- View is an application user interaction interface. For example the 

Employee view would include user interface components such as dropdown 

list, textboxes, checkboxes etc i.e. from where the user interacts. 

Controller – Controller works as a intermediatory interface between the 

Model and the View . It is responsible for the control flow of application 

execution. The Controller receives input from users via the View, then process 

the user's data with the help of Model and passing the results back to the View. 
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Introduction to C# Check Your Progress II: 

1) What is boxing in C#?  

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

2) What is scope of a public member variable of a C# class? 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

3) In how many ways you can pass parameters to a method? 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

……………………………………………………………………………. 

3.6 SUMMARY 

This completes our discussion on the basics concepts of .Net Framework and 
C# language. The information given on various topics like variables and data 
types, classes, methods, properties, constructors and destructors. MVC 
although is exhaustive yet can be supplemented with additional reading. 
Programs given on various topics are explained but more practice is needed. . 
In addition to further readings, you are advised to study more books and web 

tutorials to enhance your knowledge and understanding. 
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3.8  SOLUTION AND ANSWERS 

Check Your Progress 1 

1) a)  Garbage Collector 

 b)  Managed Code 

 c)  not 

2) Net uses Common Type System (CTS) for Language Interoperability. 

CTS defines the predefined data types that are available in IL, so that all 

languages that target the .NET framework will produce the compiled 

code that is ultimately based on these types. CTS ensures that a data type 

defined in a VB.net will be understood by C#. 

3) Advantages of .Net Framework- 

• Good Design 

• Object-Oriented Programming – Using C# and .NET which are 

based on object-oriented Concepts. 

• Language Independence – All the languages which are supported by 

.Net (VB.NET, C#, J#, and managed C++) are compiled into 

common Intermediate Language (IL). So IL makes sure that 

languages are interoperable. 

• Efficient Data Access – ADO.NET provides fast and efficient way to 

access RDBMS, file system etc. 

• Code Sharing – To share code between applications, a new concept 

called assembly is introduced. Assemblies support versioning. 

• Improved Security 

• Support Dynamic Web Pages – Using ASP.NET 

• Support for Web Services 

 Check Your Progress  II 

1) When a value type is converted to object type, it is called boxing. 

2) Public access specifier allows a class to expose its member variables and 

member functions to other functions and objects. Any public member can 

be accessed from outside the class.  

3) There are three ways that parameters can be passed to a method given in 

web reference[2] − 

Value parameters − This method copies the actual value of an argument 

into the formal parameter of the function. In this case, changes made to the 

parameter inside the function have no effect on the argument. 

Reference parameters − This method copies the reference to the memory 

location of an argument into the formal parameter. This means that 

changes made to the parameter affect the argument. 

Output parameters − This method helps in returning more than one value. 

 

 



 

83

UNIT 4   WINDOWS MOBILE: LAYOUT 

CONTROLLERS AND MODELS 

Structure  

4.0 Introduction 

4.1 Objectives 

4.2 Layout Panels 

4.3 Navigation Panel 

4.4 Gesture Control 

4.5 List of other Controls 

4.6 Summary 

4.7    References /Future Studies 

4.8 Solutions/Answers 

4.0 INTRODUCTION 

UWP provides platform to create applications targeting device families and not 

the operating system. Developer has to create single application which targets 

universal device family or a particular device or subset device families. The 

responsive design feature UI facilitates automatic layout adjustment depending 

on the device in which the application is loaded. XAML, a tag language used in 

UI design provides flexible layout system with auto resizing, resolution 

adjustment and orientations. Gesture recognizers help to interpret various 

gestures such as swipe, pinch or rotation used in touch based devices. Based on 

the recognized gestures, messages are sent to the target objects to initiate action 

events.  

Various Layout panels, gesture controls and advanced user input controls 

present in XAML designing helps to enhance overall User eXperience (UX) of 

the application. This chapter explains various layouts panels and its properties 

to be used to create adaptive and responsive UI. The creation and usage of 

gesture recognizers for touch based UI is discussed in detail. This chapter also 

includes brief discussion about controls such as Calendar, Image, Hyperlink, 

Progress bar, Progress Ring, Radio Button, RichEditBox, SearchBox, 

TextBlock. Inheritance hierarchy, properties and events specific to these 

controls are also included. 

4.1   OBJECTIVES 

After going through this unit you will be able to: 

• Understand responsive design techniques; 

• Elaborate various layout panels and its use case scenario; 

• Familiarise the use of navigation panel; 

• Discuss the Usage of gesture control for touch based devices; and 

• Define various XAML controls used in UI design. 
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Mobile 4.2   LAYOUT PANELS 

XAML provides rich collection of built-in layout panels for creation of 

responsive UI. Fluid layout, adaptive layout and tailored layout are the three 

types of layout. Layout panels are also referred to as Container controls as 

other control elements are placed inside them. Changes done to the appearance 

of the layout automatically reflects the elements inside them. 

What are the layout systems that are supported by XAML layout? Two major 

categories of layout supported by XAML are static and fluid layout. In static 

layout controls are assigned with pixel position and sizes. Static layout UI does 

not change with the change in device screen or orientation. This results in 

clipped screen and display formats. Fluid layout on the other hand, shrinks, 

grow and reflow as per the screen orientation and size changes. Control 

properties are assigned with automatic or proportional sizing, alignment and 

margins. This results in responsive UI as the fluid layout positions their 

children controls as per the screen real estate. Both static and fluid layouts can 

be used in combination in the creation of UI. Caution has to be observed to 

ensure that the overall responsiveness of UI is not compromised. 

Explain three different types of responsive layout? Fluid layout uses 

properties and panels of the layout to design default UI. The basic foundation 

for design of responsive UI is to understand the properties and panels and use 

them appropriately to create adaptive UI with auto resizing and repositioning. 

The size of the elements present in the UI can be fixed or it can be allowed to 

use automatic sizing as per the parent layout sizing. The Panel classes such as 

Canvas, Grid, StackPanel, WrapPanel, RelativePanel provide different ways to 

position and size their child elements. 

Adaptive layouts layout works with the visual states of the UI. Changes to the 

layout properties are done based on window size growing or shrinking beyond 

a size. Different visual states are maintained and are applied when the window 

width or height crosses the threshold or breakpoint value. Adaptive Triggers 

are used to create rules that automatically trigger visual state change when 

needed. 

Tailored layouts are optimized for specific device family screen layout. The 

layout is expected to be responsive to the changes within the range of 

supported window sizes. Custom triggers can be used for a device family to 

modify the screen layouts. Other way is to use separate XAML file with same 

code-behind file for each device family view. An alternative way is to use 

separate XAML and code-behind file to provide different implementation for 

each device family. 

Explain the properties of layout controls. All types of layout classes are 

derived from Panel class. The inheritance hierarchy of Panel class is 

Object�DependencyObject�UIElement�FrameworkElement�Panel. Apart 

from the inherited properties, methods and events, the newly created properties 

of the Panel class are listed below in Table 1.  
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Table 1: Properties of the Panel class 

Property name Description 

Background Gets or sets the color that is used fill the panel content 

area. 

BorderBrush Gets or sets the brush that is used to border fill the 

panel. Color value is specified as value. 

BorderThickness Gets or sets the border thickness. It is represented as 

number. 

Children Gets the collection of child controls of the panel (Read-

only) 

ChildrenTransition Gets or sets the collection of transition style elements 

that apply to the child elements of the panel 

CornerRadius Gets or sets the value of the corner radius. Default is 

zero. Any positive integer value other than zero will 

design the panel with rounded corners. 

IsItemsHost Gets a value that indicates whether the panel is a 

container for UI items that are generated by 

ItemsControl.  

Padding Gets or sets the distance between the Panel border and 

its child elements. 

Some of the properties inherited from FrameworkElement class that are used 

for creation of responsive UI are: 

• Height & Width 

This property is used to set the height and width of the layout control. The 

value can be set in terms of pixels or as proportional sizing. ActualHeight 

and ActualWidth property has to be used to access the height and width of 

the element at runtime. Height and width of the UI element has to be set to 

Auto to enable auto sizing of the elements during the size or orientation 

changes.  

• Size Constraints 

While using auto sizing feature of responsive UI, the user can place 

restrictions on the size of the element. MinWidth and MaxWidth properties 

are used to specify the minimum and maximum width restriction on the 

layout that need to be maintained during fluid resizing. MinHeight and 

MaxHeight properties are used to specify restriction on height restrictions.  

• Alignment 

This property is used to specify how the elements need to be [positioned in 

the parent container. HorizontalAlignment and VerticalAlignment 

properties are used for this alignment purpose. HorizontalAlignment 

values are Left, Center, Right and Stretch. VerticalAlignment values are 

Top, Center, Bottom and Stretch. The default value for both alignments 

is Stretch, which fills the element in the area provided.  
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• Margins and Padding 

Margin property is used to specify amount of empty space surrounding the 

control. It does not add pixel to the ActualHeight and ActualWidth value of 

the control. Padding specifies the inner space between the actual content 

and the inner border of the control. Increasing the padding value decreases 

the content area. The Top, Right, Left and bottom values of this property 

can also be negative and need not be symmetrical. Figure 1 shows the 

margin and padding feature of the element.   

    

Figure 1: Margin and padding of elements 

Readers can view the effects of margin and padding by creating a grid with a 

textbox control in it. Following code snippet show the control with and without 

margin and padding. 

XAML Coding without margin and padding: 

<Grid Width="100" Height="50" BorderBrush="Red" BorderThickness="1"

  <TextBox Text="Hello" /> 

</Grid> 

XAML Coding with margin and padding: 

<Grid Width="100" Height="50" BorderBrush="Red" BorderThickness="1"

  <TextBox Text="Hello" Margin="3,5,5,5" Padding="15,5" /> 

</Grid> 

• Visibility 

This property is used to hide and reveal controls based on the 

requirements. Visibility enumeration values such as Visibility and 

Collapsed are used to set the value of this property. When the Visibility is 

set as Collapsed, then the control does not take the screen space. The 

visibility of the control can be changed through code or through visual 

state. Visibility change of the parent element is cascaded to its child 

elements. 

Note:  

1) Elements with Visibility set as Collapsed will also be loaded at page 

startup. This can be deferred to speed up the loading process by setting 

DeferLoadStrategy attribute of the control to Lazy. 
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2) Style resources can be set outside the layout for the controls to maintain 

consistent look of the UI. (Refer Style tag discussion in Unit 2 of 

Block1) 

Let us explore various layout controls its corresponding classes and its 

properties and events.     

• Grid layout 

Grid layout panel arranges the child elements in the combination of rows and 

columns. The controls are arranged in a tabular format. The functionality is 

similar to HTML tables. Inheritance hierarchy of Grid class is  

Object�DependencyObject�UIElement�FrameworkElement�Panel�Grid 

The layout of the Grid is provided using one or more RowDefinition and 

ColumnDefinition elements inside <Grid.RowDefinitions> and 

<Grid.ColumnDefinitions> tag. The controls to be placed in the Grid are 

positioned in the required rows and column using Grid.Row and Grid.Column 

properties.  

Each row and column divides the layout space equally by default. This is the 

achieved with Auto set as the Height and Width value. User defined sizes for 

Height and Width can be set by specifying absolute values in pixels or by using 

proportional or “star” sizing. The proportional sizing is achieved by specifying 

Width as * or n*, where n* is used for weighted sizing. These * sized columns 

are assigned values after allocating the auto and absolute sized columns. The 

code snippet given below illustrates various column width specifications. First 

column width is set as per the size of its content and second column is set as 50 

pixels wide. Remaining space is occupied by third and fourth column, where 

forth column will be three times wider than the third column.  

 <Grid> 

  <Grid.ColumnDefinitions> 

   <ColumnDefinition Width=Auto/> 

   <ColumnDefinition Width=”50”/>  

   <ColumnDefinition /> 

   <ColumnDefinition Width =”3*”/> 

  </Grid.ColumnDefinitions>   

 </Grid> 

Properties specific to Grid class is listed below in table 2. 

Table 2: Properties specific to Grid class 

Property name Description 

ColumnDefinitions Gets the list of column definitions objects defined for 

the Grid. Read-only property 

ColumnProperty Gets the value of Grid.Column XAML attached 

property. Read-only. 

ColumnSpanProperty Gets the value of Grid.ColumnSpan XAML attached 

property. Read Only. 
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Property name Description 

RowDefinitions Gets the list of row definitions object defined for the 

Grid. Read-only property. 

RowProperty Gets the value of Grid.Row XAML attached property. 

Read-only. 

RowSpanProperty Gets the value of Grid.RowSpan XAML attached 

property. Read Only. 

The attached properties of Grid to be used in XAML coding are 

Grid.Column� This is a zero-based index value representing the column 

position. It is used in the child element to specify the column in 

which it has to be placed. Negative values are not permitted. 

The value set for this property is utilized by the immediate 

parent Grid. The grid column setting and column value 

retrieval is accomplished in the code-behind file using 

SetColumn and GetColumn method. 

Grid.ColumnSpan � A positive integer value that specifies the number of Grid 

columns to be used for element span. The value range of this 

property is from 1 to maximum column count. Zero or negative 

values are not permitted. If the value goes beyond the 

maximum column count then it will be spanned across all 

columns. SetColumnSpan and GetColumnSpan methods are 

used as its equivalent in the code-behind file.            

Grid.Row� This is a zero-based index value representing the row position. It 

is used in the child element to specify the row in which it has to 

be placed. Negative values are not permitted. The value set for 

this property is utilized by the immediate parent Grid. The grid 

row setting and row value retrieval is accomplished in the 

code-behind file using SetRow and GetRow method. 

Grid.RowSpan � A positive integer value that specifies the number of Grid 

rows to be used for element span. The value range of this 

property is from 1 to maximum row count. Zero or negative 

values are not permitted. If the value goes beyond the 

maximum row count then it will be spanned across all rows. 

SetRowSpan and GetRowSpan methods are used as its 

equivalent in the code-behind file. 

Example 1 shows the complete XAML code for creation of UI to perform 

mathematical calculation. Grid layout is designed with 2 columns and three 

rows. First column is to hold TextBox controls for number input and result 

display. Second column is to hold the Button controls for mathematical 

operation. First column is designed with fixed width of 50 and the rest is left 

for second column. Three rows of UI are designed with Auto sizing for height. 

UI design screen after implementation of the XAML code is given in Figure 2.  

Example 1: XAML code for creation of Grid layout.   

(Source:http://www.nullskull.com/a/10479067/prism-6-shell-view-and-

hamburger-menu-for-windows-10-universal-apps.aspx) 
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<Page 

    x:Class="App5.MainPage" 

    xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation" 

    xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml" 

    xmlns:local="using:App5" 

    xmlns:d="http://schemas.microsoft.com/expression/blend/2008" 

    xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006" 

    mc:Ignorable="d" Margin="-3,3,3,-3"> 

<Grid Width="200" Height="150" BorderBrush="Red" 

BorderThickness="1" Background="{ThemeResource 

ApplicationPageBackgroundThemeBrush}" 

Margin="60,201,100,239"> 

<Grid.ColumnDefinitions> 

           <ColumnDefinition Width="75"/> 

<ColumnDefinition Width= "Auto"/> 

              <ColumnDefinition Width= "1*"/> 

</Grid.ColumnDefinitions> 

<Grid.RowDefinitions> 

<RowDefinition Height="Auto "/> 

             <RowDefinition Height="Auto "/> 

             <RowDefinition Height="Auto "/> 

</Grid.RowDefinitions> 

<TextBox PlaceholderText="No. 1" Grid.Column="0" 

Grid.Row="0" Margin="5,5,5,5"/> 

  <TextBox PlaceholderText="No. 2" Grid.Column="0" 

Grid.Row="1" Margin="5,5,5,5"/> 

<TextBox PlaceholderText="Result” IsReadOnly="True" 

Grid.Column="0" Grid.Row="2" Margin="5,5,5,5"/> 

<Button Content="Add" Grid.Row="0" Width =" 50" 

Grid.Column="2" BorderBrush="Black" Margin="5,5,5,5"/> 

<Button Content="Subtract" Grid.Row= “1”  Grid.Column="2" 

BorderBrush="Black" Margin="5,5,5,5" /> 

<Button Content="Multiply" Grid.Row="2"  Grid.Column="2" 

BorderBrush="Black" Margin="5,5,5,5" /> 

</Grid> 

</Page> 
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Figure 2: Grid Layout UI design screen 

• StackPanel Layout 

This layout arranges UI elements in a flow from top to bottom. The default 

vertical flow style of StackPanel can be modified to horizontal. Depending on 

the orientation the elements are stacked one after another or side by side. This 

is equivalent to <DIV> tag of HTML. The width of the child elements placed 

inside the StackPanel will be stretched to the entire width of the StackPanel. 

The visual appearance of the StackPanel and its child elements can be 

customized using Width and Margin properties. If Height of the StackPanel is 

not specified, then it is designed depending on the maximum height of its child 

elements.   

The orientation and the position to insert the elements can be changed using 

Orientation property and Insert method. StackPanels can be nested. Unlike 

Grids, StackPanels do not overlap. Properties specific to StackPanel class are 

shown below in table 3.  

Table 3: Properties specific to StackPanel 

Property 

name 

Description 

AreHorizontal

SnapPointsReg

ular  

Gets a value to identify whether the horizontal snap points 

are placed at equidistant from each other. It’s a read-only 

property. 

AreScrollSnap

PointsRegular 

Gets or sets value to indicate whether the snap lines used in 

panning of StackPanles are equidistant from each other. 

AreVerticalSna

pPointsRegular 

Gets a value to identify whether the vertical snap points are 

placed at equidistant from each other. It’s a read-only 

property. 

Orientation Gets or sets the flow by which the child elements are 

stacked. Horizontal and Vertical are the allowed values. 
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HorizontalSnapPointChanged and VerticalSnapPointChanged are the methods 

specific to StackPanel which is triggered based on the corresponding snap 

point changes.  

Note: Snap grid of the artboard consists of horizontal and vertical lines. 

Controls resized or dragged will snap to these equidistant lines. This snapping 

feature can be turned “on” or “off” using the “Turn on snapping to gridlines” 

toggle button present at the lower left corner of the design window. The same 

can be achieved through Tools����Options menu. The spacing between the 

gridlines can also be changed. 

Example 2 shows the XAML code for creation of two StackPanels (SP1 and 

SP2). Two TextBlocks are created as child elements of one SP1. A TextBox and 

a Button is created as child element of SP2. On the Click of the Button, code-

behind needs to be written to create a new CheckBox at runtime and insert it 

between TextBox and Button. 

Example 2: XAML Code   

The two StackPanels (SP1 & SP2) are enclosed in an outermost StackPanel in 

Example 2. This is required as the <Page> element cannot have more than one 

content element. Either a Gird or StackPanel has to be used. Figure 3 shows UI 

startup screen and figure 4 shows UI after insertion of checkbox at runtime.  

XAML code        

<StackPanel Height="200" BorderBrush="DarkGreen" BorderThickness="2" 

CornerRadius="5" Width="200" > 

        <StackPanel Name = “SP1” BorderBrush= “Blue” BorderThickness="2"> 

         <TextBlock Text="Text block 1" Margin=" 2,2,0,0"/> 

         <TextBlock Text="Text block 2" Margin=" 2,2,0,0"/> 

        </StackPanel> 

        <StackPanel BorderBrush="Crimson" BorderThickness="2" Name="SP2" 

Height="120" > 

         <TextBox Text="Textbox” Margin=" 2,2,0,0"/> 

<Button Content="Click to insert CheckBox" Click="SP_Insert" 

ClickMode="Press" Margin=" 2,2,0,0"/> 

        </StackPanel> 

   </StackPanel> 

.xaml.cs Code 

public void SP_Insert(Object sender, RoutedEventArgs e) 

{ 

            CheckBox CHK_BOX = new CheckBox(); 

            CHK_BOX.Content = "Inserted"; 

            SP2.Children.Insert(1, CHK_BOX);     

} 
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Figure 3: Startup UI screen with two StackPanels 

 

 

Figure 4: UI screen after inserting Control to StackPanel 

• Canvas Layout 

This layout defines an area and allows explicit positioning of child elements 

using x and y coordinates. The coordinates are specified in pixels. This is 

similar to Windows Form layout. The elements are arranged using absolute 

positions relative to top left corner of the Canvas. Nesting of Canvas elements 

is allowed and the absolute positioning will be with respect to immediate 

Canvas element. Due to the usage of absolute positioning auto resizing of 

Canvas and its element is not possible. Hence other layouts are preferred than 

this layout.    

Canvas.Left, Cnavas.Top and Canvas.ZIndex are the XAML attached 

properties of the Canvas layout which are used to specify the positioning of 

child elements. The value of attached properties is accessed in the code-behind 

file using the corresponding Get and Set accessor methods. Canvas.Left and 

Canvas.Top properties are used to specify the absolute position of the child 

element inside the canvas. Canvas.ZIndex specifies the z-order of the child 

element which specifies the draw order. This property is useful when the 
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boundary of the controls overlap. A control with higher z-order will be placed 

on top of the control with lower z-order. Negative value for Canvas.ZIndex will 

place the element farther from the foreground of the canvas. In Table 4 below, 

you can see the properties specific to Canvas class. 

Table 4: Properties specific to Canvas class are 

Property 

name 

Description 

LeftProperty Gets the value set in XAML attached property Canvas.Left 

TopProperty Gets the value set in XAML attached property Canvas.Top 

ZindexPropert

y 

Gets the value set in XAML attached property 

Canvas.ZIndex 

Example 3 shows the XAML code for creation of canvas and its child 

elements. The UI design specified in Example 1 is implemented using Canvas. 

Example 3: XAML Code 

<Canvas> 

            <TextBox PlaceholderText="No. 1" Canvas.Left="15" Canvas.Top="10"/> 

            <TextBox PlaceholderText="No. 2" Canvas.Left="15" Canvas.Top="60"/> 

            <TextBox PlaceholderText="Result" Canvas.Left="15" Canvas.Top="110"/> 

            <Button Content="Add" Canvas.Left="95" Canvas.Top="10" Width="80"/> 

            <Button Content="Subtract" Canvas.Left="95" Canvas.Top="60" 

Width="80"/> 

            <Button Content="Multiply" Canvas.Left="95" Canvas.Top="110" 

Width="80"/> 

</Canvas>  

• VariableSizedWrapGrid Layout 

This is a grid style layout where the child elements are placed either in rows or 

columns depending on its orientation settings. The elements positioning 

exceeding the value specified in the MaximumRowsOrColumns property will 

be automatically wrapped to new row or column.  

Child elements added to the VariableSizedWrapGrid are arranged with equal 

height and width specified in the ItemHeight and ItemWidth property of the 

layout. This can be changed using XAML attached properties 

VaiarbleSizedWrapGrid.ColumnSpan and VaiarbleSizedWrapGrid.RowSpan. 

Properties specific to VaiarbleSizedWrapGrid are described in Table 5 below. 

Table 5: Properties specific to VaiarbleSizedWrapGrid are 

Property 

name 

Description 

HorizontalChil

drenAlignment 

Gets or sets the alignment setting used to arrange the child 

elements in horizontal dimension 

ItemHeight Gets or sets the height for all child element of the layout 

ItemWidth Gets or sets the width for all child element of the layout 
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sOrColumns 

Gets or sets the threshold for wrapping based on orientation. 

Orientation Gets or sets the direction in which the child elements are 

arranged. Vertical and Horizontal are the allowed values. 

VerticalChildre

nAlignment 

Gets or sets the alignment setting used to arrange the child 

elements in vertical dimension 

Example 4 shows the design of UI with VairableSizedWrapGrid having 

collection of 6 TextBox controls as child elements. The second TextBox control 

is designed to span across two rows. The TextWrapping=”Wrap” property is 

used to wrap the text contents of the control. 

Example 4: XAML Code 

<VariableSizedWrapGrid Height="120" Orientation="Vertical"> 

            <TextBox Text="Textbox” Margin=" 2,2,0,0"/> 

            <TextBox Text="Row span text box" TextWrapping="Wrap" 

VariableSizedWrapGrid.RowSpan="2" Margin=" 2,2,0,0" /> 

            <TextBox Text="Textbox " Margin=" 2,2,0,0"/> 

            <TextBox Text="Textbox " Margin=" 2,2,0,0"/> 

            <TextBox Text="Textbox " Margin=" 2,2,0,0"/> 

            <TextBox Text="Textbox " Margin=" 2,2,0,0"/> 

</VariableSizedWrapGrid> 

• RelativePanel  Layout 

This layout allows child elements to be placed in relation to each other or to the 

parent layout. It is created using spatial relationship between each element. 

This is achieved using XAML attached properties of RelativePanel. This is 

used when the child elements have no clearly defined linear display patterns 

like stacked, tabular or wrapped. RelativePanel used along with 

AdaptiveTriggers provides flexibility to design responsive UI that scales across 

different devices. 

The element positions are constrained with the help of XAML attached 

properties. If position constraints are not specified then it will be displayed 

with its default width and height from (0,0) position of the layout. If more than 

one unconstrained child element is present then all the elements will 

overlapped. Different XAML attached properties of RelativePanel are given in 

Figure 6. 

Table 6: The XAML attached properties of RelativePanel are 

Property name Description 

Above Gets or sets the target element above which this element 

will be positioned. 

AlignBottomWith Gets or sets the sibling target element to which the 

element will be aligned. 
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Panel 

Gets or sets Boolean value indicating whether the 

bottom edge of the element touches the bottom edge of 

the panel 

AlignHorizontalCe

nterWith 

Gets or sets the target element with which the horizontal 

center of the current element is aligned. 

AlignHorizontalCe

nterWithPanel 

Gets or sets a Boolean value indicating the alignment of 

the horizontal center of the current element with that of 

the horizontal center of the panel. 

AlignLeftWith Gets or sets the target element with which the left edge 

of the element will be aligned. 

AlignLeftWithPan

el 

Gets or sets a Boolean value indicating whether the left 

edge of the element touches the left edge of the panel. 

AlignRightWith Gets or sets the target element with which the right edge 

of the element will be aligned. 

AlignRightWithPa

nel 

Gets or sets a Boolean value indicating whether the right 

edge of the element touches the right edge of the panel. 

AlignTopWith Gets or sets the target element with which the top edge 

of the element will be aligned. 

AlignTopWithPan

el 

Gets or sets a Boolean value indicating whether the top 

edge of the element touches the top edge of the panel. 

AlignVerticalCent

erWith 

Gets or sets the target element with which the vertical 

center of the current element is aligned. 

A;lignVerticalCent

erWithPanel 

Gets or sets a Boolean value indicating the alignment of 

the vertical center of the current element with that of the 

vertical center of the panel. 

Below Gets or sets the target element below which this element 

will be positioned. 

LeftOf Gets or sets the target element to the left of which this 

element will be positioned. 

RigthOf Gets or sets the target element to the right of which this 

element will be positioned. 

Position constraints need to be specified without ambiguity failing which 

exception will be raised. Circular dependency results when elements inside 

RelativePanel declare relationship with each other in any direction. Design 

time exception will be raised for circular dependency. Multiple relationships 

that are set to target the same edge of an element results in conflicting 

relationships. This is solved by applying constraints based on order of priority 

as given below: 

1) Panel Alignment relationships are applied first 

2) Sibling alignment relationships are applied second 

3) Sibling positional relationship are applied last 

Example 5 shows UI design layout using RelativePanel and collection of 

TextBox controls. 
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Example 5: XAML Code   

<RelativePanel> 

            <TextBox Name="TB1"/> 

            <TextBox Name="TB2" RelativePanel.RightOf="TB1"/> 

            <TextBox Name="TB3" RelativePanel.AlignLeftWith="TB2" 

RelativePanel.Below="TB2" Width="170"/> 

<TextBox Name="TB4" Text="hello" RelativePanel.Below="TB3" 
RelativePanel.AlignRightWith="TB3" 

RelativePanel.AlignLeftWithPanel="True"/> 

            <TextBox Name="TB5" Height=" 100" 

RelativePanel.AlignHorizontalCenterWith="TB3" 

RelativePanel.Below="TB4"/> 

            <TextBox RelativePanel.AlignBottomWithPanel="True" 

RelativePanel.AlignHorizontalCenterWithPanel="True"/> 

 </RelativePanel>   

• ScrollViewer Control 

Scrolling or panning allows UI design with contents larger than the screen 

space. The visualization of the content beyond the bounds of the screen space 

is done using either horizontal or vertical scroll bars or both. ScrollViewer class 

is used to include scrolling facility in the UI design. Scroll bars are displayed 

when the contents of the Scroll viewer is not completely visible. The total 

content area of the scroll viewer is called as the extent and the area that is 

visible is called as viewport. 

Scrolling can be included in UI design in two ways 

1) Specify the UI element to be scrolled inside the ScrollViewer control as its 

child content. 

2) Include Scroll Viewer as a part of the control property. Built-in event 

handling and manipulations enable scrolls for the host control based on the 

XAML attached property values set for the ScrollViewer.  

Some of the design tips to include scrolling are: 

1) Include vertical scrolling rather than horizontal scrolling. 

2) Use built-in scroll viewer functionality available in text box, text block, 

combo box, list box, list view, grid view etc. 

3) Place image inside scroll viewer if panning and zooming is to be provided 

for the image. 

4) Design scroll viewer with a single child element. Create any type of panel 

as a single element and include other elements inside it. 

Some of the XAML attached properties of ScrollViewer class are listed below 

in Table 7. This is used in cases where the scroll viewer is used as a part of the 

control definition. 
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Table 7: Properties of ScrollViewer class 

Property name Description 

ScrollViewer.Hori

zontalScrollBarVis

ibility 

Gets or sets a value that indicates whether a horizontal 

scroll bar to be displayed. The enumerated collection of 

value includes Auto, Disabled, Hidden and Visible.  

ScrollViewer.Hori

zontalScrollMode 

Gets or sets a value that specifies how input 

manipulation influences the scrolling behavior of the 

horizontal bar. The permitted value collection is Auto, 

Enabled and Disabled. 

ScrollViewer.IsScr

ollInertiaEnabled 

Gets or sets a Boolean value that indicates whether 

inertia is included in the scroll action. The inertia is used 

when panning is done with flick gesture.   

ScrollViewer.IsZo

omInertiaEnabled 

Gets or sets a Boolean value that indicates whether 

zoom action are to be done based on gestures.  

ScrollViewer.Verti

calScrollBarVisibil

ity 

Gets or sets a value that indicates whether a vertical 

scroll bar to be displayed. The enumerated collection of 

value includes Auto, Disabled, Hidden and Visible.  

SrollViewer.Vertic

alScrollMode 

Gets or sets a value that specifies how input 

manipulation influences the scrolling behavior of the 

vertical bar. The permitted value collection is Auto, 

Enabled and Disabled. 

ScrollViewer.Zoo

mMode 

Gets or sets a value that indicates whether the Zoom 

facility of the scroll viewer content is enabled. The 

allowed values are Enabled and Disabled. 

Example 6 shows the design of UI with an image placed as content of a scroll 

viewer with zoom feature enabled. Source property of Image class is sued to 

specify the image to be displayed. A Uniform Resource Identifier (URI) value 

indicating relative location or the absolute location of the image has to be set as 

Source value.  Assign “None” as the value of Stretch property of the image to 

utilize the use of scroll viewer. By default it is set as “Uniform” which will 

adjust the image display to the size of the Image control.   

Example 6: XAML code 

<ScrollViewer ZoomMode="Enabled" HorizontalScrollMode="Enabled" 

HorizontalScrollBarVisibility="Visible" > 

            <Image Source="Assets/Kalam.png" Stretch="None" /> 

</ScrollViewer> 

Example 7 shows the design of UI with scroll viewer included as a part of the 

ListBox control designed with height and width restrictions. ListBox control is 

used to display a list of items for user selection. The items of the list box are 

added using ListBoxItem class. Depending on the SelectionMode property of 

the List box either single item or multiple items can be selected. Setting 

SelectionMode as “Extended” will enable user to use Ctrl or Shift keys for 

discrete or continuous selections. Vertical scroll bar is enabled by default. In 

the XAML code given below horizontal scroll bar is enabled and its visibility is 

set. This will display the horizontal scroll bar when the contents grew beyond 
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the width of the list box. The selected items of the list box is handled using 

SelectedIndex, SelectedItem and SelectedValue properties.  

Example 7: XAML Code 

<ListBox Height="100" Width="150" Margin="140,140,0,0" 

HorizontalAlignment="Left" VerticalAlignment="Top" 

ScrollViewer.HorizontalScrollMode="Enabled" 

ScrollViewer.HorizontalScrollBarVisibility="Visible"> 

            <ListBoxItem Content="Item1 of the List box Control"/> 

            <ListBoxItem Content="Item2 of the List box Control"/> 

            <ListBoxItem Content="Item3"/> 

            <ListBoxItem Content="Item4"/> 

</ListBox> 

4.3   NAVIGATION PANEL 

Contents and functionality of simple UWP apps can be arranged in a single 

page without the need for pan or navigation. Majority of the apps have multiple 

pages of content which require flexible navigation design to provide right 

navigation experience. The basic requirements for efficient navigation are the 

use of right navigation structure to create an intuitive navigation experience, 

compatible navigation element to be used with all devices and appropriate 

response to system-level navigations.  

The activities of UWP app navigation model includes activities such as 1) 

launching, resuming, suspending and terminating apps; 2) moving between app 

pages, apps and view. Single page navigation and multiple page navigation are 

the two models of app navigation.  

UWP app normally uses single page navigation where the contents are loaded 

onto a single page and the additional contents are loaded on demand. Frames 

and Pages objects are used for single page navigation. The main page of the 

app is never unloaded and hence its code and data also remains unloaded. This 

enhances state management and smooth transition between pages. Multi-page 

navigation is similar to web pages within web site. Each page has its own UI, 

functions and data for manipulation.   

Two common ways to arrange pages in multi-page navigation model are 

hierarchical and peers. In hierarchical the pages are arranged in a tree like 

structure with each page having one parent page and each parent page having 

more than one child pages. Each child page is reached through the parent page. 

It is preferred when relationship exists between pages and the pages need to be 

traversed on specific order. In peers arrangement, the pages are arranged side 

by side and page navigation is done in any order. This arrangement is preferred 

when the pages are distinct from each other and do not fit in any parent-child 

relationships. An efficient way of designing a page is to include both 

hierarchical and peers structures appropriately. Hierarchical navigation is 

implemented using Hubs or ListView navigation element. SplitView or Pivot 

navigation element is implemented using peer to peer navigation. 

• Hubs 

This is a hierarchical navigation control that is suitable to display large amount 

of contents. This control is used to organize related pages into sections that are 
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traversed in order. Hub control is used to display categories of content with 

each category to a section. The features of hub control used for smooth 

navigation are 

� Visual navigation �Enable display of contents in an easy to scan array. 

� Categorization � Arranging the contents of each section in logical order. 

� Variable page and content width � variability of section widths allows 

flexibility to accommodate contents of different depths. 

Hub layout can be organized as one of the following ways like vertical 

panning, horizontal panning, horizontal panning with vertical scrolling and 

vertical panning with horizontal scrolling. Hub is the starting point of the UI 

and can be customized to fit the app requirements. Customization can be done 

to number of sections, placement and order of sections, size of sections, 

spacing between sections, type of content in a section, visual appearance of 

section etc. 

Hub class is used to include it in the UI design. This contains collection of 

HubSections to hold the contents. Header property of the section is used to 

indicate the description of the content. DataTemplate is used inside HubSection 

to define the contents. Hub uses virtualization to load sections on demand. 

SectionsInViewChanged and SectionHeaderClick events are used to respond to 

section changes and section header clicks respectively. In Table 8 given below, 

you can see the properties specific to Hub Class. 

Table 8: Properties of Hub Class 

Property name Description 

DefaultSectionInd

ex 

Gets or sets the index of the hub section to be displayed 

when the Hub control is initialized. 

Header Gets or sets the value for Hub header. 

IsActiveView Gets or sets a Boolean value to indicate whether the Hub 

instance is in active view. 

IsZoomedInView Gets or sets a Boolean value to indicate whether the Hub 

instance is in Zoomed in state. 

Orientation Gets the orientation value of the Hub control. It’s a 

read-only property. Horizontal and Vertical are the 

property values. 

SectionHeaders Gets the section headers collection. It’s a read-only 

property. 

Sections Gets the list of all sections of the Hub. 

SectionsView Gets the section currently visible on the screen 

SemanticZoomOw

ner 

Gets or sets the SemanticZoom instance that hosts the 

Hub.  

Note:??? 

Semantic Zoom represents a scrollable control that has Zoom in and Zoom out 

view. The value of SemanticZoomOwner property will be the instance that 

hosts the Hub or null if Hub is not hosted in SemanticZoom control. 
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Setting IsHeaderInteractive property of the HubSection to “True” will add 

“See more” text at the right end of the section header. SectionHeaderClick 

event is raised when the user taps or clicks on “See more” text. This event has 

to be handled through coding. (Refer Example 8 .xaml.cs code) 

Example 8 displays a Hub control UI with four hub sections each having 

images as its content inside data template object. The hub headers are set in 

interactive mode and code behind is written to navigate between sections. 

Images to be added in the UI needs to be first added under assets directory of 

the project. 

Example 8: XAML code for hub design  

<Hub Name="Hub1" Header="Hub" SectionHeaderClick="hub_section_click"> 

            <HubSection Name="H1" IsHeaderInteractive="True" Header="Section 1"> 

                <DataTemplate> 

                    <Grid> 

                        <Image Source="Assets/img1.jpg" Stretch="Uniform"/> 

                    </Grid> 

                </DataTemplate> 

            </HubSection> 

            <HubSection Name="H2" Header="Section 2" IsHeaderInteractive="True"> 

                <DataTemplate> 

                    <Image Source="Assets/img2.jpg" Stretch="Uniform"/> 

                </DataTemplate> 

            </HubSection> 

            <HubSection Name="H3" Header="Section 3" IsHeaderInteractive="True"> 

                <DataTemplate> 

                    <Image Source="Assets/img3.gif" Stretch="Uniform"/> 

                </DataTemplate> 

            </HubSection> 

            <HubSection Name="H4" IsHeaderInteractive="True" Header="Section 4" > 

                <DataTemplate> 

                    <Grid> 

                        <Image Source="Assets/img4.jpg" Stretch="Uniform"/> 

                    </Grid> 

                </DataTemplate> 

            </HubSection> 

        </Hub> 

.xaml.cs code for navigation 

private void hub_section_click(Object s, HubSectionHeaderClickEventArgs e ) 

{ 

 // HubSectionHeaderClickEventArgs will retrieve the hub section selected. 

 // ScrollToSection method is used to activate the required section of the Hub.  

            switch (e.Section.Name) 
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            { 

                case "H1": 

                    Hub1.ScrollToSection(H2); 

                    break; 

                case "H2": 

                    Hub1.ScrollToSection(H3); 

                    break; 

                case "H3": 

                    Hub1.ScrollToSection(H4); 

                    break; 

                case "H4": 

                    Hub1.ScrollToSection(H1); 

                    break; 

                default: 

                    Hub1.ScrollToSection(H1); 

                    break; 

            } 

} 

• ListView Control 

This control is used to represent master/detail layout with the master pane 

having the list of contents and detail pane being updated based on the selection 

in master pane. Example email box UI. This is appropriate for large content 

display. Data virtualization is used in case of large content display to improve 

the performance of UI. Incremental loading feature enables ListView control to 

set threshold for fetching new list items for user interaction.  

Stacked style or side-by-side style can be used for design depending on the 

screen space availability. In stacked view only one pane will be available at a 

time, either the master pane or the details pane. Interface starts with master 

pane and drills down to details pane. In side-by-side view the selection visual is 

used to indicate the currently selected item in the master list. This master list 

selection also updates the detail content. ListView control is used for master 

pane and any content element is used for detail pane depending on the nature of 

contents.     

The default data item displayed in the ListView is string which can be bounded 

to any data objects. Apart from strings any type of controls can be used to 

specify the master list items. The template of the list items can be specified 

under DataTemplate tag. Single item selection is set by default and can be 

changed to any of the ListViewSelectionMode enumeration value set to 

SelectionMode property of the ListView control. Header and Footer property is 

inherited from the ListViewBase, immediate base class of ListView class. User 

interaction with ListView based on the selection mode settings is listed in  

Table 9 given below 
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Table 9: Selection Mode Settings 

Interaction 

Type 

Property setting Associated Events 

No interaction SelectionMode=None; 

IsItemClickedEnabled=False 

No events raised 

Single 

selection 

SelectionMode=Single; 

IsItemClickedEnabled=False 

SelectionChanged 

event to be handled 

using SelectedItem or 

SelectedIndex 

property. 

Contiguous 

multiple 

selection 

SelectionMode=Multiple; 

IsItemClickedEnabled=False 

Handle 

SelectionChanged 

event with the help of 

SelectedItems or 

SelectedRanges 

property 

Non-

contiguous 

multiple item 

selection 

SelectionMode=Extended; 

IsItemClickedEnabled=False 

Handle 

SelectionChanged 

event with the help of 

SelectedItems property 

Click SelectionMode=None; 

IsItemClickedEnabled=True 

ItemClick event will 

be triggered and needs 

to be handled. 

Note: IsSwipeEnabled is a Boolean property that is set to indicate whether the 

swipe actions are to be considered for input processing. 

Example 9 shows the UI master/detail navigation design. The UI is divided into 

two columns with the ListView control in column 0 and a frame in column 1. 

Pages to navigate are created as “Page1”, “Page2”and “Page3”. Default string 

objects are used as list item. The footer of the ListView control is used to show 

the current selected item of the list. Depending on the list item selected the 

respective pages are loaded onto the frame which is on the right of the ListView 

control. Single item selection mode is used and SelectionChanged event is 

handled in the code behind file.    

Example 9: XAML code to design ListView UI  

<Grid Name="Main_Grid1" Background="{ThemeResource 

ApplicationPageBackgroundThemeBrush}"> 

        <Grid.ColumnDefinitions> 

              <ColumnDefinition Width="150"/> 

              <ColumnDefinition Width="Auto"/> 

        </Grid.ColumnDefinitions> 

        <ListView Name="List1" SelectionMode="Single" Header="List View 

Sample" SelectionChanged="list_click" Grid.Column="0"> 

              <x:String>Page1</x:String> 

            <x:String>Page2</x:String> 
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            <x:String>Page3</x:String> 

        </ListView> 

        <Frame Name="F1" Width=" 180" Grid.Column="1" 

BorderBrush="Red" BorderThickness="3"> 

             <TextBlock Name="TB1" Text="Text box in a frame" 

VerticalAlignment="Center" 

HorizontalAlignment="center" Width="202" />     

        </Frame> 

    </Grid> 

.xaml.cs code to handle SelectionChanged event. 

private void list_click(object s, SelectionChangedEventArgs e) 

{ 

// selected index of the list view is stored in a variable and incremented 

as list // index is zero based. 

int i = List1.SelectedIndex + 1; 

// i.ToString() has to be used to convert integer to string. 

            List1.Footer = “ List Item “ + i.ToString() + “  Selected”; 

if (List1.SelectedIndex == 0) 

                 F1.Navigate(typeof(Page1)); 

            else if (List1.SelectedIndex == 1) 

                 F1.Navigate(typeof(Page2)); 

            else 

  F1.Navigate(typeof(Page3)); 

} 

Note: Page1, Page2 and Page3 need to be created with some contents by using 

Add New Item option on the right click context menu of the Solution Explorer.  

• SplitView Control 

This control is used to build nav pane which is also called as navigation pane. 

This is a navigation pattern that allows top level navigation while conserving 

screen space. This is suitable for many top level navigation same type. 

Example categories of mobiles, clothing, accessories etc. in shopping app. Nav 

panes include only navigational elements and not associated actions. Nav pane 

pattern consists of pane for each category which is a list of headers used for 

navigation, associated content area which holds the elements to be displayed on 

nav selection. Optional buttons can also be included in the pane area to open or 

close the pane. These buttons typically have three stack horizontal lines in them 

as its content and are also referred to as “Hamburger” buttons. 

Nav pane has three modes such as compact, overlay and inline.  

� Compact  ���� this mode always shows a narrow screen space indicating the 

selected location. This is suitable for medium screen devices like tablets. 

The pane is closed by default with buttons visible. Pressing the button 

opens or closes the pane, which behaves like inline or overlay depending on 

the mode settings.   
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� Overlay ���� this mode collapses and expands as needed hence it can be 

used with any screen size and with any orientation. It conserves space and 

is suitable for apps on mobiles. The expanded state is dismissed when a 

selection is made or back button is pressed or when any area other than the 

nav pane is tapped. 

� Inline  ���� the pane of this mode is open by default. This mode is suitable 

for large sized screen apps. This mode supports drag and drop feature to 

and form the pane. This mode does not require the navigation buttons. The 

selection shown on the list item highlights where the user is in the 

navigation.     

A SplitView control has two areas such as pane and content. Pane area covers 

the content area that has a single child element which is usually a panel 

element. DisplayMode property can be set to customize the interaction of the 

pane. You can see Table 10, in which Properties specific to SplitView control 

are described. 

Table 10: Properties specific to SplitView control 

Property name Description 

CompactPaneLength Gets or sets the width of the pane when it is in 

compact display view. 

Content Gets or sets the content of the main pane of the split 

view control. 

DisplayMode Gets or sets a value which defines the pane and 

content area display settings. The allowed values are 

CompactInline, CompactOverlay, Inline and 

Overlay. 

IsPaneOpen Gets or sets a Boolean value indicating whether pane 

of the split view control is open to its full width. 

OpenPaneLength Gets or sets the width of the split view pane when it is 

fully open.  

Pane Gets or sets the content of the pane of the control.  

PaneBackground Gets or sets the background color or setting for the 

pane area of the control. 

PanePlacement Gets or sets the pane placement location such as right 

or left side of the split view. 

Example 10 shows the XAML code to design UI having nav panes for 

navigation to two different pages and Hamburger button to toggle the display 

of content area. Apart from Mainpage.xaml, two other pages have to be created 

in the project with names “Page1.xaml”, “Page2.xaml”. Choose Project�Add 

New Item option from the menu, and in the dialog box displayed select “Blank 

Page” under “Visual C#”. Specify the page name and select “Ok”. Stack panel 

is used to hold the button for navigation under the pane area.  

Hamburger buttons are normal buttons with contents set as “&#xE700;” and 

FontFamily is set as “Segoe MDL2 Assets”. The code to handle to toggle the 

pane content has to be written in the code-behind file.   
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Example 10: XAML Code 

<SplitView Name="SP_View1" HorizontalAlignment="Left"  Height="200" 

Margin="10,10,0,0" DisplayMode="CompactOverlay" 

IsPaneOpen="False"> 

            <SplitView.Pane > 

             <StackPanel HorizontalAlignment="Left"> 

<Button Content="Page1" Margin="5,5,0,0" 

Click="Pg1_Click" ClickMode="Press"/> 

<Button Content="Page2" Margin="5,5,0,0" 

Click="Pg2_Click" ClickMode="Press"/> 

<Button FontFamily="Segoe MDL2 Assets" 

Content="&#xE700;" Margin="5,5,0,0" 

Click="Pg3_Click" ClickMode="Press"/> 

              </StackPanel> 

            </SplitView.Pane> 

            <SplitView.Content> 

<Frame Name="Frame1" Margin="12,3,0,0" 

Width="150" Background="Beige"> 

                     

</Frame> 

            </SplitView.Content> 

</SplitView> 

.xaml.cs code  

// Navigate to “Page 1” which will be loaded in frame of split view content area 

private void Pg1_Click(object sender, RoutedEventArgs e) 

{ 

            Frame1.Navigate(typeof(Page1)); 

} 

// Navigate to “Page 2” which will be loaded in frame of split view content area 

private void Pg2_Click(object sender, RoutedEventArgs e) 

{ 

            Frame1.Navigate(typeof(Page2)); 

} 

// code to toggle open and close of the split view content area. 

private void Pg3_Click(object sender, RoutedEventArgs e) 

{ 

            SP_View1.IsPaneOpen = !SP_View1.IsPaneOpen; 

} 

 

• Pivot Control 

Pivot control with its related Tabs is used for navigation across frequently 

accessed, distinct page collections. Navigation between two or more content 

panes is achieved by using text headers to identify different sections of the 

content. 
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Key design properties for designing app using Pivot control are:   

� Header labels with icons and text or only icons or only text used for 

identifying the panes. 

� Header alignment can be set as either left aligned or center aligned. 

� Touch gesture support settings which enable tap on the tabs or swipe 

actions to be used for navigation in touch based devices.  

Pivot class is derived from ItemControl class. Hence it contains a collection of 

items of any type. The content of each pivot is wrapped in PivotItem element. 

Header property of the PivotItem element is used to assign header for each tab 

of the pivot. Some of the properties specific to Pivot class are listed below in 

Table 11: 

Table 11: Properties specific to Pivot class 

Property name Description 

HeaderFocusVisua

lPlacement 

Gets or sets a value that specifies the visual focus style 

of pivot header element. ItemHeaders and 

SelectedItemHeader are the values that can be 

assigned. 

IsHeaderItemsCar

ouselEnabled 

Gets or sets a Boolean value to indicate whether header 

carousel is enabled.  

IsLocked Gets or sets a Boolean value to indicate whether the 

pivot is locked to show only the active pivot item. Other 

pivot items are removed from visibility and the user 

cannot navigate. 

LeftHeader Gets or sets the contents of the header on the left side of 

the pivot control. 

RightHeader Gets or sets the content of the header on the right side of 

the pivot control.  

SelectedIndex Gets or sets the index of the selected pivot. Index is 

zero-based. 

SelectedItem Gets or sets the content of currently selected pivot item 

Title  Gets or sets the title of the pivot that is displayed above 

the headers. 

Note: 

Carousel is used when all the pivot headers are not visible due to space 

restriction. Enabling the Header Items Carousel will move the selected pivot 

header as the first pivot header. Other header contents wraps around from front 

to back. If it is not enabled then the pivot headers are maintained at fixed 

positions and scrolling is enabled to navigate the header that does not fit in the 

viewport. 

Example 11shows the UI design of pivot control with distinct contents. The 

XAML code shows the creation of pivot with four pivot items. Header of the 

pivot items are set as “Text Block Element”, “Combo box Element”, I/mage 

Element” and “Misc. Pivot item”. Content of each pivot item is set as per the 

header given.  
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Example 11: XAML Code  

<Pivot Title="Pivot Sample" Margin=" 10,70,25,50" Width="350" 

Height="300"  > 

            <PivotItem Header="Text Block Element" > 

                <TextBlock Text="TextBlock under pivot 1" /> 

            </PivotItem> 

            <PivotItem Header="Combo box element" > 

                <ComboBox> 

                      <ComboBoxItem Content="Item1"/> 

       <ComboBoxItem Content="Item2"/> 

                    <ComboBoxItem Content="Item3"/> 

              </ComboBox>  

            </PivotItem> 

            <PivotItem Header="Image element" > 

                <Image Source="Assets/OXALATE.JPG"/> 

            </PivotItem> 

            <PivotItem Header="Misc. PivotItem" > 

                <TextBlock Text="Block4"/> 

            </PivotItem> 

</Pivot> 

Check Your Progress 1 

1) State True or False 

a) Static UI layout changes with device size or orientation changes.      

b) Relative panel layout is used to arrange the elements of the layout in 

rows and columns by specifying their index value.          

c) Loading elements that are invisible at the start of the layout can be 

deferred by setting DeferLoadStrategy property value to “Lazy”      

d) The default value for CornerRadius property of any panel control is 

0.                 

e) Scrolling or panning feature for all the controls is achieved only by 

enclosing them in <ScrollViewer>.                  

2) Explain various navigation controls available with suitable design scenario.  

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

3) Modify Example XAML and .xaml.cs code to include command buttons 

at the right end of the header for forward and backward movement of 
pivots . 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

T/F 
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UWP apps automatically respond to device changes and also handle wide 

variety of input interactions. Example of input interactions are keyboard, 

mouse, pen, gamepad, Cortana, touch, speech, multiple inputs, panning, 

targeting, visual feedback etc. It also allows customization of input handling 

for app performance optimization. An efficient app with maximized flexibility, 

usability and accessibility has to be designed to accommodate many devices 

and user interactions ranges.  

Gesture recognizer used by Microsoft can handle three types of gestures such 

as application gestures, flicks gesture and system gestures. The gestures that 

are selected to be handled by the application which uses pens or stylus for its 

interactions are called as application gestures. Flick gestures are unidirectional 

pen gestures associated with high speed and high degree of straightness. 

System gestures are related to mouse messages. 

Apps can be designed to support Single mode of interaction or Multimodal 

interaction. In single mode of interaction various input modes are used but only 

one mode is used for a single action. For example, data entry through keyboard 

entry or touch, gestures for navigation, speech for command etc. In multimodal 

interaction multiple input methods are used in sequence to complete user 

interaction. For example, speech and gesture combination for product selection 

or speech and touch combination for navigation. 

How to handle touch gestures? First step to handle touch gestures is to design a 

window for receiving touch gestures. This should be followed by handling and 

interpretation of gesture messages. Touch gestures supported by Windows 

along with their corresponding events are listed below in Table 12: 

Table 12: Touch gestures supported by Windows 

Gesture Windows Events 

Tap / Double Tap Click / Double Click 

Press and Tap Right Click 

Panning with inertia Scrolling 

Zoom Zoom with Ctrl + Scroll action 

Selection / Drag Mouse selection / Drag 

Two Finger Tap No corresponding event. Captured through 

Gesture APIs.  

Rotate No Default action associated. Capture 

through gesture API 

Press and hold Right Click 

Flicks Pan Up / Pan Down/ Back / Forward 

What is the control mechanism that has to be used in UWP for gesture 

handling? Gestures in UWP applications are handled by GestureRecognizer 

class. It provides gesture recognition and settings, event handlers and gesture 

manipulations. Two methods to include gesture controls are available. One 

method is to create gesture objects for each element at the start of the program. 
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This approach might have scaling issues in applications that deal with more 

elements, example puzzle application. A solution for this issue is to create the 

gesture object at the time of need and destroying it immediately after use. This 

will affect the application efficiency due to creation and deletion overhead. 

Second method of handling gestures is to statically allocate and dynamically 

handle pool of reusable gesture objects. This might as well increase coding 

complexity but the application efficiency will not be compromised. 

What is cross sliding? Swipe gesture and drag action with slide gesture is 

handled using cross-slide. It is mostly used with list of items that scroll in 

single direction. CrossSliding and CrossSlideThresholds APIs are used to 

perform cross-slide UI operations. Select and drag action is possible only with 

the content area that has horizontal or vertical panning facility. The difference 

between panning and cross sliding action is sensed with the help of threshold. 

Select and drag action is activated when panning action crosses a threshold of 

2.7mm approximately 10 pixels as per target resolution.  

How to use GestureRecognizer ? An instance of gesture recognizer class has to 

be created. Instance can be created to handle all gestures or specific gestures. 

The code given below will create an instance to handle all gestures.  

GestureRecognizer gr1 = new GestureRecognizer();  

If the instance need to be created to handle specific gesture, then the gesture list 

has to be specified using application gesture array and has to be passed to the 

constructor. 

ApplicationGesture[] gestures = {ApplicationGesture.DoubleTap}; 

GestureRecognizer recognizer = new GestureRecognizer(gestures); 

Gesturerecognizer instance created to handle any type of gesture can be 

programmed for gesture collect ion using GestureSetting property. Gesture 

Setting is an enumerated collection. Some of the enumeration values are None, 

Tap, Double Tap, Hold, Hold With Mouse, Right Tap, Drag, Manipulation 

Translate X, Manipulation Translate Y, Manipulation Rotate, Manipulation 

Slide etc.  Example code to assign GestureSetting for an instance “gr1” is   

gr1.GestureSettings=GestureSettings.Tap | GestureSettings.RightTap; 

After setting the gesture to recognize the event to handle are to be set. This is 

done by assigning the user defined methods with the standard events. 

 gr1.Tapped+=OnTapped; 

 gr1.RightTapped+=OnRightTapped; 

The event handling code has to be written in “OnTapped” and 

“OnRightTapped” methods. 

Note:  

1) To use GestureRecognizer class, Windows.UI.Input namespace has to be 

included.  

2) Turn off all default gesturer manipulation features like IsDoubleTapped 

Enabled, IsHoldingEnabled, IsRightTappedEnabled, and IsTapEnabled by 

setting them to False. This will prevent the element from handling input. 

All these manipulations have to be programmatically handled in the code-

behind file using GestureRecognizer. 
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Container, gesture and navigation controls are discussed in the above sections. 

Some of the content controls were discussed in Unit 2. Other Controls that 

facilitates easy and error free input for the application is discussed in this 

section. A brief description of the control, properties and events specific to the 

control is provided for each control. This will give a basic idea about the 

control.  

• CalenderDatePicker 

This control provides a configurable date display for accepting date in the UI. 

It is a drop down control that optimizes the process of accepting date. It is used 

in such situation where the contextual information like days of the week or full 

calendar view is of importance. It looks similar to DatePicker control, but the 

DatePicker control displays calendar without context information as it is used 

to select known dates such as date of joining or date of birth.  Some of the 

important properties of the control are listed below. 

� CalenderViewStyle � Gets or sets the style associated with the internal 

CalendarView object. 

� Date � Gets or sets the date selected by or set in the control. 

� DateFormat � Gets or sets the display format to be used for the date value 

when it is displayed in the associated text box 

� DisplayMode � Gets or sets a value to indicate the type of display shown 

in the drop down such as month, year or decade. 

� Header � Gets or sets the description for the control 

� IsCalenderOpen � Gets or sets a value to indicate whether the calendar 

view of the control is open. 

� IsTodayHighlighted � Gets or sets whether the current date is highlighted 

in calendar view. 

Some of the events specific to CalenderDatePicker control are  

� Closed � occurs when the calendar view is closed or hidden. 

� DateChanged � occurs when the date value is changed. 

� Opened � occurs when the Calendar View is shown. 

•  ComboBox 

This control provides a drop down list of items like list of courses, places, 

cities, area of specialization etc. It facilitates the user to select an item from the 

list thus eliminating typing mistakes. The down arrow of this control is used to 

display and close the list of items. When the ComboBox is closed it holds either 

the selected item or will be empty. Items of the ComboBox control is handled 

by its base class ItemsControl that can handle collection of item of any type. 

The difference between ComboBox and ListBox control is that ListBox 

occupies the screen space all the time where ComboBox does not. ListBox 

allows multiple inputs whereas ComboBox allows only single input selection. 

Some of the properties specific to ComboBox control are 
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� Items � Gets the collection that is used to generate the content of the 

control. 

� ItemsPanel � Gets or sets the template which defines the panel that 

controls the layout of items. 

� ItemsSource � gets or sets the item source such as any data column that is 

used to populate the items of the combo box.  

� IsDropDownOpen � Gets or sets a value to indicate whether the drop 

down is open for item selection. 

� IsEditable � Gets or sets a value to indicate whether the user is allowed to 

edit the text in the text box portion of the control.  

� IsTextSearchEnabled � Gets or seta a value to indicate the provision for 

the user to jump to the specific value by typing in the textbox. 

� MaxDropDownHeight � Gets or sets the maximum height of the drop 

down box displayed.  

� SelectionBoxItem � Gets the item selected when the ComboBox is closed. 

� SelectedItem � Gets or sets the selected item 

� SelectedIndex � Gets or sets the index of the selected item. 

Events specific to this control are  

� DropDownOpen � Occurs when the drop down panel is opened. 

� DropDownClosed � Occurs when the drop down panel is closed. 

� SelectionChanged � Occurs when the selected item is changed.    

• CommandBar 

Command bar is used to provide quick access to the frequently used tasks of 

the app. It consists of a row of icon button and a “More” button represented 

using ellipses (…). The main areas of the command bar control are content area 

on the left most side, followed by the main command buttons and “More” 

button on the right most side. Each primary button has an icon and label 

attached with it. Pressing “More” button reveals the labels for the icons and 

also opens the overflow menu if secondary commands are present. 

Primary and secondary command areas are populated using AppBarButton, 

AppBarToggleButton and AppBarSeparator elements. Elements are added to 

the primary command by default.   

Properties specific to CommandButton control are 

� ClosedDisplayMode � Gets or sets a value to indicate whether the 

command buttons are displayed when the app bar is not completely opened.  

� DefaultLabelPosition �Gets or sets a value that indicates the display 

position of the label. Allowed values are Bottom, Right and Collapsed. If 

the value is set as Collapsed, then labels are not visible.  

� IsDynamicOverflowEnabled � Gets or sets a value to indicate whether the 

primary command buttons will automatically move to overflow menu on 

space restrictions. 
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� IsOpen � Gets or sets a Boolean value to indicate whether the app bar is 

open. 

� IsSticky � Gets or sets a Boolean value to indicate whether the AppBar 

closes on light dismiss. Closing of the AppBar when the user interacts 

anywhere outside the app bar is called as light dismiss. 

� OverflowButtonVisibility � gets or sets a value to indicate whether the 

CommandBar overflow button is visible. 

� PrimaryCommands � Gets a collection of primary command elements. 

� SecondaryCommands � Gets a collection of secondary command 

elements.    

Events specific to CommandBar control are 

� Closed/Closing � Occurs when the AppBar changes or starts to change 

state from visible to Collapsed.  

� DynamicOverflowItemsChanging � Occurs when the overflow menu item 

collection changes. 

� Opened / Opening � Occurs when the AppBar changes or start to change 

state from Collapsed to visible   

• FlipView  

This control holds a collection of items, from which the user selects an item. 

The selection is done by flipping items sequentially. It is mostly used to display 

a gallery of images. FlipView. This control is derived from ItemsControl, hence 

Items collection is used to populate view and ItemsSource is used to define 

the data source of the items. Items of this control can be added using XAML 

code by enclosing <Image Source=” “/> tag as a content of <FlipView> tag. 

The same can be accomplished in the design by setting the Items property.  

Properties specific to FlipView control are 

� GroupStyle � Gets the collection of group style that define the appearance 

of each level of groups 

� IsGrouping � indicates whether the control is using grouping. 

� ItemContainerStyle � Gets / sets the style that is used during the rendering 

of the control. 

� Items � Gets the collection used to generate the content of FlipView 

control.  

� ItemsPanel � Gets or sets the template which defines the panel that 

controls the layout of items. 

� ItemsSource � gets or sets the item source such as any data column that is 

used to populate the contents of the flip view control. 

� SelectedItem � Gets or sets the selected item 

� SelectedIndex � Gets or sets the index of the selected item. 

� UseTouchAnimationsForAllNavigation � Gets or sets a value to indicate 

whether the navigation is touch based, button based or programmatic.         
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Event specific to this control is SelectionChanged that occurs when the selected 

item is changed. 

• Flyout 

This control is used display messages for user interaction. It used for displaying 

more information, collection of information, displaying of warning or 

confirmation. The working of this control has resemblance to message box 

used in earlier versions, but differs from it as Flyout does not create separate 

window or block user interactions. It is a lightweight UI that can be dismissed 

by tapping or clicking outside the display or by pressing escape key or pressing 

the back button of the device.   

Flyout control is used as Button.Flyout property. Button is the only control to 

which it is associated using Flyout property. Button tapping will initiate display 

of Flyout. This can also be associated with other controls, where activation is 

done using separate method. The inheritance hierarchy of Flyout class is Object 

� DependencyObject �FlyoutBase � Flyout. 

Properties specific to Flyout control are 

� AllowFocusOnInteraction � Gets or sets a value that indicates whether the 

Flyout element automatically gets focus when the user interacts with it.  

� AllowFocusWhenDisabled � Gets or sets a value that indicates whether 

the element can get focus when it is disabled. 

� Content � Gets or sets the content of the Flyout element. 

� ElementSoundMode � Gets or sets the sound preference during Flyout 

display. 

� FlyoutPresenterStyle � Gets or sets the Style tag setting applied. 

� Placement � Gets or sets the placement position of the Flyout element 

with respect to the target. 

� Target � Gets the element used a Flyout placement target. 

Events such as Closed and Closing are triggered when the Flyout is hidden or 

starts to be hidden. The events such as Opened and Opening are triggered when 

the Flyout is shown or before it is shown.         

FlyoutBase.AttachedFlyout tag is used to attach Flyout element to control 

other than Buttons. These Flyout elements have to be activated through Tapped 

event using FlyoutBase.ShowAttachedFlyout method. 

• MediaElement 

This control is used to play audio and video contents of the app. The built-in 

media transport control provides playback experience to the users. They 

provide various options like play, rec, stop, pause etc. The Source property of 

the control is set with the URI of the audio or video file to be used by the 

control. The file can also be selected as source from the local system using the 

FileOpenPicker control. The files can also be selected without user interaction 

by using the Music library and Video library features.  

Properties specific to MediaElement control are 

� AreTransportControlsEnabled � Gets or sets a Boolean value that 

indicates whether built-in media transport controls are enabled.  
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� AudioCategory � Gets or sets a value specifying the purpose of audio 

information in an audio stream. 

� AudioStreamCount � Gets the count of audio files that are currently 

present. It is a read-only property. 

� AutoPlay � Gets or sets a value to specify whether the media file starts 

playing automatically after the Source property is set. 

� Balance � Gets or sets the volume ratio across the stereo speakers. 

� CanPause � Gets a value that indicates whether the streaming can be 

paused if the corresponding method is called programmatically. 

� CurrentState � Gets the current state of the MediaElement. 

� NaturalDuration � Gets the duration of the media file currently opened in 

the control. 

� Position � Gets or sets the current position of the streaming progress 

using paly back time of the media. 

� TransportControls � Gets or sets the transport control for the media. 

� Volume � Gets or sets the media volume. 

Events specific to the MediaElement control are 

� BufferingProcessChanged � occurs when the buffering process property is 

changed. 

� MediaEnded � occurs when the media file playing is finished. 

� MediaFailed � occurs when the associated Source property value could 

not be located. 

� MediaOpened � occurs when the Source property value is validated, 

opened and header check is completed.     

� VolumeChanged � occurs when the value of the Volume property is 

changed. 

•  SemanticZoom 

This control holds two views of the same content and allows users to switch 

between the two views. Zoom-in and Zoom-out are the two views that are 

maintained. Zoom-in contains the individual data items of the content. Zoom-

out contains the group header to provide higher level view of the contents. For 

example while interacting with the contact list the user can jump or zoom out 

to a specific starting letter and zoom in to the contacts that start with that letter. 

The zoom-out and zoom-in views can be toggled by tapping on the header or 

through pinching gesture. The size of the semantic zoom control limits the size 

of the zoom-out view.     

SemanticZoom control does not have any visual representation of its own and 

uses other layout controls such as ListView or GridView for content display. It 

manages the transition between the two views. Under SemanticZoom element 

SemanticZoom.ZoomedOutview and SemanticZoom.ZoomedInView has to be 

declared. ToggleActiveZoom() method of SemanticZoom is used in the code-

behind file to change the views. Using the method of ItemViewer, toggle 

between the contents are done programmatically.  
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Properties specific to SemanticZoom control are 

� CanChangeViews � Gets or sets a Boolean value that indicates whether 

the SemanticView can change its display view. 

� IsZoomedInViewActive � Gets or sets a Boolean value indicating whether 

the Zoom in view is activated. 

� IsZoomOutButtonEnabled � Gets or sets a value that indicates whether the 

zoom in view displays a button to activate the zoom out state. 

� ZoomedInView � Gets or sets the complete zoomed in view of the control. 

� ZoomedOutView � Gets or sets the zoomed out view of the control. 

Events specific to SemanticZoom control are  

� ViewChangeStarted � Occurs when the view change request is placed. 

� ViewChangeCompleted � Occurs when the view is changed.    

Check Your Progress 2 

1) State True or False 

i)  ListBox and ComboBox controls can be used interchangeably.                  

ii) DatePicker control displays calendar with complete content 

information.                  

iii) Cross sliding and panning operations are differentiated by  

the cross slide threshold.                                                                   

iv) Creating gesture recognizer instance for each element at the  

startup of the app does not include any scaling issues.                   

v) MediaElement control has built-in MediaTransport control  

to facilitate payback operations.                                              

2) How to handle user defined actions for gestures? 

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................             

3) What is the difference between semantic zoom and optical zoom? 

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................  

  ...........................................................................................................  

 T/F
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This concludes discussion on UI layout and controllers. Various layouts have 

been discussed in detail in this unit. Choosing the best layout for the app is 

very essential as it is the place where the user interact the most. The key is to 

keep the layout clutter free, attractive and informative. Various navigation 

techniques are discussed with ample examples. The navigation length and its 

type should be designed to keep the user glued to the app. A UWP app can be 

used in any type of devices hence various types of input and action capturing 

feature is a must for any app. Gesture recognition is discussed in detail to 

handle any type of gesture input. Few other controls that can be used to 

enhance the UI design are also discussed with its properties and events list. 

Readers are advised to self-explore the XAML toolbox to have thee complete 

knowledge of all the tools available. It is also advisable to keep track of the 

latest developments from www.msdn.microsoft.com.  

4.7   REFERENCES / FURTHER STUDIES 

• Developing windows 10 Applications with C#, 2016, Sergii Baidachnyi, 

CreateSpace Independent Publishing Platform, North Charleston, SC 

• Real World Windows 10 Development, 2015, Moemeka, Edward, 

Elizabeth. eBook ISBN 978-1-4842-1449-7. 

• https://msdn.microsoft.com/en-us/windows/uwp/layout/navigation-basics 

• https://msdn.microsoft.com/library/windows/apps/windows.ui.input.gesture

recognizer.aspx 

• http://www.nullskull.com/a/10479067/prism-6-shell-view-and-hamburger-

menu-for-windows-10-universal-apps.aspx. 

• https://social.msdn.microsoft.com/Forums/vstudio/en-US/db76b015-ae4a-

4b7e-adc1-cf95140bb5f0/wpf-c-how-do-you-set-the-default-font-to-segoe-

ui%253Fforum%253Dwpf 

4.8   SOLUTIONS / ANSWERS 

Check Your Progress 1 

1) a) False 

 b) False 

 c) True 

 d) True 

 e) False 

2) Navigation controls are used depending on the design of the pages. 

Navigation of related pages having parent-child relationship has to be 

designed using hierarchical controls. Navigation between discrete pages 

or same level pages representing categories of a selected product is 

handled by peer to peer navigation control. The controls and their usage 

scenarios are given below. 
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Control 

Usage Scenario 

Hubs Used to provide summaries of child pages. Section 

navigation is done using the links embedded in the 

header. This is used when the user is to be provided 

with glimpses of child page contents. Suitable of 

news-reader and shopping apps. 

List View Used when master/detail based drilldown 

navigation is expected. UI of email, contact list, 

address boxes are suitable for list view 

implementation. It is used when user switches 

between the child items frequently.  

Split View Used to link pages at same level. Used when space 

restriction prevails. Space is conserved at the cost 

of navigation delay.  The list of links is displayed at 

the top of the page. 

Pivot Used to link pages at same level. This is chosen if 

the user is expected to switch between pages 

frequently. Ideal to use pivot for 2-5 pages of 

navigation. The pivots can be scrolled using 

gestures also.  

3) XAML code to be included in Example 11 under <Pivot>  

<Pivot.RightHeader> 

        <CommandBar ClosedDisplayMode="Compact" > 

<AppBarButton Icon="Back" Label="Previous" 
Click="Prev_click"/> 

                     <AppBarButton Icon="Forward" Label="Next" 

Click="Next_click"/> 

       </CommandBar> 

</Pivot.RightHeader> 

.xaml.cs code to move between pivots. The XAML code of Example 11 has to 

be changed to include the name of the Pivot as “P1”.  

private void Prev_click(object sender, RoutedEventArgs e) 

{ 

            if (P1.SelectedIndex > 0) 

                 P1.SelectedIndex -= 1; 

            else 

                 P1.SelectedIndex = P1.Items.Count - 1; 

} 

private void Next_click(object sender, RoutedEventArgs e) 

{ 

            if (P1.SelectedIndex < P1.Items.Count - 1) 

                 P1.SelectedIndex += 1; 

            else 

                 P1.SelectedIndex = 0; 

} 
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Check Your Progress 2 

1) i)  False 

 ii) False 

 iii) True 

 iv) False 

 v) True 

2) Instance of GestureRecognizer class has to be created. The gestures to 

handle are to be set in GestureSettings property. Events to be captured 

have to be assigned with user defined methods. Code to handle events has 

to be written in the user defined methods. The standard gesture capturing 

properties of the controls have to be disabled.  

3) Semantic zoom in and zoom out is used to toggle between the group 

header and its detailed contents. Optical zoom refers to the magnification 

of the content area or objects like photograph. Both the controls share 

same interaction and behavior but differ in operation.  
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INTRODUCTION TO WINDOWS 

MOBILE AND IOS 

This course has been developed as part of the collaborative advanced ICT course 
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BLOCK 2 INTRODUCTION 

Block two of this course “Developing Apps with Windows Mobile” helps you 

in creating applications using databases. It also demonstrates the use of web 

services in Windows Phone Apps. Various other features (such as use of 

camera functions) and how to use these features of Smartphone in Applications 

are discussed in this block. This block is divided into the following four units: 

• Unit 1: Storage in Windows Mobile  

• Unit 2: Integrating with Web Services in Windows Mobile 

• Unit 3: Multi-Threading in Windows Mobile 

• Unit 4: Interaction with Camera in Windows Mobile 
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UNIT 1 STORAGE IN WINDOWS MOBILE 

Structure 

1.0 Introduction 

1.1 Objectives 

1.2 Introduction to SQLite 

1.3 Features of SQLite 

1.4 Usages and Application of SQLite 

1.5 Basic Syntax of SQLite 

1.6 Summary 

1.7 References/Further Studies  

1.8 Solutions/Answers   

1.0 INTRODUCTION 

Windows Phone is the mobile operating system from Microsoft. It is an 

enhancement and extension of previous Windows Mobile operating systems, 

like   WinMo 6.5, and it supports the combination of .NET framework.  Some 

basics SQLite used in windows phone programming are discussed in this unit.  

This unit covers features of SQLite. Though SQLite is not much different from 

standard SQL but still developers should know the basic features and usage of 

SQLite. Further, in this unit we will learn about the fundamental or basic 

commands used for doing common functions. This syntax of SQLite is further 

discussed in detail with some examples. Students are advised to see the website 

www.sqlite.org for more details. You will get lot of tutorial and resources. 

1.1   OBJECTIVES 

After going through this unit you will be able to: 

• Understand the basics of SQLITE; 

• Importance of SQLITE; 

• Different commands of SQLITE; 

• Installation of SQLITE and 

• Write a small code in SQLITE. 

1.2 INTRODUCTION TO SQLITE 

SQLite is an in-process library that actualizes an independent, server less, zero-

arrangement, value-based SQL database motor. It is a database, which is zero-

configured, which implies like different databases you don't have to arrange it 

in your framework. SQLite engine is not an independent procedure like 

different databases; you can connect it statically or progressively according to 

your prerequisite with your application.  
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For windows programming it is a must to store instruction and data in mobile 

phones having windows. SQLite is used to store data in mobile this unit will 

discuss how to set up SQLite environment and perform operations on SQLite. 

To use SQLite its environment needs to be created on phone. The installation 

of SQLite is not required in the conventional sense of software installation. It is 

user friendly software that can be easily downloaded and used. 

For Windows Phone 7, there are two particular advancement approaches 

accessible for making application. The principal approach is to utilize 

Silverlight for Windows Phone. Silverlight was initially imagined as a route for 

engineers to make rich web applications. It has seen a sharp increment in 

market reception lately, determined for the most part by the way that Netflix 

utilizes Silverlight to stream recordings and NBC utilized Silverlight for its 

online communicate of the Olympic Games. A Silverlight application 

consolidates definitive markup (called XAML) to build the UI and code written 

in a .NET system dialect to control an application's conduct. In case you're 

building up information driven application for Windows Phone 7, you ought to 

most likely utilize Silverlight.  

Another is accessibility to create Windows Phone 7 application. XNA is 

Microsoft's amusement improvement structure and has been utilized as a part 

of late years to make both Windows and Xbox 360 applications. The XNA 

structure is very intense, and is produced after significant expectation to learn 

and adapt and longer improvement cycles. 

1.3 FEATURES OF SQLITE 

There are some special features associated with SQLITE. Because of these it is 

nowadays becoming a much sought after application. These salient features 

are: 

• It is server less application:  SQLite needs no setup or administration setup. 

• It is self contained. It operates on minimal support from external library. 

Hence, it is well suited to be adopted by any operating system iPhones, 

Android phones, game consoles, handheld media players, etc. 

• As we all know that RDBMS like MYSQU, Post gree SQL needs to be 

needs to be operated on a specific server. The database server is accessed 

through TCP / IP protocol to send and receive requests. It primarily works 

in client server architecture.  

• Unlike this SQLITE does not require specific serer. In this application is 

integrated server. The read and write can be directly done. 

 

 

 

• It requires zero configurations. It does not require installation. It does not 

use any configuration files. 

• SQLite transactions are fully ACID-compliant, allowing safe access from 

multiple processes or threads. 

• SQLite supports most of the query language features found in SQL92 

(SQL2) standard. 

SQLITE application 
Connector 

Database 
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• SQLite is written in ANSI-C and provides simple and easy-to-use API. 

• SQLite is available on UNIX (Linux, Mac OS-X, Android, iOS) and 

Windows (Win32, WinCE, and WinRT). 

Browser: 

The application SQLite can be used through a browser. One such browser is 

DB. It is available open source. It is a tool that can be used to create, design 

and edit database files compatible with SQLite. It is icon driven and has good 

GUI to give facility to crate database and perform operations like store, search 

and edit data in these. 

SQLite code is in public domain in form of a compact library. It can be freely 

used for any purpose. 

To install SQLite for windows phone SDK, user should to visual studio to 

2013, tools and extensions and update and simply download VSX. 

For the simple downloading following steps should be followed. 

1) Visit SQLite download page, download binary file from Window section. 

2) Also, download SQLite-shell-win32-*.zip and SQLite-dll-win32-*.zip. 

3)  Create a folder “SQLite” in your computer and unzip above files, these 

files will provide you SQLite3.def, SQLite3.dll and SQLite3.exe files. 

4) Now you needs to add  “C:\>SQLite” in the PATH environment  

5) finally you can go to command prompt and execute the SQLite commands: 

Command: C:\>SQLite3 

Output: SQLite version 3.7.15.2 2013-01-09 11:53:05 

Now all the Linux OS are being shipped with SQLite. So just issue the 

following command to check if the system already has SQLite installed on the 

machine. 

Command: $SQLite3 

Output: SQLite version 3.7.15.2 2013-01-09 11:53:05 

If the above result is not seen, then it means SQLite is not installed on the 

Linux machine.  

Check in Progress 

1) Write any four important features of SQLite 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

2) How SQLite environment can be created. 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 
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3) What is Silverlight application? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

1.4 USES AND APPLICATIONS OF SQLITE 

The SQLite is widely used in middleware, web browser, web application 

framework, SQLite code is hosted with Fossil, a distributed version control 

system. It uses automatic regression testing prior to each release. It is used as a 

middleware in ADO.NET, .ODBC, the web browsers ANDROID, Google 

chrome, Opera Safari, are all joined with SQLite. They allow storing of 

information in and retrieving in from SQLite database. With another 

technology called Web browser database technology, browsers like Mozilla 

Firefox and Mozilla thunderbird uses SQLite database to store configuration 

data like bookmarks, cookies, contacts etc. Web application framework like 

TRAC, Bugeilla, Drupal, also uses SQLite. The mainframe operating system 

solaris and open solaris uses SQLite to store local database repositories in 

windows. 

SQLite Commands 

SQLite has many advantages over other relational databases. The lightweight 

feature of SQLite makes it suitable for local storage in web browsers. In 

operating systems like Andriod or Windows, it is suitable for client storage   

SQLite commands work almost similar to standard SQL.  There are two broad 

types of SQLite commands, one is standard commands and other is meta-

command. The standard commands are used to operate on database and the 

Meta commands are used examine a database.   The basic commands used here 

are CREATE, SELECT, INSERT, UPDATE, DELETE and DROP. These 

commands can be classified into groups based on their operational nature. 

These commands are of three categories Data definition language, data 

manipulation language and data query language. 

• CREATE command is used to Creates a table or view of a table. 

• ALTER  is for modifying existing database object like table 

• DROP is used for deleting whole table 

• INSERT command is for creating a record in table 

• UPDATE is for updating table 

• DELETE will delete record 

• SELECT will select or retrieves records tables based for the criteria 

Like other programming languages, SQLite also follow certain rules are 

guidelines. You should note that it is normally case-insensitive language means 

capital letter or small letter will not impact the execution and error will not 

occur. However, in some cases it case sensitive like “GLOB and glob” are 

having different meaning. 
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SQLite Comments  

SQLite comments are additional notes, which you can include your SQLite 

code to build its comprehensibility and they can show up anyplace; whitespace 

can happen, incorporating inside expressions and adding other SQL 

declaration. SQL comments start with two back to back "- " characters (ASCII 

0x2d) and stretch out up to and including the following newline character 

(ASCII 0x0a) or until the finish of information, whichever starts things out. All 

the SQLite declaration begin with any of the watchwords like SELECT, 

INSERT, UPDATE, DELETE, ALTER, DROP, and so forth., and every one of 

the announcements end with a semicolon (;). 

SQLite Meta Commands 

The meta-commands are used to define output format. These start with. (dot) 

Some meta commands are listed below: 

• help  will get you help related to any issue 

• show will display current setting for parameters 

• Quit will fetch the system out from SQLite 

• database will simply list tables and  databases 

• header will show or hide output  table header 

• mode will select mode for output table 

1.5 BASIC SYNTAX OF SQLITE 

In this following section we will show you some usage of basic commands 

used in SQLite. Here we are used SQLite3, you must practice these commands 

by your own. Let us discuss some of the commands and their functions. 

As we have discussed earlier, DROP is used for deleting entire table. Let’s 

assume, Table named ADWET will be deleted by following command 

• DROP TABLE ADWET 

Now, let’s see how ALTER can be use to rename a table. Here in this example 

we are renaming a table ADWET to MILIND the command would be: 

• ALTER TABLE ADWET 

• RENAME To MILIND 

Similarly, you can use DELETE command to deletes rows from a table. In this 

example, we are deleting rows 5 from Table ADWET: 

• DELETE FROM ADWET 

• WHERE post_id = 5 

Now let’s use UPDTE command, this will change information in a table. Let’s 

assume we need to change email of “milind” to milind@igdtuw.ac.in  in table 

ADDRESS: 

This can be done simply as follows: 

 

 

 

UPDATE ADDRESS 

SET email = ‘milind@igdtuw.ac.in’ 

WHERE name = ‘milind’ 

This will change the email attribute for name ‘milind’ to milind @igdtuw.ac.in’ 
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Usage of Commands 

In this section we will see some usages of SQLite command, as we have 

mentioned earlier these commands work almost similar to SQL commands and 

queries can be executed similarly. 

You can early use AND/OR Clause in your queries. Let’s assume you have two 

columns you wants to select for some tables, these columns need to be selected 

on some conditions. You want to perform some logical operations in these 

conditions you can easily do as given below: 

 

 

 

Now, we will see a command through which you will create your tables in the 

databases. This is something a developer has to do frequently while creating a 

database application. 

CREATE 

Assume you want to create a table called User_Apps; you can simply write the 

following Query and name the column along with data type suitable for your 

attribute/column: 

 

 

 

 

 

Remember, you should define a column or multiple-columns as primary key. 

You need to explore little more about primary key by yourself. 

 SQLite CREATE VIEW Statement is used as given below: 

 

 

 

Example: 

If you want to create a new database <testDB.db>, then SQLITE3 statement 

would be as follows: 

 

 

 

 

 

 

 

CREATE VIEW database_name.view_name AS 

 

SELECT statement....; 

 

$sqlite3 testDB.db 

SQLite version 3.7.15.2 2013-01-09 11:53:05 

Enter ".help" for instructions 

Enter SQL statements terminated with a ";" 

sqlite> 

SELECT column1, column2 

FROM table_name 

WHERE CONDITION-1 {AND|OR} CONDITION-2; 

 

CREATE TABLE User_Apps ( 

 

column1 datatype, 

column2 datatype, 

); 
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The above command will create a file testDB.db in the current directory. This 

file will be used as database by SQLite engine. If you have noticed while 

creating database, SQLite3 command will provide a SQLite> prompt after 

creating a database file successfully. 

Once a database is created, you can verify it in the list of databases using the 

following SQLite .databases command: 

 

 

 

 

 

 

You will use SQLite .quit command to come out of the SQLite prompt as 

follows: 

 

 

 

Data Types of SQLite 

The SQLite supports various data types to sort values in the databases or tables. 

Here some of them are discussed. Mainly, SQLite supports two categories of 

data types: 

i) Static  

ii) Dynamic 

In the static data types, the table can store only declared type of data and in 

dynamic data type the values stored in column determines its data type, not the 

columns data type. The support of   dynamic data type is a special feature of 

SQLite.  

In SQLite, the data type is not assigned at the time of creation of table. It 

supports five basic data type. These are called storage classes. Storage class is 

extended from of data type. It describes forma of SQLite used to store data of 

disk. 

The storage classes are following: 

• ITEGER: t can be integer of variable size of 1,2,3,4,and 5, 6 bytes + ve or –

Ve. 

• NULL for no information 

• REAL: it  stores 8 byte floating number. 

• TEXT can store unlimited size character data. 

• BLOB ( Binary Large Object0 it can store unlimited size  object that can be 

used  to store any kind of object. 

There exists a  specific rule using which SQLite determines the data type of an 

entry to be stored  in table. SQLite does not have built  in date and time like 

sqlite>.databases  

seq Name file 

--- --------------- ---------------------- 

0 Main /home/sqlite/testDB.db 

sqlite>.quit 

 

$ 
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other packages. Through function type of (), storage class of a variable  based 

on its format can be checked. 

The assignment of data type is:  

• INTEGER is assigned to literal without enclosing quotes, decimal point. 

• TEXT storage class is assigned to literal having single or double quote. 

• SQLite  assigns  REAL  storage class to literal having  decimal point or 

exponent. 

• NULL storage is assigned top  literal NULL without quotes. 

• Literal Type ‘ADWET’ is assigned BLOG storage class. 

Sample Program 

Let us write a simple code To Print “Welcome To India”. The requirements to 

write a code are also specified. 

Tools Required: Window Phone SDK version 7.1 

Target Platform: This application is tested on Windows Phone Emulator 

and developed for Windows Phone. 

Procedure: The procedure includes specifying the steps and requirements of 

activities of it. 

Point 1. The front end browser   is to be opened  as a user interface to work 

with it. Open Visual Studio 2010 Express for Windows Phone. Windows starts 

the IDE. 

Point 2.  Create a new file where the application will be saved.  Specify File -

>ABC 

. the answer of the work will be available in file  ABC.  Select Silver light for 

Windows Phone under palette Visual C#.  

Point 3. Select Windows Phone Application from the template list 

Point 4. Type the Name of the application in the name field.  

Point 5. Change the Location and Solution Name field entries if needed, or else 

it would be default directory during the installation of Visual Studio 2010. 

 Point 6 Click OK .Visual Studio creates the project structure and generates a 

code skeleton with default setting and values. 

Point7. Now, choose Toolbox from left corner of the Screen and pick and drop 

the Text Block on the content panel. 

Point 8. Set  properties of  the Text Block object from the list given at lower 

right corner of the Visual Studio IDE 2010. As, Set the Text Block content as 

"textblock1" and Text field as " Welcome To India". 

Point 9. Save all the changes that we have made by simply clicking the Alt+S 

or Save option from the above pallet.  

Point 10. Go to the Debug option from the menu and click on the start Debug. 

Point 11. An emulator will start after few min and the Home Screen page is 

shown. 
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Check-in Progress 2 

1)  What is a difference between standard commands and other is meta-

command? 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

2)  List and define the use of any four commands in SQLite. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

3) Write a syntax for deleting rows 7 from Table COL. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

 …………………………………………………………………………….. 

1.6 SUMMARY 

SQLite database is exceptionally lightweight. Dissimilar to other database 

frameworks, there is no establishment required to begin with SQLite database. 

What you need is the SQLite library which is under just 500KB size. We start 

at SQLite databases and tables specifically. SQLite offers a variety of 

establishment bundles, contingent upon your working frameworks. In this unit, 

you have learned the basic features and uses of SQLite. You have seen how the 

basic commands and queries can be written in SQLite. These syntax(s) will be 

useful to you while developing simple apps in Windows Platform. It 

additionally offers a great deal of APIs for a wide scope of programming 

dialects. SQLite is utilized as a part of the Solaris 10 and Mac OS working 

frameworks and by iPhone and Skype. SQLite actualizes the greater part of the 

SQL-92 standard for SQL. The SQLite engine is not an independent procedure. 

Rather, it is statically or progressively connected into the application. The 

SQLite library is small and relatively easy to implement. 

 

1.7 REFERENCES/FURTHER STUDIES  

• www.sqlite.org  

• https://msdn.microsoft.com 
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• https://www.tutorialspoint.com/sqlite/sqlite_tutorial.pdf 

• https://www.tutorialspoint.com/sqlite/sqlite_syntax.htm 

• https://code.tutsplus.com/tutorials/introduction-to-windows-mobile-7-

development--mobile-91 

• http://www.c-sharpcorner.com/UploadFile/0524d6/display-video-in-

windows-phone-7/ 

• https://sqlitebrowser.org/ 

• https://www.sitepoint.com/getting-started-sqlite3-basic-commands/ 

1.8 SOLUTIONS/ANSWERS 

Check Your Progress 1 

1) Write any four important features of SQLite 

Solutions: Following are the Main features of SQLite: 

• It is server less application:  SQLite needs no setup or administration 

setup. 

• It is self contained. It operates on minimal support from external 

library. Hence, it is well suited to be adopted by any operating system 

like iPhones, Android phones, game consoles, handheld media 

players, etc. 

• It requires zero configurations. It does not require installation. It does 

not use any configuration files. 

• SQLite transactions are fully ACID-compliant, allowing safe access 

from multiple processes or threads. 

• SQLite supports most of the query language features found in SQL92 

(SQL2) standard. 

2) How SQLite environment can be created. 

Solutions: For the simple downloading following steps should be 

followed. 

1) Visit SQLite download page, download binary file from Window 

section. 

2) Also, download SQLite-shell-win32-*.zip and SQLite-dll-win32-

*.zip. 

3)  Create a folder “SQLite” in your computer and unzip above files, 

these files will provide you SQLite3.def, SQLite3.dll and 

SQLite3.exe files. 

4) Now you needs to add “C:\>SQLite” in the PATH environment  

5) finally you can go to command prompt and execute the SQLite 

commands: 

Command: C:\>SQLite3 

Output: SQLite version 3.7.15.2 2013-01-09 11:53:05 

3) What is Silverlight application? 

Solutions: Silverlight application consolidates definitive markup (called 

XAML) to build the UI and code written in a .NET system dialect to 

control an application's conduct. 



 

 

Storage in Windows 

Mobile

15

Check-in Progress 2 

1) What is a difference between standard commands and other is meta-

command? 

Solution: There are two broad types of SQLite commands, one is standard 

commands and other is meta-command. The standard commands are used 

to operate on database and the Meta commands are used examine a 

database.    

2) List and define the use of any four commands in SQLite. 

Solution: Following are four Commands: 

• CREATE command is used to Creates a table or view of a table. 

• ALTER is for modifying existing database object like table 

• INSERT command is for creating a record in table 

• UPDATE is for updating table 

3) Write a syntax for deleting rows 7 from Table COL. 

Solution: Following is the Syntax for this Query: 

DELETE FROM COL 

WHERE post_id = 7 
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UNIT 2   INTEGRATING WITH WEB 

SERVICES IN WINDOWS MOBILE 

Structure  

2.0 Introduction 

2.1 Objectives 

2.2 Web Services in ASP.NET 

 2.2.1    Building the Web Services 

2.3 Discovering and Manipulating a Device 

2.4 Functions 

2.5 Summary 

2.6  Further Reading 

2.7. Solutions/Answers 

2.0   INTRODUCTION 

To function correctly, many mobile applications are dependent on the cloud, 

and so integrating web services into mobile applications is a common scenario. 

Integration of web services on mobile is basically the implementation of 

devices profile for web services so that clients can easily discover the devices. 

Once the client is able to discover the device, he/she can easily retrieve the 

description of services hosted on that device and use those services. The web 

services on devices supports the implementation of client controlled devices 

and services through an API named WSDAPI designed by Microsoft. This API 

may be used for the implementation of client as well as services. 

Applications that are available over the internet are basically known as Web 

services. Their main job is to facilitate other applications with informative and 

programmatic services. It works with the mutual transfer of messages between 

client and remote method for calling a Web service. It is completely client’s 

choice regarding the interface, the way they want to use. 

It is very simple to build client as well as web services, mere two three lines of 

code works. This chapter will introduce the web services by providing a quick 

example of a client and server in each. Then discuss integration issues and how 

to overcome them. 

2.1   OBJECTIVES 

After going through this unit, you will be able to: 

• support the implementation of controlled devices and services; 

• discover other devices and services; 

• exchange metadata services; and 

• publish or subscribe eventing services;  
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Integrating with Web 
Services in Windows 

Mobile 
2.2   WEB SERVICES IN MOBILE  

Web services are basically written in .NET. They mostly use communication 

protocols. Only two three lines of code is required for making a working web 

service in .NET as it does most of its work in back end. The listener is simply a 

.NET page and the service provider can be coded in any language. Ms XML 

parser is used both for client and server. For working with this it is must to 

have .NET framework installed and also it needs to be ensured that the IIS is 

running. This can simply be checked by writing http://localhost. If error occurs 

then reinstallation and reconfiguration of IIS may work. 

2.2.1   Building the Web Service 

Development of mobile web service in .NET requires several steps to be 

followed. Just a new project needs to be created and .NET web service 

template is available, only the desired location needs to be provided. This will 

create a new structure of directory for the required web service under the IIS.  

• Class required for the Web Service 

When a new web service has been created, then it requires a switch to the 

code view of the particular application. Then the namespace of the service 

needs to be changed to something appropriate. The namespace should 

simply be a unique string to avoid conflicts with other applications. This 

namespace, which will be created, will be attached with every web service 

request as a tag.  

The other steps in the sequence, which needs to be followed, are as 

follows: 

Firstly, the code for the web service needs to be added in the generated 

template. Then, the final deployment of the same is done. After 

deployment the testing of the services is done. After successful testing a 

Client is created. And then a reference for the same is added. Then a form 

is developed as a login page. In the login page the buttons are added and 

the corresponding code is done. Then finally the required web service is 

ready for use. It simply needs to be compiled and run. 

2.3    DISCOVERING AND MANIPULATING A 

DEVICE 

WSDAPI extends the local Plug and Play model by allowing a client to 

discover and access a remote device and its associated services across a 

network. It supports discovery, one‐way and two‐way control messaging, and 

eventing. 

 

Fig. 2.1: Device discovery 
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Check Your Progress 1 

1) State True or False 

a) Web services can’t be linked in windows mobile  

b) E-mail consumes high data  

c) Broadband data is unlimited 

d) Responsive web design is absent 

e) Support method based programming is absent 

2.4  FUNCTIONS USED IN MOBILE WEB 

SERVICE 

The mobile web services uses the functions listed below. The detail 

information about all the functions are available at https://msdn.microsoft. 

com/en-us/library/windows/desktop/aa386286 (v=vs.85).aspx 

• PWSD_SOAP_MESSAGE_HANDLER 

References a SOAP message handler for incoming messages. This is an 

internal function pointer, and it should not be used by WSDAPI clients or 

services. 

Syntax 

typedef  HRESULT ( *PWSD_SOAP_MESSAGE_HANDLER)( 

   IUnknown  *thisUnknown, 

   WSD_EVENT *event); 

Parameters 

thisUnknown: Pointer to the object calling this function. 

event: A WSD_EVENT structure containing the message to be handled. 

• WSDAllocateLinkedMemory 

Allocates a linked memory block. 

Syntax 

void* WSDAllocateLinkedMemory( 

   void   *pParent, 

   size_t cbSize); 

Parameters 

pParent: Pointer to the parent memory block. 

cbSize: Size of the memory block to be allocated. 

• WSDAttachLinkedMemory 

Attaches a child memory block to a parent memory block. Multiple children 

can be attached to a parent memory block. 

Syntax 

void WSDAttachLinkedMemory( 

 void *pParent, 

 void *pChild); 

Parameters 

T/F 
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pParent: Pointer to the parent memory block. 

pChild: Pointer to the child memory block. 

WSDCreateDeviceHost 

Creates a device host and returns a pointer to the IWSDDeviceHost interface. 

Syntax 

HRESULT WSDCreateDeviceHost( 

  _In_  const WCHAR          *pszLocalId, 

  _In_        IWSDXMLContext *pContext, 

  _Out_       IWSDDeviceHost **ppDeviceHost); 

Parameters 

pszLocalId [in]: The logical or physical address of the device. A logical address 

is of the form urn:uuid:{guid}. If pszLocalId is a logical address, the host will 

announce the logical address and then convert the address to a physical address 

when it receives Resolve or Probe messages. If pszLocalId is a physical address 

(such as URL prefixed by http or https), the host will use the address as the 

physical address and will host on that address instead of the default one. For 

secure communication, pszLocalId must be an URL prefixed by https, and the 

host will use the SSL/TLS protocol on the port specified in the URL. The 

recommended port is port 5358, as this port is reserved for secure connections 

with WSDAPI. If no port is specified, then the host will use port 443.  

The host port must be configured with an SSL server certificate before 

calling WSDCreateDeviceHost. For more information about the configuration 

of host ports, see HttpSetServiceConfiguration.Any URL (http or https) must 

be terminated with a trailing slash. The URL must contain a valid IP address or 

hostname. The following list shows some example values for pszLocalId. It is 

not a complete list of valid values. 

• http://192.168.0.1:5357/ 

• http://localhost/ 

• http://myHostname:5357/ 

• https://192.168.0.1:5358/ 

• https://myHostname/ 

• https://myHostname/myDevice/ 

• https://myHostname:5358/ 

pContext [in]: An IWSDXMLContext object that defines custom message 

types or namespaces. If NULL, a default context representing the built-in 

message types and namespaces is used. 

ppDeviceHost [out]: Pointer to an IWSDDeviceHost object that you use to 

expose the WSD-specific device semantics associated with a server that 

responds to incoming requests. 

• WSDCreateDeviceProxy 

Creates a device proxy and returns a pointer to 

the IWSDDeviceProxy interface. 

Syntax 



 

20 

 

Developing Apps with 

Windows Mobile 
HRESULT WSDCreateDeviceProxy( 

  _In_  const WCHAR           *pszDeviceId, 

  _In_  const WCHAR           *pszLocalId, 

  _In_        IWSDXMLContext  *pContext, 

  _Out_       IWSDDeviceProxy **ppDeviceProxy); 

Parameters 

pszDeviceId [in]: The logical or physical address of the device. A logical 

address is of the form urn:uuid:{guid}. A physical address is a URI prefixed by 

http or https. If this address is a URI prefixed by https, then the proxy will use 

the SSL/TLS protocol. The device address may be prefixed with the @ 

character. When pszDeviceId begins with @, this function does not retrieve the 

device metadata when creating the device proxy. 

pszLocalId [in]: The logical or physical address of the client, which is used to 

identify the proxy and to act as an event sink endpoint. A logical address is of 

the form urn:uuid:{guid}.If the client uses a secure channel to receive events, 

then the address is a URI prefixed by https. This URI should specify port 5358, 

as this port is reserved for secure connections with WSDAPI. The port must be 

configured with an SSL server certificate before calling WSDCreateDevice 

ProxyAdvanced. For more information about port configuration, see HttpSet 

ServiceConfiguration. 

pContext [in]: An IWSDXMLContext object that defines custom message 

types or namespaces. If NULL, a default context representing the built-in 

message types and namespaces is used. 

ppDeviceProxy [out]: Pointer to an IWSDDeviceProxy object that you use to 

represent a remote WSD device for client applications and middleware. 

• WSDCreateDiscoveryProvider 

Creates an IWSDiscoveryProvider object. 

Syntax 

HRESULT WSDCreateDiscoveryProvider( 

  _In_  IWSDXMLContext       *pContext, 

  _Out_ IWSDiscoveryProvider **ppProvider); 

Parameters 

pContext [in]: An IWSDXMLContext interface that defines custom message 

types or namespaces. If NULL, a default context representing the built-in 

message types and namespaces is used. 

ppProvider [out]: Returns a reference to the 

initialized IWSDiscoveryProvider object. Cannot be NULL. 

• WSDCreateDiscoveryPublisher 

Creates an IWSDiscoveryPublisher object. 

Syntax 

HRESULT WSDCreateDiscoveryPublisher( 
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  _In_  IWSDXMLContext        *pContext, 

  _Out_ IWSDiscoveryPublisher **ppPublisher); 

Parameters 

pContext [in]: An IWSDXMLContext interface that defines custom message 

types or namespaces. If NULL, a default context representing the built-in 

message types and namespaces is used. 

ppPublisher [out]: Returns a reference to the 

initialized IWSDiscoveryPublisher object. Cannot be NULL. 

• WSDCreateHttpAddress 

Creates an IWSDHttpAddress object. 

Syntax 

HRESULT WSDCreateHttpAddress( 

   IWSDHttpAddress **ppAddress); 

Parameters 

ppAddress: Returns a reference to the initialized IWSDHttpAddress object. 

Cannot be NULL. 

• WSDCreateHttpMessageParameters 

Creates an IWSDHttpMessageParameters object. 

Syntax 

HRESULT WSDCreateHttpMessageParameters( 

   IWSDHttpMessageParameters **ppTxParams); 

Parameters 

ppTxParams: Returns a reference to the 

initialized IWSDHttpMessageParameters object. Cannot be NULL. 

• WSDCreateOutboundAttachment 

Creates an IWSDOutboundAttachment object. 

Syntax 

HRESULT WSDCreateOutboundAttachment( 

  _Out_ IWSDOutboundAttachment **attachmentOut); 

Parameters 

attachmentOut [out]: Returns a reference to the 

initialized IWSDOutboundAttachment object. Cannot be NULL. 

• WSDCreateUdpMessageParameters 

Retrieves a pointer to the IWSDUdpMessageParameters interface. 

Syntax 

HRESULT WINAPI WSDCreateUdpMessageParameters( 

  _Out_ IWSDUdpMessageParameters **ppTxParams); 
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Parameters 

ppTxParams [out]: Pointer to the IWSDUdpMessageParameters interface 

that you use to specify how often WSD repeats the message transmission. 

• WSDDetachLinkedMemory 

Detaches a child memory block from its parent memory block. 

Syntax 

void WSDDetachLinkedMemory( 

   void *pVoid); 

Parameters 

pVoid: Pointer to the memory block to be detached. 

• WSDFreeLinkedMemory 

Frees a memory block previously allocated 

with WSDAllocateLinkedMemory. 

Syntax 

void WSDFreeLinkedMemory( 

   void *pVoid); 

Parameters 

pVoid: Pointer to the memory block to be freed. 

• WSDGenerateFault 

Generates a SOAP fault. 

Syntax 

HRESULT WSDGenerateFault( 

  _In_  const LPCWSTR        *pszCode, 

  _In_  const LPCWSTR        *pszSubCode, 

  _In_  const LPCWSTR        *pszReason, 

  _In_  const LPCWSTR        *pszDetail, 

  _In_        IWSDXMLContext *pContext, 

  _Out_       WSD_SOAP_FAULT **ppFault); 

Parameters 

pszCode [in]: A SOAP fault code. The list of possible fault codes follows. For 

a description of each fault code, see the SOAP Version 1.2 specification. 

VersionMismatch 

MustUnderstand 

DataEncodingUnknown 

Sender 

Receiver 
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pszSubCode [in]: A fault subcode. 

pszReason [in]: A human readable explanation of the fault. 

pszDetail [in]: Contains application-specific error information pertaining to the 

fault. 

pContext [in]: An IWSDXMLContext interface that represents the context in 

which to generate the fault. 

ppFault [out]: A WSD_SOAP_FAULT structure that contains the generated 

fault. When the calling application is done with this data, ppFault must be 

freed with a call to WSDFreeLinkedMemory. 

• WSDGenerateFaultEx 

Generates a SOAP fault. 

Syntax 

HRESULT WSDGenerateFaultEx( 

  _In_        WSDXML_NAME               *pCode, 

  _In_        WSDXML_NAME               *pSubCode, 

  _In_        WSD_LOCALIZED_STRING_LIST *pReasons, 

  _In_  const LPCWSTR                   *pszDetail, 

  _Out_       WSD_SOAP_FAULT            **ppFault); 

Parameters 

pCode [in]: A SOAP fault code. The list of possible fault codes follows. For a 

description of each fault code, see the SOAP. 

VersionMismatch 

MustUnderstand 

DataEncodingUnknown 

Sender 

Receiver 

pSubCode [in]: A fault subcode. 

pReasons [in]: A WSD_LOCALIZED_STRING_LIST structure that 

contains a list of localized reason codes. 

pszDetail [in]: Contains application-specific error information pertaining to the 

fault. 

ppFault [out]: A WSD_SOAP_FAULT structure that contains the generated 

fault. ppFault must be freed with a call to WSDFreeLinkedMemory. 

• WSDGetConfigurationOption 

Gets a WSDAPI configuration option. 

Syntax 

HRESULT WINAPI WSDGetConfigurationOption( 
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        DWORD  dwOption, 

  _Out_ LPVOID pVoid, 

        DWORD  cbOutBuffer); 

Parameters 

dwOption: The type of configuration data to get. 

Value Meaning 

WSDAPI_OPTION_MA

X_INBOUND_MESSAG

E_SIZE 

0x0001 

Get the maximum size, in bytes, of an 

inbound message. This message size is 

a value between 32768 and 1048576. 

pVoid [out]: Pointer to the configuration data. 

cbOutBuffer: The size, in bytes, of the data pointed to by pVoid. If dwOption is 

set to WSDAPI_OPTION_MAX_INBOUND_MESSAGE_SIZE, then this 

parameter should be set to size of(DWORD). 

• WSDSetConfigurationOption 

Sets a WSDAPI configuration option. 

Syntax 

HRESULT WINAPI WSDSetConfigurationOption( 

       DWORD  dwOption, 

  _In_ LPVOID pVoid, 

       DWORD  cbInBuffer); 

Parameters 

dwOption: The type of configuration data to set. 

Value Meaning 

WSDAPI_OPTION_M

AX_INBOUND_MESS

AGE_SIZE 

0x0001 

Set the maximum size, in bytes, of an 

inbound message. 

pVoid [in]: Pointer to the configuration data. If dwOption is set to 

WSDAPI_OPTION_MAX_INBOUND_MESSAGE_SIZE, then pVoid should 

point to a DWORD that represents the size of an inbound message. The size of 

the message is a value between 32768 and 1048576. 

cbInBuffer: The size, in bytes, of the data pointed to by pVoid. If dwOption is 

set to WSDAPI_OPTION_MAX_INBOUND_MESSAGE_SIZE, this 

parameter should be set to size of(DWORD). 

• WSDXMLAddChild 
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Adds a child element. 

Syntax 

HRESULT STDAPI WSDXMLAddChild( 

   WSDXML_ELEMENT *pParent, 

   WSDXML_ELEMENT *pChild); 

Parameters 

pParent: Reference to a WSDXML_ELEMENT structure that contains the 

parent element. 

pChild: Reference to a WSDXML_ELEMENT structure that contains the 

child element. 

• WSDXMLAddSibling 

Adds a sibling element. 

Syntax 

HRESULT STDAPI WSDXMLAddSibling( 

  _In_ WSDXML_ELEMENT *pFirst, 

  _In_ WSDXML_ELEMENT *pSecond); 

Parameters 

pFirst [in]: Reference to a WSDXML_ELEMENT structure that contains the 

first sibling. 

pSecond [in]: Reference to a WSDXML_ELEMENT structure that contains 

the second sibling. 

• WSDXMLBuildAnyForSingleElement 

Creates an XML element with a specified name and value. The created element 

can be used as the child of an XML any element. 

Syntax 

HRESULT STDAPI WSDXMLBuildAnyForSingleElement( 

  _In_        WSDXML_NAME    *pElementName, 

  _In_  const LPCWSTR        *pszText, 

  _Out_       WSDXML_ELEMENT **ppAny); 

Parameters 

pElementName [in]: Reference to a WSDXML_NAME structure that contains 

the name of the created element. 

pszText [in]: The text value of the created element. 

ppAny [out]: Reference to a WSDXML_ELEMENT that contains the created 

element. ppAny must be freed with a call to WSDFreeLinkedMemory. 

• WSDXMLCleanupElement 

Frees memory associated with an XML element. 
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Syntax 

HRESULT WINAPI WSDXMLCleanupElement( 

  _In_ WSDXML_ELEMENT *pAny); 

Parameters 

pAny [in]: Reference to a WSDXML_ELEMENT structure that specifies 

extension content allowed by the XML ANY keyword. 

• WSDXMLGetValueFromAny 

Retrieves a text value from a specified child element of an XML any element. 

Syntax 

HRESULT STDAPI WSDXMLGetValueFromAny( 

  _In_  const WCHAR          *pszNamespace, 

  _In_  const WCHAR          *pszName, 

  _In_        WSDXML_ELEMENT *pAny, 

  _Out_ const LPCWSTR        *ppszValue); 

Parameters 

pszNamespace [in]: The namespace of the element to retrieve. 

pszName [in]: The name of the element to retrieve. 

pAny [in]: Reference to a WSDXML_ELEMENT structure that contains 

the any element that is the parent of the element to retrieve. 

ppszValue [out]: The text value of the element specified 

by pszNamespace and pszName.  

There are many more functions which are used by the mobile web services. 

These are only the few common functions which have been discussed here.  

Check Your Progress 2 

1) Describe the process of web services integration? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

2) Give the syntax of WSDXMLCleanupElement. 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 
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3) Give the syntax of WSDGenerateFaultEx. 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

4) What are the different web services? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

2.5   SUMMARY 

The integration of mobile web service is very simple and straight. The primary 

thing which we need to take care of is that the service which is being developed 

should be as broad as possible so that maximum number of clients can use the 

same. And also the developed service must be tested in all respect before being 

used by any client. 

2.6   FURTHER READING 

The following web links will help in getting detailed information about the 

topic: 

• https://msdn.microsoft.com/en-

us/library/aa480728.aspx#wsmsplat_topic30 

• https://msdn.microsoft.com/en-us/library/dd297069.aspx 

• https://docs.microsoft.com/en-us/aspnet/web-api/overview/mobile-

clients/calling-web-api-from-a-windows-phone-8-application 

• https://msdn.microsoft.com/en-us/library/aa478995.aspx 

• https://msdn.microsoft.com/en-us/library/ms996450.aspx 

2.7   SOLUTIONS/ANSWERS 

Solution of Check Your Progress 1 

a) False b) False c) False d) False e) False 

Solution of Check Your Progress 2 

1) The term Web services describes a standardized way of integrating 

Web-based applications using 

the XML, SOAP, WSDL and UDDIopen standards over an Internet 

protocol backbone. XML is used to tag the data, SOAP is used to 
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transfer the data, WSDL is used for describing the services available 

and UDDI is used for listing what services are available. Used primarily 

as a means for businesses to communicate with each other and with 

clients, Web services allow organizations to communicate data without 

intimate knowledge of each other's IT systems behind the firewall. 

Unlike traditional client/server models, such as a Web server/Web page 

system, Web services do not provide the user with a GUI. Web services 

instead share business logic, data and processes through a 

programmatic interface across a network. The applications interface, 

not the users. Developers can then add the Web service to a GUI (such 

as a Web page or an executable program) to offer specific functionality 

to users. 

2) HRESULT WINAPI WSDXMLCleanupElement( 

 WSDXML_ELEMENT* pAny 

 ); 

3) HRESULT WSDGenerateFaultEx( 

  _In_        WSDXML_NAME               *pCode, 

  _In_        WSDXML_NAME               *pSubCode, 

  _In_        WSD_LOCALIZED_STRING_LIST *pReasons, 

  _In_  const LPCWSTR                   *pszDetail, 

  _Out_       WSD_SOAP_FAULT            **ppFault 

); 

4) There are mainly two types of web services. 

• SOAP web services. 

• RESTful web services. 

SOAP stands for Simple Object Access Protocol. It is a XML-based 

protocol for accessing web services. SOAP is a W3C recommendation for 

communication between two applications. SOAP is XML based protocol. 

It is platform independent and language independent. By using SOAP, 

you will be able to interact with other programming language 

applications. 

RESTful Web Services 

REST stands for Representational State Transfer. REST is an 

architectural style not a protocol. 
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UNIT 3   MULTI-THREADING IN WINDOWS 

MOBILE 

Structure  

3.0 Introduction 

3.1 Objectives 

3.2 Drawbacks of Multi-Threading 

3.3 Thread Synchronization 

3.4 UI Threads 

3.5 Background Threads 

3.6 Summary 

3.7    References/Further Studies  

3.8 Solutions/Answers 

3.0   INTRODUCTION 

The ability of a single core present in a multi-core processor to run multiple 
processes or threads at the same time supported by the operating system. In 
multithreading, the threads share the resources of a single core in order to get 
better performance. An application runs with a single thread which is 
reproduced by the software (the ‘main’ thread) and it generates the more 
threads to make it multi-threaded system. Multi-threading also gives access to 
different directions within a pipeline. If multiple threads participate on the 
same set of data, this can actually share their cache, leading to better cache 

usage or synchronization on its values. 

3.1 OBJECTIVES 

After going through this unit, you will be able to understand: 

• Responsiveness of the mobile increases 

• Execution becomes faster 

• Lower resource consumption problem can be resolved 

• Better approach is provided therefore better system utilization; 

• Sharing and communication becomes simpler; 

3.2   DRAWBACKS OF MULTITHREADING 

Synchronization: Since strings share same address territory, the coder ought to 
work in such way to stay away from race conditions and option non natural 
practices. Thusly the data can be effortlessly controlled, strings can be set aside 
a few minutes in order to technique that information inside the right request 
.Threads can likewise require equally restrictive operations to taboo regular 
learning from being changed in the meantime being. Thoughtless utilization of 
such primitives can bring about stops. This circumstance ought to be 
maintained a strategic distance from as execution is debase in such cases  
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String crashes a procedure: The full procedure separates if there is any 
ineligible operation performed by a string; in this way, one acting 
mischievously string can disturb the strategy for the various strings inside the 
applying. 

3.3   THREAD SYNCHRONIZATION 

Thread synchronization is a process which keeps a check on that multiple 

concurrent processes or threads do not start some program segment at the 

particular time. When one thread starts executing the critical section of the 

memory the second one should wait until the first thread completes it. 

Fig. 3.1: Shows the thread synchronization 

 

Fig. 3.1: Thread Synchronization 

If well-defined and proper synchronization techniques are not applied, it can 

initiate   race condition where in the variables values are also unpredictable and 

may change depending on the timings of context switches of the processes or 

threads. Here is simple case of synchronization: 
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Windows Presentation Foundation (WPF) is intended to spare designers from 

the challenges of threading. Therefore, the dominant part of WPF engineers 

won't need to compose an interface that utilizations more than one string. Since 

multithreaded projects are unpredictable and hard to investigate, they ought to 

be stayed away from when single-strung arrangements exist. +  

Regardless of how very much architected, nonetheless, no UI structure will 

ever have the capacity to give a solitary strung answer for each kind of issue. 

WPF approaches, however there are still circumstances where various strings 

enhance (UI) responsiveness or application execution. Subsequent to talking 

about some foundation material, this paper investigates some of these 

circumstances and after that closes with a discourse of some lower-level subtle 

elements. 

Typically, WPF applications start with two threads: one for handling rendering 

and another for managing the UI. The rendering thread effectively runs hidden 

in the background while the UI thread receives input, handles events, paints the 

screen, and runs application code. Most applications use a single UI thread, 

although in some situations it is best to use several. We’ll discuss this with an 

example later. 

The UI thread queues work items inside an object called a Dispatcher. The 

Dispatcher selects work items on a priority basis and runs each one to 

completion. Every UI thread must have at least one Dispatcher, and each 

Dispatcher can execute work items in exactly one thread. 

The trick to building responsive, user-friendly applications is to maximize the 

Dispatcher throughput by keeping the work items small. This way items never 

get stale sitting in the Dispatcher queue waiting for processing. Any 

perceivable delay between input and response can frustrate a user. 

How then are WPF applications supposed to handle big operations? What if 

your code involves a large calculation or needs to query a database on some 

remote server? Usually, the answer is to handle the big operation in a separate 

thread, leaving the UI thread free to tend to items in the Dispatcher queue. 

When the big operation is complete, it can report its result back to the UI 

thread for display. 

Historically, Windows allows UI elements to be accessed only by the thread 

that created them. This means that a background thread in charge of some long-

running task cannot update a text box when it is finished. Windows does this to 

ensure the integrity of UI components. A list box could look strange if its 

contents were updated by a background thread during painting. 

WPF has a built-in mutual exclusion mechanism that enforces this 

coordination. Most classes in WPF derive from DispatcherObject. At 

construction, a DispatcherObject stores a reference to the Dispatcher linked to 

the currently running thread. In effect, the DispatcherObject associates with the 

thread that creates it. During program execution, a DispatcherObject can call its 

public VerifyAccess method. VerifyAccess examines the Dispatcher associated 

with the current thread and compares it to the Dispatcher reference stored 

during construction. If they don’t match, VerifyAccess throws an exception. 

VerifyAccess is intended to be called at the beginning of every method 

belonging to a DispatcherObject. 
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If only one thread can modify the UI, how do background threads interact with 

the user? A background thread can ask the UI thread to perform an operation 

on its behalf. It does this by registering a work item with the Dispatcher of the 

UI thread. The Dispatcher class provides two methods for registering work 

items: Invoke and BeginInvoke. Both methods schedule a delegate for 

execution. Invoke is a synchronous call – that is, it doesn’t return until the UI 

thread actually finishes executing the delegate. BeginInvoke is asynchronous 

and returns immediately. + 

The Dispatcher orders the elements in its queue by priority. There are ten levels 

that may be specified when adding an element to the Dispatcher queue. These 

priorities are maintained in the DispatcherPriority enumeration. Detailed 

information about DispatcherPriority levels can be found in the Windows SDK 

documentation. 

A Single-Threaded Application with a Long-Running Calculation  

Most graphical UIs (GUIs) spend a huge bit of their time sit still while sitting 

tight for occasions that are created in light of client associations. With cautious 

programming this sit out of gear time can be utilized helpfully, without 

influencing the responsiveness of the UI. The WPF threading model doesn't 

enable contribution to intrude on an operation occurring in the UI string. This 

implies you should make sure to come back to the Dispatcher intermittently to 

handle pending information occasions before they get stale.  

This basic application tallies upwards from three, looking for prime numbers. 

At the point when the client taps the Start catch, the hunt starts. At the point 

when the program finds a prime, it refreshes the UI with its disclosure. 

Anytime, the client can stop the inquiry.  

Albeit sufficiently basic, the prime number pursuit could go on always, which 

displays a few challenges. On the off chance that we dealt with the whole hunt 

within the snap occasion handler of the catch, we could never allow the UI 

string to deal with different occasions. The UI would be not able react to 

information or process messages. It could never repaint and never react to catch 

clicks.  

We could lead the prime number pursuit in a different string, however then we 

would need to manage synchronization issues. With a solitary strung approach, 

we can straightforwardly refresh the name that rundowns the biggest prime 

found.  

On the off chance that we separate the assignment of estimation into sensible 

pieces, we can occasionally come back to the Dispatcher and process 

occasions. We can give WPF a chance to repaint and prepare input.  

The most ideal approach to part preparing time amongst figuring and occasion 

dealing with is to oversee estimation from the Dispatcher. By utilizing the 

BeginInvoke technique, we can plan prime number checks in a similar line that 

UI occasions are drawn from. In our illustration, we plan just a solitary prime 

number check at once. After the prime number check is finished, we plan the 

following check promptly. This check continues simply in the wake of pending 

UI occasions have been dealt with. 

3.4.1 Malware Attacks on Mobile: Prevention 

For the protection of windows mobile API a certificate system is in use by 

Microsoft. This technique solely permits the applications that have the 
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acceptable signed certificate. Conjointly, this is amongseveral other techniques 

offered that support the safety demand. The user conjointly must be a little 

careful in handling the mobile services. They have to pay attention whereas 

unblocking any applications. Before unblocking, the certificate should be 

verified.   

As the phrase says “Prevention is healthier than cure”, constant ought to be 

followed here conjointly. The simplest thanks to get obviate malware attack 

isn't to use any unauthenticated application at any value.  

Some vital steps which might be helpful during this regard are as follows: 

Firstly, install the whole method management applications. It essentially 

appears for the suspicious processes on the device and stops them.  

The users ought to use caution whereas victimisation Bluetooth and Wireless 

services. Constant must be shifted whereas you're in some external network.  

To be at safer finish, the back-up must be taken at regular intervals, in-order to 

avoid the permanent loss of information.  

Above all, the anti-virus package should be put in to forestall any malware 

attack. 

Check Your Progress 1 

1) Which namespace supports multithreading programming? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

2) What is synchronization in reference to a thread? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

3) Which keyword is used to implement synchronization? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

4) What is multithreaded programming? 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

3.5   BACKGROUND THREAD 

The event dispatching thread could also be as a background thread as used in 
java to methodology events from the abstract window toolkit graphical 
programme event queue. Its associate degree example of generic plan of event-
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driven programming that is well-liked in many various contexts like in net 

BROWSERS or net SERVERS. 

The events unit of measurement primarily update events that cause programme 
components to redraw themselves, or input events from input devices just like 
the mouse or keyboard. The AWT uses one-threaded paintings model among 
that all screen updates ought to be performed from one thread. The event 
dispatching thread is that the exclusively valid thread to update the visual state 
of visible programme components from various threads is that the availability 

of the various common bugs in java programs that use Swing. 

3.6 SUMMARY 

Mobile phones with windows mobile software package are user friendly and 

are growing in quality. Owing to several APIs and lack of security awareness 

from users and therefore the powerful promise of monetary gain, malware 

writers can still attack the platform because the risk-reward quantitative 

relation decreases. The majority of today’s mobile malware do not gift a giant 

risk to users, but we have to have a tendency to not let our guard down. 

Presently we have a tendency to use that at early stages. The case might 

deteriorate anytime. So, it becomes essential to possess correct precaution 

before being hit by any unwanted services.  

3.7 REFERENCES/FURTHER STUDIES  

• https://en.wikipedia.org/wiki/Synchronization_(computer_science) 

• https://msdn.microsoft.com 

• https://www.tutorialspoint.com 

• https://msdn.microsoft.com/en-us/library/aa446522.aspx 

• https://stackoverflow.com/questions/28508492/how-to-create-a-thread-

in-windows-phone-8-1 

• https://software.intel.com/en-us/blogs/2013/02/05/writing-a-

multithreaded-application-for-the-windows-store 

• http://www.c-sharpcorner.com/technologies/multithreading 

3.8 SOLUTIONS/ANSWERS 

Solution of Check Your Progress 1 

1) The categories that support multithreaded programming are outlined 

within the System.Threading namespace. Thus, it will sometimes embody 

this statement in the beginning of any multithreaded program. 

2) Thread synchronization is that the multiprogramming of two or additional 

threads that share crucial resources. Threads ought to be synchronised to 

avoid crucial resource use conflicts. Otherwise, conflicts might arise once 

parallel-running threads commit to modify a standard variable at an 

equivalent time. 

3) Keywordused is synchronised. 

4) A system with 2 threads to be dead, that run on one processor. In system, 

multithreading is that the power of a central process unit (CPU) or one 

core gift during a multi-core processor to run many processes or threads at 

an equivalent time,  supported by the software package. 
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4.0   INTRODUCTION 

The use of mobile phone cameras is very widespread and well known in 

today’s  fast changing  dynamic world  environment , unlike the  bulky and 

difficult to use digital cameras the mobile cameras are sleek and easy to use 

they are the best example of point and shoot technology, people today prefer 

mobile cameras over digital cameras because they serve multipurpose  and are 

also comparatively cheap it is expected that by this decade mobile cameras will 

form a considerable share of the camera market. The camera has evolved over 

a number of years from optical to digital and has continuously added on some 

new feature.   

In this unit, we will do a comprehensive study about the hardware and the 

software part of a camera you will also be learning about the major 

developments in the field of mobile photography you can gain further 

knowledge about the topics by going through the readings and references, the 

chapter aims at covering all the basic information about a windows camera. 

4.1   OBJECTIVES 

After going through this unit you will be able to: 

• what is a camera; 

• what are its components; 

• what are its hardware’s; 
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• process of image capturing; and 

• features of windows camera;  

4.2   INTRODUCTION TO CAMERA 

The technical definition of camera says that it is a  ‘‘lightproof box or 

container, usually fitted with a lens, which gathers incoming light and 

concentrates it so that it can be directed toward the film (in an optical camera) 

or the imaging device (in a digital camera) contained within. Today there are 

many different types of camera in use, all of them more or less sophisticated 

versions of the camera obscure, which dates back to antiquity. Nearly all of 

them are made up of the same basic parts: a body (the lightproof box), a lens 

and a shutter to control the amount of light reaching the light-sensitive surface, 

a viewfinder to frame the scene, and a focusing mechanism.’ 

Figure 1 shows the evolutions of cameras: 

 

Fig. 4.1: Evolution of Cameras 

4.2.1   Evolution of Camera 

The original construct of the camera dates from Greek times as Aristotle once 

brought up the principle of the camera obscure [Lat., = dark chamber] that was 

virtually a dark box—sometimes giant enough for the viewer to face inside—

with a tiny low hole, or aperture, in one facet. (A lens wasn't used for focusing 

till the center Ages.) associate degree inverted image of a scene was shaped on 

an inside screen; it might then be copied by associate degree creative person. 

The primary diagram of a camera obscure appeared during a manuscript by 

applied scientist Leonardo in 1519; however he didn't claim its invention. 

The recording of a negative image on a photosensitive material was first 

achieved by the French person Joseph Nicéphore Niepce in 1826; he coated a 

bit of paper with asphalt and exposed it within the camera obscure for eight 

hours. Though numerous sorts of devices for creating photos in fast succession 

had been used in this decade, the primary sensible movie camera—made 

possible by the invention of the primary versatile (paper base) films—was in-

built 1887 by a French person, E. J. Mary. He also discovered the primary 

commercially prosperous camera two years later. However, picture taking 

wasn't accessible to amateurs till 1923, once artificer Kodak created the 

primary 16-mm reversal safety film, and Bell & Amp; Howell introduced 

cameras and projectors with that to use it. Systems mistreatment 8-mm film 

were introduced in 1923; super-8, with its smaller sprocket holes and bigger 

frame size, appeared in 1965. An epitome of the photographic camera was 

developed in 1975 by artificer Kodak. However, digital cameras weren't 
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commercialized till the Nineteen Nineties. Since then, they need step by step 

updating for several film-based cameras and for customers and other 

professionals, leading several makers to eliminate or scale back the amount of 

the film cameras they produce. 

4.2.2   Types of Camera 

There are three major types of camera:  

- still, 

- motion picture, and  

- phone camera 

1) Still Camera 

They are additionally referred to as purpose and shoot camera, the mobile 

cameras area unit example of it. 

A still camera could be a form of camera accustomed to take images. 

Ancient cameras capture lightweight into photographic paper. Digital 

cameras use physics, sometimes a charge coupled device (CCD) to store 

digital pictures in storage device within the camera. The digital image will 

be transferred to a laptop for subsequent process. 

 

The still camera can also be divided in a variety of categories (some 

cameras constitute quite one category): 

-     Rangefinder camera  

- Live-preview photographic camera 

- Single-lens photographic camera 

- Twin-lens photographic camera  

- Field camera 

- Folding camera 

- Instant camera 

- Box Camera 

- Pinhole camera 

- Press camera 

- Autofocus camera 
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- Compact camera 

- Stereo camera 

- Disposable camera  

- View camera 

- Viewfinder camera 

2) Motion Picture 

The cine-camera, film camera or movie camera could be a sort of camera 

that takes a speedy sequence of images on a picture detector or on a movie. 

In distinction to a still camera, that captures one photograph at a time, the 

cine-camera takes a series of images; every image constitutes a "frame". 

This can be accomplished through AN intermittent mechanism. The frames 

area unit later contends back during a film projector at a particular speed, 

referred to as the frame rate (number of frames per second). Whereas 

viewing at a specific frame rate, a personality's eyes and brain merge the 

separate photos along to form the illusion of motion.  

Since the year 2010, film-based show cameras are for the most part 

replaced by digital show cameras. 

3) Phone Camera 

A camera phone is a transportable device as that is ready to capture images. 

Most camera phones conjointly record videos. The first primary camera 

phone sold-out in 2000 in Japan was a J-Phone model though some argue 

that the SCH-V200 and Kyocera VP-210 Visual Phone both introduced 

months earlier in Asian nations and Japan were of square measure in the 

primary category of camera phones.  

Most camera phones square measure easier than separate digital cameras. 

Their usual fixed-focus lenses and smaller sensors limit their performance 

in poor lighting. Lacking a physical shutter, some have an extended shutter 

lag. Lamp is often provided by Associate in Nursing Diode supply that 

illuminates less intensely over a far longer exposure time than a bright and 

near-instantaneous flash scientific instrument. Optical zoom Associate in 

Nursing stand screws square measure rare and none includes a hot shoe for 

attaching an external flash. Some conjointly lack a USB association or a 

removable memory card. Most have Bluetooth and wireless fidelity, and 

might build geotagged images. 

Some of the costlier camera phones have solely many of those technical 

disadvantages, however with larger image sensors (a few square measures 

up to 1"); their capabilities approach those of low-end point-and-shoot 

cameras. Within the Smartphone era, the steady sales increase of camera 

phones caused camera sales to peak concerning 2010 and decline 

thenceforth. Most model lines improve their cameras per annum or 2. 
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Most good phones solely have a menu option to begin a camera application 

Associate in Nursingd an on-screen button to activate the shutter.  Some 

even have a separate camera button, for quickness and convenience. Many 

camera phones square measure designed to correspond separate low-end 

digital compact cameras in look and to some extent in options and movie 

quality, and square measure branded as each mobile phones and cameras. 

4.3   INTRODUCTION WITH HARDWARE 

There are ten basic camera elements to spot in today’s digital world. Whether 

or not you've got a digital compact or a digital SLR, these elements can 

inevitably be found on most cameras. 

1) Lens 

The lens is one amongst the foremost important elements of a camera. The 

sunshine enters through the lens, and this is often wherever the icon method 

begins. Lenses may be either fastened for good to the body or 

interchangeable. They’ll additionally vary in focal distance, aperture, and 

different details 

 

2) Viewfinder 

The optical device is that the space on the camera that you just browse 

so as to compose your shot. For a few cameras, associate degree 

alphanumeric display screen is employed as an optical device, or your 
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camera might have the choice to use either one. Once your image is 

taken, it's going to not look specifically like what you see through the 

optical device. Factors like lighting, lens, camera settings and your 

camera's capabilities can have an effect on the finished result. Owing to 

this, the optical device isn't meant as a preview of your image, however 

rather a tool to help you in taking it. You, because the lensman, verify 

the ultimate result. 

 

3) Body 

The body is that the main portion of the camera and bodies are often 

variety of various shapes and sizes. DSLRs tend to be larger bodied and 

slightly heavier, whereas there are different shopper cameras that are a 

handily smaller size and even ready to match into a pocket. 

4) Shutter Release 

The shutter unleash button is that the mechanism that “releases” the 

shutter and so permits the power to capture the image. The length of your 

time the shutter is left open or “exposed” is decided by the shutter speed. 

 

5) Aperture 

The aperture affects the image’s exposure by dynamic the diameter of the 

lens gap that controls the number of sunshine reaching the image device. 

Some digital compacts can have a hard and fast aperture lens; however 

most of today’s compact cameras have a minimum of little aperture vary. 

This vary are expressed in f/stops. For DSLRs, the lens can vary on f/stop 

limits; however it's sometimes simply outlined by reading the aspect of 

the lens. There’ll be a collection of numbers stating the f/stop or f/stop 

varies, ex: f/2.8 or f/3.5-5.6. This may be your lowest settings on the 

market thereupon lens. 
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6) Image Sensor 

An image detector or imaging detector may be a detector that detects and 

conveys the data that constitutes a picture. It will therefore by changing 

the variable attenuation of sunshine waves (as they submit to or mirror off 

objects) into signals, little bursts of current that convey the data. The 

waves are often light-weight or different electromagnetic wave. Image 

sensors area unit utilized in electronic imaging devices of each analog 

and digital sorts, that embody digital cameras, camera modules, medical 

imaging instrumentality, scotopic vision instrumentality like thermal 

imaging devices, radar, sonar, and others. As technology changes, digital 

imaging tends to exchange analog imaging. 

Early analog sensors for actinic radiation were video camera tubes. 

Currently, used sort’s area unit semiconductor charge-coupled devices 

(CCD) or active picture element sensors in complementary metal–oxide–

semiconductor (CMOS) or N-type metal-oxide-semiconductor (NMOS, 

Live MOS) technologies. Analog sensors for invisible radiation tend to 

involve vacuum tubes of assorted types. Digital sensors embody flat panel 

detectors. 

It is of two types: 

• Today, most digital cameras use a CMOS detector, as a result of CMOS 

sensors perform higher than CCDs. Associate in Nursing example is that 

the incontrovertible fact that they incorporate Associate in Nursing 

computer circuit, serving to cut back prices. CCD continues to be in use for 

reasonable low entry cameras, however weak in burst mode. Each forms of 

detector accomplish an equivalent task of capturing light-weight and 

changing it into electrical signals. 

• Each cell of a CCD image detector is Associate in Nursing analog device. 

once light-weight strikes the chip its control as a tiny low electrical charge 

in every image detector. the fees within the line of pixels nearest to the (one 

or more) output amplifiers area unit amplified and output, then every line of 

pixels shifts its charges one line nearer to the amplifier(s), filling the empty 

line nearest to the amplifiers(s). This method is then recurrent till all the 

lines of pixels have had their charge amplified and output.  

• A CMOS image detector has Associate in Nursing electronic equipment for 

every component compared to the few amplifiers of a CCD. This leads to 

less space for the capture of photons than a CCD, however this drawback 

has been overcome by victimization micro lenses ahead of every 

photodiode, that focus light-weight into the photodiode that will have 

otherwise hit the electronic equipment and not be detected. [3] Some 
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CMOS imaging sensors additionally use Back-side illumination to extend 

the amount of photons that hit the photodiode. 

• CMOS sensors will doubtless be enforced with fewer elements, use less 

power, and/or give quicker readout than CCD sensors. [4] they're 

additionally less at risk of electricity discharges. 

• Another hybrid CCD/CMOS design, sold-out underneath the name 

"sCMOS," consists of CMOS readout integrated circuits (ROICs) that area 

unit bump guaranteed to a CCD imaging substrate – a technology that was 

developed for infrared staring arrays and currently custom-made to silicon-

based detector technology. [5] Another approach is to utilize the terribly 

fine dimensions out there in trendy CMOS technology to implement a CCD 

like structure entirely in CMOS technology. This will be achieved by 

separating individual poly-silicon gates by an awfully tiny gap. These 

hybrid sensors area unit still within the analysis section and may doubtless 

harness the advantages of each CCD and CMOS imagers 

There is a unit many main forms of color image sensors, differing by the 

sort of color-separation mechanism: 

• Bayer filter detector, affordable and most typical, employing a color filter 

array that passes red, green, or blue light-weight to choose component 

sensors, forming lattice like grids sensitive to red, green, and blue – the 

missing color samples area unit interpolated employing a demos icing 

algorithmic rule. so as to avoid interpolated color data, techniques like 

color co-site sampling use a piezo mechanism to shift the color detector in 

component steps. The painkiller filter sensors additionally embody back-

illuminated sensors, wherever the sunshine enters the sensitive 

semiconducting material from the other facet of wherever the transistors 

and metal wires area unit, specified the metal connections on the devices 

facet don't seem to be Associate in Nursing obstacle for the sunshine, and 

also the potency is higher.[7][8] 

• Fovea X3 detector, victimization Associate in nursing array of bedded 

component sensors, separating light-weight via the inherent wavelength-

dependent absorption property of semiconducting material, specified each 

location senses all 3 color channels. 

• 3CCD, victimization 3 distinct image sensors, with the color separation 

done by a dichroic prism. 

 

 

7) Memory Card 

The memory card stores all of the image info, and that they place size and 

speed capability. The most kinds of memory cards obtainable square 

measure CF and South Dakota cards, and cameras vary on which sort that 

they need. 
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8) LCD Screen 

The LCD screen is found on the rear of the body and may vary in size. On 

digital compact cameras, the LCD has usually begun to interchange the 

optical device fully. On DSLRs, the LCD is especially for viewing photos 

when shooting, however some cameras do have a “live mode” in addition. 

9) Flash 

The on-board flash is accessible on all cameras except some skilled grade 

DSLRs. It will typically be helpful to produce a little of additional 

lightweight throughout dim, low lightweight things. A flash may be a 

device employed in photography manufacturing a flash of artificial 

lightweight (typically 1/1000 to 1/200 of a second) at a color temperature 

of regarding 5500 K (Kelvin)[citation needed] to assist illuminate a scene. a 

significant purpose of a flash is to illuminate a dark scene. Different uses 

square measure capturing quickly moving objects or ever-changing the 

standard of sunshine. Flash refers either to the flash of sunshine itself or to 

the electronic flash unit discharging the sunshine. Most current flash units 

square measure electronic, having evolved from single-use flashbulbs and 

burnable powders. Trendy cameras typically activate flash units 

mechanically. 

Flash units square measure usually engineered directly into a camera. Some 

cameras enable separate flash units to be mounted via an even "accessory 

mount" bracket (a hot shoe). In skilled studio instrumentality, flashes are 

also giant, standalone units, or studio strobes, supercharged by special 

battery packs or connected to mains power. they're either synchronous  with 

the camera employing a flash synchronization cable or radio wave, or 

square measure light-triggered, that means that only 1 flash unit must be 

synchronous  with the camera, and successively triggers the opposite units, 

referred to as slaves. 

 

10) User Controls 

The controls on every camera can vary looking on the model and sort. 

Your basic digital compacts might solely have motorcar settings which 

will be used for various environments, whereas a DSLR can have various 

controls for motorcar and manual shooting beside custom settings.  

4.3.1 Hardware Limits 

There are further limits obligatory by the GPU hardware that performs all 

image and video processing: 

• The most resolution for MJPEG recording depends part on GPU memory. 

If you get “Out of resource” errors with MJPEG recording at high 

resolutions, attempt increasing gpu_mem in /boot/config.txt. 
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• The most horizontal resolution for default H264 recording is 1920. Any 

decide to recording H264 video at higher horizontal resolutions can fail. 

• However, H264 status level four.2 has slightly higher limits and should 

succeed with higher resolutions. 

• The most resolution of the V2 camera will cause problems with previews. 

Currently, picamera runs previews at constant resolution as captures 

(equivalent to -fp in raspistill). you ought to increase gpu_mem in 

/boot/config.txt to attain full resolution operation with the V2 camera 

module. 

• The most frame rate of the camera depends on many factors. With over 

continuance, 120fps has been achieved on a V2 module however 90fps is 

that the most supported frame rate. 

• The most exposure time is presently six seconds on the V1 camera 

module, and ten seconds on the V2 camera module. Bear in mind that 

exposure time is restricted by frame rate, thus you wish to line a 

particularly slow frame rate before  

In terms of power management, cameras area unit is one among all the 

foremost advanced device subsystems in a mobile platform. This quality 

may be a result of the tight coordination needed between the digital and 

image signal process units, that area unit integrated into the System on a 

Chip (SoC), and also the camera device, auto-focus, and flash parts, that 

area unit external to the SoC chip. 

In the following discussion, the term SoC describes a part that's integrated 

into the SoC chip. AN off-SoC part is external to the SoC chip. 

Camera system style becomes even a lot of advanced if the on-SoC image 

process hardware should be multiplexed between 2 or a lot of camera 

subsystems. 

Tablet PCs area unit expected to possess each a front-facing and a rear-

facing camera, and these cameras share constant on-SoC image process 

hardware. Hardware sharing implies multiplexing at each hardware and 

software package layers. Due to this quality, the system measuring system 

ought to work closely with the SoC semiconductor marketer to integrate the 

cameras into the platform and implement camera device power 

management. 

When the system is in fashionable standby (display off), the camera device, 

camera process unit, elective auto-focuser, and flash parts should have their 

power removed and consume zero watts. For the camera parts on the SoC, 

the SoC marketer should offer a driver that manages the image process 

parts. The image process driver coordinates power management of the on-

SoC parts with the facility engine plug-in (PEP). 

For the off-SoC camera parts, that embody the device, auto-focuser, and 

flash, the system measuring system should offer power rail switch 

capability and associated GPIO management signal, that area unit 

controlled by the ACPI computer code. 

The system measuring system should additionally offer one or a lot of 

device drivers to directly manage the device, auto-focuser, and flash 

hardware. owing to camera system quality and also the dependencies 

between the on-SoC and off-SoC parts, the camera device and flash drivers 
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area unit generally provided by the SoC marketer. The system measuring 

system should additionally offer a camera controller driver that may be a 

kernel-mode A Stream mini driver. The camera controller driver is 

answerable for exposing the camera devices to the Windows transmission 

system. However, we have a tendency to suggest that this driver ultimately 

management any platform hardware owing to complexities within the A 

Stream mini driver model. Instead, we have a tendency to suggest that the 

camera controller driver ought to admit the opposite camera part drivers for 

access to hardware resources and device power management. That is, the 

camera management driver ought to communicate with the motive force 

that controls the on-SoC image process hardware and also the driver or 

drivers that control the off-SoC device and flash units. 

Check Your Progress 1 

1) State True or False 

a) Still camera’s are used in film making                

b) Digital camera was the one camera to be invented 

c) No camera phone records video 

d) A camera phone is a complex device 

e) A mobile camera is power efficient   

2) Explain the camera hardware? 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

3) What do you mean by mobile camera? 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ………………………………………………………………………………  

4.4   FEATURES OF A WINDOWS CAMERA 

1)  ISO Level 

An image sensing element ISO (International Standards Organization) 

determines however sensitive to light-weight your sensing element is. The 

lower the ISO the less sensitive the sensing element is. for instance, 

outdoors on a bright sunny day you'll solely want AN ISO of sixty 

wherever inside in lower light-weight you'd use AN ISO of two hundred 

or higher. Most Windows Phone cameras ISO settings square measure set 

to automatic however if your pictures square measure starting up dark, 

T/F 
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you'll strive manually raising the ISO. The drawback to higher ISO levels 

is that they have a tendency to supply a lot of image noise or grain that 

leads to poor image quality. Therefore to urge the simplest pictures 

potential, you'll manually lower your ISO for cleaner shots. 

 

2) White Balance 

Different types of sunshine turn out variable reminder white. Hotter 

lightweight usually produces associate degree orange or brown tint 

whereas cooler lights ends up in blue tints. A camera's white balance 

merely balances the various lightweight sources to provide whiter whites. 

Most Windows Phone cameras are going to be defaulted to associate 

degree automatic white balance with choices to pick a white balance 

supported specific lighting conditions like florescent, incandescent, 

daylight, cloudy, etc. 

 

3) Sharpness, Saturation and Contrast 

These settings guide your camera what proportion of that exact process 

facet you would like apply to a picture. As an example, if you've got 
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Saturation set to high the image processor can raise the color saturation 

levels because it processes your image. You'll use these settings to extend 

or decrease the quantity of those processes area unit applied to your photos 

for impact or to complete harsh lighting, bright colors, etc. 

 

4)  Metering 

This is however your camera that measures the sunshine and change the 

shutter speed, aperture and ISO (when set to auto) to realize correct 

exposure. Their area unit varied metering modes that embrace spot 

metering (meters on a selected spot that is sometimes the middle of your 

finder or your focal point), center weighted (concentrates the metering to 

the collective space within the center of your viewfinder), and matrix or 

multi-zone (meters many points within the finder and combines the results 

for a collective reading). 

 

5)  EV or Exposure Compensation 

This setting permits you to control the exposure settings your metering 

determines can turn out correct exposure. The compensation or work unit 

adds or subtracts from this exposure settings. For instance, if your subject 

is back lit, you will make amends for bigger exposure by employing a 

positive work unit variety (the bigger the amount the additional exposure 

compensation). If you are compensation for lots of glare, you'd use a 

negative work unit variety to reduce the exposure. 
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In addition to the fundamental exposure settings, some Windows Phones 

have further settings that influence however your camera performs. 

Additionally, there square measure third party apps currently out there 

which will assist you in an exceedingly similar fashion. 

 

6) Panoramic Imaging 

Panoramas are wide angle views usually composed of many pictures 

sewed or pieced along. HTC provides an easy, easy wide feature with their 

cameras. For the others, you have got third party apps like machine 

Panorama which will enable you to require many landscape pictures and 

sew them along to form that wide image.  The key to taking sensible 

panoramas is straightforward; keep your camera steady and on a 

continuing plane.  A rack may be a great tool in serving to you is taking 

higher panoramas. 

 

7) Image Stabilization 

While fairly unaccustomed Windows Phone cameras, Image stabilization 

has been around for years. With most standalone cameras, you've got little 

motors that hold the lens or image device still once slight movements 

occur. This reduces the prospect of pictures being blurred by camera 

movement once slower shutter speeds are used. Together with your 

Windows Phone camera, the image stabilization merely raises the ISO to 



 

49

 

Interaction with 
Camera in Windows 

Mobile 

permit for a quicker shutter speed to scale back any blurring caused by 

slight movement of your Windows Phone as you are taking the image.  

The drawback is that as a result of your raising the ISO, you will see a lot 

of image noise or grain once you use the image stabilization. 

 

8) Red Eye Reduction 

Red eye is caused by lightweight reflective off the rear of your pupil once 

a flash is employed. fly reduction sends a little pulse {of lightweight of 

sunshine} towards your subject to acclimatize their eyes to the brighter 

light then the total discharge of the flash happens. 
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EFFECTS 

 

Most Windows Phones can have settings for scenes and effects. Scenes area 

unit primarily a group of programmed settings or modes designed to tackle a 

selected photographic scene. for instance, the HTC Titan II has eighteen scene 

decisions starting from portraits to nighttime to food.  In my expertise, most 

Windows Phone cameras can have enough scenes to hide the basics; portrait, 

landscapes, macro, sports, night, etc. 

In addition, for instance however the camera computer code has developed, the 

Titan II has associate degree intelligent motor vehicle setting that considers the 

variables detected by the camera (lighting, distance to subject, focus shifts, 

etc.) and mechanically selects the simplest scene for that individual image. 

Different cameras can have associate degree motor vehicle setting beneath the 

scenes settings however the intelligent motor vehicle appears a lot of refined.  

Such options facilitate take the guess total victimization your camera. 

Effects area unit a group of filters and image process effects which will be 

applied to a photograph whereas the camera's processor is process the image. 

For instance, the Lumia 900 has 5 effects which will be applied to pictures that 

feature traditional, black &amp; white, sepia, negative, and solarized. If you 

are looking for associate degree recent time feel to your image you will select 

the sepia result. If you prefer grey scale pictures, then black and white may be 

your cup of tea. 
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The Time Lapse Photography 

 

 

4.6   IMAGE CAPTURING 

The basic thought of photography is that a picture is captured by passing light-

weight waves through a lens that eventually hits an imaging device. Light-
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weight is regulated by shutter speeds and apertures to attain correct exposure. 

Briefly, the shutter speed is that the time a camera's device is exposed to light-

weight and therefore the aperture (or f-stop) is that the size of the gap within 

the lens wherever light-weight passes through. 

Your Windows Phone lacks a mechanical shutter or aperture thus exposure is 

regulated by a hard and fast aperture and therefore the period your device is 

powered up. Rather than gap a mechanical shutter for 1/125th seconds your 

Windows Phone camera device is powered on for 1/125th seconds. 

While some cameras can allow you to regulate exposure manually, your Windows 

Phone controls all of this supported the quantity of sunshine gift. You’ll 

manipulate exposure on your Windows Phone by tweaking a number of the 

settings (more on this in an exceedingly minute) except for the foremost half your 

Windows Phone runs with it.  Once exposed or captured, the image is processed by 

the camera's image processor and eventually saved in .JPEG format. 

Along with exposure controls, your Windows Phone is probably going 

equipped with digital zoom feature to allow you to move in nearer to your 

subject without concern along with your foot zoom. Digital zoom is 

accomplished by cropping a picture right down to a focused space with 

identical ratio because the original. in an exceedingly shell you're cropping to 

simulate a rise in magnification. the tip result might pull you nearer to your 

subject however within the method you sacrifice image quality.  Optical zoom 

(e.g. your typical zoom lens), that is not obtainable, provides associate 

mechanical increase in focal magnification while not sacrificing image quality. 

One last basic part is that the flash. Well, it's truly a lightweight. Ancient 

flashes send a pulse of sunshine the instance the shutter on the camera is totally 

open. The sunshine on your Windows Phone follows identical principle 

however lacks the reach and brightness of ancient flashes. the sunshine on the 

Windows Phone conjointly doubles as attention assistant lamp. once lighting is 

low and your subject lacks the distinction to let the optical device work, the 

lamp sheds enough light-weight on the topic to achieve correct focus. 

I'm not a lover of the camera lights and like natural lighting. there's a sweet 

spot wherever these lights work sort of a charm. Too shut and your subject gets 

washed out, too way and things get underexposed. Finding that spot takes 

follow and after you do, the sunshine will are available in handy. 

4.6.1   Focusing and Composing the Scene 

Except for pinhole cameras, that focuses the image on the film through a small 

hole; all alternative cameras use a lens for focusing. The distance of a lens, i.e., 

the gap between the rear of the lens (when targeted on infinity) and therefore 

the film (or imaging device), determines the angle of read and therefore the 

size of objects as they seem on the imaging surface. The image is concentrated 

thereon surface by adjusting the gap between the lens and therefore the surface. 

In most 35-mm cameras (among the foremost wide used of contemporary 

optical cameras) and digital cameras this can be done by rotating the lens, so 

moving it nearer to or farther from the film or imaging device. With twin-lens 

reflex and bigger read cameras, the total lens and therefore the panel to that it's 

hooked up area unit moved toward or removed from the film. 

To view the topic for composing (and, usually, to assist bring it into focus) 

almost every camera has some reasonable finder. One among the only sorts, 

used in most read cameras, may be a screen that is placed on the rear of the 

camera and replaced by the film in creating the exposure. This long procedure 
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is avoided within the fashionable 35-mm single-lens (and other) reflex cameras 

by inserting the screen in a very special housing on prime of the camera. 

Within the camera, before of the film plane, there is a movable mirror that 

bounces the image from the lens to the screen for viewing and focusing, then 

flips out of the means once the shutter is tripped, so the image hits the film 

rather than the mirror. The mirror returns mechanically to put when the 

exposure has been created. In measuring system cameras the topic is mostly 

viewed by means that of 2 separate windows, one among that views the scene 

directly and therefore the alternative of that contains Associate in nursing 

adjustable optical mirror device. Once this device is adjusted by rotating the 

lens, the image coming into through the lens may be brought into register, at 

the lens, with the image from the direct read, thereby focusing the topic on the 

film. Digital cameras have Associate in Nursing optical finder, a liquid show 

(LCD) screen, or both. Optical viewfinders area unit common in point-and-

shoot cameras. Associate in nursing alphanumeric display screen permits the 

user see the photograph's content before the image is taken and when, 

permitting the deletion of unwanted footage. 

4.6.2   Controlling the Light Entering the Camera 

The speed of a lens is indicated (with regard to its most gaps, or aperture) 

through that lightweight enters the camera. This aperture, or f -stop, is 

controlled by Associate in Nursing diaphragm (a series of overlapping metal 

blades that type a circle with a hole within the center whose diameter may be 

hyperbolic or shriveled as desired) within the lens. The upper the f -stop range, 

the smaller the aperture, and the other way around. 

A shutter controls the time throughout that lightweight is permissible to enter 

the camera. There is a unit 2 basic sorts of shutter, leaf-type and focal-plane. 

The leaf-type shutter employs a hoop of overlapping metal blades kind of like 

those of the diaphragm, which can be closed or opened to the required degree. 

It is usually situated between the lens parts however sometimes are placed 

behind or ahead of the lens. The focal-plane shutter is found simply ahead of 

the film plane and has one or 2 textile or metal curtains that travel vertically or 

horizontally across the film frame. By adjusting the shutter speed in 

conjunction with the dimension of aperture, the correct quantity of sunshine 

(determined by employing a photometer and influenced by the relative 

sensitivity of the film being used) for an honest exposure may be obtained. 

Check Your Progress 2 

1) State True or False 

i) Light adjustment can’t be done in mobile cam 

ii) Focusing is not allowed in mobile camera             

iii) A shutter controls the time during which light is permitted to  

enter the camera                                                                   

iv) The higher the f-stop number, the smaller the aperture, and  

vice versa                

2) Describe the process of image capturing. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 T/F
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 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

3) What is time lapse photography? 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

4.7   DIFFERENCES BETWEEN WINDOWS 

CAMERA AND OTHERS 

Low Light 

 

We’ll begin with an enclosed low-light example. Whereas this building 

exposure isn't very low-light, it’s dark enough to urge some noise to point out 

up. This crop is targeted on the main target purpose within the middle of the 

frame that is wherever the image quality ought to be the simplest. The color of 

the napkin corner within the iPhone 6s is clearly hotter than the others and 

hotter than it ought to be. This is often to be expected from iPhone cameras as 

most of them do tend to the hotter facet. However, the detail within the iPhone 

6s’s image is incredibly lacking. There’s some similitude of tantalum thread 

texture within the folded-up napkin, however you see spots wherever sensing 

element fails. The Lumia 640XL includes a similar issue, however to a lesser 

degree because the threads are additional pronounced. The Nokia N8 loses 

thread detail within the shadow space, however keeps them pretty straight 

within the mid-tones. The Lumia 1020 is that the solely camera that may 

resolve the cross sewing of threads within the folded-up napkin. 
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Bright Light 

 

In this example, there is a lot of light-weight to provide every camera its best 

image quality. Now, the sunshine during this scene is supposed to be a trifle 

high since the mercury is high; therefore hotter tones are to be expected. The 

Lumia 640 XL and iPhone 6S are terribly advance in this instance. The Lumia 

640XL incorporates a bit additional artificial sharpening on the sides whereas 

the iPhone has some splotchy noise that keeps the sides from being as sleek as 

they must. The Nokia N8 has less distinction, and fewer artificial sharpening, 

however drum sander detail than the iPhone 6s. The RAW Lumia 1020 image 

clearly shows far more detail together with the signature film-like noise. Every 

fingernail above links to the complete resolution versions of those pictures. 

Optical Vs Digital Zoom 

The optical zoom is achieved by victimization of your camera’s lens. The 

digital zoom, on the opposite hand, is achieved by cropping and enlarging the 

image once it's been captured by the digital camera’s detector. You’ll attain a 

similar result by victimization a picture writing application like Photoshop 

once you have got transferred your pictures into your PC. Victimization 

Photoshop or another image writing application, you'll have additional 

management over what a part of the image is cropped and enlarged, and this is 

often the popular technique of achieving digital zoom of your pictures. Digital 

zoom typically ends up in lower quality photos once it is enabled on your 

camera, and you ought to disable it whenever possible. Most digital cameras 

permit you to try this simply. 

Best Windows Camera Devices 

1) Lumia 950 Xl 

2) HP elite xl 

3) LIMIA 930 

4) MICROSOFT LUMIA 650 

Check Your Progress 3 

1) What are the various camera modes? 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 
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2) What is panoramic image capturing? 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

3) What is image stabilization? 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

4) What is ISO level? 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 ………………………………………………………………………………. 

 

4.8 SUMMARY 

We will conclude this unit with the idea that the mobile cameras in windows 

area unit at par with the other camera technologies. The most distinctive 

options of windows camera are: 

• Digital negatives  

• Photo timer 

• Lenses for victimization different pictorial representation apps, etc. 

While mechanical man offers bigger app flexibility, Windows Phone offers 

nice potential, higher integration over a number of platforms and thinness. 

With the ever-changing phone market, the planet desires a solid platform that 

has quality and therefore the potential to turn into a full vary answer, that spans 

across mobile, desktop and therefore the cloud. The ways area unit already in 

situ, and if Nokia and Windows Phone will weather the storm, they'll in some 

unspecified time in the future be ready to unseat mechanical man from its iron 

grip of the sensible phone OS market. 

4.9 REFERENCES/FURTHER STUDIES  

• https://msdn.microsoft.com 
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• https://www.tutorialspoint.com 

• http://www.windowscentral.com/understanding-your-windows-phone-

camera 

• https://en.wikipedia.org/wiki/Image_sensor 

• https://en.wikipedia.org/wiki/Camera_phone 

• https://en.wikipedia.org/wiki/Flash_(photography) 

• http://www.wow.com/wiki/Still_camera 

4.10 SOLUTIONS/ANSWERS 

Solution to Check Your Progress 1 

1) a)    False b) False c) False d) True e) True 

2) There are 10 basic camera parts to identify in today’s digital world. 

Whether you have a digital compact or a digital SLR, these parts will 

inevitably be found on most cameras. There are 10 basic hardware in a 

camera: 

• viewfinder 

• Lens 

• Body  

• Shutter release 

• Image sensor 

• Aperture 

• Memory card 

• LCD screen 

• Flash 

• User controls 

3) A camera phone is a mobile phone which is able to capture photographs. 

Most camera phones also record video. Most camera phones are simpler 

than separate digital cameras. Their usual fixed-focus lenses and smaller 

sensors limit their performance in poor lighting. Lacking a physical 

shutter, some have a long shutter lag. Photoflash is typically provided by 

an LED source which illuminates less intensely over a much longer 

exposure time than a bright and near-instantaneous flash strobe. Optical 

zoom and tripod screws are rare and none has a hot shoe for attaching an 

external flash. 

Solution of Check Your Progress 2 

1) i) False ii) False iii) True iv) True 

2) An image is captured by passing light waves through a lens that eventually 

hits an imaging sensor. Light is regulated by shutter speeds and apertures to 

achieve proper exposure. Briefly, the shutter speed is the time a camera's 

sensor is exposed to light and the aperture (or f-stop) is the size of the 

opening in the lens where light passes through.  
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Windows Phone lack a mechanical shutter or aperture so exposure is 

regulated by a fixed aperture and the duration your sensor is powered up. 

Instead of opening a mechanical shutter for 1/125th seconds your Windows 

Phone camera sensor is powered on for 1/125th seconds. 

While some cameras will let you regulate exposure manually, Windows 

Phone controls all of this based on the amount of light present. You can 

manipulate exposure on your Windows Phone by tweaking some of the 

SETTINGS. 

3) Time-lapse photography is a technique whereby the frequency at which 

film frames are captured (the frame rate) is much lower than that used to 

view the sequence. When played at normal speed, time appears to be 

moving faster and thus time appearing to lapse. 

Solution of Check Your Progress 3 

1) Following are the various camera modes:  

• Action or sports modes increase ISO and use a faster shutter speed to 

capture action. 

• Landscape modes use a small aperture to gain depth of field. Flash 

may be deactivated. 

• Text mode increases in-camera sharpening to allow to photograph 

texts 

• Portrait mode widens the aperture to throw the background out of 

focus. The camera may recognize and focus on a human face. 

• Night portrait modes uses an exposure long enough to capture 

background detail, with fill-in flash to illuminate a nearby subject. 

• Fireworks modes, for use on a tripod, use an extended exposure 

(around four seconds) which results in showing several fireworks as 

well as their paths. 

• Water modes, depending on what the mode is designed to do 

2) It is a technique of photography, using specialized equipment or software 

which captures images with horizontally elongated fields of view. It is 

sometimes known as wide format photography. The term has also been 

applied to a photograph that is cropped to a relatively wide aspect ratio, 

like the familiar letterbox format in wide-screen. 

3) It is a family of techniques used to reduce blurring associated with the 

motion of a camera or other imaging device during exposure. Generally, it 

compensates for pan and tilt (angular movement, equivalent to yaw and 

pitch) of the imaging device, although electronic image stabilization can 

also be used to compensate for rotation.
[1]

 It is used in image-stabilized 

binoculars, still and video cameras, astronomical telesc. 

4) ISO is the sensitivity of your sensor to light. The ISO setting you use 

depends on the amount of light in the scene you are photographing. The 

more light you have to work with the lower you can set your ISO. 

As settings go, ISO is one of the key camera menus you need. 
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BLOCK 3 INTRODUCTION 

The Block 3 and Block 4 are dedicated for the iOS apps development similar to 

Windows phone development. As the hardware and software architecture of 

both Windows and iOS are different, the tools and programming languages 

used to develop these apps are also different. This block is an introduction 

about development environment for iOS, user interface for iOS and basic of 

Swift language. It also covers various view controllers and models used in iOS. 

All the instructions are discussed through the following units: 

• Unit 1: Development Environment  

• Unit 2: User Interface for iOS 

• Unit 3: Introduction to Swift 

• Unit 4: iOS: View Controllers and Model 
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UNIT 1 DEVELOPMENT ENVIRONMENT 

Structure 

1.0  Introduction  

1.1  Objectives 

1.2  Introduction to Xcode 

1.3  Setting Up Development Environment 

1.4  Simulators in iOS 

1.5  Debugger 

1.6  Summary 

1.7  References/Further Studies 

1.8  Solutions/Answers 

1.0 INTRODUCTION  

Developing an iOS application is a one but multi-tiered process. It 
fundamentally begins with choosing the right design platform and 
programming language and ending with a user-friendly native app. Traditional 
iOS application development is more of an obstacle and in many cases it has 
found to be quit tasking. A typical iOS developer need to be able to operate 
within Apple's integrated development environment (IDE) and write code 
using the Swift or Objective-C programming languages. Understanding the 
basic abstraction layers that define iOS and how the app's files are bundled is 
also a must. 

Xcode IDE 

It is possible for developers building iOS applications to use cross-platform 
frameworks, However Apple’s Xcode IDE is the most efficient and 
comprehensive iOS application development tool available. Xcode is available 
for free download but only works on a Mac running OS X Yosemite or all 
other later version. It includes all the features developers might require to 
design, develop and debug an iOS application; developers can also build 
applications for Mac (OS X), Apple TV (tvOS) and Apple Watch (watchOS). It 
provides the editors and features necessary to work with the code and interface 
elements, organizes the files that make up the app and includes templates for 
developing common application varieties. The Auto Layout feature designs 
apps that automatically adapt to various device sizes.it allows the developers to 
also use storyboards to produce visual representations of an application 
interface then use the outline view to see a hierarchical representation of the 
objects. Xcode also provides tools such as the iOS Simulator, which determines 
how an app will look and behave on different devices.  

Objective-C vs. Swift                                   

Before to 2014, developers building an iOS application in Xcode used 
Objective-C language. Apple later shifted to Swift, a language that's has being 
described as been easier to learn and better designed to handle the subtleties of 
iOS application development. iOS developers tasked with selecting one 
language over the other are likely choose the one they are comfortable with, 
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but there are other factors they should considered, for instance, building an 
application for an older version of iOS or working with C# libraries, it’s 
advisable to go with Objective-C. However, Swift is gaining in popularity. 

iOS architecture                                                                                 

iOS has four abstraction layers that define its architecture: Apple recommends 
application developers to write code to the highest applicable layer whenever 
possible, and similarly only to use the lower-level frameworks for features not 
exposed at higher levels. The four layers are listed below. 

• Media: enables the app to deliver audio, video and graphic capabilities. 

• Core Services: where developers will find basic system services such as 
the Core Foundation and the Foundation Framework. This layer also 
supports features such as location and networking services. 

• Core OS: provides such services as the Security, Local Authentication and 
Core Bluetooth frameworks. 

• Cocoa Touch: supports the basic app infrastructure and delivers key 
application frameworks such as push notifications, multitasking and touch-
based input. 

Although writing code is at the heart of building an iOS app, that could end up 
being the least painful part of the whole application lifecycle. Developers have 
to test and verify their code to identify and fix any problems. Xcode includes a 
debugger that allows developers to locate issues and examine the control flow 
and data structure, then revise their code accordingly. 

Application bundle 

Every iOS app is packaged into a bundle, it is a file system directory that 
contains a set of related resources. The center of the bundle is the app 
executable file that contains the compiled code the file name for the executable 
is the same as the application name, without the .app extension. The bundle 
also contains image, sound and video files, including home screen icons and 
the temporary images used when the app is loading. It includes the information 
property list file, which contains metadata the OS uses to interact with the 
application, as well as the storyboard files which brings the interface to the 
screen. However, other file types that go into a bundle include custom data files 
and localized resource files, which are placed in their own language-specific 
subdirectories. An iOS developer could add an optional bundle file that helps 
defines application preferences; the Settings app uses this file to assemble the 
app's UI elements. 

UI design and UX 

An iOS application consist more than a bundle of files. To be able to launch a 
very successful application, developers must prioritize the UI design and UX. 
Users must be able to view, understand and interact with content without 
having to constantly resort to scrolling or zooming therefore the text must be 
legible. Application users should also be able to use touch features and perform 
tasks with the fewest steps possible. 

1.1 OBJECTIVES 

At the end of this unit student should be able to: 
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•  know about Xcode 

• know the iOS languages. 

• understand what Simulators means  

• know the importance of a Debugger  

• understand the set up of an iOS development environment 

1.2 INTRODUCTION TO XCODE 

Xcode was created by Apple for developing software or application 
development. Xcode can be described as a fully integrated software 
development environment for mac OS, it also comes with a suite of software 
development tools. The first edition was released in the year 2003; the latest is 
version 8 can be downloaded free from the Mac Application Store for specific 
OS users. However, a registered Apple application or software developers has 
the privilege to download preview releases. Prior versions of the suite can also 
be accessed from Apple Developer website. Nevertheless, public users with 
Apple Developer accounts can gain access to the beta version of version 8.  

1.2.1  Important Features 

Xcode is particularly useful when a developer wants to compile and debug iOS 
applications running on ARM architecture processors. Xcode supports source 
code for a broad array of programming languages, for example, C, Ruby, Swift, 
C++, Java, Objective-C++, Python, Objective-C, as well as AppleScript, this 
comes along with a numerous programming models, including but not limited 
to Java, Carbon and Cocoa. With apples launch of the Mach O executable 
format, this format allows for fat binary files, these binary files contain code 
for several architectures.  It is however important to note that some other third 
parties included added support for Perl, GNU Pascal, C#, Free Pascal, D, and 
Ada. Xcode has the capability to create universal binary files, which allow 
software to run on an Intel based (x86) platforms as well as on a PowerPC and 
it also can combine a 64-bit and 32-bit code to utilise both architectures 
framework. Xcode comes with an in-built GUI tool, that functions with the use 
of a dynamic tracing framework known as DTrace.  

1.2.2  Xcode Composites  

Integrated development environment (IDE) is used to describe the primary 
application of the package; however it is simply called Xcode. Majority of 
Apples developer documentation as well as in-built Interface Builder (this is an 
application required for constructing of graphical user interface) are also 
included in the Xcode suite. From the first released version of Xcode up to 
Xcode 4.1, an integrated a modified version of the GNU Compiler Collection 
was the basis of the suite. Although, from Xcode 3.1 up until the Xcode 4.6.3 
version, contained the LLVM-GCC compiler, with front ends from the GNU 
Compiler Collection and a code generator based on LLVM. However Xcode 
3.2 and subsequent version made extensive use of the Objective-C, C++, and 
Clang C compiler. It also came with a brand new written front ends, a Clang 
static Analyzer and a LLVM based code generator. Clang compiler became 
more prominent as Xcode 4.2, and later versions had the Clang compiler 
became the default compiler. Starting with Xcode 5.0, Clang compiler was the 
only compiler provided. From the first released Xcode up untill Xcode 4.6.3, 
the Xcode suite used the GNU Debugger (GDB) as the back-end for the IDE's 
debugger. With the introduction of Xcode 4.3, the LLDB debugger was 
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included in the suite; however, LLDB replaced GDB as the default base for the 
IDE's debugger. GDB however was no longer supplied with Xcode 5.0 and all 
other subsequent versions. 

1.2.3  Deleted Features 

The first Xcode supported issuing a product construct technique over a couple 
of structures. One of the maximum essential technology used turned into 
named Shared Workgroup construct, which used the Bonjour protocol to 
robotically discover structures offering compiler services, and a modified 
model of the free software product distcc to facilitate the distribution of 
workloads. The previous variations of Xcode supplied a device named 
dedicated network Builds. But those functions are absent within the supported 
variations of Xcode. It incorporates Apple's WebObjects gear and frameworks 
for building Java internet packages and internet. As from Xcode 3.0 and 
subsequent versions, Apple dropped WebObjects improvement internal Xcode; 
presenting WOLips as an alternative. However Xcode three still includes the 
WebObjects frameworks. 

1.2.4   Version History 

1.x series 

Xcode 1.0 was released in fall 2003. Xcode 1.0 became primarily based on 
venture Builder, but had an up to date person interface (UI), ZeroLink, restore 
& keep, disbursed construct support, and Code feel indexing. The following 
launch, Xcode 1.5, had better code of completion and an advanced debugger. 

2.x series 

Xcode 2.0 was launched with Mac OS X v10.4 "Tiger". It included the Quartz 
Composer visible programming language, better Code Sense indexing for Java, 
and Ant guide. It additionally blanketed the Apple Reference Library device, 
which permits looking and analysing on line documentation from Apple’s 
internet site and documentation established on a nearby computer. Xcode 2.1 
could create time-honoured binary documents. It supported shared precompiled 
headers, unit trying out goals, conditional breakpoints, and watchpoints. It 
additionally had better dependency analysis. The final model of Xcode for Mac 
OS X v10.4 changed was 2.5. 

3.x series 

Xcode 3.Zero changed into released with Mac OS X v10.Five "Leopard". 
Notable changes seeing that 2.1 encompass the DTrace debugging tool (now 
named Instruments), refactoring aid, context-touchy documentation, and 
Objective-C 2.0 with garbage collection. It additionally helps Project 
Snapshots, which offer a fundamental shape of version manipulate; Message 
Bubbles, which show construct errors debug values along code; and building 
four-architecture fat binaries (32 and 64-bit Intel and PowerPC). Xcode three.1 
became an update launch of the developer gear for Mac OS X, and become the 
equal version included with the iPhone SDK. It may want to target non-Mac 
OS X structures, such as iPhone OS 2.Zero. It covered the GCC 4.2 and LLVM 
GCC 4.2 compilers. Another new characteristic seeing that Xcode three.0 is 
that Xcode's SCM assist now includes Subversion 1.5. Xcode 3.2 was launched 
with Mac OS X v10.6 "Snow Leopard" and installs on no earlier model of OS 
X. It supports static software evaluation, amongst different capabilities. It also 
drops respectable support for concentrated on variations earlier than iPhone OS 
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three.0. But its miles nevertheless possible to goal older variations and the 
simulator supports iPhone OS 2.0 through 3.1. Also, Java support is "exiled" in 
three.2 to the organizer. Xcode 3.2.6 is the remaining version that may be 
downloaded at no cost for users of Mac OS X v10.6.  

4.x series 

In June 2010, at the Apple Worldwide Developers Conference model four of 
Xcode turned into announced throughout the Developer Tools State of the 
Union address. Version 4 of the developer tools consolidates the Xcode 
enhancing tools and Interface Builder into one utility, amongst different 
improvements. Apple launched the very last model of Xcode 4.0 on March 
nine, 2011. The software program turned into made available totally free to all 
registered contributors of the $ninety nine per year Mac Developer program 
and the $ninety nine in step with year iOS Developer application. It became 
also sold for $4.99 to non-participants at the Mac App Store (not to be had). 
Xcode 4.0 drops help for lots older structures, inclusive of all PowerPC 
development and software development kits (SDKs) for Mac OS X 10.Four 
and 10.5, and all iOS SDKs older than 4.3.  

The deployment target can nonetheless be set to supply binaries for those older 
systems, however for Mac OS structures, one is then constrained to creating 
x86 and x86-64 binaries. Later, Xcode become unfastened to the majority. 
Before version four.1, Xcode cost $4.99. Xcode 4.1 changed into made to be 
had without cost on July 20, 2011 to all users of Mac OS X Lion at the Mac 
App Store. On August 29, 2011, Xcode 4.1 was made to be had for Mac OS X 
Snow Leopard for members of the paid Mac or iOS developer packages. Xcode 
four.1 turned into the last version to consist of GNU Compiler Collection 
(GCC) in preference to only LLVM GCC or Clang. On October 12, 2011, 
Xcode four.2 turned into released simultaneously with the discharge of iOS 
5.0, and it blanketed many extra and progressed features, together with 
storyboarding and automatic reference counting (ARC).Xcode 4.2 is the 
remaining model to assist Mac OS X 10.6 "Snow Leopard", however is only to 
be had to registered developers with paid accounts; without a paid account, 
three.2.6 is the present day download that looks for Snow Leopard. Xcode 
four.3, launched on February 16, 2012, is sent as one utility package deal, 
Xcode.App, set up from the Mac App Store. Xcode four. 3 reorganizes the 
Xcode menu to consist of development tools. Xcode four.Three. 

1 was released on March 7, 2012 to add assist for iOS 5.1. Xcode 4.Three.2 
was launched on March 22, 2012 with improvements to the iOS Simulator and 
a recommended move to the LLDB debugger as opposed to the GDB debugger 
(which appear to be undocumented adjustments).[citation needed] Xcode 4.3.3, 
released in May 2012, featured an up to date SDK for Mac OS X 10.7.4 "Lion" 
and a few computer virus fixes. Xcode 4.Four was launched on July 25, 2012.It 
runs on both Mac OS X Lion (10.7) and OS X Mountain Lion (10.Eight) and is 
the first version of Xcode to contain the OS X 10.Eight "Mountain Lion" SDK. 
Xcode 4.4 consists of guide for automatic synthesizing of declared homes, new 
Objective-C features together with literal syntax and subscripting, progressed 
localization, and extra. On August 7, 2012, Xcode four.Four.1 became released 
with a few bug fixes. On September 19, 2012, iOS 6 and Xcode 4.5 have been 
launched. Xcode brought support for iOS 6 and the 4-inch Retina Display on 
iPhone 5 and iPod touch fifth generation. It additionally added a few new 
Objective-C functions to iOS, simplified localization, and brought vehicle-
format guide for iOS. On October three, 2012, Xcode four.5.1 turned into 
released with worm fixes and stability improvements. Less than a month later, 
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Xcode 4.5.2 was released, with help for iPad Mini and iPad with Retina 
Display, and bug fixes and stability enhancements. On January 28, 2013, iOS 
6.1 and Xcode 4.6 have been released. 

5.x series 

On September 18, 2013 Xcode 5.0 changed into released. It brought aid for 
iOS 7 SDK, with always guide of OS X 10.Eight Mountain Lion SDK but now 
not the support of OS X 10.Nine Mavericks SDK. This trendy turned into 
handiest protected inside the betas version. It also introduced a version of 
Clang producing 64-bit ARM code for iOS 7. Apple removed help for building 
garbage accumulated Cocoa binaries in Xcode 5.1. 

6.x series 

It features included Playgrounds, live debugging tools, and a new programming 
language named Swift. On September 17, 2014, at the time that is same iOS 
and Xcode 6 was released. On 2, 2014 at the World Wide Developers 
Conference, Apple announced version 6 of Xcode June. Xcode could be 
downloaded on the Mac Application Store. 

7.x series 

It introduced support for Swift 2, and Metal for OS X, and added support for 
deploying on iOS devices without an Apple Developer license. Xcode 7 was 
released on September 16, 2015. On June 8, 2015 at the Apple Worldwide 
Developers Conference Xcode version 7 was announced. 

8.x series 

On June 13, 2016 at the Apple Worldwide Developers Conference Xcode 
version 8 was announced. It introduced support for Swift 3. Xcode 8 was 
released on September 13, 2016. 

1.2.3  Advantages of Xcode 

Designed and formulated from the ground level to take advantage of the new 
Apple technologies, Xcode is a 100% free IDE that integrates all the tools 
which are required. It is the only legitimate program you can use to make 
native Apple product applications. The following are some of its advantages: 

• This robust interface takes you from composition of source code, to the 
process of debugging and even for designing to the next user interface and 
uploading to the App Store all within your window.  

• The workspace in Xcode keeps you focused. Compiler errors or issues and 
also a message detailing helpful information are seen while working.  

• You can test your iOS apps either in the simulator that comes with Xcode, 
or on your own physical iOS device. If you are developing a Mac OS X 
app, you just run it on your Mac.  

• It can also easily sign and organize your Mac or an iOS application and 
straight way submit to the App Store through iTunes Connect. 

• Objective-C and Swift (both compiled languages) are two commonly used 
programming languages. Nevertheless, Xcode completely outperforms all 
other IDE's (Android Studio, Arduino, Visual Studio, Eclipse, Cloud 9, 
Unity 3D, etcetera).  
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• It brings like better type safety, better memory management, multiple 
return values, and a bunch of functional paradigms. All these features 
mean that seasoned developers will not have to spend as long coding. 

1.2.4  Disadvantages of Xcode 

Apple has never been very good at developing a popular web server and their 
hardware is generally considered too expensive to be used as such. It is still 
possible to do web development on a Mac but hosting sites is much easier on a 
Linux or Windows system. 

Macs are expensive Mac instead of an inexpensive PC.  

The languages that you can use with Xcode are Objective-C and Swift. Both 
languages are very Apple-specific and not really used for Windows or Linux 
development. But it also supports C, C++, Java, Python, Ruby plus some third 
parties have also added compilers for Pascal, ADA and C# to Xcode. 

Another problem is the limitations that Apple puts on publishing your Xcode 
applications. You can create them for personal use, but to publish them for 
others to use, you'll need an Apple account and a license for the Apple 
Developer Program.  

Xcode has not been optimized enough for proper web development. 

Also a problem is the smaller online community for XCode, compared to other 
programming environments. A lack of proper coding examples and other useful 
materials, compared to other environments.  

Xcode is basically limited to producing applications for the Apple family of 
devices, which is a reasonable large limitation considering the number of 
Windows desktops and Android devices.  

Xcode is the Visual Studio environment for Apple. It is an IDE which can be 
used with several different compilers and other tools. However, Visual Studio 
can be used for cross-platform development. 

Xcode only targets the Apple platforms. And this is the biggest disadvantage. 

And a lack of well-trained Xcode developers. 

1.3 SETTING UP DEVELOPMENT 

ENVIRONMENT 

Xcode, Apple’s integrated development environment (IDE), is the primary tool 
for developing application for iOS platforms. Xcode includes a source editor, a 
graphical user interface editor, and many other features. It simplifies the 
provisioning and code signing process so that you don’t need to leave Xcode to 
develop the application. Later in the distribution process, Xcode and other tools 
are used to distribute the application for beta testing and uploading to the store. 
However, in setting up a development environment on all iOS platforms (iOS, 
tvOS, watchOS, and Mac) except where otherwise indicated. It is not needed to 
join the Apple Developer Program to perform the steps. All that is required is 
just an Apple ID which then the following steps be created  

This quick start requires the following: 

• A Mac computer with Xcode 7.1 or later installed 
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• For the best experience, the latest OS X and Xcode releases installed 

• An Xcode project that builds without errors 

Alternatively, it is important to join the Apple Developer Program to use all the 
app services available to the platform. Without joining the Apple Developer 
Program, the capabilities at the developer disposal is limited. However the 
developer must join the Apple Developer Program to distribute the app through 
the iOS store. 

1.3.1  Requirements and Prerequisites 

The primary focus is getting started with Xcode. Xcode is an outstanding 
Integrated Development Environment (IDE) developed by Apple and the vast 
majority of both iOS and OS X developers rely on it for building applications. 
However, Xcode is only compatible with Apple's OS X therefore a Mac 
capable of installing the software is required. Xcode 5 will be used throughout 
this series for explanations. Although, this particular version of Xcode requires 
OS X 10.8 or higher. It is however possible to create iOS applications with an 
older version of Xcode, It is recommended that new developers use Xcode 5 
for easy experience 

1.3.2  Register for iOS Developer Program 

Registering as an iOS Developer is free. However, if you plan to run 
applications on a physical device or if you want to submit your applications to 
the App Store, you are required to enroll for the paid iOS Developer Program. 
The iOS Developer Program has four enrollment types, individual, company, 
enterprise, and university. The individual and company enrollment types cost 
$99 per year, whereas the enterprise program costs $299 per year. The 
enterprise program is aimed at companies and organizations who intend to 
deploy in-house applications, that is, applications that are not available in the 
App Store. Visit Apple's developer website for more information about the iOS 
Developer Program. You can complete this series without enrolling for the iOS 
Developer Program, but keep in mind that you won't be able to run applications 
on a physical device or submit applications to the App Store should you choose 
to do so. If you aren't a registered iOS developer yet, you'll need to sign up in 
order to follow along. To start the registration process, head over to the iOS 
Dev Center. Creating an iOS developer account only takes a few minutes. If 
you choose to enroll in the paid iOS Developer Program, then you'll need to 
take a few extra steps. You can find the necessary information at the iOS Dev 
Center. The process can take a few days to complete since Apple manually 
approves each application. For more information, visit Apple's developer 
support center. 

1.3.3  Xcode Installation 

Xcode can be confusing at first. The name Xcode is most times often used to 
refer to the entire toolset for iOS and OS X development, and that toolset 
includes the Xcode IDE, it also contains the iOS Simulator for running 
applications, and the actual iOS and OS X SDKs. However, it's important to 
understand that the Xcode application itself is just an IDE, it can download 
Xcode in one of two ways, through the iOS Dev Center or through the Mac 
App Store. One of the advantages of the Mac Application Store is that updating 
Xcode is much easier. It's also faster thanks to download updates. One of the 
benefits of downloading Xcode through the iOS Dev Center is that the 
developer can download developer previews. However, for a new developer it 
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is suggested to download and install Xcode through the Mac App Store in order 
to work with the most recent released version. Open the Mac App Store, search 
for Xcode, and start the installation process. Xcode is several gigabytes in size. 
With Xcode installed, it is time to launch it for the first time. If all went well, 
the Welcome to Xcode window should be displayed, which contains a few 
useful links and helps the developer create a new application.  

1.3.4   Creating Xcode Project 

To create a simple iOS application, select create a new Xcode project from the 
list of options. What is an Xcode project? An Xcode project is a folder or 
package that contains all the necessary files and components to manage and 
build your application. Xcode makes it easy to create a new Xcode project by 
offering a handful of useful project templates. However, the Single View 
Application template is a good choice for a simple first application. 
Fortunately, Xcode makes it easy to create a new Xcode project by offering a 
handful of useful project templates. The Single View Application template is a 
good choice for a first application. Select it from the list of templates and click 
next. The next window lets the developer configure your Xcode project. The 
developer is required to fill in the fields. In the final step, Xcode asks you to 
specify a location for storing your new Xcode project. It doesn't really matter 
where you save the project as long as you can find it later. Xcode offers the 
option to create a local git repository for the specific project. It is highly 
recommend that the developer uses a source control for any type of 
development. Git is one of the best options available and it is the most popular 
Source Control Management (SCM) system among iOS and OS X developers. 
It is important to get familiar with source control management if this is new to 
the user. Source control is indispensable in software development for various 
reasons especially in iOS. To begin using Git, visit Git's website. 

1.3.5 Build and Run 

After successfully set up the first Xcode project. Running the application in the 
iOS Simulator is only one click away. On the far left of the Xcode toolbar, 
there is a large play button. Before running the application, make sure that the 
active scheme is set to iPhone Retina (3.5-inch). Click the play button in the 
top right to build the project and run the application in the iOS Simulator. On 
the other hand, use Command + R or select Run from Xcode's Product menu. If 
all went well, the iOS Simulator starts running the application 

1.3.6  iOS Simulator 

The iOS Simulator is a valuable tool in your arsenal. Building and running an 
iOS application in the simulator is faster than deploying an application on a 
physical device. There is one caveat, however. The iOS Simulator doesn't 
perfectly mimic an iOS device for various reasons. For example, the iOS 
Simulator doesn't have a camera or an accelerometer. Its GPS capabilities are 
limited to a list of predefined locations and routes, and user interaction is 
limited to gestures that require one or two fingers. Also keep in mind that the 
iOS Simulator draws power and resources from the Mac it runs on, which 
means that the simulator isn't ideal for testing application performance. The 
bottom line is that you should always test an application on a physical device 
before submitting it to the App Store or distributing it to testers. Even if you 
only have one device to test with, it is critical to test your applications on a 
physical device instead of relying solely on the iOS Simulator. In spite of its 
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shortcomings, the iOS Simulator is a very capable tool. Select the iOS 
Simulator and take a look at its menu and the various options it provides. The 
simulator is perfectly suited for testing user interfaces on different form factors, 
mimicking simple gestures, simulating memory warnings, or taking 
screenshots for the Application Store. You'll find it a very useful tool for iOS 
development. 

1.3.7  Physical Devices 

Running an application on a physical device is only possible when the 
developer enrolls in the paid iOS Developer Program. Furthermore, running an 
application on a physical device involves a few extra steps. It includes 
configuring the project and setting up the device the developer plan to test with 

1.3.8 Third Party Development Tools 

There are some third party tools that make iOS development easier and more 
enjoyable. However, it is important to note that these applications are by no 
means required for iOS development. It is also important to note that they may 
save the developer a lot of time and effort. 

TestFlight: The third party application called TestFlight is a great service for 
distributing test builds to a team of beta testers. However, It does a lot more 
than that, It collects user feedback, crash reports, and keeps track of every user 
sessions 

Dash: This is a very excellent documentation browser and code snippet 
manager. It is a great substitute for Xcode's built-in documentation browser. 
Dash supports dozens of languages and frameworks, which means that it can be 
used for almost any type of development. 

Tower: Tower is one of the best Mac applications for working with Git. Git is 
a command line tool and some people prefer to use a graphical user interface 
over the command line.  

TextExpander: This is a very effective and widely used for managing text 
snippets linked to custom keyboard shortcuts. Many developers use it for 
development, but you can use it wherever the developer likes. It also supports 
placeholders for even more customizability. 

Check-In Progress-1 

1)  State True or False      [T/F] 

a)  Apple’s Xcode IDE is the most efficient and comprehensive iOS 
application development tool available 

b)  Before running the application, make sure that the active scheme is 
set to iPhone Retina (3.5-inch) 

c)  The iOS Simulator perfectly mimic an iOS device d) OIS is most 
effective for very short exposure times 

d)  Xcode supports source code for the programming languages like 
Objective-C, C, Swift, C++, Objective-C++, Java, Ruby, Python, and 
AppleScript 
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2) What is an Integrated development environment (IDE)  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3)  Explain the Xcode Composites  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4)  List and explain the function of some third Party Development Tools  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

1.4 SIMULATORS IN IOS 

Simulation can be defined as the imitation of the operation of a real-world 
process or system over time. The act of simulating something first requires that 
a model be developed; this model represents the key characteristics, behaviours 
and functions of the selected physical or abstract system or process. It is such 
that it represents the system itself, whereas the simulation represents the 
operation of the system over time. Simulation can be used to show the eventual 
real effects of alternative conditions and courses of action. it is also used when 
the real system cannot be engaged, because it may not be accessible, or it may 
be dangerous or unacceptable to engage, or it is being designed but not yet 
built, or it may simply not exist. Key issues in simulation include acquisition of 
valid source information about the relevant selection of key characteristics and 
behaviours, the use of simplifying approximations and assumptions within the 
simulation, and fidelity and validity of the simulation outcomes. Simulator 
enables you to simulate iOS, watchOS, and tvOS devices running current and 
some legacy operating systems. A simulator allows the developer to rapidly 
prototype and test builds of the application during the development process. 
These settings and files exist on every device the application developer can test 
within a simulation environment. Each combination of a simulated device and 
software version is considered its own simulation environment, independent of 
the others, with its own settings and files. Think of the simulator as a 
preliminary testing tool to use before testing the application on an actual 
device. Installed as part of the Xcode tools, Simulator runs on your Mac and 
behaves like a standard Mac app while simulating an iPhone, iPad, Apple 
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Watch, or Apple TV environment. By simulating the operation of the 
application in Simulator, it is possible to achieve the following: 

• Discovers most important problems in the application during design and 
early testing stages 

• The developer can text the application using developer tools available 
specifically in Simulator 

• Becoming a member of the iOS Developer Program after learning about 
the Xcode development experience and the iOS development environment. 

This guide walks the developer through Simulator, starting with the basics of 
how to use it and moving on to the tools found within the simulator that can 
assist in testing and debugging the applications. 

1.4.1 Getting Started in Simulator 

The developer interacts with Simulator by using the keyboard and the mouse to 
emulate taps, device rotation, and other user actions. It is possible to perform 
these steps using a personal iOS application or, if you do not have an app to 
use, with the HelloWorld sample code. Simulator application, available within 
Xcode, presents the iPhone, iPad, or Apple Watch user interface in a window 
on the Mac computer. 

1.4.2 Access Simulator from Xcode 

There are two different ways for a developer to access Simulator through 
Xcode. The first way is to run the application in Simulator, and the second way 
is to launch Simulator without running an application either method is efficient. 

1.4.3 Running the iOS App 

Xcode builds the project and then launches the most recent version of the 
application running in Simulator on the Mac screen. To run the application in 
Simulator, choose an iOS simulator. When testing an application in Simulator, 
it is easiest to launch and run the application in Simulator directly from the 
Xcode project. For example, iPhone 6 Plus, iPad Air, or iPhone 6 + Apple 
Watch - 38mm from the Xcode scheme pop-up menu, and click Run. 

1.4.4 Running WatchOS App 

To run your WatckKit app, choose a combination of an iOS device and 
watchOS device from the Xcode scheme pop-up menu. For example, to run the 
watch app in a 38mm watch paired with an iPhone 6, choose "iPhone 6 + 
Apple Watch - 38mm" from the scheme pop-up menu. Running the WatchKit 
target launches two simulators, one for the iOS device and one for the watchOS 
device 

1.4.5 Launching Simulator without Launching Application 

At times, you may want to launch Simulator without running the application. 
This approach is helpful if the developer want to test how your app launches 
from the Home screen of a device or if you want to test a web application in 
Safari on a simulated iOS device. To launch a Simulator without running an 
application launch Xcode. Do either of the following: 

• Choose Xcode > Open Developer Tool > Simulator. 
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• Control-click the Xcode icon in the Dock, and from the shortcut menu, 
choose Open Developer Tool > Simulator. 

1.4.6  WatchOS Simulator without Application 

Launch Xcode. Do one of the following: 

• Choose Xcode > Open Developer Tool > Simulator (watchOS). 

• Control-click the Xcode icon in the Dock, and from the shortcut menu, 
choose Open Developer Tool > Simulator (watchOS). 

• Simulator opens and displays the Home screen of whichever simulated 
device was last used. 

1.4.7  Viewing Installed Applications 

From the Home screen, you have access to all of the apps that are installed in 
the simulation environment. There are two ways to access the Home screen in 
Simulator from the application: 

• Press Command/Shift/H simultaneously  

• Choose Hardware > Home. 

Use the installed application to test the application interaction with them. For 
example, if testing a game, the application developer can use Simulator to 
ensure that the game is using Game Center correctly. 

1.4.8 Test in Simulator and on a Device 

Simulator is designed to assist the application developer in designing, rapidly 
prototyping, and testing the application, but it should never serve as your sole 
platform for testing. One reason is that not all apps are available in the 
simulator. For example, the Camera application is available only on hardware 
devices and cannot be replicated in the simulator. In addition, not all bugs and 
performance problems can be caught through testing in Simulator alone. You’ll 
learn more about performance differences in Testing and Debugging in iOS 
Simulator.  

1.4.9 Quitting Simulator 

Simulator continues running until you quit it. Quitting Xcode will not close 
Simulator because they are separate applications. Similarly quitting simulator 
will not close Xcode. To quit Simulator, choose Simulator > Quit Simulator. 
The device is shut down, terminating any running apps. 

1.4.10  Interacting with Simulator 

Simulator runs devices from different platforms including iPhone, iPad, 
iWatch, and Apple TV. Interacting with Simulator differs from interacting with 
an actual device. This chapter covers ways of interacting that are common to 
all platforms. Other interactions, such as manipulating the user interface, differ 
between touch-based devices and Apple TV and are covered in different 
chapters. In this chapter you learn how to: 

• Change the scale of the simulated device 

• Take a screenshot of the simulated device 

• Use the Mac keyboard for input in multiple languages 
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• Using the Mac Keyboard for Input 

Simulator can use the keyboard on your Mac as input to the simulated device. 
For you to most accurately simulate a device in Simulator, the simulator uses 
iOS keyboard layouts, as opposed to OS X keyboard layouts. If you have 
chosen Hardware > Keyboard > iOS Uses Same Keyboard Layout as OS X, 
Simulator automatically selects the keyboard that most closely matches the 
keyboard layout of your Mac. For most cases, leave this option selected. 
However, if you do feel a need to disable it allowing you to select completely 
different keyboard layouts for your Mac and Simulator click Hardware > 
Keyboard > iOS Uses Same Keyboard Layout As OS X. Choose the same 
menu item again to enable the option. To add a keyboard layout on the Mac; 

• Open System Preferences, and choose the Keyboard preference. 

• Select the Input Sources pane. 

• Press the Add button to show the keyboard layout chooser. 

• Choose the desired keyboard, and press Add. The new keyboard layout is 
added to the list of available layouts. 

To select a keyboard layout on your Mac, Select the desired keyboard from the 
Input menu. If the Input menu item is not in the Mac menu bar, use the 
following steps to add it: 

• Open System Preferences and choose the Keyboard preference. 

• Select the Input Sources pane. 

• Select “Show Input menu in menu bar,” 

When building an application for Simulator, Xcode automatically installs it in 
the selected simulation environment. Each simulation environment emulates a 
different device. Installing the application in one environment does not install it 
in any other. It is also possible to have different versions of the application in 
different environments. The application developer can also install an 
application by dragging any previously built application bundle into the 
simulator window. It is not possible to install application from the Application 
Store in simulation environments. 

1.4.11 Taking a Screenshot with Simulator 

In Simulator you can copy a screenshot of the iOS device simulator to your 
Mac Clipboard or save a screenshot to the desktop. To capture any simulated 
external display save the screenshot as a file. To take a screenshot of the iOS, 
watchOS, or tvOS device and save it to Mac Clipboard; 

Choose Edit > Copy Screen.  

To save a screenshot of the iOS, watchOS, or tvOS device and of the external 
display as files,                       choose File > Save Screen Shot.  

A screenshot of each open simulated device is saved to the desktop of your 
Mac. Taking a Screenshot or Recording a Video Using the Command Line. 
The developer can take a screenshot or record a video of the simulator window 
using the xcrun command-line utility. Follow the steps below 

1) Launch the application in Simulator. 

2) Launch Terminal (located in /Applications/Utilities), and enter the 
appropriate command: 
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• To take a screenshot, use the screenshot operation:                                                                                          

xcrun simctl io booted screenshot.                                                                                                                    
The application developer can specify an optional filename at the end 
of the command. 

• To record a video, use the recordVideo operation:   

xcrun simctl io booted recordVideo <filename>.<extension>  
to stop recording, press Control-C in Terminal. 

A filename for, recordVideo.  Is a must. However, the default location for the 
created file is the current directory. 

1.4.12 Viewing the Simulated Device’s Screen 

Even though Simulator runs on all Mac computers, its appearance may differ 
depending on the model. If the resolution of the simulated device is too large 
for the simulator window to fit on your screen, scale Simulator by choosing 
Window > Scale > percentage of choice. 

1.4.13 Testing and Debugging in Simulator 

Simulator is a great tool for rapid prototyping and development before testing 
your app on a device. Simulator also has features that can assist the application 
developer in testing and debugging both iOS applications and web application. 
By understanding the tools that Simulator offers, the developer can be more 
efficiently in developing the application. 

1.4.14 Differences Testing in Simulator 

Simulator is a useful tool, but it should not be the only way the application 
developer can test the application. Because the simulator is an application 
running on a Mac, it has access to the computer’s resources, including the 
CPU, memory, and network connection. All of these resources are likely to be 
faster than those found on a mobile device. As a result, the simulator is not an 
accurate test of an app’s performance, memory usage, and networking speed. 
For this same reason, always test the performance of your app’s user interface 
on a device. In Simulator, your app’s user interface may appear to run both 
faster and smoother than on a device. Also keep in mind that some user 
interface elements can be easier to interact with in Simulator using a mouse 
than when trying to interact with the application through touch on a device. 
Finally, there are some hardware and API differences in Simulator. These 
differences may affect the application when testing in Simulator. 

1.4.15  Hardware Differences 

Though most of the functionality of devices can be simulated in Simulator, 
some hardware features must be tested directly on a device. The hardware 
features that are not simulated as of iOS 8.2 are:  

• Ambient light sensor 

• Proximity sensor Barometer 

• Motion support (accelerometer and gyroscope) are unsupported. 

• Audio and video input (camera and microphone) are unsupported. 

Moreover, WatchKit apps have a reliable connection to the simulated host 
device because they both are running in the Simulator. To test the application 
on a device, the developer must be a member of a Developer Program. 
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1.4.16 OpenGL ES Differences 

Simulator includes complete implementations of OpenGL ES 1.1, 2.0, and 3.0 
that you can use to start developing your app. The capabilities of Simulator are 
similar to those of the A7 GPU; for more information on the iOS hardware, see 
iOS Device Compatibility Reference. Simulator differs from the hardware 
processor in a few ways: 

• Simulator does not provide a pixel-accurate match to the graphics 
hardware. 

• Simulator does not use a tile-based deferred renderer. 

• Rendering performance of OpenGL ES in Simulator has no relation to the 
performance of OpenGL ES on an actual device. 

It is Important to note that: The OpenGL ES support in Simulator should be 
used to help you get started writing an OpenGL ES app. Never assume that 
Simulator reflects the real-world performance or the precise capabilities of the 
graphics processors used in iOS devices. Always profile and optimize your 
drawing code on a real device. 

1.4.17 API Differences 

Simulator APIs don’t have all the features that are available on a device. For 
example, the APIs don’t offer: 

• Privacy alerts for access to Photos, Contacts, Calendar, and Reminders 

•  Message UI 

• In addition, Simulator doesn’t support the following frameworks 

• Receiving and sending Apple push notifications  

• Media Player 

• External Accessory In UIKit,  

• the UIVideoEditorController class 

• Handoff support 

• The UIBackgroundModes key 

1.4.18  Backward Compatibility Support 

Simulator does not include backward compatibility with all versions of iOS and 
watchOS. To find a list of the simulated versions of iOS and watch OS in 
Xcode,  

• Choose Hardware > Device > Manage Devices. 

• Xcode opens the Devices window. 

• At the bottom of the left column, click the Add button (+). 

• In the dialog that appears, select the iOS Version pop-up menu. 

To download other available versions of simulators 

• Choose Xcode > Preferences. 

• In the preferences window that appears, click the Downloads tab. 

• To download a simulator for a version of iOS, click the Download button. 
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• After Xcode downloads the new iOS version, it will be available for new 
device simulators 

1.4.19 Testing Application Localization 

If you have created an app with multiple localizations, you can test them in 
Simulator by changing the Internationalization settings. To learn how to set the 
language and region on iOS, read Reviewing Language and Region Settings on 
iOS Devices.  

1.4.20 Testing Web Applications 

If you are building a web app and want to test its usability on an iOS device, 
Simulator can assist you. To test a web app in Simulator: 

• Select the simulator environment you would like to test in by choosing 
Hardware > Device > device of choice. 

• Open Safari from the Home screen of Simulator. 

• Navigate to the location of your web app in the browser. 

• For more information on creating web apps for iOS, see Getting Started 
with iOS Web Apps. 

1.4.21 Testing iCloud 

When building an app that uses iCloud, you can test iCloud syncing from 
within Simulator before testing on physical devices. This can also assist you in 
testing iCloud syncing across many devices if you have a limited number of 
devices to test on. To simulate iCloud syncing, first sign in to Simulator using 
an Apple ID. It is strongly encouraged that you create and use a separate Apple 
ID specifically for testing iCloud in Simulator. To sign in to Simulator with 
your Apple ID 

• Launch Simulator with a simulated device running iOS 7.1 or later. 

• From the Home screen, open Settings and select iCloud. 

• Enter your Apple ID and password, and click Sign In. 

After signing in with your Apple ID, you can then test your iCloud syncing. To 
test to see whether your app is syncing properly with iCloud, choose Debug > 
Trigger iCloud sync. Two-Factor Authentication: Two-factor authentication 
requires a simulator running iOS 9.0 or later. To test iCloud on earlier versions 
of iOS, create a separate account that does not use two-factor authentication. 

1.4.22 Testing Background Fetching 

In case of building an app that receives frequent content updates and you have 
enabled background fetching, you can test the background-fetch capability 
using Xcode and Simulator. To simulate a background fetch, launch your app 
in Simulator and then go to Xcode and choose Debug > Simulate Background 
Fetch.You can also configure a scheme to control how Xcode launches your 
app. To enable your app to be launched directly into a suspended state, choose 
Product > Scheme > Edit Scheme and select the Background Fetch checkbox. 
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Table 1 Using the Debugging Tools in Simulator 

Menu item 

Debug result 

Slow Animations 

Slows down the animation taking place within the app. Use this item to identify 
any problems in the animation. 

Graphics Quality Override 

Set the default graphics quality for the device. Choosing Low Quality can 
improve the performance of certain actions on older simulated devices. For 
example, dragging down on the Home screen transitions to the Spotlight 
screen. The high-quality version includes a blur animation, which does not 
occur in low quality. 

Optimize Rendering for Window Scale 

Selecting this item improves the rendering speed of the screen for scaled 
simulated devices. The item is useful for large devices such as iPad Pro. 

Screenshots are saved at the scaled resolution when this item is active. To save 
a full-resolution screenshot, temporarily disable this item. 

Color Blended Layers 

Shows blended view layers. Multiple view layers that are drawn on top of each 
other with blending enabled are highlighted in red, and multiple view layers 
that are drawn without blending are highlighted in green. To dramatically 
improve your app’s performance, reduce the amount of red shown for your app 
when this item is selected. Blended view layers are often the cause of slow 
table scrolling. 

Color Copied Images 

Places a blue overlay over images that are copied by Core Animation in blue. 

Color Misaligned Images   

Places a magenta overlay over images whose bounds are not aligned to the 
destination pixels. If there is not a magenta overlay, this item places yellow 
overlay over images drawn with a scale factor. 

Color Off Screen Rendered 

Places a yellow overlay on content that is rendered offscreen. 

Location   

Allows you to set the Core Location to be used by your app. Choose from the 
different location settings. 

City Bicycle Ride. Simulates a bike ride in Cupertino, CA. This item simulates 
the device moving on a predefined route. 

None. Does not return a location. Use for testing how an app responds when no 
location data is available.  A simulated watchOS device asks the paired iPhone 
for the location. 

Apple. Uses the coordinates of the Apple Headquarters. 
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Custom Location. Allows use of a custom latitude and longitude. 

City Run. Simulates a run in Cupertino, CA. This item simulates the device 
moving on a predefined route. 

Freeway Drive. Simulates a drive through Cupertino, CA. This item simulates 
the device moving on a predefined route. 

1.4.23 Viewing Crash Logs 

If your app experiences a problem that causes it to crash, a crash log can help 
you determine what problem occurred. You open the crash log using Console. 
To view a crash log 

• Open Console by going to Applications/Utilities/Console in the Finder. 

• Look for the line in Console that reads “Saved Crash Report for.” 

• Expand this item using the arrow at the left. 

• Click Open Report. 

1.4.24 Customizing Your Simulator Experience with Xcode 

Schemes  

You can customize your Simulator experience using the Xcode scheme editor. 
In fact, some Simulator features are accessible only within this editor. The 
biggest advantage of using an Xcode scheme is the ability to load app data files 
and to load routing app coverage files. To access scheme settings 

1) Choose Product > Scheme > Edit Scheme.  

2) In the dialog that appears, click the Run option in the scheme editor’s left 
pane. 

3) In the main pane, click Options. 

4) Specify the options needed; 

• Background Fetch. Select this option if you want Xcode to launch your 

app directly into a suspended state. 

• Core Location. If you want to define the default Core Location setting, 
select Allow Location Simulation and choose a default location from 
the pop-up menu.  

• Application Region. Change the default region for your app using this 
pop-up menu. 

• Routing App Coverage File. If your app uses routing, use this file to 
define the location boundaries in which your app will provide routes. 
For more information on routing app coverage files, see Location and 
Maps Programming Guide. 

• Application Data. If you want to load app data into the simulator, 
choose the app data file from the pop-up menu. In this way, you can 
replicate the settings that were present when a problem occurred. 

• Application Language. Change your app to use double-length or right-
to-left pseudo language using this pop-up menu. 

•  View Debugging. Select this option to enable debugging the view 

hierarchy of the simulated app in Xcode. 

• XPC Services. Select this option to debug XPC services used by the 
app. 
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1.5 DEBUGGER 

A "trap" occurs when the program cannot normally continue because of a 
programming bug or invalid data. For example, the program might have tried 
to use an instruction not available on the current version of the CPU or 
attempted to access unavailable or protected memory which leads to Trap. 
After the program "traps" or reaches a preset condition, the debugger typically 
shows the location in the original code if it is a source-level debugger or 
symbolic debugger, commonly now debugger are built into the integrated 
development environments. Although, if it is a low-level debugger or a 
machine-language debugger it shows the line in the. Traditionally, debuggers 
offer a query processor, a symbol resolver, an expression interpreter, and a 
debug support interface at its top level. Debuggers also offer more 
sophisticated functions such as running a program step by step (single-stepping 
or program animation), stopping (breaking) (pausing the program to examine 
the current state) at some event or specified instruction by means of a 
breakpoint, and tracking the values of variables. Most debuggers have the 
ability to modify program state while it is running. It may also be possible to 
continue execution at a different location in the program to bypass a crash or 
logical error. The same functionality which makes a debugger useful for 
eliminating bugs allows it to be used as a software cracking tool to evade copy 
protection, digital rights management, and other software protection features. It 
often also makes it useful as a general verification tool, fault coverage, and 
performance analyzer, especially if instruction path lengths are shown. Almost 
all mainstream debugging engines, such as gdb and dbx, provide console-based 
command line interfaces. Debugger front-ends are popular extensions to 
debugger engines that provide IDE integration, program animation, and 
visualization features. Finding and eliminating problems in codes is a critical 
part of the development process. The Xcode debugger is preset with useful 
features for general purpose debugging and runs automatically when your app 
is launched. The debugger helps the developer: 

• Examine the control flow and data structures of running code to find the 
cause  

• Devise a solution and edit your code accordingly 

• Identify and locate the problem  

• Run the revised app and confirm that the fix works 

1.5.1  Getting Ready to Debug 

Importantly, two of the most important things to do in debugging are to analyze 
the logic, or control flow, of the code, and to be sure the app presents correct 
data. Apps with logic problems exhibit unexpected behaviour: Nothing 
happens, the wrong thing happens, or the app crashes. Code that performs 
incorrect operations often presents the wrong data to the user; imagine pressing 
buttons on a calculator to add 1 and 1 and obtaining the result 20. You debug 
when you see an issue, to make sure that the app behaves as planned and that 
the right results are being shown to the user. Consider that you ran your app 
and found that the new code you added didn’t seem to be executed. The 
developer may not know whether the code wasn’t hit or whether it did but 
didn’t produce a visible output. But you know that something is amiss it means 
bug is present 
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1.5.2  Exercising an App in the Debugger 

Other problem situations can be more difficult to spot. Exercising an app in the 
debugger gives you the opportunity to monitor its use of system resources 
using the debug gauges. Pay attention to the shape of the graph, and think 
about what you should expect to see as the app runs and various parts of the 
code are called into play. For example, if you see unexpected spikes in the 
CPU gauge or a constantly rising pattern in the memory gauge, these might 
indicate subtle kinds of problems. Whether your new code doesn’t do what you 
expect or you see unexpected indications in the debug gauges, you probably 
don’t immediately know the cause of the problem. However, you already have 
some information: 

• You know what new code you added to the source. 

• The app behaved correctly before you started adding the new feature. 

• To further isolate the cause, you can set breakpoints in the code. 

• The app behaved correctly up to the point where you used the app’s UI to 
run the new code. 

1.5.3  Controls in the Debugger 

The debug navigator helps you examine the app’s control flow. When the app 
is paused by a breakpoint, the debug gauges display the last values generated 
by the app’s execution. Below the debug gauges is the process view, which can 
be set to show your app’s run state organized by threads or queues. He debug 
area at the bottom of the Xcode main window contains three panes: the debug 
bar, the variables view, and the console. The debug bar contains controls that 
hide and show the debug area, the Breakpoint Activation button, and the 
Continue/Pause button. When the app has been paused by a breakpoint, click 
the Continue button to resume the app. Next to the Continue/Pause button is a 
set of three buttons that allow stepping your app, the step controls. Their basic 
operation is to step over a source instruction, step into an instruction, and step 
out of an instruction. If you hold the mouse over these buttons, alternative 
stepping modes appear, accessed by using modifier keys when clicking. You 
set a breakpoint before the line of code you suspect is causing the problem. 
This pauses the app so that you can inspect the variables. Then you step the app 
to see how the variable states change, stepping over, into, and out of lines of 
code as needed. After you’ve completed the inspection, you click the 
Continue/Pause button to resume the app’s normal operation. The other buttons 
in the debug bar are more specialized. The button to debug view hierarchies is 
discussed in Debugging View Hierarchies. To the right of these two buttons, 
the process/thread/stack frame jump bar enables you to go directly to stack 
frames in the paused app, a useful alternative way to move around that works 
in conjunction with the process view display in the debug navigator. When 
you’d like to work through a problem while seeing as much of your source 
surround the problem area as possible, you use the Hide/Show button to hide 
the debug area. This leaves the debug bar available for stepping; you’ll see in 
the next section that you can use features of the debugger directly from the 
source editor for variable inspection when working in this manner. You reopen 
the debug area by pressing the Hide/Show button again. 

1.5.4   Examining the Backtrace in the Debug Navigator 

To recap the situation described earlier in this chapter, you launched your app 
using the Run button. You tried to invoke the new code that you added and 
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nothing happened. Now you’ve added a breakpoint where the new code should 
be started from and tried to invoke the code again. The Xcode debugger has 
paused your app at that location and populated the variables view in the debug 
area and the debug navigator with the current state of the app. You’ll likely 
first want to take a look at the variables and their values. The variables view, 
Quick Look, and Print Description tools give you that first look into the state of 
the app. The next question that needs to be addressed is “How did the code get 
here?” To answer this question, you use the debug navigator process view 
pane. When the app stops at a breakpoint, the debugger “unwinds” the program 
flow and presents that to you in the debug navigator process view pane. Some 
definitions will make this clear: A stack frame is an instance of an invocation 
of a method. Unwinding means to “look at the method that contains your 
breakpoint and follow the stack frame pointers back to the call site.” The 
debugger unwinds until it reaches the beginning of the thread. The sequence of 
stack frames unwound in this fashion is known as the backtrace. By default, 
this view is organized by threads with the current stack frame highlighted, 
corresponding to the source in the source editor where the program counter is 
positioned at the breakpoint. (The debug gauges have been hidden in this 
example of the debug navigator using the highlighted button, allowing you to 
concentrate on the process view showing the backtrace.)The backtrace allows 
you to understand the control flow in your app. It is displayed in the debug 
navigator’s process view pane with each stack frame identified by an icon. The 
icons tell you where in the compiled code the stack frame is from. There are 
icons for user code, the Foundation framework, AppKit or UIKit frameworks, 
various graphics frameworks, and so forth. The debugger retrieves and splices-
in this full history of execution, even including stack frames that are no longer 
in memory. 

1.5.5   Cycling Through the Debugging Process 

Debugging is an iterative effort. You discover a problem, you set breakpoints 
to help you locate where in the source it is happening, you inspect the 
backtrace and variables to assess their state and the cause of the problem, and 
you devise a solution or fix. With a potential solution in hand, you make a 
change to the source and rerun the app to see whether the problem is solved. If 
testing shows that the problem persists, you repeat this cycle until you’ve put 
the right fix in place. When a problem is solved, you can disable or delete the 
breakpoints you used in its investigation. This is because you don’t want them 
to get in the way as you move on to the next problem. 

1.5.6   Debugging Tools 

The Xcode debugging tools are integrated throughout the Xcode main window 
but are primarily located in the Debug area, the debug navigator, the breakpoint 
navigator, and the source editor. The debugging UI is dynamic; it reconfigures 
as you build and run your app. To customize how Xcode displays portions of 
the UI, choose Xcode Preferences > Behaviors. There are five parts to the 
debugging workflow: 

• Discover. Identify a problem. 

• Locate. Determine where in the code the problem occurs. 

• Inspect. Examine the control flow and data structures of the running code 
to find the cause of the problem. 

• Fix. Apply your insight into the cause of the problem to devise a solution, 
and edit the code to suit. 
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• Confirm. After editing, run the app and check it with the debugger to be 
sure the fix was successful. 

The division of labour in these five parts of debugging are not necessarily 
reflected in the specifics of the debugging tools, although some tools are more 
pointed at discovery (for instance, the debug gauges), some are particularly 
useful for dealing with locations of interest in your code (breakpoints), and 
others are more specific to inspection (the debug area’s variables view and the 
debug navigator’s process view). Think of the debugging tools as addressing 
the five parts of debugging more as a function of how you use them. For 
instance, you use the Quick Look feature to inspect the state of a graphical 
object as you work through a problem, but you can also think of it as being a 
discovery tool, using it to see how a complex graphic is “assembled” as you 
iterate through a set of drawing calls. In other words, how you put a tool to 
work for you often determines which part of the debugging effort it addresses, 
and it is the combination of what the tool does, what data using it uncovers, and 
your creative insight into the context of the situation that delivers success to 
your debugging efforts. 

1.5.7   LLDB and the Xcode Debugger 

The Xcode debugger uses services and functions provided by LLDB, the 
underlying command-line debugger that is part of the LLVM compiler 
development suite. LLDB is tightly integrated with the compiler, which 
enables it to provide the Xcode debugger with deep capabilities in a user-
friendly environment. The Xcode debugger provides all the functionality 
needed for most debugging situations, but a little familiarity with LLDB can be 
helpful. 

1.5.8   Breakpoints 

A breakpoint is a mechanism to pause an app during execution at a 
predetermined location in order to inspect the state of variables and the app’s 
control flow. There are several different kinds of breakpoints, and they can be 
edited to add conditions, actions, and scripts. Although you can use the 
debugger to pause an app at any time, it's helpful to set breakpoints before and 
even while your app is running so that you can pause it at known points where 
you have determined problems might be occurring. 

1.5.9  Source Editor 

In addition to displaying and editing your source code, the source editor plays a 
vital role in debugging operations. You set breakpoints in the source editor, and 
you often manage them dynamically during a debugging session. Having your 
code first and foremost in front of you can also be the best way to work 
through a problem, it is possible to minimize the debug area and debug 
navigator to use the source editor as the debugging interface. 

1.5.10     Debug Gauges 

The debug gauges monitor your running app. Debug gauges constantly change 
as your app runs—they are presented as a histogram running from left to right 
in time. Spikes in the histogram show activity. There are seven types of debug 
gauges: CPU, Memory, Energy, Disk I/O, Network I/O, GPU, and iCloud. 
They are displayed depending on platform and app capabilities. CPU, Memory, 
Disk I/O, and Network I/O are available for all app development. The Energy 
gauge is available in macOS apps when running Xcode 6.3 and greater, and is 
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available for iOS apps with Xcode 7 or greater. The iCloud and GPU gauges 
are available when your app target has been subscribed to associated 
capabilities with the project editor. The debug gauges provide insight into how 
your app is performing in its use of system resources. Depending on the 
capabilities of your app and the characteristics of its destination, gauges can 
report your app’s impact on the system and other running apps. Observe the 
debug gauges for a running app to become familiar with the gauges’ normal 
variation and with the standard behaviours of the app over time. When you 
make changes to the app, look for differences in the debug gauge’s readings 
and look into any new behaviour that seems anomalous or indicative of a 
problem compared to the app’s previous running behaviour. Click a debug 
gauge as your app runs to display a live detail report in the main editor. The 
detail report of each type of gauge differs in the specifics, but all follow a 
similar pattern. As an example, here is a detail report shown when you click the 
Memory debug gauge, captured from a paused app: 

Check Your Progress-2 

1)  State True or False      [T/F] 

a)  The Xcode debugger is preset with useful features for general purpose 
debugging and runs automatically when your app is launched. 

b)  There are five ways to access the Home screen in Simulator from the 
application: 

c)  Two of the most important things to do in debugging are to analyze 
the logic, or control flow, of the code, and to be sure the app presents 
correct data 

d) Simulator allows you to rapidly prototype and test builds of your app 
during the development process 

2)  Explain a Debug Gauges …. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3)  What is a Debugger  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4)  There are five parts to the debugging workflow list them:  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 
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1.6 SUMMARY 

It is common knowledge that Apple is one of the leading mobile platforms, 
therefore developing applications for Apple users whether it’s for iOS, 
watchOS, or tvOS could be of benefit for a business owner. Apple is known for 
its high-quality apps and its strict requirements for iOS app developers. 
However it is not only important to follow standard practices for acceptance 
into the App Store, but it’s also important for user friendliness and usability. 
Below are some of the most important factors to bear in mind while creating an 
application for iOS platforms 

1) Proper layout  

A good rule of thumb is that content should fit the screen so that users 
don’t need to scroll left or right. The three basic rules for Apple iOS 
design are clarity, deference and depth. 

• Deference: the layout should be fluid and intuitive. Avoid too much 
shadowing, bezels and gradients. Make the design clean without a 
design that competes for focus on important objects such as text and 
images.  

• Depth: as users navigate through each screen, there should be a sense 
that they drill into more detailed content. 

• Clarity: always make your text large enough so that it’s easily read on 
a mobile device. 

• Font size is also important. Your users should not need to zoom in or 
out to read your content. The font color is also a factor since it can be 
harder to see lighter font on a mobile screen for sunny season 

There are several emulators on the market that can be used to review the 
layout before publishing it to the application store. Images and content 
should scale to the screen; however, there are several screen sizes on the 
market. Even if you can’t test them all, ensure that the most common ones 
are tested. Lately, the standard is to support iPhone 5 and newer and code 
should support at least iOS 9. Although, some developers support iOS 8. 
Normally, it is good to maintain a backwards compatibility of “n-1” from 
the current released version; however it is also common to wait until your 
user base drops below a threshold before deprecating support for a 
version. It’s the developer’s responsibility to decide operating versions to 
support. 

2) UI elements 3D touch complaint  

For a developer new to mobile app development, it’s difficult to move 
from small buttons and links to larger objects that make it easy for users to 
select a drop-down item or tap an element. It’s better to have an iPhone to 
see the way intuitive design works. For instance, when the user taps a 
drop-down element, a popup displays with a list of items that the users 
scrolls up or down. After the user chooses an item, your application should 
move to the next element and make it visible to the user. Remember that 
design UI elements with 3D touch work much differently with mobile 
apps rather than desktops. Your design elements should match the target 
platform. Take a look at standard elements for iOS. Notice that they are 
different than Android’s. Creating standard UI elements helps make your 
apps intuitive for your users. 
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3) Use error handling to trap mistakes 

Every coder makes a logic error in their program once in a while. It’s not 
uncommon for users to enter an unforeseen input that you didn’t handle. 
For instance, maybe you have an input text-box for a user’s area code. 
You check for alphabetic characters, but you forget to check for special 
characters such as an exclamation point or a question mark. If you then 
store the data in a numeric storage unit, your application crashes. These 
types of logic errors should always be handled so that the application 
never crashes. Instead, an error message should be sent back to the user. 
iOS apps should use the Error protocol. You can derive your custom error 
messages from this class. 

4) Project Directory Structure 

Having an intuitive project directory structure isn’t always necessary for 
small personal projects, but when you work with enterprise-level 
development you’re probably not the only coder to work on the project. 
Project directories should be organized and intuitive in case another 
developer needs to maintain or fix your code. Without intuitive project 
structure, your code can get messy and unorganized. This may lead to 
other developers adding more bugs to the code or creating redundant 
classes. For instance, you might have a class that defines the way 
customers create an order. If an addition to the order process must be made 
and the developer can’t find your current classes, he may end up creating 
redundant code thinking it hasn’t been written yet. 

5) Create an Apple ID 

Before you can upload your app to the App Store, you need an Apple ID. 
You use this Apple ID to sign your code. You must sign your code before 
you upload it to the store. The sign identifies you as the coder and 
developer. If you develop for a client, send them all the necessary files so 
that they can upload to the store. An Apple ID is free to create, however 
there is an annual account fee of 100$ when you choose to host your 
app(s) on the App Store. You can upload any apps provided they follow 
Apple’s Terms of Service. Some clients may add you as a developer to 
their own accounts so you can upload and manage the code for them. 
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Policy: maintaining long-term access to multimedia content. 

• "New Features in Xcode 5: Xcode 5.0". September 16, 2015. Retrieved 
September 15, 2016. 

• David Holt says: (May 15, 2010). "Facts about WebObjects 
(WebObjects Community)". Wocommunity.org. Retrieved June 21, 
2010. 

1.8   SOLUTIONS/ANSWERS 

Check Your Progress 1 

1)  State True or False 

a)  True  

b)  True 

c)  False 

d)  True 

2)  An integrated development environment (IDE) is a software application 
that provides comprehensive facilities to computer programmers for 
software development. An IDE normally consists of a source code editor, 
build automation tools and a debugger. Most modern IDEs have intelligent 
code completion 

3) Xcode can be confusing at first. The name Xcode is most times often used 
to refer to the entire toolset for iOS and OS X development, and that 
toolset includes the Xcode IDE, it also contains the iOS Simulator for 
running applications, and the actual iOS and OS X SDKs. However, it's 
important to understand that the Xcode application itself is just an IDE, it 
can download Xcode in one of two ways, through the iOS Dev Center or 
through the Mac App Store. One of the advantages of the Mac Application 
Store is that updating Xcode is much easier. It's also faster thanks to 
download updates. One of the benefits of downloading Xcode through the 
iOS Dev Center is that the developer can download developer previews. 
However, for a new developer it is suggested to download and install 
Xcode through the Mac App Store in order to work with the most recent 
released version. Open the Mac App Store, search for Xcode, and start the 
installation process. Xcode is several gigabytes in size. With Xcode 
installed, it is time to launch it for the first time. If all went well, the 
Welcome to Xcode window should be displayed, which contains a few 
useful links and helps the developer create a new application. 

4)  TestFlight: the third party application called TestFlight is a great service 
for distributing test builds to a team of beta testers. However, it does a lot 
more than that, It collects user feedback, crash reports, and keeps track of 
every user sessions 

Dash: this is a very excellent documentation browser and code snippet 
manager. It is a great substitute for Xcode's built-in documentation 
browser. Dash supports dozens of languages and frameworks, which 
means that it can be used for almost any type of development. 
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Tower: Tower is one of the best Mac applications for working with Git. 
Git is a command line tool and some people prefer to use a graphical user 
interface over the command line.  

TextExpander: this is a very effective and widely used for managing text 
snippets linked to custom keyboard shortcuts. Many developers use it for 
development, but you can use it wherever the developer likes. It also 
supports placeholders for even more customizability. 

Check Your Progress 2 

1) State True or False 

a)  True  

b)  False 

c)  True 

d)  True  

2) The debug gauges monitor your running app. Debug gauges constantly 
change as your app runs—they are presented as a histogram running from 
left to right in time. Spikes in the histogram show activity. There are seven 
types of debug gauges: CPU, Memory, Energy, Disk I/O, Network I/O, 
GPU, and iCloud. They are displayed depending on platform and app 
capabilities. CPU, Memory, Disk I/O, and Network I/O are available for 
all app development. 

3)  A debugger or debugging tool can be defined as a computer program that 
is used to test and debug other programs. The code to be examined might 
alternatively be running on an instruction set simulator (ISS), a technique 
that allows great power in its ability to halt when specific conditions are 
encountered, but which will usually be somewhat slower than executing 
the code directly on the appropriate (or the same) processor. However 
some debuggers offer two modes of operation, full or partial simulation, to 
limit this impact. 

4) Discover. Identify a problem. 

Locate. Determine where in the code the problem occurs. 

Inspect. Examine the control flow and data structures of the running code 
to find the cause of the problem. 

Fix. Apply your insight into the cause of the problem to devise a solution, 
and edit the code to suit. 

Confirm. After editing, run the app and check it with the debugger to be 
sure the fix was successful. 
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UNIT 2 USER INTERFACE FOR iOS 

Structure 

2.0  Introduction  

2.1  Objectives 

2.2  Introduction to Auto Layout 

2.3  Introduction to Storyboarding  

2.4  UI Controls 

2.5  Summary  

2.6  References/Further Studies  

2.7  Solutions/Answers 

2.0 INTRODUCTION  

IOS applications are mostly built utilizing components from UIKit; this can be 

described as a programming framework that helps in defining common 

interface elements. One of the functions of the framework is to allow the 

applications accomplish a consistent appearance across the entire system, while 

also offering a very high level of customization for the iOS application 

developer. UIKit elements are flexible and familiar; these elements are easily 

adaptable which help application developer to develop an application which 

should look good irrespective of the type of iOS device in use, usually 

automatically update happens there is an appearance change in the system. 

UIKit interface elements are traditionally fitted into three main categories as 

listed below: 

• Controls: In iOS application development, controls are primarily used to 

initiate actions as well as transfer information or data. Examples of controls 

include: text fields, buttons, switches and progress indicators. 

• Views: The view contains the primary content displayed to the application 

users, for example; interactive elements, graphics, animations, and text. 

However, Views can also enable behaviors for instance arrangement, 

scrolling, deletion, and insertion. 

• Bars: In iOS applications, a Bar is used to know where a specific 

application can be found or located, it also gives navigation, as well as 

contains buttons or other elements for starting an actions and transferring 

information. 

It is important to know that apart from the function of defining the interface of 

iOS applications, UIKit also helps to perform the function of defining the 

functionality of any application which may be implemented at any point of 

time. The utilization of this framework, for example, extends to responses to 

gestures on the touch screen of the iOS device which also comes with default 

features which includes accessibility, drawing, and printing. It is important to 

note here that iOS can strongly integrates with any other programming 

frameworks and technologies as well, it includes but not limited to Apple Pay, 

Research Kit, while empowering development of a more powerful applications 

for modern day iOS devices. An application designer or developer has the 

opportunity to deliver an extraordinary product that rises to the top of the 
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Application Store charts if only it is accepted by the users and getting 

downloads on the apple sore. However, to be able to achieve this kind of 

application, the application must meet the very high expectations for quality 

and functionality in modern application. Below are the three primary themes 

that make iOS applications different from other platforms: 

• Deference: In iOS application development, it is important that content 

typically fills the entire screen of the iOS device, while translucency and 

blurring often hint at more. Fluid motion as well as a crisp, attractive 

interface helps the application users comprehend and interrelate with 

content of the application while never actually competing with it. It is 

usually advised that a minimal use of bezels is required, gradients, as well 

as a drop shadows which helps to keep the interface light and airy, as well 

as guaranteeing that content is the most important element of the 

application. 

• Clarity: In iOS application development the use of negative space, color, 

fonts, graphics, and interface elements subtly highlight important content 

and convey interactivity. Throughout the application system, text must be 

never illegible at any size at all, icons must be precise and also lucid, and 

adornments must be subtle and should appropriately fit the displayed 

content. The application must also be a sharpened to focus on functionality 

motivates the design of the application.  

• Depth: During transition in iOS application. It must be in such a way that 

the transitions must provide a sense of depth as the application users 

navigate through the content. Emphasis should be placed on distinct visual 

layers along with realistic motion which should convey hierarchy, impart 

vitality, as well as enable understanding what the application is all about. It 

is also important to note that touch as well as discoverability helps heighten 

the delight of using the application. Thus the application developer needs to 

enable access to functionality and additional content without losing the 

current context of the application.  

In other for an application developer to maximize impact and reach of the 

application, the following principles should be kept in mind when creating the 

application identity and content; 

User Control: In iOS, it is the user and not the application that is in control of 

the system. All the application may do is suggest a course of action or even 

warn about dangerous consequences of an action. However, the application 

must never take over. Historically, usually the best applications in the apple 

store, has been able to find the correct balance between enabling users and 

avoiding unrequired state. It is paramount for an application to make the users 

feel like they are in total control of the application by keeping interactive 

elements familiar, predictable and simple, as well as confirming destructive 

actions, making a cancel operation very easy, even when already processing the 

action. 

Consistency: An iOS application must integrate features and behaviors in ways 

the users of the application expect, without any dramatic or drastic change from 

the norms. A consistent application can be defined as an application that 

implements familiar standards and models by using system provided interface 

elements. Consistency can also be achieved by also using well known icons, 

constant terminology and standard text styles.  



 

 

User Interface for iOS

35

Direct Manipulation: Emphasis must be placed on the user experience 

through direct manipulation, the users must be able to see the immediate, 

visible results of their actions or inaction or a consequence pressing any button. 

Through direct manipulation of onscreen content, the users are engaged and 

this helps to facilitate understanding. Users can also have the experience direct 

manipulation when they rotate the iOS device or decide to use gestures to 

affect changes in on-screen content. 

Metaphors: The iOS application users learn more quickly when the 

application virtual objects and actions are metaphors for familiar experiences 

whether based on digital world or the real life experiences. Metaphors work 

well in iOS applications because the users should be able to drag and swipe the 

application content. IOS users love to have the ability to move slider, toggle 

switches, and scroll through picker values. Users may even decide to flick 

through pages of books and magazines as it is in real life. 

Aesthetic Integrity: in iOS application development, the most importance is 

placed on the aesthetics quality. Aesthetic integrity characterizes good looking 

the application appearance is as well as how the behavior incorporate with its 

function. Given an instance, when an application that helps the users perform a 

severe task, it however can keep can the users concentrated with the aid of 

subtle, standard controls, inconspicuous graphics, and predictable behaviors. 

However, an immersive application, such as a game, can deliver a fascinating 

appearance that will enhance user experience while also encouraging discovery 

of more functionality. 

Feedback: Most if not all iOS application offers visible feedback in reply to 

every user action by a user while using the application. Feedback confirms 

actions as well as to display results to keep the application users informed. 

Usually, interactive elements are briefly highlighted when tapped by a user, 

however, the progress indicators indicates the status on an ongoing process or 

operation, animation and sound as well as help clarifying the results whenever 

an action takes places. 

IOS Application user Interface Guidelines 

Accessibility: iOS offers extensive accessibility features for users with vision 

loss, hearing loss, and other disabilities. Most UIKit-based apps can be made 

accessible with very little effort, allowing more people to use your app while 

providing an equally engaging experience for all. 

Navigation: Users are unaware of applications navigation until it doesn’t meet 

their expectations. Your job is to implement navigation in a way that supports 

the structure and purpose of the application without calling attention to it. 

Navigation should feel natural and familiar, and shouldn’t dominate the 

interface or draw focus away from content. In iOS, there are three main styles 

of navigation. 

3D Touch: 3D Touch adds an additional dimension to touch based interaction. 

On supported devices, people can access additional functionality by applying 

varying levels of pressure to the touch screen. Apps can respond by displaying 

a menu, showing additional content, or playing an animation. People don’t 

need to learn new gestures to interact with 3D Touch. They quickly discover 

the additional interactive dimension when they press lightly on the screen and 

get a response. 

Authentication: it is important to ask users to authenticate only in exchange 

for value, such as personalizing the experience, accessing additional features, 
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purchasing content, or synchronizing data. However, if the application requires 

authentication, the sign-in process should be quick, easy, and unobtrusive, so it 

doesn’t detract from the enjoyment of the application. 

Audio: Whether sound is a primary aspect of the application experience or an 

embellishment, you need to know how people expect sound to behave and meet 

those expectations. .Audio can be output through internal or external speakers, 

headphones, and even wirelessly through an Airplay enabled or Bluetooth 

device. Users are able to manipulate sound through the volume buttons, silence 

switch, headphone controls, and the onscreen volume slider. Although, many 

third-party accessories include sound controls too. 

Data Entry: By tapping interface elements or using the keyboard, inputting 

information can be a tedious process. If an application slows down the process 

by asking for lots of input before doing anything useful, people can get 

discouraged quickly, and may even abandon the application. 

Feedback: Feedback helps the developers to know how an application is 

performing, discover what they can do next, and understand the results of 

actions. 

File Handling: Developers need not think about the file system while creating, 

viewing, and manipulating files. If your app works with files, downplay file 

handling as much as possible. Provide a launch screen. A launch screen 

appears the moment your application starts, giving the impression that your app 

is fast and responsive, while allowing initial content to load. This screen is 

quickly replaced by the first screen of your application, so it closely resembles 

this screen with the exception of localizable text and interactive elements.  

Gestures: it is possible for users to interact with an iOS device by performing 

gestures on the touch screen. These gestures elicit a close personal connection 

with content and enhance the sense of direct manipulation of onscreen objects. 

Generally, users expect the following standard gestures to work the same 

across the system and in every application. 

Loading: While content is loading, a blank or static screen can make it seem 

like your application is frozen, resulting in confusion and frustration and 

potentially causing people to leave the application. 

Modality: Modal views typically includes completion and cancel buttons. It 

helps creates focus by preventing users from doing other things until they 

complete a task or dismiss a message or view. Action sheets, alerts, and 

activity views provide modal experiences. A modal view can occupy the entire 

screen, an entire parent view, such as a popover, or a portion of the screen. 

When a modal view appears onscreen, the user must make a choice by tapping 

a button or otherwise exiting the modal experience. Most applications 

implement modal views, such as while editing an event in Calendar or 

choosing a bookmark in Safari. 

Ratings and Reviews: Ratings and reviews help people make informed 

decisions when considering whether to try out an application. Excellent ratings 

and reviews can mean more downloads of the application, and customer 

feedback gives the developer insight into real world usage that helps direct 

future development efforts. Delivering a great overall experience is the best 

way to encourage positive ratings and reviews, but it’s also important to ask for 

feedback at appropriate times. Keep these considerations in mind when asking 

users to rate your application. 
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Requesting Permission: Although people appreciate the convenience of using 

an app that has access to this information, they also expect to have control over 

their private data. Users must grant permission for an app to access personal 

information, including the current location, calendar, contact information, 

reminders, and photos. For example, people like being able to automatically tag 

photos with their physical location or find nearby friends but they also want the 

option to disable such features. 

Undo and Redo: Many apps allow people to shake the device to undo and 

redo certain operations, such as typing or deleting. If initiated, an alert asks the 

user to confirm or cancel the undo or redo operation. 

Settings: Most application may need to provide a way to make setup or 

configuration choices; however, some application can avoid or delay doing so. 

Successful application work well for most users right away, while also offering 

some convenient ways to adjust the experience. When you design your 

application to function the way the users expect, the developer needs to 

decrease the need for settings. 

First Launch Experience: Launch time, this is usually the first opportunity to 

onboard new users and reconnect with returning ones. Design a launch 

experience that’s fast, fun, and educational. 

Terminology: Every word in the application is part of a conversation with the 

users. Use this conversation to help them feel comfortable in the application. 

Use familiar, understandable words and phrases.  

2.1 OBJECTIVES 

After studying this unit, you should be able  

• to understand the concept of Auto Layout 

• to know what is storyboarding  

• to be able to explain UI control 

• to know and explain the components of UI control 

2.2 INTRODUCTION 

In iOS, Auto Layout dynamically calculates the size and position of all the 

views in the view hierarchy; this is done based on constraints placed on the 

views. Given an instance, a developer can constrain a button so that it is 

horizontally centered with an Image view and so that the button’s top edge 

always remains 8 points below the image’s bottom. Whenever the image 

view’s size or position changes, it helps the button’s position automatically 

adjusts to match the changes in view and size. 

This constraint based approach to design allows the developer to build user 

interfaces that dynamically respond to both external and internal changes. 

2.2.1  Internal Changes 

Internal changes occur when the size of the views or controls in the user 

interface is changed or altered. Below are some common sources of internal 

change: 

• The app supports internationalization.  
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• The app supports Dynamic Type (iOS). 

• The content displayed by the app changes. 

Whenever application content changes, the new content may require a different 

layout than the old. This generally occurs in application that displays text or 

images. For example, a photo collage must handle a wide range of image sizes 

and aspect ratios. Take for instance a news application needs to adjust its 

layout based on the size of the individual news articles.  

2.2.2  External Changes 

In iOS, External changes usually occurs when the size or shape of the super 

view changes. Therefore, with each change, the developer must update the 

layout of the view hierarchy to best utilize the available space. Some common 

sources of external change are listed below: 

• The user resizes the window (OS X). 

• The device rotates (iOS).     

• To support different screen sizes. 

• The active call and audio recording bars appear or disappear (iOS). 

• The user enters or leaves Split View on an iPad (iOS) to support different 

size classes. 

Usually, majority of these changes can occur at runtime, and they require a 

dynamic response from the application. Others source of change, like support 

for different screen sizes, represent the application adapting to different 

environments. However, the screen size will not typically change at runtime, in 

other to achieve an adaptive interface, the developer must let the application 

run equally well on an iPhone 4S, an iPhone 6 Plus, or even an iPad. Auto 

Layout is also a key component for supporting Slide Over and Split Views on 

the iPad and other apple big screen devices. 

2.2.3   Internationalization  

It can be defined as the process of making an application to be able to adapt to 

different languages, regions, and cultures. Importantly, the layout of an 

internationalized app must take these differences into account and appear 

correctly in all the languages and regions that the application supports. 

Internationalization has three main effects on layout.  

1) When a developer translates the user interface into a different language, 

the labels will definitely require a different amount of space. German, for 

example, typically requires considerably when compared to the space 

required for English. 

2) The format used to represent dates and numbers can change from region to 

region, even if the language does not change. Although these changes are 

typically more subtle than the language changes, the user interface still 

needs to adapt to the slight variation in size. 

3) Changing the language can affect not just the size of the text, but the 

organization of the layout as well. Different languages use different layout 

directions. English, for example, uses a left-to-right layout direction, and 

Arabic and Hebrew use a right-to-left layout direction. In general, the 

order of the user interface elements should match the layout direction. If a 
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button is in the bottom-right corner of the view in English, it should be in 

the bottom left in Arabic. 

2.2.4   Frame-Based Layout Vs Auto Layout   

Usually in iOS, there are three main approaches to laying out a user interface: 

• The developer may programmatically lay out the user interface,  

• The developer could also use auto resizing masks to automate some of the 

responses to external change. 

• The developer can use AutoLayout. Traditionally, applications laid out 

their user interface by programmatically setting the frame for each view in 

a view hierarchy. The function of the frame is to define the view’s origin, 

height, and width in the super view coordinate system. 

For a developer to be able to lay out a user interface, it is important to calculate 

the size and position for every view in the view hierarchy. Although, when a 

change occurs; there is a need to recalculate the frame for all the effected 

views. However, programmatically defining a views frame provides the most 

needed flexibility and power. Instantly, when a change occurs, the developer 

can literally make any change needed. However, because the developer must 

also manage all the changes by self, it is important to note that laying out a 

simple user interface requires a considerable amount of effort to design, debug, 

and maintain. For a developer to create a truly adaptive user interface increases 

the difficulty by an order of magnitude. The developer can use auto resizing 

masks to help alleviate some of this effort and reduce time spent. Auto resizing 

mask defines how a view’s frame changes when it’s super view frame changes.  

AutoLayout represents an entirely new paradigm. Instead of thinking about a 

view’s frame, you think about its relationships. It helps to simplify the creation 

of layouts that adapt to external changes from any source. Nevertheless, auto 

resizing masks support a relatively small subset of possible layouts. For 

complex user interfaces, you typically need to augment the auto resizing masks 

with your own programmatic changes only. Moreover, auto resizing masks 

adapt only to external changes and not internal change. Although, auto resizing 

masks are just an improvement to programmatic layouts. It defines the user 

interface using a series of constraints. Constraints typically represent a 

relationship between two views. It then calculates the size and location of each 

view based on these constraints. This produces layouts that dynamically 

respond to both internal and external changes. 

2.2.5   Types of Errors 

In iOS, Errors in Auto Layout can be divided into three main categories: 

• Logical Errors. There is a bug in your layout logic. 

• Unsatisfactory Layouts. The layout has no valid solution.  

• Ambiguous Layouts. The layout has two or more possible solutions. 

Most of the time, the real problem is just determining what went wrong. You 

added the constraints you thought you needed, but when you ran the app, 

things did not turn out as you had hoped. Usually, as soon as you understand 

the problem, the solution is obvious. Remove conflicting constraints, add 

missing constraints, and adjust tied priorities so that there is a clear winner. Of 

course, getting to the point where you can easily understand the problem may 

take some trial and error. Like any skill, it gets easier with practice. 
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2.2.6   Understanding the Logs 

Information about views can be printed to the console, either because there is 

an unsatisfactory layout or because there is an explicitly logged constraint 

using the constraintsAffectingLayoutForAxis: or constraintsAffecting Layout 

For Orientation: debugging method. Either way, there is a lot of useful 

information in these logs. 

2.2.7   Adding Identifiers to the Logs 

A developer can make the logs easier to read by providing every view and 

constraint with a meaningful identifier. If the view has an obvious textual 

component, Xcode uses that as an identifier. For example, Xcode uses a label’s 

text, a button’s title, or a text field’s placeholder to identify these views. 

Otherwise, set the view’s Xcode specific label in the Identity inspector. 

Interface Builder uses these identifiers throughout its interface. Many of them 

are also displayed in the console logs. For the constraints, set their identifier 

property, either programmatically or using the Attribute inspector. Auto Layout 

then uses these identifiers when it prints information to the console. 

2.2.8   Visual Format Language 

This appendix shows how to use the Auto Layout Visual Format Language to 

specify common constraints, including standard spacing and dimensions, 

vertical layout, and constraints with different priorities. In addition, this 

appendix contains a complete language grammar. 

2.2.9    Visual Format Syntax 

The following are examples of constraints you can specify using the visual 

format. Note how the text visually matches the image: 

Symbol Replacement rule 

<visualFormatString> (<orientation>:)? 

(<superview><connection>)? 

<view>(<connection><view>)* 

(<connection><superview>)? 

<orientation> H|V 

<superview> | 

<view> [<viewName>(<predicateListWithParens>)?] 

<connection> e|-<predicateList>-|- 

<predicateList> <simplePredicate>|<predicateListWithParens> 

<simplePredicate> <metricName>|<positiveNumber> 

<predicateListWithParens> (<predicate>(,<predicate>)*) 

<predicate> (<relation>)?(<objectOfPredicate>)(@<priority>)? 

<relation> ==|<=|>= 

<objectOfPredicate> <constant>|<viewName> 

<priority> <metricName>|<number> 

<constant> <metricName>|<number> 



 

<viewName> Parsed as a 

to an insta

dictionary.

<metricName> Parsed as a 

to an instan

dictionary.

<number> As parsed b
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This is why Storyboards is so powerful. The content of a storyboard is stored 

as an XML file. At build time, all .storyboard files are compiled into binary 

files called nibs. However, during run time during lunch time, these nibs are 

initialized and instantiated in other to make new views. Most UI controls will 

have a list of possible events in the Properties Pad. Events are actually more 

manageable with Storyboards, especially when using the iOS Designer. The 

application developer may use the event handler here and completed in a 

partial method in the View Controllers class. 

2.3.1   Segues 

A Segue, or Segue Object, is used in iOS application development to represent 

a transition between scenes. In other for an application developer to create a 

segue; first step is to hold down the Ctrl key and click drag from one scene to 

another scene. On mouse up, a menu will appear letting the application 

developer choose the action for the segue. However, it is important to note that 

there are different types of transitions, with each giving control over how a new 

view controller is displayed to the user as well as how it interacts with another 

view controller in the Storyboard. In iOS application development, it is 

possible to subclass a segue object to implement a custom transition for a more 

fluid experience. These are explained below 

• Modal: in iOS application development, a modal segue performs the 

function of creating a relationship between any two view controllers in the 

application project, with the option of showing an animated transition. This 

is very different from a push segue; which includes a back button for the 

application users; while working with a modal segue, the developer must 

use DismissViewController in order to return to the previous view 

controller. However it is important to note that the child view controllers 

will wholly block the parent view controller when brought into view.  

• Unwind: An un-wind segue can be used to describe the type of segue which 

are used to navigate back through a push or modal segue, instance given, by 

dismissing the modally presented view controller. In addition to this, the 

application developer can unwind through not only one, but several 

succession of push and modal segues as well as also go back numerous 

steps in the navigation hierarchy with just one unwind action.  

• Show / Push: In iOS application development, a push segue adds the view 

controller to the navigation stack. It assumes the view controller originating 

the push is part of the same navigation controller as the view controller that 

is being added to the stack. Using the push segue gives the developer the 

advantage of having a navigation bar with a back button and title added to 

each view on the stack, allowing drill down navigation through the view 

hierarchy. It does the same thing as pushViewController , and it is mostly 

generally used when there is some relationship between the data on the 

screens 

• Sourceless: A sourceless segue can define as a segue that indicates the 

scene containing the initial view controller and therefore which view the 

user will see first on launching of the application.  

• Custom: An iOS application developer can create any custom segue which 

can be created as a subclass of UIStoryboardSegue. 
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2.3.2 A Scene Corresponds to a Single View Controller and Its 

Views 

On iOS devices, for example, on iPhone each scene corresponds to a full 

screen’s worth of content; on iPad, multiple scenes can appear on screen at 

once for example, using popover view controllers. Each and every scene has a 

dock, which displays icons representing the top level objects of the scene. 

Developer must know that the dock is used primarily to make action and outlet 

connections between the view controller and its views. However, as with all 

objects loaded from a story board, to finish initializing a view controller loaded 

from a storyboard the developer has to override awakeFromNib. 

2.3.3    A Segue Manages the Transition between two Scenes 

An application developer can set the type of transition (for example, modal or 

push) on a segue. Additionally, you can subclass a segue object to implement a 

custom transition. You can pass data between scenes with the method 

prepareForSegue:sender:, which is invoked on the view controller when a 

segue is triggered. This method allows you to customize the setup of the next 

view controller before it appears on the screen. Transitions usually occur as the 

result of some event, such as a button being tapped, but you can 

programmatically force a transition by calling performSegueWithIdentifier: 

sender: on the view controller 

2.3.4    Adding a Storyboard to a Non-Storyboard Project 

An application developer wants to add a Storyboard to a previously non 

storyboard file. Once done, the Studio can be streamlined by following the 

steps below: 

• For an application developer to create a new Storyboard file; first begin by 

right-clicking on the project to Add > New File > iOS > Empty Storyboard 

• Add the Storyboard name to the Main Interface section of the iOS 

application; this does the equivalent of instantiating the Initial View 

Controller in the FinishedLaunching method within the App Delegate. With 

this option set, the application instantiates a window loads the main 

storyboard, and assigns an instance of the storyboard's Initial View as the 

RootViewController property of the window and then makes the window 

visible on the screen. 

• In the AppDelegate,the application developer should override the default 

Window method, this is done with the following code to implement the 

window property: 

 

 

 

 

2.3.5  Instantiate Storyboards Manually 

In iOS Storyboards totally replace individual XIB files in your project; 

however individual view controllers in a Storyboard can still be instantiated 

using Storyboard.InstantiateViewController. Sometimes applications have 

special requirements that can't be handled with the built-in storyboard 

transitions provided by the Designer. Instance, to create an application that 

Public override UIWindow Window { 

get; 

set; 

    } 
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launches different screens from the same button, dependent on the current state 

of an application, we may want to instantiate the view controllers manually, 

and program the transition ourselves. 

• Add an Empty iPhone Storyboard to an existing project: 

• Double click on the newly created storyboard to open it, and add a new 

Navigation Controller to the design surface. As the Navigation Controller is 

UI-less, by default it will come with a Root View Controller, 

• Select the View Controller by clicking on the black bar at the bottom. In the 

Designer's Property Pad, under Identity we can specify a custom class as 

well as a unique ID for the View Controller. Set the class name and 

Storyboard ID to MainViewController. 

• Later, we will need to instantiate our view controllers from the storyboard, 

and will use the Storyboard ID to reference them in our code. Setting the 

Restoration ID to match the Storyboard ID ensures that the view controller 

gets recreated correctly if the state needs to be restored. 

• We currently only have one view controller. Drag another view controller 

onto the design surface. In the Property Pad, under Identity, set the class 

and Storyboard ID to PinkViewController, 

• In the PinkViewController, select the view by clicking towards the center 

of the controller's frame. In the Properties Pad, under View change the 

Background to Magenta: 

• Finally, drag a button from the ToolBox onto the MainViewController. In 

the Properties Pad, give it the name PinkButton and the Title GoToPink, 

The storyboard is complete, but should the developer start the project now, 

however, a blank screen will be the result. This is because the developer needs 

to instruct the IDE to use the storyboard, and to set up a root view controller to 

serve as the first view. Typically this can be done through the Project Options. 

However in this example the same result will be achieved in code, by adding 

the following to the AppDelegate: 

 

 

 

 

 

 

 

 

 

 

 

First, register the storyboard with the AppDelegate by passing in the 

storyboard's name, MainStoryboard. Next, tell the application to instantiate an 

initial view controller from the storyboard by calling InstantiateInitialView 

Controller on our storyboard, and we set that view controller as our 

public partial class AppDelegate : UIApplicationDelegate 

        { 

UIWindow window; 

public static UIStoryboard Storyboard = UIStoryboard.FromName ("MainStoryboard", null); 

public static UIViewControllerinitialViewController; 

 

public override bool FinishedLaunching (UIApplication app, NSDictionary options) 

            { 

window = new UIWindow (UIScreen.MainScreen.Bounds); 

 

initialViewController = Storyboard.InstantiateInitialViewController () as UIViewController; 

 

window.RootViewController = initialViewController; 

window.MakeKeyAndVisible (); 

return true; 

            } 

 

        } 
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application's root view controller. This method determines the first screen that 

the user sees, and creates a new instance of that View Controller: 

 

 

 

In iOS application development, when creating a Storyboard using the 

Designer, the IDE will automatically add the attribute at the top of the 

designer.cs class, and pass in a string identifier, which is identical to the 

Storyboard ID specified in the previous step. This will link the C# to the 

relevant scene in the Storyboard. Should the application developer need to add 

an existing class which was not created in the design. In this case, then the 

application developer needs to register this class as normal: 

 

 

 

 

 

 

The last step in this class is to wire up the button and the transition to the pink 

view controller. We'll instantiate the PinkViewController from the Storyboard; 

then, we will program a push segue with PushViewController, as illustrated by 

the example code below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Register ("MainViewController")] 

public partial class MainViewController : UIViewController 

    { 

public MainViewController (IntPtr handle) : base (handle)  

    { 

    } 

 

    ... 

    } 

[ 

public partial class MainViewController : UIViewController 

    { 

UIViewControllerpinkViewController; 

 
public MainViewController (IntPtr handle) : base (handle) 

        { 

 

        } 

 

public override void AwakeFromNib () 
        { 

        // Called when loaded from xib or storyboard. 

 

this.Initialize (); 

        } 

 

public void Initialize(){ 

 

        //Instantiating View Controller with Storyboard ID 'PinkViewController' 

pinkViewController = Storyboard.InstantiateViewController ("PinkViewController") as PinkViewController; 

        } 
 

public override void ViewDidLoad () 

        { 

base.ViewDidLoad (); 

 

        //When we push the button, we will push the pinkViewController onto our current Navigation Stack 
PinkButton.TouchUpInside += (o, e) =&gt; { 

this.NavigationController.PushViewController (pinkViewController, true); 

        }; 

        } 

 

    } 

public MainViewController (IntPtr handle) : base (handle)  

    { 

    } 
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Check-In Progress  1 

1)  State Whether True or False: 

a)  AutoLayout dynamically calculates the size and position of all the 

views in the view hierarchy? 

b)  AutoLayout constraint based approach to design allows the 

developer to build user interfaces that dynamically respond to both 

external and internal changes 

c)  Errors in Auto Layout can be divided into five main categories. 

d)  Internal changes occur when the size of the views or controls in the 

user interface is changed or altered. 

2)  What is Segues?  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3)  Explain Internationalization.  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4)  Explain the types of changes in AutoLayout.  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

2.4 UI CONTROLS 

A control can be defined as a communication tool between an application and 

the user. Controls are simple, straightforward, and familiar to users because 

they appear throughout many iOS applications. Controls convey a particular 

action or intention to the application through user interaction, and can be used 

to manipulate content, provide user input, navigate within an application, or 

perform other programmed actions. The UIControl class is the base class for all 

controls on iOS, and defines the functionality that is common to all controls. 

The developer should never use it directly; as an alternative, use one of its 

subclasses available. It is important to note that each subclass of UIControl 

defines behavior, appearance, and intended usage specific to that specific 

control. When using controls carefully and consistently in the application, the 

developer could convey to users what they have the freedom and ability to do 

within the application. The purpose controls allow the users freedom to do the 

following: 

T/F 
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• Convey user intent to the app in a straightforward way.  

• Manipulate or edit application content 

• Interact with the application 

2.5.1 Control Content 

In iOS UIControl, each subclass of UIControl has different content or values 

that the developer can set. Listed below is the content of control: 

• Date Pickers  

• Sliders 

• Segmented Controls   

• Text Fields 

• Buttons 

• Switches 

• Page Controls 

• Steppers 

2.5.2  Control States 

A control state describes the current interactive state of a control: normal, 

selected, enabled, or highlighted. A control can have more than one state at a 

time, and you can change a control’s state at any point. A developer can 

configure controls to have different appearances for different states to provide 

users with feedback about which state the control is in. At the point of 

interaction with a control, the control’s state changes suitably. For example, it 

is possible to configure a button to display one image when it is in its normal 

state and a different image when it is highlighted state. The fastest way to 

configure the initial state of a control is by using the Attributes Inspector: A 

control enters a temporary highlighted state when a touch enters and exits 

during tracking and when there is a touch up event. A highlighted state is 

temporary. The developer can customize the highlighted appearance of some 

controls, such as buttons. When a control is enabled, a user can interact with it. 

When a control is disabled, it appears grayed out and does not respond to user 

interaction. Controls are enabled by default; to disable a control, uncheck the 

“Enabled” box in the Attributes Inspector. The developer must know that 

controls are not highlighted by default; to set a control’s initial state to 

highlighted, check the “Highlighted” box in the Attributes Inspector. At the 

point where a user taps on a control, such control enters the selected state. In a 

great number controls, this state has no effect on behavior or appearance. 

However, some subclasses may have different appearance depending on their 

selected state.  

2.5.3   Control Events 

A control event represents various physical gestures that users can make on 

controls, such as lifting a finger from a control, dragging a finger into a control 

and touching down within a text field 

2.5.4   Target-Action Mechanism 

The target action mechanism is a model for configuring a control to send an 

action message to a target object after a specific control event. For instance, 
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Xcode’s Interface Builder. Constraints represent relationships between user 

interface elements. Auto layout contains two menus of constraints: pin and 

align. The Pin menu allows the developer to specify constraints that define 

some relationship based on a particular value or range of values to suit the 

particular application. It is important to note that the same applies to the control 

itself (width) while others define relationships between elements (horizontal 

spacing). The table below describes what each group of constraints in the auto 

layout menu is designed to execute. 

Constraint Name purpose 

Horizontal centers in containers 

Vertical centers in containers 

Aligns the horizontal or vertical 

centers of one or more elements with 

the horizontal or vertical center of 

their container view. 

Horizontal centers 

Vertical centers 

Baselines 

Aligns two or more elements 

according to their horizontal centers, 

vertical centers, or bottom baselines. 

Note that baselines are different from 

bottom edges. These values may not 

be defined for certain elements. 

Left Edges 

Right Edges 

Top Edges  

Bottom Edges 

Aligns the left, right, top, or bottom 

edges of two or more elements. 

Widths Equally 

Height Equally 

Sets the widths or heights of two or 

more elements equal to each other. 

Leading space to superview 

Trailing space to superview 

Top space to superview 

Bottom space to superview 

Sets the spacing from one or more 

elements to the leading, trailing, top, 

or bottom of their container view. 

Leading and trailing are the same as 

left and right in English, but the UI 

flips when localized in a right-to-left 

environment. 

Horizontal spacing 

Vertical Spacing 

Sets the horizontal or vertical spacing 

between exactly two elements. 

Width 

Height 

Sets the width or height of a single 

element. 

2.5.7   Making Controls Accessible 

Controls are accessible by default. To be useful, an accessible user interface 

element must provide accurate and helpful information about its screen name, 

position, value, behavior and type. The iOS SDK contains a programming 

interface and tools that help you ensure that the user interface elements in your 

application are both accessible and useful. This is the information Voiceover 

speaks to users. Visually impaired users can rely on Voiceover to help them 

use their devices. The UI Accessibility programming interface defines the 

following attributes: 
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• Value: This is the current value of an element, when the value is not 

represented by the label. For example, the label for a slider might be 

“Speed,” but its current value might be “50%.” 

• Traits: It can be defined as a combination of one or more individual traits, 

each of which describes a single aspect of an element’s state, behavior, or 

usage. For example, an element that behaves like a keyboard key and that is 

currently selected can be characterized by the combination of the Keyboard 

Key and Selected traits 

• Label: This can be described as a short, localized word or phrase that 

succinctly describes the control or view, but does not identify the element’s 

type. Examples are “Add” or “Play.” 

• Frame: In iOS the frame of the element in screen coordinates, which is 

given by the CGRect structure that specifies an element’s screen location 

and size 

• Hint: A brief, this is a localized phrase that describes the results of an 

action on an element. For examples are “Opens the shopping list.” or “Adds 

a title”  

Controls automatically provide value, frame, and default trait information. It is 

possible for the developer to set a label, hint and adjust the list of traits using 

the Identity Inspector in Interface Builder. 

1) Switch 

A switch is a visual toggle between two mutually exclusive states on and 

off. It allows the user turn an option on and off. You see switches used 

throughout the Settings applications to let a user quickly toggle a specific 

setting. It is important for the developer to adjust the switch appearance to 

match the style of the application should it work well in the application, 

then the next step is to change the colors of a switch in its on and off states 

or  the developer may use custom imagery to represent the switch. Note 

that switches are used in table rows only. Switches are intended for use in 

tables, such as in a list of settings that can be toggled on and off. Switches 

are either on or off. Providing labels that describe these states is redundant 

and clutters the interface. If similarity is needed there is functionality in a 

toolbar or navigation bar, use a button instead, and provide two distinct 

icons that communicate the states. Avoid adding labels to describe the 

values of a switch. Switches often affect other content onscreen. Enabling 

the Airplane Mode switch in Settings, for example, disables certain other 

settings, such as Cellular and Personal Hotspot. It is important to consider 

using switches to manage the availability of related interface elements. 

However, disabling the Wi-Fi switch in Settings causes available networks 

and other options to disappear. Switches allow the users to be able to do 

the following: 

• Quickly toggle an option on and off 

• Choose between two mutually exclusive options 

The default value is on. Use the State (on) field in the Attributes Inspector 

to accomplish this task. Specify a switch’s state to indicate whether the 

switch is initially on or off.  

2) Behavior of Switches (Programmatic) 

Typically, switches do not need a delegate to function properly; their 

parent view controller can define their behavior without implementing any 
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delegate protocols. It usually sends the UIControlEventValueChanged 

event when the user toggles it, the developer may address this event by 

performing some corresponding action in the application, such as turning a 

setting on or off. The developer must register the target-action methods for 

a switch as shown below. 

 

 

 

 

Otherwise, the developer may Control drag the switch’s Value Changed 

event from the Connections Inspector to the action method 

3) Using Auto Layout with Switches 

Switches are accessible by default. Switches need a label to tell the user 

what they are for. For a developer to label a switch, drag a label out of the 

elements library. Make a bottom alignment constraint between their 

baselines, and a horizontal space constraint between them of standard size. 

A switch’s default accessibility traits are Button and User Interaction 

Enabled. Switches are typically used in a table cell. Whenever a table cell 

with a switch is tapped, Voiceover speaks state of the switch, the cell 

name, and hints are spoken back to the user. Take this instance, when a 

user taps the Invert Colors switch (Settings > General > Accessibility), 

Voiceover speaks the following: 

 

 

4) Internationalizing Switches 

Switches have no special properties related to internationalization. 

However, if you use a switch with a label, make sure you provide 

localized strings for the label. 

5) Debugging Switches 

When debugging issues with sliders, watch for these common pitfalls: 

• A switch does not scale or stretch any custom images that you add to it. 

For example, should the developer specify an on image that is smaller 

than the switch, the switches on tint color in the space that’s not 

covered by the image will be noticed.  

• Should the developer specify an on image that is too big, it can bleed 

over into the space intended for the off image.  

• Setting on/off images that are the wrong dimensions. 

• The size of on/off images should be 77 points wide and 27 points tall.    

• Specifying conflicting appearance settings. When customizing switch 

appearance with images or tint, you can use one option or the other, but 

not both.  

• Custom images appear on top of the tint layer. While you may think 

you are adjusting the tint of the image itself, you’re simply setting the 

tint for a layer that is not visible under the image. 

[mySwitchaddTarget:self 

action:@selector(myAction:) 

forControlEvents:UIControlEventValueChanged]; 

Invert Colors. Off. Double tap to toggle setting. 
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The following element provides similar functionality to a switch: Slider; 

this is a control that allows users to make adjustments to a value within a 

range of value. The developer should use a slider instead of a switch when 

there is need to let users select from a range of values instead of giving 

them a choice between two opposing and  discrete options.  

6) Button 

Buttons initiate app-specific actions, have customizable backgrounds, and 

can include a title or an icon. The system provides a number of predefined 

button styles for most use cases. You can also design fully custom buttons. 

7) System Buttons 

System buttons often appear in navigation bars and toolbars, but may be 

used anywhere. Use verbs in titles. An action-specific title shows that a 

button is interactive and says what happens when you tap it. Use title-case 

for titles. Capitalize every word except articles, coordinating conjunctions, 

and prepositions of four or fewer letters. Keep titles short. Overly long text 

can crowd your interface and may get truncated on smaller screens. 

Consider adding a border or a background only when necessary. By default, 

a system button has no border or background. In some content areas, 

however, a border or background is necessary to denote interactivity. In the 

Phone app, bordered number keys reinforce the traditional model of making 

a call, and the background of the Call button provides an eye-catching 

target that’s easy to hit. 

8) Detail Disclosure Buttons 

A Detail Disclosure button opens a view typically, a modal view containing 

additional information or functionality related to a specific item onscreen. 

Although you can use them in any type of view, Detail Disclosure buttons 

are commonly used in tables to access information about specific rows. Use 

Detail Disclosure buttons appropriately in tables. When a Detail Disclosure 

button is present in a table row, tapping the button shows additional 

information. Tapping elsewhere selects the row or results in app-defined 

behavior. If you want people to tap the entire row to see additional detail, 

don’t use a Detail Disclosure button. Instead, use a detail disclosure 

accessory control, which appears as a chevron. . 

9) Information Buttons 

An Info button reveals configuration details about an app, sometimes on the 

back of the current view, after flipping the view around. Info buttons come 

in two styles—light and dark. Pick the style that best coordinates with your 

app’s design and doesn’t get lost onscreen. 

10) Add Contact Buttons 

Users can tap an Add Contact button to browse a list of existing contacts 

and to select one for insertion into a text field or other view. In Mail, for 

example, you can tap the Add Contact button in the To field of a message 

to select a recipient from your list of contacts. Allow keyboard entry in 

addition to the Add Contact button. The Add Contact button provides an 

alternative, not a replacement, to typing contact information. It’s fine to 

provide it as a shortcut for adding existing contacts, but let people enter 

contact information with the keyboard too. Buttons allow users to: 

• Initiate an action in the app with a single simple gesture 
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• Initiate behavior with a tap 

Buttons are implemented in the UIButton class and discussed in the 

UIButton Class Reference. Configure buttons in Interface Builder, in the 

Button section of the Attributes Inspector. A few configurations cannot be 

made through the Attributes Inspector, so you must make them 

programmatically. You can set other configurations programmatically, 

too, if you prefer. Set a button’s content using the Type (buttonType) field 

in the Attributes Inspector. In iOS 7, the rounded rest button type has been 

deprecated in favor of the system button, UIButtonTypeSystem. Button 

objects can be specified as one of five standard types system, detail 

disclosure, info light, info dark, and add contact. The detail disclosure, 

info, and add contact button types are supplied with standard image 

graphics to indicate their purpose to the user. These images cannot be 

customized. There is also a custom type for great versatility in defining a 

unique interface. 

11) Behavior of Buttons 

Buttons do not need a delegate to function properly; a view controller can 

define their behavior and functionality without implementing any delegate 

protocols. A button sends the UIControlEventTouchUpInside event when 

the user taps it. You can respond to this event by performing some 

corresponding action in your app, such as saving information. You register 

the target-action methods for a button as shown below: 

 

 

 

 

Alternatively, you can Control-drag the button’s Value Changed event 

from the Connections Inspector to the action method. If the Shows Touch 

On Highlight (showsTouchWhenHighlighted) box is enabled, when a user 

presses on the button, there will be a white glow where the touch event 

occurred on the button. If your button has a custom image, the Highlighted 

Adjusts Image (adjustsImageWhenHighlighted) and Disabled Adjusts 

Image (adjustsImageWhenDisabled) options allow you to specify whether 

highlighted or disabled states affect the appearance of the image. For 

example, with those options enabled, the image might get darker when the 

button is highlighted and dimmer when the button is disabled. If your 

button content extends past the bounds of the button, you can specify 

which part of the content to truncate using the Line Break 

(lineBreakMode) field. 

12) Appearance of Buttons 

It is possible for an application developer to customize the appearance of 

a button by setting the properties depicted below. To customize the 

appearance of all buttons in your app, use the appearance 

proxy,[UIButton appearance]) is the most common proxy used. 

13) State of a Button 

A Button has four states to configure for appearance default, highlighted, 

selected, and disabled. To configure the button’s appearance for each 

state, first select the state from the State Configure menu in the Attributes 

[self.myButtonaddTarget:self 

action:@selector(myAction:) 

forControlEvents:UIControlEventValueChanged 

]; 
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Inspector and then use the other menus and text boxes in the Attributes 

Inspector’s appearance property group. 

14) Tint Color 

You can specify a custom button tint using the tintColor property. This 

property sets the color of the button image and text. If you do not 

explicitly set a tint color, the button will inherit its superview tint color. 

15) Title Attributes 

Button can have one of two types of text:  

• plain  

• Attributed.  

Plain text supports a single set of formatting attributes font, size, and 

color, and so on for the entire string. On the other hand, attributed text 

supports multiple sets of attributes that apply to individual characters or 

ranges of characters in the string. The default title is “Button”, intended to 

be altered to the app need. The title string set in the default state is used in 

all other states unless you enter a replacement title string for a specific 

state. Available title customization options differ depending on whether 

you are using plain or attributed text: Using the Image field, you can 

specify an image to appear within the content of your button. If the button 

has a title, this image appears to the left of it, and centered otherwise. The 

image does not stretch or condense, so make sure to select an image that 

is the proper size to appear in your button. Note that this image will be 

automatically rendered as a template image within the button, unless you 

explicitly set its rendering mode to UIImageRenderingModeAlways 

Original. The Background (currentBackgroundImage) field gives the 

developer the tools to specify an image to appear behind button content 

and fill the entire frame of the button. The image specified by the 

developer will be stretched to fill the button if it is too small. If it is too 

large then it will be automatically cropped. 

16) Using Auto Layout with Buttons 

You can create Auto Layout constraints between a button and other user 

interface elements. An application developer can create any type of 

constraint for a button. 

17) Making Buttons Accessible 

Buttons are accessible by default. The default accessibility traits for a 

button are Button and User Interaction Enabled. The accessibility label, 

traits, and hint are spoken back to the user when Voiceover is enabled on 

a device. The button’s title overwrites its accessibility label; even if you 

set a custom value for the label, Voiceover speaks the value of the title. 

Voiceover speaks this information when a user taps the button once.  

18) Internationalizing Buttons 

In iOS application development to internationalize a button, you must 

provide localized strings for its title text. 

19) Elements Similar to a Button 

The following element provides similar functionality to a button: Bar 

Button. An icon used to execute an action from a toolbar or for navigation 

in a navigation bar 
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20) Text Fields 

A text field is a single-line, fixed-height field, often with rounded corners, 

that automatically brings up a keyboard when the user taps it. A 

developer typically use text fields to gather small amounts of text from 

the user and perform some immediate action, such as a search operation, 

based on that text. It is important to use a text field to request a small 

amount of information, such as an email address. Also a developer may 

decide to show a hint in a text field to help communicate purpose. A text 

field can contain placeholder text such as Password" or "Email" text is 

sufficient. Use secure text fields when appropriate. Always use a secure 

text field when your app asks for sensitive data, such as a password. For 

multiline or multistyle text entry, use a text view instead. A text field 

allows the user to input a single line of text into an application. 

21) Phone keyboard 

Show the appropriate keyboard type. iOS provides several different 

keyboard types, each designed to facilitate a different type of input. To 

streamline data entry, the keyboard displayed when editing a text field 

should be appropriate for the type of content in the field. If your app asks 

for an email address, for example, it should display the email address 

keyboard.  Use images and buttons to provide clarity and functionality in 

text fields. You can display custom images in the left or right sides of a 

text field, or you can add a system-provided button, such as the 

Bookmarks button. In general, use the left end of a text field to indicate a 

field’s purpose and the right end to indicate the presence of additional 

features, such as bookmarking. Display a Clear button in the right end of 

a text field when appropriate. When this element is present, tapping it 

clears the contents of the text field, eliminating the need to keep tapping 

the Delete key. Text fields allow users to: 

• Configuration. Configure text fields in Interface Builder, in the Text 

Field section of the Attributes Inspector. A few configurations cannot 

be made through the Attributes Inspector, so you must make them 

programmatically. You can set other configurations 

programmatically, too, if you prefer. 

• Implementation. Text fields are implemented in the UITextField class 

and discussed in the UITextField Class Reference. 

• Enter text as input to an application 

22)  Content of Text Fields 

Set the content of the text field using the Text (text) field. You can select 

whether you want plain or attributed text. The placeholder appears in 

place whenever a text field has no characters (before a user begins typing, 

or if the user deletes everything in the text field).Both placeholder and 

text can be attributed strings. A user can use the Clear button to delete all 

text in the text field, and display the placeholder string if one is set. You 

can specify when the Clear button is displayed to the user using the Clear 

Button (clearButtonMode) field. Additionally, you can indicate whether 

the text field should automatically clear itself when the user begins 

editing it by checking the Clear When Editing Begins (clearsOnBegin 

Editing) box. The Clear button only appears when there is text shown in 

the text field, not the placeholder. Even if you select the “Is always 

visible” option, it will not appear when only placeholder text appears. 
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23) Behavior of Text Fields 

Text fields need a delegate to handle any custom behaviors, such as 

displaying additional overlay views when a user begins editing it. A text 

field sends the UIControlEventEditingDidBegin, UIControlEventEditing 

Changed, UIControlEventEditingDidEnd, and UIControlEventEditing 

DidEndOnExit events when the user edits it. By assigning the parent 

view controller as the text field’s delegate and implementing any or all of 

the UITextFieldDelegate methods, you can implement such custom 

behaviors. The developer can tackle these events by performing some 

corresponding action in your app, such as updating information as the 

user types it. You register the target-action methods for a text field as 

shown below. 

 

 

 

 

Alternatively, you can Control-drag the text field’s Value Changed event 

from the Connections Inspector to the action method. For more 

information, see Target-Action Mechanism. A user types content into a 

text field using a keyboard, which has a number of customization options: 

24) Keyboard layout.  

The Keyboard field allows you to select from a number of different 

keyboard layouts. Match the keyboard layout to the purpose of the text 

field. If the user will be entering a web address, select the URL keyboard. 

The default keyboard layout is an alphanumeric keyboard in the device’s 

default language. It is impossible to customize the appearance of the 

keyboard on iOS 7.                

Return key: The return key, which appears in the bottom right of the 

keyboard, allows the user to notify the system when they are finished 

editing the text field. You can select one of several standard return key 

types by using the Return Key field. The return key is disabled by default, 

and only becomes enabled when a user types something into the text 

field. Should a developer want the user to be able to press the return key 

any time the keyboard is open, even if the input is empty or incomplete, 

then the way forward is to enable the Auto-enable Return Key option. 

Different return keys are intended to provide the user with an 

understanding of what action hitting the key will trigger. Note that simply 

selecting a different return key appearance does not provide the developer 

with the functionality intended by that key; custom return key behavior 

must be implemented by the developer using the textFieldShouldReturn: 

method in the text field’s delegate.  

 Capitalization scheme: The Capitalization field specifies how text 

should be capitalized in the text field: no capitalization, every word, 

every sentence, or every character. Although no capitalization is selected 

by default, you should select the capitalization scheme that reflects the 

intended use of your text field. For instance, should a developer want to 

ask for a user’s full name, the keyboard may be configured to capitalize 

every word so the user does not have to do it on their own. 

[self.myTextFieldaddTarget:self 

action:@selector(myAction:) 

forControlEvents:UIControlEventEditingDidEnd]; 
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Auto-correction: The Correction field simply disables or enables auto-

correct in the text field. The Secure option is off by default. Enabling it 

causes the text field to obscure text once it is typed, allowing the user to 

safely enter secure content such as a password into the field. The 

developer can use the text field delegate methods to handle custom 

keyboard dismissal. 

25) Appearance of Text Fields 

To customize the appearance of all text fields in an application, the 

developer should use the appearance proxy [UITextField appearance], or 

just of a single control.  

26) Border Style 

A developer can select one of the several border styles available for the 

text field by selecting it next to the Border Style field 

27) Text Attributes 

Text views can have one of two types of text: plain or attributed. Plain 

text supports a single set of formatting, color, attributes font, size and so 

on for the entire string. On the other hand, attributed text supports 

multiple sets of attributes that apply to individual characters or ranges of 

characters in the string. By default, the Adjusts to fit 

(adjustsFontSizeToFitWidth) box is selected in the Attributes Inspector. 

When this option is enabled, the font size of your text label will 

automatically scale to fit inside the text field provided. Should the 

developer anticipate the text label to change such as if the string is 

localized it is important to keep this selected. A text field can have a 

background image that sits under the content of the text field. Use the 

Background (background) field to set a background image for the normal 

state and the Disabled (disabledBackground) field to set a background 

image for when the control is disabled. When a developer is setting a 

minimum font size ensures that the text will never appear smaller than 

planned. Utilize the Min Font Size (minimumFontSize) field if the need is 

to change the value from its default.  

28) Using Auto Layout with Text Fields 

An iOS developer may create Auto Layout constraints between a text 

field and other user interface elements. The developer can create any type 

of constraint for a text field. However, generally the developer needs to 

specify what a text field is intended for. a label can be used for this 

purpose. This is achieved by placing the label to the left of the text field 

and gives the label and text field a “Horizontal Spacing” constraint. 

29) Making Text Fields Accessible 

In iOS application development Text fields are accessible by default. The 

default accessibility traits for a text field are User Interaction Enabled and 

Adjustable. 

30) Internationalizing Text Fields 

The default language of the device affects the keyboard that pops up with 

the text field. The developer is not required to do anything to enable this 

functionality; it is enabled by default. Nevertheless, the text field should 

be able to handle input that comes from any language for smooth 

functionality. 



 

 

User InterBasics of iOS 

58 

31) Elements Similar to a Text Field 

The following elements provide similar functionality to a text field:  

Label: A label performs the function of displaying static text. Labels are 

often used in conjunction with controls to describe their intended 

purpose, such as explaining which value a button or slider affects. For 

more information, see Labels. 

Text View: Text views support scrolling and text editing. A developer 

typically uses a text view to display a large amount of text, such as the 

body of an email message. A text view accepts and displays multiple 

lines of text.  

Check-in Progress-2 

1) State whether True or False: 

a) A control event represents various physical gestures that users can 

make on controls, such as lifting a finger from a control, dragging a 

finger into a control and touching down within a text field 

b)  A switch is a visual toggle between two mutually exclusive states on 

and off  

c)  Buttons initiate app-specific actions, have customizable 

backgrounds, and can include a title or an icon 

d)  Buttons requires a delegate to function properly 

2)  Explain the term Control States  

…………………………………………………………………………….. 

…………………………………………………………………………….. 

3)  What are UI Controls  

…………………………………………………………………………….. 

…………………………………………………………………………….. 

4)  List the various Control content  

…………………………………………………………………………….. 

…………………………………………………………………………….. 

2.7 SUMMARY  

In iOS mobile application development, the UI (user interface) and UX (user 

experience) play most significant role in a mobile app’s success. From the 

perspective of a designer, an exceptional UI for mobile app can only be 

ensured when you follow some tried and tested UI design principles.  It is 

always advisable to stick to certain principles which are accepted by larger 

designers’ community. It is interesting to note that such UIs not only attract the 

user, but also help in retaining them in the long run. The aspects relevant to 

user interface design for a mobile application vary from the facets of web 

development and hence, must be approached in a different manner. 

Unambiguous Interactive Elements: the developer must ensure that the 

design elements that are interactive in nature must be clearly depicted. 

Ambiguity should be avoided to make sure that the users are going to access 

T/F 
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such elements when required by them. Options hidden in menus may sometime 

be forgotten. Several surveys and studies have revealed that conspicuous menu 

options are not good for mobile application. At least, the key navigation 

elements must be visible. 

Consistency of the design layout: For consistency of design the different 

sections of the application must be coherent in the design, and there must be a 

consistent flow of the layout throughout the application. Application like 

Evernote, Netflix, and Dropbox deliver great consistency in their design layout. 

This also applies to the common features of the application built for the same 

operating system 

Anticipate and Answer Users’ Queries: in the use of any application, when a 

user’s tap a button, they want to know whether the process has started and how 

long will it take. The users are usually kept in the dark while the process is 

going on. In iOS, users will be notified when a process has completed. For 

example, the Gmail application is a good example of such a design, as it 

displays messages like message sent, saved in draft, etc. to inform the users 

about the completion of the task. 

Single Trial Learning Experience: The ‘Intuitive’ term is frequently used to 

describe mobile applications when suggesting that they are very user-friendly 

in other words is easy to use. In fact, it means that users understand the flow of 

the application without remembering the steps involved. The developer should 

place Options in a manner where users can guess what the next step would be. 

Layered User Experience: The UX should be layered, layered here is used to 

describe that all the features of an application must not be exposed at once or at 

the same. However, it should surface out as the users goes delve deeper into the 

application and discover new things by exploring the application. For example, 

Whatsapp offers a good layered experience as users explore new features as 

they go deeper into the application. This would help in keeping the 

users’interest intact for a longer time.  

2.8 REFERENCES/FUTURE STUDIES  

• https://developer.apple.com/ios/human-interface-guidelines/ 

• https://designcode.io/iosdesign-guidelines 

• https://developer.apple.com 

2.9 SOLUTIONS/ANSWERS 

Check-in Progress 1 

1)  State whether True or False: 

a)  True 

b)  True 

c)  False 

d)  True 

2) A Segue, or Segue Object, is used in iOS application development to 

represent a transition between scenes. To create a segue; hold down the 

Ctrl key and click-drag from one scene to another. On mouse up, a menu 

will appear letting the developer choose the action for the segue. 
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3)  It can be defined as the process of making an application to be able to 

adapt to different languages, regions, and cultures. Importantly, the layout 

of an internationalized app must take these differences into account and 

appear correctly in all the languages and regions that the application 

supports. Internationalization has three main effects on layout. 

4)  Internal changes occur when the size of the views or controls in the user 

interface is changed or altered. Below are some common sources of 

internal change: 

External Changes In iOS, External changes usually occurs when the size 

or shape of the superview changes. Therefore, with each change, the 

developer must update the layout of the view hierarchy to best utilize the 

available space.  

Check-in Progress 2 

1) State True or False 

a)  True 

b)  True 

c)  True 

d)  False 

2)  A control state describes the current interactive state of a control: normal, 

selected, enabled, or highlighted. A control can have more than one state 

at a time, and you can change a control’s state at any point. A developer 

can configure controls to have different appearances for different states to 

provide users with feedback about which state the control is in. 

3) A control can be defined as a communication tool between an application 

and the user. Controls are simple, straightforward, and familiar to users 

because they appear throughout many iOS applications. Controls convey a 

particular action or intention to the application through user interaction, 

and can be used to manipulate content, provide user input, navigate within 

an application, or perform other programmed actions 

4)  • Date Pickers  

• Sliders 

• Segmented Controls   

• Text Fields 

• Buttons  

• Switches 

• Page Controls 

• Steppers 
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UNIT 3 INTRODUCTION TO SWIFT 

Structure  

3.0  Introduction 

3.1  Objectives 

3.2  Introduction to MVC  

3.3  Objective C vs Swift  

3.4  Coexistence of Objective C and Swift  

3.5 Check-in Progress  

3.6 Playground  

3.7 Basics of swift  

3.8 Check-in Progress 

3.9 Summary 

3.10 References/Future Studies 

3.11 Solutions/Answers 

3.0  INTRODUCTION 

In iOS application development, swift is a programming language used for the 

iOS, tvOS, macOS and watchOS applications. It has been been built on the best 

of C and Objective-C  removing the compatibility constraints of C.  Swift 

adopts safe programming patterns and add a lot many of modern programming 

features to make the programming easier, flexible and full of fun. Swift has 

took a number of years to develop and its foundation was laid by advancing 

Apple’s existing compiler, debugger, framework infrastructure, and Automatic 

Reference Counting (ARC). The framework stack of Swift has been built on 

the solid base of Foundation and Cocoa with a  lot of modern programming 

concepts. Thus, it provides an opportunity to reimagine how software 

development works as backed by the mature and much-loved Cocoa and Cocoa 

Touch frameworks. Objective-C on the other hand has evolved to support 

blocks and collection literals, enabling the framework adoption of modern 

language technologies without disruption. Developers, who are comfortable 

with the Objective-C, find Swift very much familiar as it adopts the readability 

of Objective-C’s named parameters and provides seamless access to existing 

Cocoa frameworks and mix-and-match interoperability with Objective-C code. 

Swift supports an innovative feature “playgrounds”, that allows programmers 

to experiment with Swift code and see the results immediately, with much less 

overhead of building and running an app.Swift unifies the object-oriented and 

procedural portions of the language, removing the need for a separate library 

import to support functionalities such asstring handling or input/output. Same 

runtime is needed by Swift as the existing Objective-C system on iOS and Mac 

OS, enabling Swift programs to run seamlessly on  multiple platforms. Swift 

introduces many new features and unifies the procedural and object-oriented 

portions of the language from this common ground. Furthermore, new 

programmers also find Swift friendly, as it is the first industrial-quality systems 

programming language that is as enjoyable and expressive as a scripting 
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language. First publically released in 2010, and Chris Lattner took almost 14 

years to come up with the official version, and later, many designers supported 

the development of language, taking ideas from other popular languages : 

Objective-C, CLU, Haskell, C#, Python, Ruby, and Rust. Correspondingly, 

Swift combines the best in modern language thinking with wisdom from the 

wider Apple engineering culture, optimizes the compiler for performance and 

the language for development. All this makes Swift a sound future investment 

for developers and for Apple, as a wonderful way to write applications. This 

will certainly continue to evolve with new features and capabilities as the goals 

for Swift are ambitious and the developers can not just wait to see what you 

create with it? 

3.1 OBJECTIVES 

At the end of this unit, you should be able to: 

•  understand the basics of Swift. 

•  explain the methodology of Swift.  

• know the MVC Framework. 

• understand the interaction of Objective C & Swift. 

• know the basic features of Playground. 

3.2 INTRODUCTION TO MVC 

In iOS application development, A Model view controller (MVC) this is a 

software architectural pattern that is used for implementing user interfaces on 

computers and other devices. MVC divides a given application into three 

interconnected parts in order to separate internal representations of information 

from the ways that information is presented to and accepted from the end users. 

Its design pattern helps in breaking these major components into smaller 

component allowing for efficient code reuse and parallel development. 

Although, conventionally used for desktop graphical user interfaces (GUIs), 

this architecture has become popular for designing web applications and even 

mobile, desktop and other interested users. Some well know programming 

languages like C#, Java,  PHP, Ruby and others have popular MVC 

frameworks that are currently being used in web application development . 

IOS Model-View-Controller: In iOS the Model-View-Controller (MVC) 

design pattern assigns objects in an application one of three roles: model, view, 

or controller.It defines the way objects communicate with each other. Each of 

the three types of objects is separated from the others by abstract boundaries 

and communicates with objects of the other types across those boundaries. This 

pattern defines not only the roles objects play in the application, the collection 

of objects of a certain MVC type in an application is sometimes referred to as a 

layer.The benefits of adopting this pattern are numerous. It is important to 

know that many objects in these applications tend to be more reusable, and 

their interfaces tend to be better defined.MVC is central to a good design for a 

Cocoa application. Moreover, many Cocoa technologies and architectures are 

based on MVC and require that the custom objects play one of the MVC roles. 

Applications having an MVC design are usually more easily extensible than 

other applications without an MCV design.  
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Fig 1 IOS Model-View-Controller design pattern 

Controller Objects: A controller object acts as a go in-between one or more of 

an applications, one or more of its model objects and view objects. Hence it 

can be concluded that Controller objects are a conduit through which view 

objects learn about changes in model objects and vice versa.in iOS the 

developer should note that the Controller objects can also perform setup and 

coordinating tasks for an application and manage the life cycles of other 

objects in the framework. A controller object interprets user actions made in 

view objects and communicates new or changed data to the model layer. When 

model objects change, a controller object communicates that new model data to 

the view objects so that they can display it. The controller layer is the least 

reusable part of any application, this is as a result of the fact that it involves a 

domain-specific rules. Therefore it comes as no surprise that what makes sense 

in a specific application probably may not make sense in another application. 

Customarily, classes from this object helps in deciding things like the 

following: 

• Should the application go to the background, what is to be cleaned? 

• What should be on the next screen and under what circumstances? 

• What should be accessed first: the persistence or the network? 

• How often the application should be refreshed? 

The developer should consider that the controller layer is just like the brain of 

an application. This layer only decides that what will happen next?  Hence, the 

developer should test these classes multiple times to make sure everything 

works as per the intended work. 

View Objects: A view object is can be defined as an object in an application 

that users can see.A major purpose of view objects is to display data from the 

application’s model objects and to enable the editing of that data. A view 

object knows how to draw itself and can respond to user actions. Despite this, 

view objects are typically decoupled from model objects in an MVC 

application. Since iOS developer typically reconfigure and reuse them, view 

objects provide consistency between applications. View objects learn about 

changes in model data through the application’s controller objects and 

communicate user initiated changes for example, text entered in a text field 

through controller objects to an application’s model objects. Both the UIKit 

and AppKit frameworks provide collections of view classes, and Interface 

Builder offers dozens of view objects in its Library. Whenever a user interacts 

with an application, what they are interacting with is actually the view layer. 

Since the view, does  not contain any business logic, it is considered as the 

least intelligent part of an application. In code terms, you will normally see: 

UIView subclasses. These range from a basic UIView to complex custom UI 

controls. A UIViewController is strongly coupled with its own root UIView 

and its different cycles (viewDidLoad, loadView), characteristically, code smell 

found in this layer manifest in different ways, it includes anything unrelated to 

UI in the application view object. A classic code smell is making a network call 

from a UIViewController. It’s easy to put code in the UIViewController and be 

done with it, but in the long term, the developer could lose time looking for a 

bug, or have trouble when the developer needs to reuse code inside one view 

controller in another application. A developer should use the following 

checklist, when inspecting the view object: 

• Does it do anything, which is not related to UI? 
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• Does it interact with the model object? 

• Does it contain some business logic? 

If the answers are affirmative, the developer could clean up and refactor. 

Model Objects: In iOS application development,Model objects summarizes 

the data specific to an application and define the logic and computation that 

manipulate and process that data.A model object can have “to many” and “to 

one” relationships with other model objects, and so sometimes the model 

object of an application effectively an object graphs. Example given, a model 

object might represent a character in a game or a contact in an address book. 

Much of the data that is part of the persistent state of the application (whether 

that persistent state is stored in files or databases) should reside in the model 

objects after the data is loaded into the application. For the reason that model 

objects represent knowledge and expertise related to a specific problem 

domain, they can be reused in similar problem domains in another application. 

Preferably, a model object should have no categorical linking to the view 

objects that present its data and allow users to edit that data and it should not be 

concerned with user-interface and presentation issues. User actions in the view 

layer that create or modify data are communicated through a controller object 

and result in the creation or updating of a model object. When a model object 

notifies a controller object, it then updates the appropriate view objects. The 

model layer may seem to be self-explanatory, which may not be in the actual 

sense. As the developer, you should know that it will have the model objects, 

potentially covering most of the layer surface. The following components 

below are part of the model object: 

• Parsing Code: objects that parse network responses should be included in 

the Model layer as well.  

• Persistence Code: The developer would implement this with Core Data or 

simply by saving an NSData blob directly to disk. 

• Network Code: Ideally, a  single class should be used for network 

communication across the entire app. 

 The network code will be very much reusable, however the model objects and 

the parsers tend to be very domain specific. The development begins by 

accumulating things like networking and parsing, and eventually grows enough 

to make it difficult to track the information flow. Also, the developer cannot 

really refactor in a safe manner, because the approach makes it difficult to 

write the unit tests. A UIViewController that starts to acquire responsibilities 

that originally it should not have, is colloquially known as a Massive View 

Controller. It becomes difficult to come up with a quick solution to the Massive 

ViewController, hence leading to a technical debt. As a  thumb rule, a 

UIViewController should possesses less than 130 lines of code. This however 

seems very difficult to achieve. The following guidelines can prove to be 

worthwhile for a disciplined developer or code writer :   

• Most of the code inside the view controller has relationship with its root 

UIView customization.  

• Components like UITableViewDelegate, UITableDataSource and any 

other delegates should not reside inside the view controller. It becomes 

difficult to test them if they are inside the view controller. 

• View Controller should be responsible for hooking up the controller 

(FetchNumberOfTickets) with its root UIView.  
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• If the view controller contains too many properties, the developer  should 

break it down into multiple view controllers. Developer can also  create a 

custom UIView.  

Sometimes the UIViewController is pretty much simple and may not require 

the  creation of all the entities. The developer must keep in mind that for each 

new responsibility assigned to view controller, it reduces the opportunity to test 

and reuse that particular  piece of code. 

MVVM:  Model-View-ViewModel (MVVM) is a derivation from MVC and 

there is a lot of similarity. The main difference is in the communication 

between layers, the developer uses a view model in place of a controller. 

MVVM performs on the top, when supported by the FRP framework. Since the 

model is now observed by the view model, the information flow is naturally 

governed by the FRP paradigm. This leads to a better separation between 

layers, which translate in decoupled components that are easy to test. Both the 

architecture as well as the right programming paradigm are important to 

influence the overall quality of the code. A developer may different approaches 

in an application and this includes working with both the architecture and 

paradigm. The developer should be wise enough to use the right tools for a job 

to avoid disruption  

Web applications uses 

Granted that it was originally developed for desktop computing, MVC has been 

widely adopted as the architecture for World Wide Web applications in major 

programming languages. Numerous non-commercial and commercial web 

frameworks have been created that enforce the pattern.Earlier versions of web 

MVC frameworks took a thin client approach that placed almost the entire 

model, view and controller logic on the server. These software frameworks 

vary in their interpretations, mainly in the way that the MVC responsibilities 

are divided between the client and server. This has been replicated in well-

known frameworks such asRails, ASP.NET MVC and Django. This is achieved 

by the client sending an either hyperlink requests or form input to the controller 

and in return receives a complete and updated web page or other document as 

required from the view; the model exists entirely on the server. Consequently, 

frameworks such as EmberJS, AngularJS, Backbone and JavaScriptMVC have 

been created that allow the MVC components to execute partly on the client 

instruction. 

Code reuse 

When an application developer creates components that are independent of one 

another, developers are able to reuse components quickly and easily in other 

applications. The same or similar view for one application can be refactored for 

use in another application with different data, simply because the view handles 

how the data is being displayed to the user. 

Simultaneous development 

In iOS application developer, Since MVC breaks down the various components 

of an application; developers are able to work in parallel on different 

components without impacting and/or blocking one another. The back-end 

developers can design the structure of the data and how the user interacts with 

it without requiring the user interface to be completed. For example, a team 

might divide their developers between the front-end and the back-end. 

Conversely, the front-end developers are able to design and test the layout of 

the application prior to the data structure being available. 
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Disadvantages: 

• Pronounced learning curve: these days developers get knowledge on 

multiple technologies becomes the norm. Developers using MVC need to 

be skilled in multiple technologies 

• Multi-artefact consistency: in iOS development, decomposing a feature 

into three artefacts causes scattering. Hence, the need for the developer to 

maintain the consistency of multiple representations at once. 

• Code navigability: The framework navigation can be complex because it 

introduces new layers of abstraction and requires users to adapt to the 

decomposition criteria of MVC. 

Advantages: 

• High cohesion: MVC enables logical grouping of related actions on a 

controller together. The views for a specific model are also grouped 

together.  

• Low coupling: The very nature of the MVC framework is such that there 

is low coupling among models, views or controllers 

• Simultaneous development: Multiple developers can work simultaneously 

on the model, controller and views. 

• Ease of modification: Because of the separation of responsibilities, future 

development or modification is easier. 

• Multiple views for a model: Models can have multiple views. 

3.3 OBJECTIVE C VS SWIFT 

As presented in the introduction, Swift is a new programming language very 

commonly used for the  iOS, tvOS, watchOS, and MacOS application 

development. If you are familiar with the programming in C and Objective-C, 

you will find a good familiarity with Swift. As  a programming language, Swift 

provides its own versions of all fundamental data types of  C and Objective-C. 

This is true for the data types like :  Int for integers,  Double and Float for 

floating-point values, Bool for Boolean values, and String for textual data. It 

also supports  powerful versions of the three primary collection types:  Set, 

Array, and Dictionary, as described in Collection Types. Along with the 

familiar data types, Swift introduces tuples, as advanced data types  and not 

found in Objective-C. Tuples  enable a developer to create and pass around 

groupings of values, which is very helpful in compounding multiple functional 

values to a single value. While the programming languages don’t die easily, 

sticking to fading paradigms certainly kill developers. In case of an embedded 

programming on Apple platforms, Swift will not only supplant Objective-C 

when it comes to developing applications for the existing as well as devices to 

come, but it will also replace C. It has a very sound potential to become the de-

facto programming language for creating consumer-facing, immersive and 

responsive future applications. Swift makes extensive use of variables whose 

values cannot be changed. These are known as constants, and are much more 

powerful than constants in C. Constants are used throughout Swift to make 

code safer and clearer in intent,  when working with values that do not need to 

change. Exactly like objective-C, Swift uses  variables to store and refer to 

values by an identifying name. 
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3.3.1   Swift is Easier to Read 

For an iOS application developer to avoid all the warts of a C based languages, 

Objective-C comes up with keywords and types different from those of C 

types, using the @ symbol. However, for the unification of all the keywords as 

well as removal of the many @ symbols following every object-related 

keyword or Objective-C type, Swift comes handy as it is not built on C. As 

method and function calls use the comma, separated list of parameters 

industry-standard within parentheses which results in a simplified grammar and 

syntax with a more expressive language which is cleaner. Without the other 

modern popular programming languages, Swift code barely differs from 

natural English, a readability that makes it easier for new programmers to start 

using it and existing programmers from Java, Python, and C++, JavaScript, and 

C # to incorporate Swift into their bundle of tools contrary to the experience 

with Objective-C that was ugly duckling.In Swift, legacy conventions are 

dropped, as there is no longer needed for parenthesis to surround conditional 

expressions within if/else statements or semicolons to finish lines. Also, 

method calls do not nesting within each other, is another large change in Swift 

that addresses the resulting in nest of bracket. 

3.3.2   Swift is Easier to Maintain 

Objective-C was held back by legacy,s ubjecting the language’s evolvement to 

that of C, that requires, for reasons of efficiency and build time improvement 

and of the executable app creation, programmers to maintain two code files, a 

requirement that carries over to Objective-C but drooped in Swift, with Xcode 

and the LLVM compiler that can figure out dependencies and perform 

incremental builds automatically in Swift 1.2. 

This result is dropping the repetitive task of separating the table of contents 

(header file) from the body (implementation file) and creating a single code file 

(.swift) from the Objective-C header (.h) and implementation files (.m). The 

two-file system of Objective-C imposes additional task on programmers,it is 

repetitive work that distracts programmers from the bigger picture. In 

Objective-C you have to manually and hopefully using a standard convention, 

synchronize method names and comments between files, but this isn’t 

guaranteed unless the team has rules and code reviews in place. With Swift, 

iOS application programmers do less bookkeeping and more creation of 

application logic, hence, makes the work easier and improves the quality of 

code, comments, and features that are supported. The workload on the 

programmer can be reduced behind the scenes by Xcode and the LLVM 

compiler. 

3.3.3   Swift is Safer 

Objective-C is interesting in the way in which pointers particularly nil (null) 

pointers are handled. In Objective-C, nothing happens if the developer tries to 

use a pointer variable that is nil (uninitialized) to call a method. The line of 

code or expression becomes a no-operation, leading to unpredictable behavior, 

which is the enemy of programmers trying to find and fix a random crash or 

stop erratic behavior. Traditional Objective-C returned value from a method 

generates programmer’s responsibility for documenting, the behavior of the 

pointer variable. In Swift, the optional types and value types make it explicitly 

clear in the method definition if the value exists or if it has the potential to be 

optional. Swift provide predictable behavior by triggering a runtime crash 

when a nil optional variable is used, a crash that provides consistent behavior, 
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which eases the bug fixing process because by forcing the application 

programmer to fix the issue right away. The Swift runtime crash will stop on 

the line of code where a nil optional variable has been used, meaning that, the 

bug will be avoided entirely or fixed sooner. Although, it has been a huge 

source of bugs, while it might seem beneficial that it doesn’t crash. In a Swift 

code, optional types make the possibility of a nil optional value very clear, 

which means it can generate a compiler error as you write bad code, which 

allows programmers to code with intention by creating a short feedback loop, 

allowing problems to be fixed as code is written. This greatly reduces the 

amount of money and time spent on fixing pointer logic related bugs from 

Objective-C. 

3.3.4 Swift is Unified with Memory Management 

Swift unifies the language in a different way from Objective-C. The support for 

Automatic Reference Counting (ARC) is complete across the procedural and 

object-oriented code paths. In Objective-C, ARC is supported within the Cocoa 

APIs and object-oriented code; it isn’t available, however, for procedural C 

code and APIs like Core Graphics. This means it becomes the programmer’s 

responsibility to handle memory management when working with the Core 

Graphics APIs and other low-level APIs available on iOS application 

development. Due to the very large memory leaks that a programmer can have 

in Objective-C are impossible in Swift. A programmer should not have to think 

about memory for every digital object he or she creates. Because ARC handles 

all memory management at compile time, the brainpower that would have gone 

toward memory management can instead be focused on core app logic and new 

features. Because ARC in Swift works across both procedural and object-

oriented code, it requires no more mental context switches for programmers, 

even as they write code that touches lower-level APIs a problem with the 

current version of Objective-C. Automatic and high-performance memory 

management is a problem that has been solved, and Apple has proven it can 

increase productivity. The other side effect is that both Objective-C and Swift 

do not suffer from a Garbage Collector running cleaning up for unused 

memory, like Java, Go, or C#. This is an important factor for any programming 

language that will be used for responsive graphics and user input, especially on 

a tactile device like the, iPhone, iPad, or Apple Watch. 

3.3.5 Swift Requires Less Code 

Swift reduces the amount of code that is required for repetitive statements and 

string manipulation. In Objective-C, working with text strings is very verbose 

and requires many steps to combine two pieces of information. Some adopted 

modern programming language features by Swift, like adding two strings 

together with a “+” operator, which is missing in Objective-C. For 

programming language that displays text to a user on a screen like Swift, 

support for combining strings and characters like this is fundamental. With 

Objective-C, using the wrong string token or messing up the order causes the 

app to crash. Here, Swift again relieves you from bookkeeping work, 

translating into less code to write because of its inline support for manipulating 

text strings and data.The type system in Swift reduces the complexity of code 

statements as the compiler can figure out types. As an example, Objective-C 

requires programmers to memorize special string tokens and provide a comma-

separated list of variables to replace each token. Swift supports string 

interpolation, which eliminates the need to memorize tokens and allows 

programmers to insert variables directly inline to a user-facing string, such as a 
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label or button title. The type inferencing system and string interpolation 

mitigate a common source of crashes that are common in Objective-C. 

3.3.6 Swift is Faster 

Dropping legacy C conventions has greatly improved Swift under the hood. 

Benchmarks for Swift code performance continue to point to Apple’s 

dedication to improving the speed at which Swift can run app logic. 

According to Primate Labs, makers of the popularGeekBench performance 

tool, Swift was approaching the performance characteristics of C++ 

for compute-bound tasks in December 2014 using the Mandelbrot algorithm. In 

February 2015, Primate Labs discovered that the Xcode 6.3 Beta improved 

Swift’s performance of the GEMM algorithm a memory bound algorithm with 

sequential access of large arrays by a factor of 1.4. The initial FFT 

implementation a memory bound algorithm with random access of large arrays 

had a 2.6 fold performance improvement. Further improvements were observed 

in Swift by applying best practices, resulting in an 8.5 fold boost for FFT 

algorithm performance. The enhancements also enabled Swift to outperform 

C++ for the Mandelbrot algorithm by a factor of a mere 1.03. 

3.3.7   Fewer Name Collisions with Open Source Projects 

One issue that has plagued Objective-C code is its lack of formal support for 

namespaces, which was C++’s solution to code filename collisions. When this 

name collision happens in Objective-C, it is a linker error, and the app can’t 

run. Workarounds exist, but they have potential pitfalls. The common 

convention is to use a two- or three-letter prefixes to differentiate Objective-C 

code that is written, say, by Facebook versus your own code. 

Swift provides implicit namespaces that allow the same code file to exist across 

multiple projects without causing a build failure and requiring names like or 

CGPoint Ultimately, this feature in Swift keeps programmers more productive 

and means they don’t have to do the bookkeeping that exists in Objective-C. 

You can see Swift’s influence with simple names like Array, Dictionary, and 

String instead of NSArray, NSDictionary, and NSString, which were born out 

of the lack of namespaces in Objective-C. With Swift, namespaces are based 

on the target that a code file belongs to. This means programmers can 

differentiate classes or values using the namespace identifier. This change in 

Swift is huge. It greatly facilitates incorporating open source projects, 

frameworks, and libraries into your code. The namespaces enable different 

software companies to create the same code filenames without worrying about 

collisions when integrating open source projects. Now both Facebook and 

Apple can use an object code file called FlyingCar. 

3.3.8   Swift Supports Dynamic Libraries 

The biggest change in Swift that hasn’t received enough attention is the switch 

from static libraries, which are updated at major point releases (iOS 8, iOS 7, 

and so on), to dynamic libraries. Dynamic libraries are executable chunks of 

code that can be linked to an app. This feature allows current Swift applications 

to link against newer versions of the Swift language as it evolves over time. 

The developer submits the app along with the libraries, both of which are 

digitally signed with the development certificate to ensure integrity. This 

means Swift can evolve faster than iOS, which is a requirement for a modern 

programming language. Changes to the libraries can all be included with the 

latest update of an app on the App Store, and everything simply works. 
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Dynamic libraries have never been supported on iOS until the launch of Swift 

and iOS 8, even though dynamic libraries have been supported on Mac for a 

very long time. Dynamic libraries are external to the app executable, but are 

included within the app bundle downloaded from the App Store. It reduces the 

initial size of an app as it is loaded into memory, since the external code is 

linked only when used. The ability to defer loading in a mobile app or an 

embedded app on Apple Watch will improve the perceived performance to the 

user. This is one of the distinctions that make the iOS ecosystem feel more 

responsive. Apple has been focused on loading only assets, resources, and now 

compiled and linked code on the fly. The on-the-fly loading reduces initial wait 

times until a resource is actually needed to display on the screen. 

3.4 COEXISTENCE OF OBJECTIVE C VS SWIFT 

Compatibility of Swift’s with Objective-C lets you create a project that 

contains files written in either of the two language, using the feature, 

called mix and match, to write applications that have a mixed-language 

codebase, using which, you can implement part of an app’s functionality 

using your old-school Objective-C codebase and seamlessly incorporate it 

forward into the latest Swift features. 

3.4.1  Mix and Match Overview 

Objective-C and Swift files can coexist in a single project, irrespective of the 

project’s originality in Objective-C or Swift project by simply adding a file of 

the other language directly to an existing project thereby creating mixed-

language app in a natural workflow that makes framework targets as 

straightforward as creating an app or framework target written in a single 

language. The process for working with mixed-language targets differs slightly 

depending on whether you’re writing a framework or an app. The general 

import model for working with both languages within the same target is 

depicted below and described in more detail in the following sections. 

3.4.2   Importing Code from Within the Same App Target 

While writing a mixed-language app, you may need to access your codes from 

one another i.e. your Swift code from Objective-C and vice versa. The process 

described in this section applies to non-framework targets. 

3.4.3   Importing Objective-C into Swift 

An Objective-C bridging header is used to expose Objective-C files to Swift. 

To import a set of Objective-C files in the same app target as your Swift code, 

you rely Xcode offers to create this header file when you add a Swift file to an 

existing Objective-C app, or an Objective-C file to an existing Swift app. When 

accepted by the application developer, Xcode creates the header file along with 

the file you were creating, and names it by your product module name followed 

by adding "-Bridging-Header. Alternatively, the developer can create a 

bridging header by choosing 

File > New > File > (macOS, iOS, tvOS and WatchOS) > Source > Header 

File. 

However the application developer needs to edit the bridging header file to 

expose your Objective-C code to your Swift code. 
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3.4.4 To Import Objective-C Code Into Swift from the Same 

Target 

• In your Objective-C bridging header file, import every Objective-C header 

you want to expose to Swift. For example: 

1) #import "XYZCustomCell.h"  

2) #import "XYZCustomView.h"  

3) #import "XYZCustomViewController.h" 

• In Build Settings, in Swift Compiler - Code Generation, make sure the 

Objective-C Bridging Header build setting has a path to the bridging 

header file. 

The path should be relative to your project, similar to the way your Info.plist 

path is specified in Build Settings. In most cases, the developer should never 

need to modify this setting. 

Any public Objective-C headers listed in this bridging header file will be 

visible to Swift. The Objective-C functionality will be available in any Swift 

file within that target automatically, without any import statements. Use your 

custom Objective-C code with the same Swift syntax you use with system 

classes. 

1) letmyCell = XYZCustomCell() 

2) myCell.subtitle = "A custom cell" 

3.4.5   Importing Swift into Objective-C 

When you import Swift code into Objective-C, you rely on an Xcode-generated 

header file to expose those files to Objective-C. This automatically generated 

file is an Objective-C header that declares the Swift interfaces in your target. It 

can be thought of as an umbrella header for your Swift code. The name of this 

header is your product module name followed by adding " Swift.h.By default, 

the generated header contains interfaces for Swift declarations marked with 

the public or open modifier. It also contains those marked with 

the internal modifier if your app target has an Objective-C bridging header. 

Declarations marked with the private or file private modifier do not appear in 

the generated header. Private declarations are not exposed to Objective-C 

unless they are explicitly marked with @IBAction, @IBOutlet, or @objc. 

When the application target is compiled with testing enabled, a unit test target 

can access any declaration with the internal modifier as if they were declared 

with the public modifier by prepending @testable to the product module import 

statement. 

You don’t need to do anything special to create the generated header file just 

import it to use its contents in the Objective-C code. Note that the Swift 

interfaces in the generated header include references to all of the Objective-C 

types used in them. When the developer uses custom Objective-C types in your 

Swift code, make sure to import the Objective-C headers for those types before 

importing the Swift generated header into the Objective-C .m file you want to 

access the Swift code from. 
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3.4.6 To Import Swift Code Into Objective-C from the Same 

Target 

Import the Swift code from that target into any Objective-C .m file within that 

target using this syntax and substituting the appropriate name 

#import "ProductModuleName-Swift.h" 

The Swift files in your target will be visible in Objective-C .m files containing 

this import statement. 

3.4.7  Importing Code from Within the Same Framework 

Target 

If you’re writing a mixed-language framework, you may need to access your 

Objective-C code from Swift and your Swift code from Objective-C. 

3.4.8  Importing Objective-C into Swift 

To import a set of Objective-C files in the same framework target as your Swift 

code, you’ll need to import those files into the Objective-C umbrella header for 

the framework. 

3.4.9 To import Objective-C Code Into Swift from the Same 

Framework 

Under Build Settings, in Packaging, make sure the Defines Module setting for 

that framework target is set to “Yes”.In your umbrella header file, import every 

Objective-C header you want to expose to Swift. For example: 

1) #import <XYZ/XYZCustomCell.h> 

2) #import <XYZ/XYZCustomView.h> 

3) #import <XYZ/XYZCustomViewController.h> 

Swift will see every header you expose publicly in your umbrella header. The 

contents of the Objective-C files in that framework will be available in any 

Swift file within that framework target automatically, without any import 

statements. Use your custom Objective-C code with the same Swift syntax you 

use with system classes. 

1) letmyOtherCell = XYZCustomCell() 

2) myOtherCell.subtitle = "Another custom cell" 

3.4.10     Importing Swift into Objective-C 

To import a set of Swift files in the same framework target as your Objective-C 

code, the developer may not need to import anything into the umbrella header 

for the framework. Instead, import the Xcode-generated header file for the 

Swift code into any Objective-C .m file the developer  want to use the Swift 

code from.Swift methods and properties that are marked with the internal 

modifier and declared within a class that inherits from an Objective-C class are 

accessible to the Objective-C runtime.Because the generated header for a 

framework target is part of the framework’s public interface, only declarations 

marked with the public or open modifier appear in the generated header for a 

framework target. However, they are not accessible at compile time and do not 

appear in the generated header for a framework target. 
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3.4.11 To Import Swift Code Into Objective-C from the Same 

Framework 

• Under Build Settings, in Packaging, make sure the Defines Module setting 

for that framework target is set to “Yes”. 

• Import the Swift code from that framework target into any Objective-

C .m file within that framework target using this syntax and substituting 

the appropriate names: 

1) #import <ProductName/ProductModuleName-Swift.h> 

The Swift files in your framework target will be visible in Objective-C .m files 

containing this import statement. For information on using Swift from 

Objective-C code, see Using Swift from Objective-C. 

3.4.12    Importing External Frameworks 

You can import external frameworks that have a pure Objective-C codebase, a 

pure Swift codebase, or a mixed-language codebase. The process for importing 

an external framework is the same whether the framework is written in a single 

language or contains files from both languages. When you import an external 

framework, make sure the Defines Module build setting for the framework 

you’re importing is set to “Yes”. 

You can import a framework into any Swift file within a different target using 

the following syntax: 

importFrameworkName 

You can import a framework into any Objective-C .m file within a different 

target using the following syntax: 

@import FrameworkName; 

3.4.13 Using Swift from Objective-C 

1) MySwiftClass *swiftObject = [[MySwiftClassalloc] init];  

2) [swiftObjectswiftMethod]; 

A Swift class must be a descendant of an Objective-C class to be accessible 

and usable in Objective-C. For more information about what you can access 

from Objective-C and how the Swift interface is imported, see Swift Type 

Compatibility. 

3.4.14  Referencing a Swift Class or Protocol in an Objective-C 

Header 

When your code refers to a Swift class or protocol that comes from a different 

module, you import the Swift module into your Objective-C header 

using @import. However, to avoid cyclical references, don’t import Swift code 

from within the same module into an Objective-C header (.h) file. Instead, you 

can forward declare a Swift class or protocol to reference it in an Objective-C 

interface. 

Forward declarations of Swift classes and protocols can only be used as types 

for method and property declarations. 

1) // MyObjcClass.h 

2) @class MySwiftClass;  
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3) @protocol MySwiftProtocol;  

4)  

5) @interface MyObjcClass : NSObject  

6) - (MySwiftClass *)returnSwiftClassInstance;  

7) - (id <MySwiftProtocol>)returnInstanceAdoptingSwiftProtocol;  

8) // ... 

9) @end 

Objective-C Interfaces Unavailable in Swift 

Some Objective-C interfaces may not be suitable or necessary to be exposed as 

Swift interfaces. To prevent an Objective-C declaration from being imported 

by Swift, use the NS_SWIFT_UNAVAILABLE macro, passing a message 

directing API consumers to any alternatives that may exist. 

For example, an Objective-C class providing a convenience initializer that 

takes variadic arguments for keys-value pairs may advise a Swift consumer to 

use a dictionary literal instead Attempting to call the +collectionWithValues: 

forKeys: method from Swift code will result in a compiler error. 

+ (instancetype)collectionWithValues:(NSArray *)values 

forKeys:(NSArray<NSCopying> *)keys NS_SWIFT_UNAVAILABLE("Use a 

dictionary literal instead"); 

3.4.22   Refining Objective-C Declarations 

You can use the NS_REFINED_FOR_SWIFT macro on an Objective-C 

method declaration to provide a refined Swift interface in an extension, while 

keeping the original implementation available to be called from the refined 

interface. For instance, an Objective-C method that takes one or more pointer 

arguments could be refined in Swift to return a tuple of values. 

• Initializer methods are imported by Swift with double underscores (__) 

prepended to their first argument labels. 

• Object subscripting methods are imported by Swift as methods with 

double underscores (__) prepended to their base names, rather than as a 

Swift subscript, if either the getter or setter method is marked 

as NS_REFINED_FOR_SWIFT. 

• Other methods are imported with double underscores (__) prepended to 

their base names. 

Given the following Objective-C declarations: 

1) @interface Color : NSObject  

2)  

3) - (void)getRed:(nullableCGFloat *)red  

4) green:(nullableCGFloat *)green  

5) blue:(nullableCGFloat *)blue  

6) alpha:(nullableCGFloat *)alpha NS_REFINED_FOR_SWIFT;  

7)  

8) @end 
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You can provide a refined Swift interface in an extension like this: 

1) extension Color { 

2) var RGBA: (red: CGFloat, green: CGFloat, blue: CGFloat, alpha: 

CGFloat) { 

3) var r: CGFloat = 0.0 

4) var g: CGFloat = 0.0 

5) var b: CGFloat = 0.0 

6) var a: CGFloat = 0.0 

7) __getRed(red: &r, green: &g, blue: &b, alpha: &a) 

8) return (red: r, green: g, blue: b, alpha: a) 

9) } 

10) } 

3.4.23    Naming Your Product Module 

The name of the Xcode-generated header for Swift code, and the name of the 

Objective-C bridging header that Xcode creates for you, are generated from 

your product module name. By default, your product module name is the same 

as your product name. However, if your product name has any non-

alphanumeric characters, such as a period (.), they are replaced with an 

underscore (_) in your product module name. If the name begins with a 

number, the first number is replaced with an underscore. The iOS application 

developer can also provide a custom name for the product module name and 

Xcode will use this when naming the bridging and generated headers. To do 

this, change the Product Module Name build setting. It is important to note that 

it is not possible to override the product module name of a framework. 

3.4.24 Troubleshooting Tips and Reminders 

• When working with frameworks, make sure the Defines Module 

(DEFINES_MODULE) build setting under Packaging is set to “Yes”. 

• The application developer must use Swift and Objective-C files as the 

same collection of code, and watch out for naming collisions. 

• Xcode uses the product module name (PRODUCT_MODULE_NAME) 

not the target name (TARGET_NAME) when naming the Objective-C 

bridging header and the generated header for the Swift code.  

• Working with the Objective-C bridging header, make sure the Objective-C 

Bridging Header (SWIFT_OBJC_BRIDGING_HEADER) build setting 

under Swift Compiler - Code Generation is set to a path to the bridging 

header file relative to your project  

• Should the application developer want to use a customized Objective-C 

type in your Swift code, make sure to import the Objective-C headers for 

those types before importing the Swift generated header into the 

Objective-C .m file you want to use your Swift code from. 

• To be accessible and usable in Objective-C, a Swift class must be a 

descendant of an Objective-C class or it must be marked @objc. 
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• Swift declarations marked with the private or fileprivate modifier do not 

appear in the generated header. Private declarations are not exposed to 

Objective-C unless they are explicitly marked with @IBAction, 

@IBOutlet, or @objc. 

• Whenever the developer brings Swift code into Objective-C, remember 

that Objective-C won’t be able to translate certain features that are specific 

to Swift. For a list, see Using Swift from Objective-C. 

• For framework targets, only declarations with the public or open modifier 

appear in the generated header.  

• The developer can still use Swift methods and properties that are marked 

with the internal modifier from within the Objective-C part of the 

framework, as long they are declared within a class that inherits from an 

Objective-C class.  

Check-In Progress 1 

1)  State True or False      [T/F] 

a)  Objective-C is faster than swift 

b)  Swift requires less code to build a functional application  

c)  In iOS the Model-View-Controller (MVC) design pattern assigns 

objects in an application one of three roles: model, view, or controller 

d)  A controller object acts as a go in-between one or more of an 

applications one or more of its model objects and view objects. 

2)   How import Swift into Objective-C  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

3)  What are Controller Objects  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 
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4) List out the troubleshooting Tips and Reminders  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

3.6 PLAYGROUND 

Swift Playgrounds is a revolutionary new app for iPad that makes learning 

Swift interactive and fun.. Swift Playgrounds requires no coding knowledge, so 

it’s perfect for students just starting out. It also provides a unique way for 

seasoned developers to quickly bring ideas to life. It is very efficient in solving 

puzzles to master the basics using Swift a powerful programming language 

created by Apple and used by the pros to build many of today’s most popular 

applications. Then take on a series of challenges and step up to more advanced 

creations. And because it’s built to take full advantage of iPad, it’s a first-of-

its-kind learning experience. 

3.6.1   Playground Book Package 

This is a very interesting package and allows to create  documents  with live 

views containing iOS views, and animated cut scenes.  

3.6.2    Content Hierarchy 

A playground book is a package, which allows the documents with a file and 

folder structure. This helps in creating a nested hierarchy of folders, where the 

chapters are at the top of  the book followed individual pages and finally the 

content. These components (books, chapters, and pages)  include manifest 

information and optional items, which can be shared among these components 

themselves. The package format uses a combination of folder name extensions, 

specially named folders, and specially named files. Manifest files for a book, 

and for each chapter and page, contain configuration information such as the 

order of chapters or the name of a page. 

3.6.3   Playground Utilities 

• XCPSharedDataDirectoryPath: Retrieves the directory path which 

contains the shared data between all playgrounds 

• XCPSetExecutionShouldContinueIndefinitely: Allows execution to 

continue even after reaching playground’s top level code 

• XCPShowView – Show live views in timeline. 

• XCPCaptureValue: Manually capture values. 

3.6.4  Folder Name Extensions 

 Specific folder name extensions are used by the book package, chapters, and 

pages to indicate their type.  
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3.6.5   Folders in the Package Structure  

The package structure consists of specially named folders with no folder name 

extensions. These folders contain the book, the chapters in the book, and the 

pages in each chapter.  

3.6.6   Shared Code Folders 

Shared code is stored in folders named Sources. The contents of the folders are 

shared by the level in the hierarchy at which they are defined and all levels 

below that. For example, code in the Sources folder at the book level is 

available to all chapters and pages, whereas code in the Sources folder at the 

chapter level is available to all pages in that chapter but not to any other 

chapter. 

3.6.7  Public and Private Resources Folders 

Public and Private Resources are maintained in separate folder to ease their 

access.  Resources ( images, sounds, and text files)  are stored in specially 

named folders without any folder name extensions. The resources, which  users 

should  be able to access from the file picker or image picker go in 

a PublicResources folder. Any resources that  we  do not want users to access, 

such as localization or hints files, are stored in the  PrivateResources folder. As 

a rule, contents of resource folders are shared by the level in the hierarchy at 

which they are defined and all levels below that. When page content references 

a resource by name, it consults the Public Resources and PrivateResources 

folders at the page, chapter, and book levels, resolving in the following ways: 

• Resource in the PublicResources folder is used , when  a page, chapter, or 

book has a resource with the same name in both the PublicResources and 

the PrivateResources folders. 

• Resources associated with the higher level are used., when a page has a 

resource with the same name as its containing chapter, or a chapter has a 

resource with the same name as its containing book. 

3.6.8  Localized Resources Folders 

Localized resources are stored in folders  with a locale identifier and 

the .lproj extension for the folder name. e.g. Resources for English-speaking 

users go in en.lproj folders, and resources for French speaking users go 

in fr.lproj folders respectively. 

3.6.9   Specially Named Files 

Configuration information, playground contents, and the source code for 

always on live views are in specially named files. 

3.6.10    Creating Playground Books 

Both a Mac running Xcode and an iPad needs to be used to create a playground 

book. A skeleton structure for the book is created as first step of the 

development. Choosing an existing playground book can be a very simple 

approach and these can be downloaded from the Apple developer website by 

downloading Starter.playgroundbook. Any changes to the book, require 

modification of the content files, manifest files, and the folder structure. 

However, any changes made to a book in the Swift Playgrounds, do not change 

the underlying pages. A suggested workflow can be: 
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• Carry out the targeted changes to the book’s content and structure in 

Xcode. 

• Upload the updated book into Swift Playgrounds. This can be done by 

using iCloud or Airdrop. 

• Test the changes by opening the updated book 

3.7 BASICS OF SWIFT 

Swift  introduces optional types to  handle the absence of  values. Optionals say 

either “there is a value, and it is equal to x” or “ there is no value at all”. Using 

Optionals is similar to using nil with pointers in Objective-C, but they work for 

any type, not only the classes. However, the Optionals are  safer and more 

expressive than the nil pointers in Objective-C. This is certainly one of the 

most powerful features of Swift.  Also, Swift is a type-safe language, which 

means the language helps you to be clear about the types of values. E.g. If part 

of your code expects a String, type safety prevents you from passing it 

an Int by mistake. Likewise, type safety prevents an iOS application developer 

to accidentally pass an optional String to a piece of code that expects a non-

optional String.  Thus, it  helps the developer to catch and fix errors easily .  

3.7.1   Declaring Constants and Variables 

 This is important to declare the constants and variables, before using them. 

“let” keyword is used to declare the constants, whereas the “var” keyword is 

used to declare the variables. Following is an example code,  how constants 

and variables can be used to track the number of login attempts a user has 

made:  

1) let maximumNumberOfLoginAttempts = 10 

2) var  currentLoginAttempt = 0 

The code declares a new constant called maximumNumberOfLoginAttempts, 

and give it a value of 10. Then, declare a new variable called currentLogin 

Attempt, and give it an initial value of 0.” 

Here, the maximum number of allowed login attempts is declared as a constant, 

as it will never changes. The current login attempt counter is declared as a 

variable, because this value must be incremented after each failed login 

attempt. 

var a = 0.0, b = 0.0, c = 0.0 

3.7.2    Naming Constants and Variables 

The names of Constant and variable contain almost any character, including 

Unicode characters. However they cannot contain whitespace characters, 

mathematical symbols, arrows, private-use (or invalid) Unicode code points, or 

line- and box-drawing characters. Also, they can not begin with a number 

(numbers may be included elsewhere within the name). Once a constant or 

variable of a certain type have been declared, it can not be re-declared  with the 

same name again, or change it to store values of a different type. Also the 

change of a constant into a variable or a variable into a constant is not allowed. 

If you need to give a constant or variable the same name as a reserved Swift 

keyword, surround the keyword with backticks (`) when using it as a name. 

However, avoid using keywords as names unless you have absolutely no 
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choice. You can change the value of an existing variable to another value of a 

compatible type. Unlike a variable, the value of a constant cannot be changed 

once it is set. Any attempt to do that  is reported as an error  during 

compilation: 

1) let Name = "Vikas " 

2) Name = "VikasKumar" 

3) // This is a compile-time error: Name cannot be changed. 

3.7.3  Printing Constants and Variables 

You can print the current value of a constant or variable with the print 

(_:separator :terminator:) function: 

1) print(friendlyWelcome) 

2) // Prints "Hello Friend!" 

The print(_:separator:terminator:) function is a global function to print one or 

more values to an appropriate output. In Xcode, for example, the print 

(_:separator:terminator:) function prints its output in Xcode’s “console” pane. 

The separator and terminator parameter have default values, so you can omit 

them when you call this function. By default, the function terminates the line it 

prints by adding a line break. To print a value without a line break after it, pass 

an empty string as the terminator for example, print(someValue, terminator: 

""). Swift uses string interpolation to include the name of a constant or variable 

as a placeholder in a longer string, and to prompt Swift to replace it with the 

current value of that constant or variable. Wrap the name in parentheses and 

escape it with a backslash before the opening parenthesis: All options you can 

use with string interpolation are described in String Interpolation. 

1) print("The current value of friendlyWelcome is \(friendlyWelcome)") 

2) // Prints "The current value of friendlyWelcome is Hello Friend!" 

3.7.4  Comments 

1) // This is an example of a comment. 

2) /* This is an example of a  comment 

3)  written over  two lines. */ 

In contrast to C language , multiline comments in Swift can be nested within 

other multiline comments. We  write nested comments by starting a multiline 

comment block and then starting a second multiline comment within the first 

block. The second block is first closed, followed by the first block: 

1) /* This is a start of the first multiline comment. 

2) /* This is a second, nested multiline comment. */ 

3) This is the end of the first multiline comment. */ 

Nested multiline comments allows to comment out large blocks of code 

quickly and easily, even if the code already contains multiline comments. 
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3.7.5   Semicolons 

Unlike many other languages, semicolon (;)  is not required after each 

statement in Swift , although a can do so as per wish . Semicolons are however 

required if we are writing multiple separate statements on a single line: 

3.7.6  Integers 

Integers are whole numbers with no fractional component, such as 42 and -23. 

Integers can be either signed (positive, zero, or negative) or unsigned (positive 

or zero).  Swift provides signed and unsigned integers in 8, 16, 32, and 64 bit 

formats. These integers follow a naming convention just similar to C language , 

in that an 8-bit unsigned integer is of type UInt8, and a 32-bit signed integer is 

of type Int32. Like all types in Swift, these integer types have capitalized 

names. 

3.7.7   Int 

In most cases, you don’t need to pick a specific size of integer to use in your 

code. Swift provides an additional integer type, Int, which has the same size as 

the current platform’s native word size: 

• On a 32-bit platform, Int is the same size as Int32. 

• On a 64-bit platform, Int is the same size as Int64. 

Unless you need to work with a specific size of integer, always use Int for 

integer values in your code. This aids code consistency and interoperability. 

Even on 32-bit platforms, Int can store any value between -

2,147,483,648 and 2,147,483,647, and is large enough for many integer ranges. 

3.7.8   UInt 

On the other hand , Swift also provides an unsigned integer type “UInt” , which 

has the same size as the current platform’s native word size: 

• On a 32-bit platform, UInt is the same size as UInt32. 

• On a 64-bit platform, UInt is the same size as UInt64. 

Use UInt only when you specifically need an unsigned integer type with the 

same size as the platform’s native word size. If this is not the case, Int is 

preferred, even when the values to be stored are known to be non-negative. A 

consistent use of Int for integer values aids code interoperability, avoids the 

need to convert between different number types, and matches integer type 

inference, as described in Type Safety and Type Inference. 

3.7.9  Floating-Point Numbers 

In order to assign the fractional components, Floating-point numbers are used, 

such as 2.15659, 0.3, and -473.25.  Swift provides two signed floating-point 

number types: 

• Double representing a 64-bit floating-point number. 

• Float representing a  a 32-bit floating-point number. 

Double has a precision of at least 15 decimal digits, whereas the precision 

of Float can be as little as 6 decimal digits. Double is preferred at situations, 

when either of the two can be used.  
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3.7.10 Type Safety and Type Inference 

 As discussed earlier, Swift has an advantage of being a  type-safe language. It 

encourages the user to be clear about the types of values his /her  code can 

work with. If part of your code expects a String, you can  not  pass it an Int by 

mistake. Because Swift performs type checks when compiling your code and 

flags any mismatched types as errors. This enables you to catch and fix errors 

as early as possible in the development process. Type-checking helps you 

avoid errors when you are working with different types of values. However, 

this does not implicitly mean that you need to specify the type of every 

constant and variable that you declare. If you have not  specified  the type of 

value you need, Swift uses type inference to work out the appropriate type. 

Type inference enables a compiler to deduce the type of a particular expression 

automatically, when it compiles your code, simply by examining the values 

you provide. Because of type inference, Swift requires far fewer type 

declarations than languages such as C or Objective-C. Constants and variables 

are still explicitly typed, but much of the work of specifying their type is done 

by Swift.  

3.7.11    Numeric Literals 

Integer literals can be written as: 

• decimal , with no prefix 

• binary, with a 0b prefix 

•  octal, with a 0o prefix 

• hexadecimal, with a 0x prefix 

e.g. All of these integer literals have a decimal value of 16: 

1) let decimalInteger = 16 

2) let binaryInteger = 0b10000 // 16 in binary notation 

3) let octalInteger = 0o20 // 16 in octal notation 

4) let hexadecimalInteger = 0x10 // 16 in hexadecimal notation 

3.7.12     Numeric Type Conversion 

Use the Int type for all general-purpose integer constants and variables in your 

code, even if they are known to be non-negative. Using the default integer type 

means that integer constants and variables are immediately interoperable in 

your code and will match the inferred type for integer  values after calculations. 

Use other integer types only when they are specifically needed for the task at 

hand, because of explicitly-sized data from an external source, or for memory 

usage or other necessary optimization. In these situations, usage of explicit 

types helps to catch any accidental value overflows and implicitly create a 

documentation for the nature of the data being used. 

3.7.13     Integer Conversion 

Range of numbers that can be stored in an integer constant or variable is 

different for each numeric type. An Int 8 constant or variable can store 

numbers between -128 and 127, whereas a UInt8 constant or variable can store 

numbers between 0 and 255. This is certainly in accordance with the available 

space. A number that will not fit into a constant or variable of a sized integer 

type is reported as an error during the compilation phase: 

1) let cannotBeNegative: UInt8 = -5 
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2) // UInt8 cannot store negative numbers, and so this will be reported as  an 

error 

3) let tooBig: Int8 = Int8.max + 5 

4) // Int8 cannot store a number larger than its maximum value, 

5) // and so this will also be reported as  an error 

Because each numeric type can store a different range of values, you must opt 

in to numeric type conversion on a case-by-case basis. This opt-in approach 

prevents hidden conversion errors and helps make type conversion intentions 

explicit to  your code. In order to convert one specific number type to another, 

a new number of the desired type must be initialized with the existing value. In 

the example below, the constant twoThousand is of type UInt16, whereas the 

constant one is of type UInt8. They cannot be added together directly, because 

the type mismatch. Instead, this example calls UInt16(one) to create a 

new UInt16 initialized with the value of one, and uses this value in place of the 

original: 

1) let twoThousand: UInt16 = 2_000 

2) let one: UInt8 = 1 

3) let twoThousandAndOne = twoThousand + UInt16(one) 

In iOS application development, Because both sides of the addition are of 

type UInt16, the addition is allowed. The output constant is inferred to be of 

type UInt16, because it is the sum of two UInt16 values. However it is 

important to know that SomeType(ofInitialValue) is the default way to call the 

initializer of a Swift type and pass in an initial value. Behind the 

scenes, UInt16 has an initializer that accepts a UInt8 value, and so this 

initializer is used to make a new UInt16 from an existing UInt8. You can’t pass 

in any type here, however it has to be a type for which UInt16 provides an 

initializer. Extending existing types to provide initializers that accept new types 

is covered in Extensions. 

3.7.14 Integer and Floating-Point Conversion 

Any conversions between integer and floating-point numeric types must be 

made explicitly. Let us see the example :  

1) let three = 3 

2) let pointOneFourOneFourNine = 0.14149 

3) let pi = Double(three) + pointOneFourFourFiveNine 

4) // pi equals 3.14459, and is inferred to be of type Double 

Here, the value of the constant three is used to create a new value of 

type Double, so that both sides of the addition are of the same type. Without 

this conversion in place, the addition would not be allowed. 

Floating-point to integer conversion must also be made explicit. An integer 

type can be initialized with a Double or Float value: 

1) let integerPi = Int(pi) 

2) // integerPi equals 3, and is inferred to be of type Int 

As a rule, floating-point values are always truncated when used to initialize a 

new integer value. This means that 3.75 becomes 3, and -4.9 becomes -4. The 

rules for combining numeric constants and variables are different from the 
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rules for numeric literals. The literal value 3 can be added directly to the literal 

value 0.14159, because number literals do not have an explicit type in and of 

themselves. Their type is inferred only at the point that they are evaluated by 

the compiler. 

3.7.15     Type Aliases 

Type aliases helps by defining an alternative name for an existing type. The 

application developer defines the of type aliases with the typealias keyword. 

Type aliases are useful when you want to refer to an existing type by a name 

that is contextually more appropriate, such as when working with data of a 

specific size from an external source: 

1) typealias AudioSample = UInt16 

Once the application developer define a type alias, it is possible to use the alias 

anywhere you might use the original name: 

1) var maxAmplitudeFound = AudioSample.min 

2) // maxAmplitudeFound is now 0 

Here, AudioSample is defined as an alias for UInt16. Because it is an alias, the 

call to AudioSample.min actually calls UInt16.min, which provides an initial 

value of 0 for the maxAmplitudeFound variable. 

3.7.19    Booleans 

Booleans type in Swift is called Bool. The values are referred to as logical, 

because they can only ever be true or false. Swift provides two Boolean 

constant values, true and false: 

1) let orangesAreOrange = true 

2) let turnipsAreDelicious = false 

The types of orangesAreOrange and turnipsAreDelicious have been inferred 

as Bool from the fact that they were initialized with Boolean literal values. As 

with Int and Double above, you do not need to declare constants or variables 

as Bool if you set them to true or false as soon as you create them. Type 

inference helps make Swift code more concise and readable when it initializes 

constants or variables with other values whose type is already known. Boolean 

values are particularly useful when you work with conditional statements such 

as the if statement: 

1) if turnipsAreDelicious { 

2) print("Mmm, tasty turnips!") 

3) } else { 

4) print("Eww, turnips are horrible.") 

5) } 

6) // Prints "Eww, turnips are horrible." 

Conditional statements such as the if statement are covered in more detail 

in Control Flow. 

Swift’s type safety prevents non-Boolean values from being substituted 

for Bool. The following example reports a compile-time error: 

1) let i = 1 
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2) if i { 

3) // this example will not compile, and will report an error 

4) } 

5) let i = 1 

6) if i == 1 { 

7) // this example will compile successfully 

8) } 

The result of the i == 1 comparison is of type Bool, and so this second example 

passes the type-check. Comparisons like i == 1 are discussed in Basic 

Operators. As with other examples of type safety in Swift, this approach avoids 

accidental errors and ensures that the intention of a particular section of code is 

always clear. 

3.7.20    Tuples 

Tuples are a special data type in Swift. Which group multiple values into a 

single compound value. The values within a tuple do not need to be of the same 

type. In the following example, (404, "Not Found") is a tuple that describes 

an HTTP status code. An HTTP status code is a special value returned by a 

web server whenever you request a web page. A status code of 404 Not 

Found is returned if you request a webpage that doesn’t exist. 

1) let  http404Error = (404, "Not Found") 

2) // http404Error is of type (Int, String), and equals (404, "Not Found") 

The (404, "Not Found") tuple groups together an Int and a String to give the 

HTTP status code two separate values: a number and a human-readable 

description.  It can be described as “a tuple of type (Int, String)”. 

Tuples can be created from any permutation of types, and they can contain as 

many different types as required. Nobody stops the developer from having a 

tuple any permutation. The application developer may decide to decompose a 

tuple’s contents into separate constants or variables, such as : 

1) let (statusCode, statusMessage) = http404Error 

2) print("The status code is \(statusCode)") 

3) // Prints "The status code is 404" 

4) print("The status message is \(statusMessage)") 

5) // Prints "The status message is Not Found" 

Tuples are very much useful as the return values of functions. A function that 

tries to retrieve a web page might return the (Int, String) tuple type to describe 

the success or failure of the page retrieval. By returning a tuple with two 

distinct values, each of a different type, the function provides more useful 

information about its outcome than if it could only return a single value of a 

single type.  

3.7.21    Optionals 

 Optionals are used in the situations,  where a value may be absent. An optional 

represents two possibilities: Either there is a value, and you can unwrap the 

optional to access that value, or there is no  value at all. This concept does not 

exist in C or Objective-C. The nearest thing in Objective-C is the ability to 

return nil from a method that would otherwise return an object, 
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with nil meaning “the absence of a valid object. Here is  an example of how 

Optionals can be used to cope with the absence of a value. Int type in Swift has 

an initializer which tries to convert a String value into an Int value. However, 

not every string can be converted into an integer. The string "123" can be 

converted into the numeric value 123, but the string "hello, world" does not 

have an obvious numeric value to convert to. The example below uses the 

initializer to try to convert a String into an Int: 

Let possibleNumber = "123" 

1) let convertedNumber = Int(possibleNumber) 

2) // convertedNumber is inferred to be of type "Int?", or "optional Int" 

Because the initializer might fail, it returns an optional Int, rather than an Int. 

An optional Int is written as Int?, not Int. The question mark indicates that the 

value it contains is optional, meaning that it might contain some Int value, or it 

might contain no value at all.  

3.7.22   Optional Binding 

Optional binding is used  to find out whether an optional contains a value, and 

if so, to make that value available as a temporary constant or variable. Optional 

binding can be used with if and while statements to check for a value inside an 

optional, and to extract that value into a constant or variable, as part of a single 

action. . Write an optional binding for an if statement as follows: 

1) if let actualNumber = Int(possibleNumber) { 

2) print("\"\(possibleNumber)\" has an integer value of \(actualNumber)") 

3) } else { 

4) print("\"\(possibleNumber)\" could not be converted to an integer") 

5) } 

6) // Prints ""123" has an integer value of 123" 

“If the optional Int returned by Int contains a value, set a new constant 

called actualNumberto the value contained in the optional.” If the conversion is 

successful, the actualNumber constant becomes available for use within the 

first branch of the statement. It has already been initialized with the value 

contained within the optional, and so there is no need to use the (!) suffix to 

access its value. In this example, actualNumber is simply used to print the 

result of the conversion. You can use both constants and variables with 

optional binding. If you wanted to manipulate the value of actual 

Number within the first branch of the if statement, you could write  var actual 

Number instead, and the value contained within the optional would be made 

available as a variable rather than a constant. 

You can include as many optional bindings and Boolean conditions in a 

single if statement as you need to, separated by commas.  

3.7.23  Error Handling 

 error handling can be used to respond to error conditions in the program 

during execution. Error handling allows the developer to determine the 

underlying cause of failure. If necessary, propagate the error to another part of 

your program. When a function encounters an error condition, it throws an 

error. That function caller can then catch the error and respond appropriately. 

funccanThrowAnError() throws { 
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// this function may /  may not throw an error 

} 

A function indicates that it can throw an error by including the throws keyword 

in its declaration. When you call a function that can throw an error, you 

prepend the try keyword to the expression. 

Swift automatically propagates errors out of their current scope, until they are 

handled by a catch clause. 

do { 

trycanThrowAnError() 

// no error has been  thrown 

} catch { 

// an error has been thrown 

} 

3.7.25    Assertions 

In some cases, it is simply not possible for your code to continue execution if a 

particular condition is not satisfied. In these situations, an assertion can be 

triggered in your code to end code execution and to provide an opportunity to 

debug the cause of the absent or invalid value. An assertion is a runtime check 

that a Boolean condition definitely evaluates to true. Putting in simple words, 

an assertion “asserts” that a condition is true. You use an assertion to make sure 

that an essential condition is satisfied before executing any further code. If the 

condition evaluates to true, code execution continues as usual; if the condition 

evaluates to false, code execution ends, and your app is terminated.  

If your code triggers an assertion while running in a debug environment, such 

as when you build and run an app in Xcode, you can see exactly where the 

invalid state occurred and query the state of your app at the time that the 

assertion was triggered. An assertion also lets you provide a suitable debug 

message as to the nature of the assert. 

Check-in Progress 2 

1)  State True or False      [T/F] 

a)  With the playground book package format, a developer can create a 

document that includes features such as playground pages, live views 

containing iOS views, and animated cut scenes.  

b)  A playground book is a package a type of document with a file and 

folder structure. The parts of a book package form a nested hierarchy 

of folders 

c)  Folder Name Extensions is the book package, chapters, and pages use 

folder name extensions to indicate their type.  

d)  The package structure consists of specially named folders with no 

folder name extensions. 

 These folders contain the book, the chapters in the book, and the pages in each 

chapter. 
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2) How to create a playgroup book  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

3) What is a Playground  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

4)  Explain the basis of swift  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

3.9  SUMMARY 

As a new programming language for iOS, macOS, watchOS, and tvOS 

applications that builds on the best of C and Objective-C, without the 

constraints of C compatibility, Swift has the advantage of adopting safe 

programming patterns and adding modern features to make programming 

easier, more flexible, and more fun. Swift’s clean slate, backed by the mature 

and much-loved Cocoa and Cocoa Touch frameworks, is an opportunity to 

reimagine how software development works.To become a good iOS developer, 

accessing and mastering huge amount of information, from the languages, their 

frameworks and patterns, is crucial. For Apple’s Swift, MVC, Model-View-

Controller in full, is the recommended architectural pattern. Many parts of 

Swift will be familiar from your experience of developing in C and Objective-
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C. Swift provides its own versions of all fundamental C and Objective-C types, 

including Int for integers, Double and Float for floating-point values, Bool for 

Boolean values, and String for textual data. Swift also provides powerful 

versions of the three primary collection types,  Array, Set, and Dictionary, as 

described in Collection Types. Swift’s compatibility with Objective-C lets you 

create a project that contains files written in either language. You can use this 

feature, called mix and match, to write applications that have a mixed-language 

codebase. Using mix and match, you can implement part of your app’s 

functionality using the latest Swift features and seamlessly incorporate it back 

into your existing Objective-C codebase. 

3.10    REFERENCES/FURTHER STUDIES 

• Swift and Objective-C in the Same Project: 

• 

https://developer.apple.com/library/content/documentation/Swift/Concept

ual/BuildingCocoaApplications/MixandMatch.html 

• What is MVC? 

https://www.tutorialspoint.com/mvc_framework/mvc_framework_introduction.htm 

• About Swift: https://developer.apple.com/library 

• Model-View-Controller (MVC) in iOS: A Modern Approach: 

• https://www.raywenderlich.com/132662/mvc-in-ios-a-modern-approach 

3.11   SOLUTIONS/ANSWERS 

Check-In Progress 1 

1)  State True or False 

a)  False 

b)  True 

c)  True 

d)  True 

2)  To import a set of Swift files in the same framework target as your 

Objective-C code, the developer may not need to import anything into the 

umbrella header for the framework. Instead, import the Xcode-generated 

header file for the Swift code into any Objective-C .m file the developer  

want to use the Swift code from. Swift methods and properties that are 

marked with the internal modifier and declared within a class that inherits 

from an Objective-C class are accessible to the Objective-C runtime. 

Because the generated header for a framework target is part of the 

framework’s public interface, only declarations marked with the public or 

open modifier appear in the generated header for a framework target. 

However, they are not accessible at compile time and do not appear in the 

generated header for a framework target. 
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3) Controller Objects: A controller object acts as a go in-between one or 

more of an applications one or more of its model objects and view objects. 

Hence it can be concluded that Controller objects are a conduit through 

which view objects learn about changes in model objects and vice versa.in 

iOS the developer should note that the Controller objects can also perform 

setup and coordinating tasks for an application and manage the life cycles 

of other objects in the framework. A controller object interprets user 

actions made in view objects and communicates new or changed data to 

the model layer. When model objects change, a controller object 

communicates that new model data to the view objects so that they can 

display it. The controller layer is the least reusable part of any application, 

this is as a result of the fact that it involves a domain-specific rules. 

Therefore it comes as no surprise that what makes sense in a specific 

application probably may not make sense in another application. 

Customarily, classes from this object helps in deciding things like the 

following: 

• Should the application go to the background, what is to be cleaned? 

• What should the next screen be and in what circumstances? 

• What should be accessed first: the persistence or the network? 

• How often should the application be refreshed? 

The developer should think of the controller layer as the brain of the 

application. As it is responsible for the decision of what happens next. 

Typically, the developer should want to heavily test these classes to make 

sure everything works as intended for it 

4) • When working with frameworks, make sure the Defines Module 

(DEFINES_MODULE) build setting under Packaging is set to “Yes”. 

• The application developer must use Swift and Objective-C files as the 

same collection of code, and watch out for naming collisions. 

• Xcode uses the product module name (PRODUCT_MODULE_ 

NAME) not the target name (TARGET_NAME) when naming the 

Objective-C bridging header and the generated header for the Swift 

code.  

• Working with the Objective-C bridging header, make sure the 

Objective-C Bridging Header (SWIFT_OBJC_BRIDGING_HEADER) 

build setting under Swift Compiler - Code Generation is set to a path 

to the bridging header file relative to your project  

• Should the application developer want to use a customized Objective-

C type in your Swift code, make sure to import the Objective-C 

headers for those types before importing the Swift generated header 

into the Objective-C .m file you want to use your Swift code from. 

• To be accessible and usable in Objective-C, a Swift class must be a 

descendant of an Objective-C class or it must be marked @objc. 

• Swift declarations marked with the private or fileprivate modifier do 

not appear in the generated header. Private declarations are not 

exposed to Objective-C unless they are explicitly marked with 

@IBAction, @IBOutlet, or @objc. 
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• Whenever the developer brings Swift code into Objective-C, 

remember that Objective-C won’t be able to translate certain features 

that are specific to Swift. For a list, see Using Swift from Objective-

C. 

• For framework targets, only declarations with the public or open 

modifier appear in the generated header.  

• The developer can still use Swift methods and properties that are 

marked with the internal modifier from within the Objective-C part of 

the framework, as long they are declared within a class that inherits 

from an Objective-C class.  

Check-In Progress 2 

1)  State True or False 

a)  True 

b)  True 

c)  True 

d)  True  

2)  Creating Playground Books 

The application developer needs to use both a Mac running Xcode and an 

iPad to create a playground book. The first step in development is creating 

a skeleton structure for the book. A simple approach is to start with an 

existing playground book, which you can get by downloading 

Starter.playgroundbook from the Apple developer website. Any changes 

to a book, such as adding a new page, require modifying content files, 

manifest files, and the folder structure. Changes made to a book in Swift 

Playgrounds, such as entering code into an editable text field; do not 

change the underlying pages. Follow the suggested work flow below 

• Make targeted changes to the book’s content and structure in Xcode. 

• Transfer the updated book into Swift Playgrounds using iCloud or 

Airdrop. 

• Open the updated book and test the changes. 

3)  Swift Playgrounds is a revolutionary new app for iPad that makes learning 

Swift interactive and fun. Swift Playgrounds requires no coding 

knowledge, so it’s perfect for students just starting out. It also provides a 

unique way for seasoned developers to quickly bring ideas to life. It is 

very efficient in solving puzzles to master the basics using Swift a 

powerful programming language created by Apple and used by the pros to 

build many of today’s most popular applications. Then take on a series of 

challenges and step up to more advanced creations. And because it’s built 

to take full advantage of iPad, it’s a first-of-its-kind learning experience. 

4)  Swift also introduces optional types, which handle the absence of a value. 

Optionals say either “there is a value, and it equals x” or “there isn’t a 

value at all”. Using Optionals is similar to using nil with pointers in 

Objective-C, but they work for any type, not just classes. It is important to 

state here that not only are Optionals safer and more expressive than nil 

pointers in Objective-C, this is the heart of many of Swift’s most powerful 
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features. Swift is a type-safe language, which means the language helps 

you to be clear about the types of values the code can work with. If part of 

your code expects a String, type safety prevents you from passing it an Int 

by mistake. Likewise, type safety prevents an iOS application developer 

could by accident pass an optional String to a piece of code that expects a 

non-optional String. In this scenario, type safety helps the developer catch 

and fix errors as early as possible in the development process. 
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UNIT 4 IOS: VIEW CONTROLLERS AND MODEL 

Structure  

4.0 Introduction 

4.1 Objectives 

4.2 Top Label Panels (Table Panel, Scroll, etc.) 

4.3 Navigation Controllers 

4.4 Gesture Handing  

4.5 Model 

4.6 Summary  

4.7 References/Further Studies 

4.8 Solutions/Answers 

4.0 INTRODUCTION 

In iOS application development, a Model view controller (MVC) represents a 

software architectural pattern that is used for implementing user interfaces on 

computers and other devices. MVC divides a given application into three inter-

connected parts in order to separate internal representations of information 

from the ways that information is presented to and accepted from the end users. 

Its design pattern helps in breaking these major components into smaller 

component allowing for efficient code reuse and parallel development. 

Although, conventionally used for desktop graphical user interfaces (GUIs), 

this architecture has become popular for designing web applications and even 

mobile, desktop and other interested users. Some well know programming 

languages like C#, Java,  PHP, Ruby and others have popular MVC 

frameworks that are currently being used in web application development . 

IOS Model-View-Controller: In iOS the Model-View-Controller (MVC) 

design pattern assigns objects in an application one of three roles: model, view, 

or controller. It defines the way objects communicate with each other. Each of 

the three types of objects is separated from the others by abstract boundaries 

and communicates with objects of the other types across those boundaries. This 

pattern defines not only the roles objects play in the application, the collection 

of objects of a certain MVC type in an application is sometimes referred to as a 

layer.The benefits of adopting this pattern are numerous. It is important to 

know that many objects in these applications tend to be more reusable and their 

interfaces tend to be better defined. MVC is central to a good design for a 

Cocoa application. Moreover, many Cocoa technologies and architectures are 

based on MVC and require that the custom objects play one of the MVC roles. 

Applications having an MVC design are usually more easily extensible than 

other applications without an MCV design.  
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iOS: 

 

Fig. 4.1: IOS Model-View-Controller design pattern 

Controller Objects: A controller object acts as a going-between one or more 

of an applicationsone or more of its model objects and view objects. Hence, it 

can be concluded that Controller objects are a conduit through which view 

objects learn about changes in model objects and vice versa.in iOS the 

developer should note that the Controller objects can also perform setup and 

coordinating tasks for an application and manage the life cycles of other 

objects in the framework. A controller object interprets user actions made in 

view objects and communicates new or changed data to the model layer. When 

model objects change, a controller object communicates that new model data to 

the view objects so that they can display it. The controller layer is the least 

reusable part of any application, this is as a result of the fact that it involves a 

domain-specific rules. Therefore, it comes as no surprise that what makes sense 

in a specific application probably may not make sense in another application. 

Customarily, classes from this object helps in deciding things like the 

following: 

• Should the application go to the background, what is to be cleaned? 

• What should the next screen be and in what circumstances? 

• What should be accessed first: the persistence or the network? 

• How often should the application berefreshed? 

The developer should think of the controller layer as the brain of the 

application. As it is responsible for the decision of what happens next, 

typically, the developer should want to heavily test these classes to make sure 

everything works as intended for it. 

View Objects: A view object is can be defined as an object in an application 

that users can see. A major purpose of view objects is to display data from the 

application’s model objects and to enable the editing of that data. A view 

object knows how to draw itself and can respond to user actions. Despite this, 

view objects are typically decoupled from model objects in an MVC 

application. Since iOS developer typically reconfigures and reuses them, view 

objects provide consistency between applications.  

View objects learn about changes in model data through the application’s 

controller objects and communicate user initiated changes for example, text 
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entered in a text field through controller objects to an application’s model 

objects. Both the UIKit and AppKit frameworks provide collections of view 

classes, and Interface Builder offers dozens of view objects in its Library. 

Whenever a user interacts with an application, what they are interacting with is 

actually the view layer. The view is considered the least intelligent part of an 

application, since it shouldn’t contain any business logic. In code terms, you’ll 

normally see: UIView subclasses. These range from a basic UIView to complex 

custom UI controls. A UIViewControlleris strongly coupled with its own root 

UIView and its different cycles (viewDidLoad, loadView), characteristically, 

code smell found in this layer manifest in different ways, itincludes anything 

unrelated to UI in the application view object. A classic code smell is making a 

network call from a UIViewController. It is easy to put code in the 

UIViewController and be done with it, but in the long term, the developer 

could lose time looking for a bug, or have trouble when the developer needs to 

reuse code inside one view controller in another application. A developer 

should use the following points as a checklist when inspecting the view object: 

• Does it try to do anything not related to UI? 

• Does it interact with the model object? 

• Does it contain any business logic? 

Should the answer be affirmative, the developer needs to clean up and refactor. 

Model Objects: In iOS application development, Model objects summarizes 

the data specific to an application and define the logic and computation that 

manipulate and process that data. A model object can have “one” or “too 

many” relationships with other model objects, and so sometimes the model 

object of an application effectively an object graphs. Example given, a model 

object might represent a character in a game or a contact in an address book. 

Much of the data that is part of the persistent state of the application (whether 

that persistent state is stored in files or databases) should reside in the model 

objects after the data is loaded into the application. For the reason that model 

objects represent knowledge and expertise related to a specific problem 

domain, they can be reused in similar problem domains in another application. 

Preferably, a model object should have no categoricallinking to the view 

objects that present its data and allow users to edit that data it should not be 

concerned with user-interface and presentation issues. User actions in the view 

layer that create or modify data are communicated through a controller object 

and result in the creation or updating of a model object. When a model object 

notifies a controller object, it then updates the appropriate view objects. The 

model layer is not as self-explanatory as it may seem. As the developer should 

know that it will have the model objects, potentially covering most of the layer 

surface. The following components below are part of the model object: 

• Parsing Code: Any objects that parse network responses and the like should 

be included in the Model layer as well.  

• Persistence Code: The developer would implement this with Core Data or 

simply by saving an NSData blob directly to disk. 

• Network Code: The shape should be something like this. Ideally, you’d 

only use a single class for network communication across your entire app. 

While the model objects and the parser are domain-specific, the network code 

will be highly reusable. It begins by accumulating things like networking and 

parsing, and eventually gets so big that track on the information flow is lost. 
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iOS: VieEven worse, the developer cannot really refactor in a safe manner, because this 

approach makes it very difficult to write unit tests. AUIViewController that 

starts to acquire responsibilities that are not it is to have is colloquially known 

as a Massive View Controller. It is difficult to come up with a quick solution to 

the Massive ViewController, so it often winds up becoming technical debt. 

This is a common problem in the iOS community. As a rule of the thumb, a 

UIViewController should not have more than 130 lines of code. That might 

seem difficult to achieve, but it’s easy for a disciplined developer or code 

writer, below are some of the important guideline to follow: 

• Most of the code inside the view controller is related to its root UIView 

customization.  

• Things like UITableViewDelegate, UITableDataSource and any other 

delegates should not be inside. If they are, then it becomes impossible to 

test them 

• It should be responsible for hooking up the controller 

(FetchNumberOfTickets) with its root UIViewfor example, calling a 

controller’s method on an IBAction. 

• Should the view controller contain too many properties, the developer can 

either break it down into multiple view controllers or create a custom 

UIView.  

Sometimes the UIViewController is so simple; it might not be worth it to 

create all those entities. The developer must keep in mind that for each new 

responsibility you might give to a view controller, it reduces the opportunity to 

test and reuse that piece of code. 

MVVM: Model-View-ViewModel(MVVM) is an MVC derivation. 

Theoretically, it is a lot similar. The biggest difference is in the communication 

between layers, and instead of a controller, the developer uses a view model. In 

reality, MVVM shines when it has an FRP framework to support it. Since the 

model is now observed by the view model and the view model by the view, the 

FRP paradigm becomes a natural choice to manage the information flow. This 

leads to a better separation between layers, which translate in decoupled 

components that are easy to test. It is paramount to know that architecture is 

important, as well as the right programming paradigm, this will influence more 

the overall quality of the code. It’s also important to note, that most often than 

not, a developer you will have in the one application different approaches. This 

includes both architecture and paradigm. The developer should use the right 

tools for the job to avoid disruption  

Web applications uses 

Granted that it was originally developed for desktop computing, MVC has been 

widely adopted as the architecture for World Wide Web applications in major 

programming languages. Numerous non-commercial and commercial web 

frameworks have been created that enforce the pattern.Earlier versions of web 

MVC frameworks took a thin client approach that placed almost the entire 

model, view and controller logic on the server. These software frameworks 

vary in their interpretations, mainly in the way that the MVC responsibilities 

are divided between the client and server. This has beenreplicated in well-

known frameworks such asRails, ASP.NET MVC and Django. This is 

achieved by the client sending an either hyperlink requests or form input to the 

controller and in return receives a complete and updated web page or other 
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document as required from the view; the model exists entirely on the 

server.Consequently, frameworks such as EmberJS, AngularJS, Backbone and 

JavaScriptMVC have been created that allow the MVC components to execute 

partly on the client instruction. 

Code reuse 

When an application developer creates components that are independent of one 

another, developers are able to reuse components quickly and easily in other 

applications. The same or similar view for one application can be refactored for 

use in another application with different data, simply because the view handles 

how the data is being displayed to the user. 

Simultaneous development 

In iOS application developer, Since MVC breaks down the various components 

of an application; developers are able to work in parallel on different 

components without impacting and/or blocking one another. The back-end 

developers can design the structure of the data and how the user interacts with 

it without requiring the user interface to be completed. For example, a team 

might divide their developers between the front-end and the back-end. 

Conversely, the front-end developers are able to design and test the layout of 

the application prior to the data structure being available. 

Disadvantages 

• Pronounced learning curve: these days developers get knowledge on 

multiple technologies becomes the norm. Developers using MVC need to 

be skilled in multiple technologies. 

• Multi-artefact consistency: in iOS development, decomposing a feature into 

three artefacts causes scattering. Hence, the need for the developer to 

maintain the consistency of multiple representations at once. 

• Code navigability: The framework navigation can be complex because it 

introduces new layers of abstraction and requires users to adapt to the 

decomposition criteria of MVC. 

Advantages 

• High cohesion: MVC enables logical grouping of related actions on a 

controller together. The views for a specific model are also grouped 

together. 

• Low coupling: The very nature of the MVC framework is such that there is 

low coupling among models, views or controllers 

• Simultaneous development: Multiple developers can work simultaneously 

on the model, controller and views. 

• Ease of modification: Because of the separation of responsibilities, future 

development or modification is easier 

• Multiple views for a model: Models can have multiple views 

4.1 OBJECTIVES 

At the end of this unit, students should be able : 

• To understand the concept of Model-View-Controller 
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iOS: Vie• To know what are Top Label Panels. 

• To be able to explain Gesture Handing 

• To know and explain the Navigation Controllers 

• To the able to know Model-View-Controller of Model-View-Controller 

4.2 TOP LABEL PANELS  

4.2.1  Action Sheets 

An action sheet can be defined as a specific style of alert that appears in 

response to an action or control, and it also presents a set of two or more 

choices related to the current context or action. It is most important for an iOS 

application developer to use an action sheet in other to letusers initiate tasks, or 

usually to request confirmation before performing a potentially destructive 

operation in the running of the application. However, on the other hand, on 

smaller iOS device screens, an action sheet slides up from the bottom of the 

screen. However, on larger screens, an action sheet appears all at once as a 

popover or pop up. It is necessary to provide a Cancel button, if it adds clarity 

to the operations. A Cancel button helps to instil confidence when the user is 

abandoning a task. It is important to avoid enabling scrolling in an action sheet. 

An action sheet should not have too many options, becausethe users must scroll 

to see all of the choices. It is important to note that scrolling requires extra time 

to make a choice and is hard to do without mistakenly pressing another button. 

However, the cancel buttons should always be included in action sheets at the 

bottom of the screen. It is important to use red for buttons that perform 

destructive or dangerous actions, and display these buttons at the top of an 

action sheet. Destructive choices should be made prominent. 

4.2.2  Activity Views 

In IOS application development, activities are usually managed by an activity 

view, which usually appears as a sheet, popover or popup;it however depends 

on the device and orientation of the said device. An activity can be defined as a 

task, examples includes; Paste, cut, Copy, Find or Favourite, or any action that 

is useful in the current context. Once an activity is started, the activity could 

perform a task immediately, or may require more information before execution. 

In iOS devices, activity views also display share and action extensions from 

other applications while running in the background. The application developer 

must design a simple template images which shows thecustom activities. To 

achieve this, a template image must be used as a mask while creating an icon. 

The application developer should use black and white with suitable clarity and 

initialising, and should not contain a drop shadow. Activities are used to give 

users access to custom services or tasks that can be performed by the 

application. It is important to know that the system offerssome in-built 

activities, which includes; Message, Airplay, Print, and Twitter. These tasks 

should always appear first in activity views and must never be rearranged. The 

application developer does not need to create customized activities that are 

capable of performing these built-in tasks in the application. Note that the titles 

appear below, the icons in an activity view. Short titles work best to minimise 

scrolling. However, when a long title is given, iOS first reduces the text and 

then if the title is still too long abbreviates it to a less long title. In general, it is 

advisable to avoid including the company or product name in a title.When 
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using template images, it should be positioned in an area measuring about  

70px × 70px and not more. 

4.2.3  Alerts 

In iOS application development, an alert consists of a title, a message (which 

could be optional), optional text fields for gathering input and one or more 

buttons. An alert performs the function of conveying important information 

related to the state of the device or the application and often request feedback 

from the users. Although, Apart from the configurable elements; the optical 

appearance of an alert is stationary and cannot be customized by a developer. 

Alerts should be minimised. Because alerts disrupt the user experience 

therefore it should only be used in significantcircumstances only, for example, 

or destructive actions (deletions) confirming purchases, or notifying people 

about the presence of a problems in the application. The application developer 

must optimize alert text so that it can be read in any type of orientation without 

scrolling. The application developer should also test the appearance of alerts in 

the orientation available in the device. An alert may appear differently in 

landscape mode and portrait mode. The rarity of alerts helps ensure that people 

take them seriously. The developer must ensure that each alert suggests critical 

information and useful options. 

4.2.4  Collections 

In the workings of an iOS application, a collection manages the arrangement 

set of content, such as a set of photos, and shows it in anextremely visual and 

customizable layout. However, it is important to state that a collection does not 

impose a strictly linear format, it is however chiefly well appropriate for 

displaying items that are in various sizes. Collections are very useful for 

showing off image based content. The backgrounds, themes, design and other 

attractive views may be implemented for users to be able to visually 

differentiate subsets of items in the application. Collections are capable of 

supporting both animation and interactivity. Although, within a collection, 

animations must be enabled whenever items are deleted, reordered, or inserted 

and supported also are custom animations. The application developer should 

avoid creating drastic new designs when a standard row or grid layout would 

be simply sufficient and efficient. It is important to note that however, by 

default, a user can tap to select, swipe to scroll, touch and hold to edit. Should 

the application require it; it is possible for more gestures can be added for 

performing custom actions. The application developer must consider using a 

table in place of a collection for text characters. However, it is mostly simpler 

and more efficient to view and digest textual information when it is displayed 

in a scrollable list from up to down. A collection must improve the user 

experience, and not become the distraction. It is important for the developer to 

make it easy to select an item. Because making it too hard brings frustration 

and loss of interest before the users reach the content to be utilized. Hence, 

adequate padding must be used around content to keep the layout clean, 

thereby preventing overlapping of content in the collection. 

4.2.5  Image Views 

In iOS application development, the image view performs the function of 

displaying a single image or an animated sequence of pictures over anopaque 

or transparent or background. By default, Image views are non-interactive. The 

developer of the application must ensure that all images within an image view 

are consistently sized and not varied. Within the image view, images may be 
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iOS: Viepinned to a specific location, scaled, stretched or sized to fit. It is however 

more efficient to use pre-scaled images. Using consistently sized images is 

more efficient than using images of varying size. However, Should the images 

be of different sizes, the image view adjusts them independently. 

4.2.6 Map 

When developing an application in iOS, a map view allows the developer 

display geographical data within the application. It also supports almost all of 

the functionality provided by the in built Maps application. A map view could 

be configured to show satellite imagery, standard map, or even both. It can 

includeoverlays, pins and supports zooming and panning. Generally, it is 

important to keep the map interactive. IOS device users are accustomed to 

using gestures to interact with the Maps application, and anticipatebeing able to 

interact with the map that way as well. In a situation where the application 

supports routing, for example, run tracking application, the developer can use a 

map view to display the route for a good user experience. 

4.2.7 Pages 

When developing an iOS application, a page view controller offers a way to 

execute a linear navigation between pages of content, such as in a notepad, 

book, document, or calendar. A page view controller uses one of two styles to 

manage transitions from one page to another during navigation. These are 

known as page curl and scrolling. In page curl transition, it causes pages to curl 

over as the user swipe across the screen, turning pages as in a normal book. 

The user may need to access pages out of sequence in the application; the 

developer should implement a custom control that provides this functionality 

for a better user experience. However, a scrolling transition has no specific 

appearance; pages fluidly scroll from one to the next. When necessary, the 

application developer should implement a way to navigate nonlinearly for 

better transition between pages. When a page view controller is used, there is 

no way to jump between non-adjoining pages.  

4.2.8 Popovers 

In iOS devices, a popover can be defined as a transient view that appears over 

every other application or content onscreen of the iOS device; this occurs when 

a user is in an area or taps a control. Characteristically, popovers include an 

arrow signifying where it came from. There are two types of popovers; it could 

bemodal or non-modal. A modal popover is usually dismissed by pressing the 

Cancel or any other button on the popover as directed. While, non-modal 

popovers is mostly dismissed by pressing a button on the popover or 

bypressing another part of the screen of the iOS device. The popovers are used 

to show information related to the content onscreen or options. Most iPad 

applications show a popover of sharing options when the user presses the Share 

button. Popovers are most appropriate on larger screens and can contain any 

variety of elements, including navigation bars, toolbars, tab bars, tables, 

collections, images, maps, and custom views.in iOS applications, when a 

popover is visible, until the popover is dismissed, interactions with other views 

are typically deactivated. 

4.2.9  Scroll Views 

IOS application development, a scroll view itself has no visible appearance; 

however it displays transient scrolling indicators as the application usersmakes 

use of it. It allows the application users to browse other content, such as 
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collection of images or text in a document, which are not able to fit to visible 

area. When the application userstap, swipe, drag, pinch, or flick, the scroll view 

follows that gesture, zooming or revealing the contentsas naturally as possible. 

An application developer may also program the scroll view to function in 

paging mode; this can be explained as where scrolling exposes a completely 

new page of content instead of moving around the current page. The iOS 

application developer should consider showing the page control element 

whilethe scroll view is executing in paging mode. The main function of a page 

control is to show how many screens, pages, or other available content and it 

also indicates which one is presently visible to the user. Should the developer 

decide shows a page control with a scroll view, it is important todeactivate the 

scrolling indicator on the same axis to avoid confusionSupport zoom behaviour 

appropriately. The application developer may decide to, allow the users pinch 

or double-tap to zoom in and out if it suits the application. Should the zoombe 

enabled, a realistic set maximum and minimum scale values should be 

provided. All iOS application developer must consider this;when zooming in 

on a text until a single character occupy the screen is not needed in an 

application. 

4.2.10 Split Views 

In iOS application development, a split view performs the function of 

managingthe presentation of two side by side panes of content, with the 

persistent content being the primary pane and related information being the 

secondary pane.IOS devices in portrait orientation, usually makes use of this as 

it is very useful, as it permitsspace for viewing content in the secondary pane. 

It is important to note, that each pane could contain varieties of elements such 

as, navigation bars, toolbars, tab bars, tables, collections, images, maps, and 

custom views. Split views are frequently used with contents that cannot be 

filtered; a list of filter categories appears in the primary pane, and the filtered 

results for the selected category are shown in the secondary pane, should the 

application requires it otherwise it is not needed, the application developer 

must program the primary pane so that it can overlay the secondary pane 

therefore becomes possible to hide when not in use. 

4.2.11 Tables 

A table performs the function of presenting data as a scrolling, single column 

list of rows that can be divided intogroups or sections.In iOS application 

development, a table to display large or small amounts of information cleanly 

and efficiently in the form of a list.By and large, tables are ideal for text based 

content, hence they are often used as a means to navigate on one side of a split 

view, however, only with related content shown on the other side. 

4.2.12 Text Views 

Most IOS device provides the option of several keyboard types, and each 

keyboard is designed to facilitate a different type of input. A text view 

displaysstyled text, multiline content. Text views are allowed to be of any 

height; however, scrolling should be enabled when the content extends outside 

of the view of the user. Customarily, content within a text view uses the system 

font in black andis left aligned. When an editable text view is initiated, a 

keyboard appears if the user presses inside the text view.In other to streamline 

data entry, the keyboard is programmed to display during the editing of a text 

view thesuitable type of content in the field. It is a must to keep all text legible 

to the users.  
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iOS: VieAlthough an application developer could use multiple fonts, color, and 

alignments in artisticmethods, it is howeverimportant to maintain the 

readability of the application content. Although, it is recommended that the 

application developer adopts a dynamic Type so that the text still looks good 

when the users change text size on their iOS devices. The developer should 

before launching the application also test the content with accessibility options 

enabled, for example, a bold text.  

4.2.13 Web Views 

In iOS application development, a web view loads and displays rich web 

content, for example, embedded HTML and even websites, directly within the 

specific application as required by the developer. Web views support forward 

and back navigation; however this attribute is usually disabled by default. 

Applications such as mail use a web view, for example, to show HTML 

content in messages for easy viewing. It is important to enable forward and 

back navigation when appropriate for an enhanced user experience. 

When users use the applications web view to visit multiple pages, the 

application developer has to enable both forward and back navigation, and also 

provide amatching controls to initiate these features whenever there are needed. 

The application developer must avoid using a web view to build a web 

browser. Using a web view to allow users briefly access a website without 

leaving the context of the application is fine and it is commonly used. 

However, Safari is the primary way people browse the web on iOS devices 

although secondary browsers are available. Should a developer attempt to 

replicate the functionality of Safari in an application, it will be redundant and is 

not encouraged. 

4.3 NAVIGATION CONTROLLERS 

The UINavigationController class implements a specialized view controller 

that manages the navigation of hierarchical content. This navigation interface 

makes it possible to present the data efficiently and makes it easier for the user 

to navigate that content.A navigation controller manages a stack of view 

controllers to provide a drill-down interface for hierarchical content. The view 

hierarchy of a navigation controller is self-contained. 

A developer generally uses this class as it is but the developer  may also 

subclass to customize the class behaviour. It is composed of views that the 

navigation controller manages directly and views that are managed by content 

view controllers you provide. Each content view controller manages a distinct 

view hierarchy, and the navigation controller coordinates the navigation 

between these view hierarchies. Although a navigation interface consists 

mostly of the custom content, but there are still places where the code must 

interact directly with the navigation controller object. In addition to telling the 

navigation controller when to display a new view, the developer is responsible 

are responsible for configuring the navigation bar the view at the top of the 

screen that provides context about the user’s place in the navigation hierarchy. 

The application developer can also provide items for a toolbar that is managed 

by the navigation controller. 
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4.3.1 Anatomy of a Navigation Interface 

A navigation controller’s primary job is to manage the presentation of your 

content view controllers, and it is also responsible for presenting some custom 

views by itself. Precisely, it presents a navigation bar, which contains a back 

button and some buttons you can customize. The only way to customize these 

views is through methods of the UI Navigation Controller and UI View 

Controller classes. For information on how to customize the contents of the 

navigation bar, see Customizing the Navigation Bar Appearance. A navigation 

controller can also optionally present a navigation toolbar view and populate it 

with custom buttons. Although the navigation bar and toolbar are customizable 

views, the developer must never modify the views in the navigation hierarchy 

directly. 

4.3.2 Creating a Navigation Interface Using a Storyboard 

Should am iOS developer want to create a new Xcode project, the Master-

Detail Application template gives the programmer a navigation controller in 

the storyboard, set as the first scene. To create a navigation controller in a 

storyboard, do the following: 

• Drag a navigation controller from the library. 

• Interface Builder creates a navigation controller and a view controller, and 

it creates a relationship between them.  

• This relationship identifies the newly created view controller as the root 

view controller of the navigation controller.  

• Display it as the first view controller by selecting the option is Initial View 

Controller in the Attributes inspector. 

4.3.3 Creating a Navigation Interface Programmatically 

Should the developer prefer to create a navigation controller programmatically, 

it can be done from any appropriate point in the code. For example, if the 

navigation controller provides the root view for the application window, the 

developer could create the navigation controller in the applicationDidFinish 

Launching: method of your application delegate. When creating a navigation 

controller, the following must be followed: 

• Create the root view controller for the navigation interface. 

• This object is the top-level view controller in the navigation stack. The 

navigation bar displays no back button when its view is displayed and the 

view controller cannot be popped from the navigation stack. 

• Create the navigation controller, initializing it using the initWithRootView 

Controller: method. 

• Set the navigation controller as the root view controller of your window. 

 The example below shows a very simple implementation of the application 

Did Finish Launching method that creates a navigation controller and sets it as 

the root view controller of the applications main window. When the window 

for this example is displayed, the navigation interface presents the view for the 

root view controller in the navigation interface. The navigationController and 

window variables are member variables of the application delegate and the 

MyRootViewController class is a custom view controller class.  

 
- (void)applicationDidFinishLaunching:(UIApplication *)application 

{ 

    UIViewController *myViewController = [[MyViewControlleralloc] init]; 

navigationController = [[UINavigationController alloc] 

initWithRootViewController:myViewController]; 
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While adopting a Full-Screen Layout for Navigation Views, typically, a 

navigation interface displays the custom content in the gap between the bottom 

of the navigation bar and the top of the toolbar or tab bar. Nevertheless, a view 

controller can ask that its view be displayed with a full-screen layout instead. 

This arrangement lets the developer maximize the visible amount of content for 

the user and is useful for photo displays or other places where the developer 

might want more space. In a full screen layout, the content view is configured 

to underlap the navigation bar, status bar, and toolbar as appropriate. When 

determining whether a view should be sized to fill all or most of the screen, a 

navigation controller considers several factors, including the following: 

• Is the underlying view controller’s wantsFullScreenLayout property set to 

YES? 

• Is the underlying window (or parent view) sized to fill the entire screen 

bounds? 

• Is the navigation bar configured to be translucent? 

• Is the navigation toolbar configured to be translucent? 

Each of these factors is used to determine the final size of the custom view. 

The order of the items in the preceding list also reflects the precedence by 

which each factor is considered. The window size is the first limiting factor; if 

the application main does not span the screen, the views it contains cannot do 

so either. Similarly, if the navigation bar or toolbar are visible but not 

translucent, it does not matter if the view controller wants its view to be 

displayed using a full-screen layout. The navigation controller never displays 

content under an opaque navigation bar. If the developer is creating a 

navigation interface and want the custom content to span most or the entire 

screen, the developer should take the following steps:  

• To underlap the status bar, set the wantsFullScreenLayout property of your 

view controller to YES. 

• The autoresizing attributes ensure that if your view needs to be resized, it 

adjusts its content accordingly.  

• Alternatively, when the view is resized, the developer can call the 

setNeedsLayout method of your view to indicate that the position of its 

subviews should be adjusted. 

• Configure the frame of the custom view to fill the screen bounds. 

• Be sure to configure the autoresizing attributes of your view as well.  

• To underlap the navigation bar, set the translucent property of your 

navigation controller to YES. 

• To underlap an optional toolbar, set the translucent property of the toolbar 

to YES. 
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When presenting the application navigation interface, the window or view to 

which you add your navigation view must also be sized appropriately. When 

presenting a navigation controller modally, the content presented by that 

navigation controller is limited by the view controller doing the presenting. If 

that view controller does not want to underlap the status bar, then the modally 

presented navigation controller is not going to be allowed to underlap the status 

bar either. In other words, the parent view always has some influence over how 

its modally presented views are displayed.Should the application use a 

navigation controller as its primary interface, then the main window should be 

sized to match the screen dimensions. In other words, the developer should set 

its size to match the bounds property of the UIScreen class In fact, for a 

navigation interface, it is usually better to create the window with the full 

screen bounds in all situations because the navigation controller adjusts the size 

of its views to accommodate the status bar automatically anyway. 

4.3.4  Modifying the Navigation Stack 

Usually, the application developers are responsible for creating the objects that 

reside on the navigation stack. When initializing a navigation controller object, 

the application developer must provide a content view controller to display the 

root content of the data hierarchy. Whenever a developer animates the pushing 

or popping of view controllers, the navigation controller automatically creates 

animations that make the most sense. For example, if you pop multiple view 

controllers off the stack using the popToViewController:animated: method, the 

navigation controller uses an animation only for the top most view controller. 

All other intermediate view controllers are dismissed without an animation. In 

a case when a developer  push or pop an item using an animation, it is 

mandatory to wait until the animation is complete before any attempt to push 

or pop another view controller. It is possible for the developer to add or remove 

view controllers programmatically or in response to user interactions. The 

navigation controller class provides several options for managing the contents 

of the navigation stack. These options cover the various scenarios the 

developer is likely to encounter in the application. 

4.3.5  Monitoring Changes to the Navigation Stack 

Should the application developer push or pop a view controller, the navigation 

controller sends messages to the affected view controllers. The navigation 

controller also sends messages to its delegate when its stack changes. The new 

view controller reflects the view controller that is about to become the topmost 

view controller on the stack. 

4.3.6  Customizing the Navigation Bar Appearance 

A navigation bar is a view that manages the controls in a navigation interface, 

and it takes on a special role when managed by a navigation controller object. 

To ensure consistency, and to reduce the amount of work needed to build 

navigation interfaces, each navigation controller object creates its own 

navigation bar and takes on most of the responsibility for managing that bar’s 

content. As needed, the navigation controller interacts with other objects to 

help in this process. 
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iOS: Vie4.3.7  Configuring the Navigation Item Object 

A navigation bar is a container for content that is provided by other objects. 

The structure of a navigation bar is similar to the structure of a navigation 

controller in many ways. Like a navigation controller, in the case of a 

navigation bar, the content is provided by one or more UINavigationItem 

objects, which are stored using a stack data structure known as the navigation 

item stack. Each navigation item provides a complete set of views and content 

to be displayed in the navigation bar.  

It is important to note that when a developer uses a navigation bar with a 

navigation controller, the navigation bar delegate is always set to the owning 

navigation controller object. Attempting to change the delegate raises an 

exception. In a navigation interface, each content view controller in the 

navigation stack provides a navigation item as the value of its navigationItem 

property. The navigation stack and the navigation item stack are always 

parallel: for each content view controller on the navigation stack, its navigation 

item is in the same position in the navigation item stack. A navigation bar 

places items in three primary positions: left, right and center.  

4.3.8  Showing and Hiding the Navigation Bar 

When a navigation bar is used in conjunction with a navigation controller, the 

application developer can always use the setNavigationBarHidden: animated: 

method of UINavigationController to show and hide the navigation bar. The 

developer must never hide the navigation bar by modifying the 

UINavigationBar object’s hidden property directly. Apart from showing or 

hiding the bar, using the navigation controller method gives the developer more 

sophisticated behaviours for free. Because the user needs the back button on 

the navigation bar to navigate back to the previous screen, you should never 

hide the navigation bar without giving the user some way to get back to the 

previous screen. Specifically, if a view controller shows or hides the navigation 

bar in its viewWillAppear: method, the navigation controller animates the 

appearance or disappearance of the bar to coincide with the appearance of the 

new view controller. The most common way to provide navigation support is 

to intercept touch events and use them to toggle the visibility of the navigation 

bar. For example, the Photos app does this when a single image is displayed 

full screen. The developer could also detect swipe gestures and use them to pop 

the current view controller off the stack, but this behaviour is less discoverable 

than simply toggling the navigation bar’s visibility. 

4.3.9  Modifying the Navigation Bar Object Directly 

In a navigation interface, a navigation controller owns its UINavigationBar 

object and is responsible for managing it. It is not permissible to change the 

navigation bar object or modify its bounds, frame, or alpha values directly. 

However, below are some of the properties that can be modified by the 

developer. 

• TintColor property 

• BarStyle property 

• Translucent property 
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4.3.10 Using Custom Buttons and Views as Navigation Items 

To customize the appearance of the navigation bar for a specific view 

controller, modify the attributes of its associated UINavigationItem object. You 

can get the navigation item for a view controller from its navigationItem 

property. The view controller does not create its navigation item until you 

request it, so you should ask for this object only if you plan to install the view 

controller in a navigation interface. If you choose not to modify the navigation 

item for your view controller, the navigation item provides a set of default 

objects that should suffice in many situations. Any customization you make 

takes precedence over the default objects. For the topmost view controller, the 

item that is displayed on the left side of the navigation bar is determined using 

the following rules: 

• Should the developer assign a custom bar button item to the 

leftBarButtonItem property of the topmost view controller’s navigation 

item, which item is given the highest preference. 

• If the application developer do not provide a custom bar button item and 

the navigation item of the view controller one level down on the navigation 

stack has a valid item in its backBarButtonItem property, the navigation bar 

displays that item.  

• When the developer does not specify a bar button item by either of the view 

controllers, a default back button is used and its title is set to the value of 

the title property of the previous view controller that is, the view controller 

one level down on the navigation stack. 

Furthermore, for the topmost view controller, the item that is displayed in the 

center of the navigation bar is determined using the following rules which are 

listed below. 

• If no custom title view is set, the navigation bar displays a custom view 

containing the view controller’s title. The string for this view is obtained 

from the title property of the view controller’s navigation item.  

• If the value of that property is nil, the string from the title property of the 

view controller itself is used. 

• If the developer assigns a custom view to the titleView property of the 

topmost view controller’s navigation item, the navigation bar displays that 

view. 

For the topmost view controller, the item that is displayed on the right side of 

the navigation bar is determined using the following rules: 

• To specify a custom right bar button item, set the rightBarButtonItem 

property of the navigation item 

• If the new top-level view controller has a custom right bar button item, that 

item is displayed. 

• To add custom prompt text above the navigation bar controls, assign a 

value to the prompt property of the navigation item. 

• If no custom right bar button item is specified, the navigation bar displays 

nothing on the right side of the bar. 
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Views that support in-place editing can include a special type of button in their 

navigation bar that allows the user to toggle back and forth between displays 

and edit modes. The editButtonItem method of UIViewController returns a 

preconfigured button that when pressed toggles between an Edit and done 

button and calls the view controller’s setEditing:animated: method with 

appropriate values. To add this button to the view controller’s navigation bar, 

the developer would use code similar to the following: 

 

 

If the developer includes this button in your navigation bar, you must also 

override the view controller’s setEditing: animated: method and use it to adjust 

your view hierarchy.  

4.3.12 Displaying a Navigation Toolbar 

In iOS 3.0 and later, a navigation interface can display a toolbar and populate it 

with items provided by the currently visible view controller. Supporting a 

toolbar at this level is necessary in order to create smooth transitions between 

screens.The toolbar itself is managed by the navigation controller object.If the 

topmost view controller on the navigation stacks changes, the navigation 

controller animates changes between different sets of toolbar items. It also 

creates smooth animations in cases where you want to toggle the visibility of 

the toolbar for a specific view controller. To configure a toolbar for your 

navigation interface, the developer must do the following: 

• Show the toolbar by setting the toolbarHidden property of the navigation 

controller object to NO. 

• Assign an array of UIBarButtonItem objects to the toolbarItems property of 

each of your content view controllers, as described in specifying the 

Toolbar Items. 

• When the developer does not want to show a toolbar for a particular content 

view controller, you can hide the toolbar as described in Showing and 

Hiding the Toolbar. 

4.3.13  Specifying the Toolbar Items 

In configuring bar button items, remember to associate appropriate target, 

action with the button. The target and action information is what you use to 

respond to taps in the toolbar. Typically, the target should be the view 

controller itself, since it is responsible for providing the toolbar items.To 

specify the toolbar items using a storyboard: 

• Drag a toolbar from the library. 

• Add two flexible space bar button items to the toolbar, by dragging them 

from the library. 

• Add a segmented control from the library, between the flexible space bar 

buttons, by dragging it from the library. 

• Use the Inspector to configure the segmented control. 

 

myViewController.navigationItem.rightBarButtonItem = [myViewController editButtonItem]; 
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Check-In Progress 1 

1) State True or False 

a)  A controller object acts as a go in-between one or more of an 

applications one or more of its model objects and view objects? 

b)  A web view loads and displays rich web content, such as embedded 

HTML and websites, directly within the specific application. 

c)  Model-View-ViewModel (MVVM) is an MVC derivation? 

d)  MVC divides a given application into five interconnected parts in 

order to separate internal representations of information from the 

ways that information is presented to and accepted from the end 

users. 

2)  What are navigation controllers  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3)  Explain Model-View-Controller  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4) List the variousTop Label Panels 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4.4 GESTURE HANDLING  

Gesture handling is the interaction between users with an iOS device; these 

users interact with an iOS device by executionof gestures on the touchscreen. 

These gestures stimulate a close individual connection with content while 

enhancing the impression of direct manipulation of the objects on the screen of 

the device. IOS Applicationusers havenow come to expect the following 

standard gestures to be able to work across the entire system as well as in every 

application. However, as a general rule, it is advisable only to use standard 

gestures. Users are already familiar with the standard gestures and definitely 

would notappreciate having to learn other different ways of practically doing 

the same thing in a different manner.it is important to note that in games and 

other immersive or interactive application, custom gestures can be a fun part of 

T/F 
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iOS: Viethe experience there by enhancing user experience. However, in other simpler 

and less interactive application, it is recommended to use standard gestures to 

reduce extra effort needed to rememberthe gestures while using the application. 

Below are the general rules to follow when working on gesture handling in 

iOS. 

• The application developer must not block systemwide gestures. Apart 

fromthe standard gestures, other additional gestures maycause systemwide 

actions, for example, revealing Notification Center or Control Center. The 

application usersdepend on these gestures to function in all iOS application. 

• The developer must avoid using standard gestures to perform non-standard 

actions. Unless the application is a game in active gameplay. It has become 

confusing and complex indefining the meaning of standard gestures. 

• The application must offer to the users’ shortcut gestures to complement, 

but never to replace,actions and interface-based navigation. Whenever 

possible, the application should offer a simple, easy, visible way to perform 

an action or navigate, adding one tap or two will suffice for this. A lot of 

iOS application comprises  a navigation bar which display a clear, tappable 

button that leads back to the previous screen in the application. But users 

can also navigate back by swiping from the side of the screen. For example, 

on iPad, the application users can exit to the Home screen by simply 

tapping the Home button, and also by employing the four-finger pinching 

gesture on the screen of the device. 

• The developer must enable multifinger gestures to enhance the user 

experience of the application. Although, gestures involving multiple fingers 

at once are not usually best for all application, however they can enhance 

the experience in another application, such asdrawing application and 

games. In an instance were a game includes multiple onscreen controls, for 

example a joystick and run button. It is useful for simultaneous operation. 

4.4.1 Handling Events 

This can be defined as the event that occurs when an application user interacts 

with a webpage on iOS devices. Gestures handled by Safari on iOS mobile 

devices try to mimic mouse events as in a desk top. Also, the application 

developer needs to register for specific iOS multi touch and gesture events 

directly with Apple. Exampleof an iOS specific event includes Orientation 

events. Also, the developer needs to be aware that there are some unsupported 

events such as paste,copyand cut. Gestures made by the users include but not 

limited to for instance a double tap to zoom and a flick to pan mimic mouse 

events on a desk top. However, the flows of events generated by one finger and 

two finger gestures are conditional depending on whether or not the selected 

element is clickable or scrollable as described in One Finger Events and Two 

Finger Events. Also the application developer needs to turn off the default 

Safari on iOS so as toprevent thedefault behaviour and which gives the liberty 

to handle a customized multi touch and gesture events directly as the user 

might want. Handling multi touch and gesture an event directly gives 

developers the capability to execute a unique touch screen interfaces just like 

thecustom applications. When it is necessary for the application developer to 

change change the layout the webpage, it has to be done in accordance with the 

orientation of iOS. 
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4.4.2 One-Finger Events 

The function of this section or type of event is to use flow charts to break down 

gestures into the individual actions which are capable of generating an event.it 

is important to note that some of the events generated on iOS devices or 

platforms are conditional events, the type of events generated depends entirely 

on whether the user is tapping or touching and of course whether they are using 

one or two fingers. Luckily not all gestures generate any events on iOS mobile 

devices. 

4.4.3 Two-Finger Events 

In iOS mobile devices, the pinch open gesture does not generate any mouse 

events.When an application user holds two fingers down on a scrollable 

element and moves the fingers, a mouse wheel event are generated. However in 

a situation where theelement is not scrollable, then Safari on iOS willpan the 

webpage. But no event is generated.  

4.4.4 Handling Multi-Touch Events 

An iOS application developer may decide to use JavaScript DOM touch event 

classes, which are available on iOS, they are used to handle multi touch and 

gesture events in the same way they are handled in custom iOS applications on 

mobile devices . After the application developer just haveregistered for multi 

touch events, the platformcontinuously sends TouchEvent objects to those 

DOM elements any time the users fingers touch or evenonthe surface of the 

device. These are also sent alongside the emulated mouse events unless the 

application developer decides to stop this default behaviour. The touch event 

alsooffers a snapshot of all touches that took place while a multi touch 

sequence is in progress, however, most essentially the new touches or a change 

in touches for another specific target. While using an iOS application, a multi 

touch sequence starts immediately the finger first touches the screen of the iOS 

device.  

Then when other fingers touches the surface, as it is possible for all the fingers 

to touch the device screen.All iOS application receives touch event objects at 

any phase during touch. Thesejust like the mouse events the difference is that 

the user has to simultaneously touch the device at different location for a 

different touch event.Touch event objects are usually used to sum upall touches 

on the screen of the device. Characteristically, each finger is denoted by a 

touch object. The sequence is terminated as soon as the last of these fingers is 

removed. The typical properties available in a mouse event are also available in 

the touch object, not the touch event object. To use multi-touch events in a web 

application, the application developer has to follow the steps below: 

1) First step is to register handlers for multi touch events in HTML by 

following the below code: 

 

 

 

 

 

 

<div 

ontouchstart="touchStart(event);" 

ontouchmove="touchMove(event);" 

ontouchend="touchEnd(event);" 

ontouchcancel="touchCancel(event);" 

ontouchforcechange="touchForceChange(event);" 

></div> 
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iOS: Vie2) Similarly, another method is to also register handlers in JavaScript as 

show in the below code: 

 

 

 

 

 

3) The application developer must respond to multi touch events by simply 

byexecuting handlers in JavaScript. For example, the developer may 

decide to implement the touchStart method as shown below: 

 

 

 

 

4) Also the developer may instead, get all touches on a single page using the 

touches property by inputing the code below: 

 

 
 

5) Another available method is to get all touches for the target element using 

the targetTouches property see the code below: 

 

 

6) Also, the application developer may decide to get all changed touches for 

this event using the changedTouches property as shown below: 

 

 

7) The application developer must access the Touch object properties for 

instance; theidentifier,client, and target, location in page or screen 

coordinates similar to mouse event properties.In the example below, to get 

the number of touches required for an event the application developer 

needs to do the following do the following: 

 

 

The application developer must get a specific touch object at index i: just as it 

is represented below: 

 

 

The next step is the concluding one, the application developer has to get the 

location in page coordinates for a single finger event by using the below code: 

element.addEventListener("touchstart", touchStart, false); 

element.addEventListener("touchmove", touchMove, false); 

element.addEventListener("touchend", touchEnd, false); 

element.addEventListener("touchcancel", touchCancel, false); 

element.addEventListener("touchforcechange", touchForceChange, false); 

function touchStart(event) { 

  // Insert your code here 

} 

varallTouches = event.touches; 

var targetTouches = event.targetTouches; 

var changedTouches = event.changedTouches; 

event.touches.length 

var touch = event.touches[i]; 
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It is possible for the application developerto be able to use multi touch events 

together with CSS visual effects this will enable dragging or some other user 

action as stipulated by the developer. For the application developer to be able 

to enable dragging, the developer must execute the touchmove event handler to 

translate the target by imputing the codes below: 

 

 

 

 

 

 

Characteristically, the application developer can implement multi touch event 

handlers to track several touches or just one touch. However, the developer can 

also use multi touch event handlers to detect custom gestures being carried out 

by the user. To be exact, these are custom gestures that have not been already 

knownby gesture events. For example, the application developer can identify a 

two finger tap gesture as following the below steps: 

Initiatethe gesture when the application developer receives a touchstart event 

containing two target touches. 

• End gesture when the application developer receives a touchend event 

without a prior touchmove event. 

• Correspondingly, the developer candetect a swipe gesture as follows: 

Activate gesture only when the application developer receives a touchstart 

event containing one target touch only. 

• Proceed with gesture when the developer receives a touchmove event 

mostly in the x-direction. 

• The application developer must end gesture should a touchend event 

occurs. 

• Terminatethe gesture if and any time, the application developer receives an 

event with >1(greater than) touches. 

• Cancelthe gesture should the developer receive a touchmove event mostly 

the y-direction. 

Handling Gesture Events 

In iOS application development, a multi touch events could bepooled together 

to form a very high level gesture events.A gesture event encompasses scaling 

and rotation information, thuspermitting gestures to be added, should the 

platform be compatible with the action.GestureEvent objects are also sent 

while a multi touch sequence is in progress. However, whenit is not supported, 

for another gesture to start, the previous one has to end first. The application 

developer should listen for GestureEvent objects if the application developer 

var x = event.touches[0].pageX; 

var y = event.touches[0].pageY; 

functiontouchMove(event) { 

event.preventDefault(); 

curX = event.targetTouches[0].pageX - startX; 

curY = event.targetTouches[0].pageY - startY; 

event.targetTouches[0].target.style.webkitTransform = 

'translate(' + curX + 'px, ' + curY + 'px)'; 

} 
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iOS: Viewants to respond to gestures only, and does not need to process the low level 

TouchEvent objects. In other for an application developer to use gesture event 

in the web application follow the simple steps below must be followed: 

1) Firstly the application developer needs to register handlers for gesture 

events in HTML using the below codes: 

 

 

 

 

2) The application developer may also alternativelyregister handlers in 

JavaScript as shown below: 

 

 

 
 

3) The application developer needs to respond to gesture events by executing 

handlers in JavaScript. The application developer mustexecute the 

gestureChange method by inputting the below codes: 

 

 

 

 

4) In iOS application development, the developer needs to note the amount of 

rotation since the gesture started by the use of the below code: 

 

 

5) Note to the application developer that all the angles must be in degrees, 

and also clockwise is positive and counter is clockwise is negative. To get 

the exact amount scaled since the gesture started input the following 

codes: 

 
 

The scale is larger if greater than 1.0 and smaller if less than 1.0. The 

application developermay choose to combine gesture events with CSS visual 

effects, this will in turn enable rotating, scaling,or any other custom user action 

available in iOS devices. For the application developer to implement the 

gestureChangeevent handler to scale and rotate the target as follows input the 

code below: 

 

 

 

 

<div 

ongesturestart="gestureStart(event);" 

ongesturechange="gestureChange(event);" 

ongestureend="gestureEnd(event);" 

></div> 

element.addEventListener("gesturestart", gestureStart, false); 

element.addEventListener("gesturechange", gestureChange, false); 

element.addEventListener("gestureend", gestureEnd, false); 

function gestureChange(event) { 

  // Insert your code here 

} 

var angle = event.rotation; 

var scale = event.scale; 

onGestureChange: function(e) { 

e.preventDefault(); 

e.target.style.webkitTransform = 

'scale(' + e.scale  + startScale  + ') rotate(' + e.rotation + startRotation + 

'deg)'; 

} 
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Handling Orientation Events 

In iOS application development, an event is sent any time the user changes the 

orientation of iOS device in use. By handling this event in the web content, the 

application developer is able todefine the present orientation of the device and 

also allowing the device to change its layout according to how it is required. 

For instance; to be able to display a simple textual list in portrait orientation 

and add a column of icons in landscape orientation.Comparably to a resized 

event, the application developer may decide to include a handler to the body of 

the element in HTML. The application developer should include the 

updateOrientation, which is a handler that is executed in JavaScript: 

 

 

Furthermore, if the user starts with the iOS devicein portrait orientation and 

changes are madeto landscape orientation by turning the iOS device to the 

right, the application developer must set the window orientation property to -

90.  Combine dds an orientation handler to the body element and then execute 

the updateOrientation JavaScript method to show the existing orientation on 

the screen. It is important to note thatwheneverorientation changeevent 

happens, the updateOrientation method is initiated, which performs the 

function of changing the string displayed by the dividing the elements in the 

body. In other to display the orientationthe following code should be displayed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<body onorientationchange="updateOrientation();"> 

<!DOCTYPE html> 

 

<html> 

<head> 

<title>Orientation</title> 
<meta name = "viewport" content="width=320, user-scalable=0"> 

 

<script type="text/javascript" language="javascript"> 

 

function updateOrientation() 

            { 
vardisplayStr = "Orientation : "; 

 

switch(window.orientation) 

                { 

case 0: 

displayStr += "Portrait"; 
break; 

 

case -90: 

displayStr += "Landscape (right, screen turned clockwise)"; 

break; 

 

case 90: 

displayStr += "Landscape (left, screen turned counterclockwise)"; 

break; 

 

case 180: 
displayStr += "Portrait (upside-down portrait)"; 

break; 

 

                } 

document.getElementById("output").innerHTML = displayStr; 

            } 
</script> 

</head> 

<body onorientationchange="updateOrientation();"> 

<div id="output"></div> 

</body> 

</html> 
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iOS: VieTable 4.1: Types of events 

Event Generated Conditional 

Abort Yes No 

Change Yes No 

Blur Yes No 

copy No N/A 

Click Yes Yes 

Drop No N/A 

Drag No N/A 

Focus Yes No 

Gesturestart Yes N/A 

Gesturechange Yes N/A 

Load, Deprecated, use 

pageshow instead. 

Yes No 

Mousemov Yes Yes 

Unload. Deprecated, use 

pagehide instead. 

Yes No 

Mousedown Yes Yes 

Gestureend Yes N/A 

Touchstart Yes N/A 

Touchforcechange Yes N/A 

Touchcancel Yes N/A 

Touchmove Yes N/A 

Submit Yes No 

Touchend Yes N/A 

Mouseup Yes Yes 

Reset Yes No 

Orientationchange Yes N/A 

mouseout Yes Yes 

Pagehide Yes No 

Pageshow Yes No 

Paste No N/A 

Mouseover Yes Yes 

Selection No N/A 
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4.5 MODEL 

In iOS application development, most applications makes use of the Model 

View Controller design pattern, which is very effective in separatinguser 

interaction and user interface from the fundamental data structures and logic. 

Persistence is the most important task of the application object model.At the 

moment, model objects are presently only available in Objective-C. It is 

possible that they could be includedin swift in the future, although the property 

related attributes may be different in order to be suitable in other platform 

structure.IOS provides support for creating model objects that persist to 

documents, and can be queried using queries. The application developer may 

subclass the abstract class CBLModel, including a custom Objective-C 

property, and alsolittle quantity of annotation that helps to describes how these 

features are map to JSON in the document.listedbelow are some of the purpose 

or function of a model in iOS application development. 

• Mutable state: Properties can be readwrite, so they can be changed in 

memory, and then later saved back to the document. 

• Dynamic typing: The application developer may decide to use the 

CBLModelFactory to align each model class to a specific document. It is 

possible for an application developer can create a hierarchy of model 

classes and have the suitable subclass launched at runtime according to the 

document's type as programmed by the developer. 

• Custom property access: it performs the function of accessing document 

properties such as Objective-C properties. 

• Extended type support: it provides transparent support for common types of 

documents without a JSON representation, for example, NSDate and 

NSData.It is possible for the developer to evendenote references to other 

model objects. 

• Key Value Observing: it helpsthe developer to observe the value of a 

property as well as to get informed whenever there is a change. However, 

the application developer could also use binds to connect properties to UI 

controlson OS X. 

4.5.1  Defining Model Classes 

In IOS application development, in other to create a custom model class, the 

application developer just needs to makes it inherit from CBLModel. 

Although,the developercould create any number of model classes, and make it 

possible for them to inherit from each other. Each model class shouldtally to a 

different type of persistent entity in the application being developed. The 

application developer can define persistent properties of the model classes 

simply by stating Objective-C properties in its @interface block using the 

@property syntax. To mark a property as persistent, in the @implementation 

block the iOS developer must state it as being @dynamic, as shown below this 

in the example. 

 

 

 

 

@objc(Note) 

class Note: CBLModel { 

    @NSManaged var message: NSString 

    @NSManaged var created: NSDate 

    @NSManaged var checked: Bool 

} 
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These are all the code needed by an application developer to write for a 

minimal but fully functional model class in any given iOS application. 

4.5.2 Propertiestypes and Storage 

In iOS application development, the CBLModel supports a very large range of 

data types for properties;it is not possible to use everything, because some 

types actually involve special handling. Property types that cannot be directly 

represented in JSON for example, dates will be converted to a string 

representation, but will be properly converted back to the property's custom 

type when the model object is read from the database next time. 

4.5.3 Numeric Types 

NSDate: JSON doesn't have a date type, so the date will be stored as a string in 

the semi-standard ISO-8601 format, and parsed from that format when read in. 

Booleans: Declare Boolean properties as the C99 type bool, not the legacy 

Objective-C type BOOL. NSString: Maps to a JSON string. 

NSData: JSON doesn't support binary data, so the data will be encoded as 

Base64 and stored as a string. The size and CPU overhead of the conversion 

make this inefficient for large data. The developer may reflect on using an 

attachment instead. 

CBLModel classes: The developer can create one to one references to another 

model object by declaring a persistent property whose type is a CBLModel 

subclass. The value will be persisted as a JSON string containing the document 

ID of the model object. 

NSArray: An NSArray is saved as a JSON array, with each element of the 

array converted to JSON according to the rules in this section. When reading a 

JSON array from a document, however, it can be ambiguous what type of 

object to use; there are annotations that can customize that.  

Any class implementing CBLJSONEncoding: Any class that implements this 

protocol can be used as the type of a persistent property; CBLModel will call 

the CBLJSONEncoding API to tell the object to convert itself to/from 

JSON.CBLJSONEncoding is an Objective-C protocol. 

4.5.4  Array Element Types 

In iOS application development, the NSArray property type often needs special 

handling, to ensure that the items of JSON arrays are converted to the correct 

type of object. By default, the items are simply parsed as JSON; this breaks 

round-trip fidelity if you store NSDate or NSData or CBLModel objects they 

will all be read back in as NSStrings. And if the developer store objects 

implementing CBLJSONEncoding, they will be read back in as whatever 

JSON-compatible value the object encoded it as. To prevent this, you can 

specify that the items of the array property must be of a particular class. Each 

item will then be converted from JSON according to the property-type rules for 

@implementation Note 

@dynamic text, created, checked; // marks these as persistent 

@end 
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that class, described in the previous section. In other to specify the type, 

implement a class method with a name of the form property name ItemClass, it 

should be done as the example below: 

 

 

 

 

 
 

4.5.5 Instantiating Model Objects 

It is important for an iOS application developer to remember that every model 

has a one-to-one association with a document in the database. CBLModel has 

no public initializer methods, and the developer should not implement any in 

subclasses. In other for a developer to create a new model object on a new 

document, it is recommended to use the following class method: 

 

 
 

In a subclass, to set up a transient state of an instance, override the 

awakeFromInitializer instance method. This method is called when a new 

model is instantiating. To instantiate the model for an existing document 

include the code below: 

 

 

 

4.5.6   Dynamic Instantiation Using the Model Factory 

It is interesting to note that there is one limitation of the default mechanism of 

launching a model objects. The application developer must know what class 

the model object will be before instantiate it, since you call +model For 

Document: on that specific class. This can be a problem if you have a hierarchy 

of model classes, and want to instantiate different subclasses for different types 

of documents. For example, a to-do list that supports text notes and also 

supports voice notes and picture notes. 

 The application developer must create VoiceNote and PictureNote subclasses 

of Note for these, and the documents in the database follow the convention of 

using a "type" property to identify their type, with values "note", voice_note 

and picture_note. 

 

  

@objc(Star) 

class Star: CBLModel { 

    @NSManaged var observationDates: NSArray // items are NSDates 

classfuncobservationsItemClass() ->AnyClass { 

returnNSDate.self 

    } 

} 

letnewNote = Note(forNewDocumentInDatabase: self.database); 

let doc = self.database["some-note"] 

let note = Note(forDocument: doc) 
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In a very tricky scenario, for example if a model class that has a reference to a 

Note, for instance, property of type Note. Should the application developer 

want to resolve this property value, CBLModel will initiate a Note object. 

 

 

 

 

As soon as this is done, the application developer now calls the 

+modelForDocument: directly on the CBLModel, in place of calling on the 

subclass; the method will automatically look up the document type in the 

model factory in iOS to find out what class to instantiate that is best suitable 

for the document: 

 

 

 

 

This may not look much different from the usual style; but by letting 

CBLModel choose the class, the application developer will routinely get an 

object of the correct subclass based on the "type" property of the individual 

document. Also, when the application developer needs to resolve a property 

value whose type is a model class, the factory is used in ensuring that the 

correct subclass is used. 

4.5.7   Saving Model Objects 

Model objects can have mutable state: their properties can be declared 

readwrite, and their attachments can be modified. Such changes are made only 

in memory, and don't affect the underlying Document until the model object is 

saved: 

 

 

 

 

// This is the CLUMSY and INEFFICIENT way to handle dynamic typing: 

let doc = self.database["some-note"] 

var note: Note? 

let type = doc["type"] as? String; 

if type == "note" { 

note = Note(forDocument: doc) 

} else if type == "voice_note" { 

note = VoiceNote(forDocument: doc) 

} else if type == "picture_note" { 

note = PictureNote(forDocument: doc) 

} else { 

note = nil 

// Do this once per launch, probably right after opening the database: 

let factory = self.database.modelFactory 

factory.registerClass(Note.self, forDocumentType: "note") 

factory.registerClass(VoiceNote.self, forDocumentType: "voice_note") 

factory.registerClass(PictureNote.self, forDocumentType: "picture_note") 

// This is the clean way to handle dynamic typing: 

let doc = self.database["some-note"] 

let note = CBLModel(forDocument: doc) as Note 

// Toggle a note's checkbox property and save it: 

note.checked= !note.checked 

var error: NSError? 

if !note.save(&error) { 

handleError(error) 

} 
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Should the developer not want to deal with saving manually, you can set a 

model object's autosaves property. When this Boolean property is set, the 

model will automatically call save: shortly after its state is changed. The save 

occurs after the current thread returns back to the runloop, and only happens 

once even if multiple changes were made. The application developer can 

increase the delay before the auto save by overriding the autosaveDelay 

property, whose default value is 0, to a longer time interval. Toundo all 

changes and revert the model object back to the document's state, call 

revertChanges. To delete the document, call deleteDocument: 

4.5.8   Customizing Saving 

In a case where the developer needs to do something just before a model is 

saved, the save should never be over ridden; it is not actually called in most 

cases where the model gets saved. Instead, the application developer may 

choose to override thewillSave. It is very useful in to guarantee that it would be 

called right before a save is done. Usually, it is passed with a set of the names 

of all the modified properties, which could be useful. The execution may some 

times change property values if it wants to. For example to update a time stamp 

the following should be done: 

 

 

 

 

You may need a specific type of customization when deleting a model's 

document: storing some information in the deleted document's "tombstone" 

revision, generally for the use of the server. To do this, override properties 

ToSaveForDeletion and return an NSDictionary of properties. It's best to call 

the base implementation and modify the dictionary it returns: 

 

 

 

 

 

Check-In Progress 2 

1) State True or False 

a)  Users interact with an iOS device by performing gestures on the 

touchscreen 

b)  In iOS a multi-touch events can be combined together to form high 

level gesture events 

c)  Model objects cannot have mutable state: their properties cannot be 

declared readwrite, and their attachments can be modified. 

d)  Gestures handled by Safari on iOS emulate mouse events. 

2)  What is gesture handling 

……………………………………………………………………………… 

overridefunc willSave(changedPropertyNames: NSSet!) { 

saveCount++ 

lastSaveTime = NSDate() 

} 

overridefuncpropertiesToSaveForDeletion() -> [NSObject : AnyObject]! { 

var props = super.propertiesToSaveForDeletion() 

props["timestamp"] = CBLJSON.JSONObjectWithDate(NSDate()) 

return props 

} 

T/F 
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iOS: Vie……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3) Explain three types of touch events  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4) Explain the function of a model  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4.6 SUMMARY  

At this point, you must have understood that MVC is a design pattern for all 

programming languages. In iOS, developers must follow the MVC pattern 

because it helps the developers in making separate portions which do not affect 

each other without the developer's permission. Following the MVC pattern 

makes your code understandable and easily readable for new developers. In 

this modern era, the MVC Object Oriented principles are the key to success. 

So, new developers should focus on this concept because this concept is being 

applied in all programming languages nowadays. Thus, you should study the 

MVC concept and try to build an App with MVC pattern. 
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• Model View Controller History. C2.com 

• Simple Example of MVC (Model–View–Controller) Design Pattern for 

Abstraction 

• Moore, Dana et al. Professional Rich Internet Applications:: " origin of 

MVC,  



 

 

 
iOS: View Controllers 

and Model

123

• Brubeck, Steve (1992) Applications Programming  

• Smalltalk-80:How to use Model–View–Controller (MVC) 

• Buschmann, Frank (1996) Pattern-Oriented Software Architecture. 

4. 8   SOLUTIONS/ANSWERS 

Check-in Progress 1 

1)  State True or False 

a)  True 

b)  True 

c)  True 

d)  True 

2)  The UINavigationController class implements a specialized view 

controller that manages the navigation of hierarchical content. This 

navigation interface makes it possible to present the data efficiently and 

makes it easier for the user to navigate that content. A navigation 

controller manages a stack of view controllers to provide a drill-down 

interface for hierarchical content. The view hierarchy of a navigation 

controller is self-contained. A developer generally use this class as it is but 

the developer  may also subclass to customize the class behaviour It is 

composed of views that the navigation controller manages directly and 

views that are managed by content view controllers you provide. 

3)  In iOS application development, A Model view controller (MVC) this is a 

software architectural pattern that is used for implementing user interfaces 

on computers and other devices. MVC divides a given application into 

three interconnected parts in order to separate internal representations of 

information from the ways that information is presented to and accepted 

from the end users. Its design pattern helps in breaking these major 

components into smaller component allowing for efficient code reuse and 

parallel development. Although, conventionally used for desktop graphical 

user interfaces (GUIs), this architecture has become popular for designing 

web applications and even mobile, desktop and other interested users. 

Some well know programming languages like C#, Java,  PHP, Ruby and 

others have popular MVC frameworks that are currently being used in web 

application development . 

4)  Action Sheets 

Activity Views 

Alerts 

Collections 

Image Views 

Maps 

Pages 

Popovers 

Scroll Views 

Split Views 

Tables 
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iOS: VieText Views 

Web Views 

Check-in Progress 2 

1) State True or False 

a)  True 

b)  True 

c)  False 

d)  True  

2) Users interact with an iOS device by performing gestures on the 

touchscreen. These gestures elicit a close personal connection with content 

and enhance the sense of direct manipulation of onscreen objects. Users 

generally expect the following standard gestures to work the same across 

the system and in every application. As a general rule, use standard 

gestures. Users are familiar with the standard gestures and do not 

appreciate being forced to learn different ways to do the same thing. In 

games and other immersive application, custom gestures can be a fun part 

of the experience. 

3)  One-Finger Events: This section uses flow charts to break down gestures 

into the individual actions that might generate events. Some of the events 

generated on iOS are conditional the events generated depend on what the 

user is tapping or touching and whether they are using one or two fingers. 

Some gestures don’t generate any events on iOS. 

Two-Finger Events: The pinch open gesture does not generate any mouse 

events. If the user holds two fingers down on a scrollable element and 

moves the fingers, mouse wheel events are generated. If the element is not 

scrollable, Safari on iOS pans the webpage. No events are generated while 

panning. An on scroll event is generated when the user stops panning. 

Handling Multi-Touch Events: An iOS application developer can use 

JavaScript DOM touch event classes available on iOS to handle multi-

touch and gesture events in a way similar to the way they are handled in 

native iOS applications. After registration for multi-touch events, the 

system continually sends TouchEvent objects to those DOM elements as 

fingers touch and move across a surface. These are sent in addition to the 

emulated mouse events unless you prevent this default behaviour as 

described in Preventing Default Behaviour. A touch event provides a 

snapshot of all touches during a multi-touch sequence, most importantly 

the touches that are new or have changed for 

4)   Mutable state: Properties can be readwrite, so they can be changed in 

memory, and then later saved back to the document. 

• Dynamic typing: You can use the CBLModelFactory to associate 

each model class with a document type. An application developer can 

create a hierarchy of model classes and have the appropriate subclass 

instantiated at runtime according to the document's type. 

• Native property access: Access document properties as native 

Objective-C properties. 
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• Extended type support: Transparent support for common types that 

don't have a JSON representation, like NSData and NSData. You can 

even represent references to other model objects.Key Value 

Observing: the developer can observe the value of a property and get 

notified when it changes. On Mac OS X, you can also use bindings to 

connect properties to UI controls. 
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BLOCK 4 INTRODUCTION 

This block titled “Developing Apps with iOS” demonstrates some advance 

aspects of iOS apps development. You will be able to learn ‘how storage is 

used in iOS applications. It also demonstrates and explains about the web 

services and their integration in the iOS apps. The concept of multithreading is 

one of the important aspect in apps development, this is explained in unit 3 of 

this block. In last unit of this block, you will learn the methods and 

mechanisms for interacting with iOS camera. After completing this unit, you 

would be able to use various features in iphone for development of iOS apps. 

This block is having following units: 

• Unit 1: Storage in iOS  

• Unit 2: Integrating with Web Services in iOS 

• Unit 3: Multi-Threading in iOS 

• Unit 4: Interaction with Camera in iOS 
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Storage in IOS

UNIT 1 STORAGE IN iOS 

Structure  

1.0 Introduction 

1.1 Objectives 

1.2 User Defaults /SQLite/Core Data       

1.3 Usages and Application of Core Data 

1.4 Summary 

1.5 References/Future Studies 

1.6 Solutions/Answers 

1.0 INTRODUCTION 

Data persistence is an important function of an app based on any technology, 

be it android or iPhone. There are times when we have to work without an 

internet connection, which is where offline capabilities of a mobile app come 

into practice. Here, we will explore local iOS data storage for iOS apps 

intended to keep certain information locally. Local storage is meant for 

retaining web app data locally using certain frameworks, tools and methods 

distinctive to different platforms. For iOS storage, there are different methods 

to choose from. The choice, however, depends upon what and how much data 

you want to store. Most of the times, more than one method is required to 

implement local storage in iOS apps, as there are different persistence needs of 

the application viz. data gathered from web browsing, user preferences, and 

application settings. The most widely used methods for local storage 

implementation in iOS are:   

• SQLite 

• Property List 

• CoreData 

• NSUser Defaults 

• Key Chain 

Different methods serve different data persistence purposes, for example, 

SQLite is used for low-level relational database work while Core Data is a 

modeling framework for object oriented Cocoa Touch Applications. On iOS, 

the two main storage technologies available to developers are Core Data and 

SQLite. Both technologies have advantages and disadvantages depending on 

the amount and type of data you need to store and manage. This unit and 

accompanying sample application provide an overview of Core Data and 

SQLite and also compares the two technologies and provides sample code. The 

code is for an iPhone application that enables you to switch between Core Data 

and SQLite, thus enabling a direct comparison between these two technologies. 

Some simple metrics are displayed: memory usage, application CPU usage, 

and data store size for both the iPhone. 

1.1 OBJECTIVES  

After studying this unit, you will be able to:  
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• To understand the storage of data on IOS; 

• Differentiate know the difference between the storage technologies; 

• explain the different storage technologies; 

• difference between User Defaults /Sqlite/Core Data; and 

• Understand the use and applications of core data. 

1.2 USER DEFAULTS /SQLITE/COREDATA   

1.2.1 What is NS User Defaults? 

Basically, NSUserDefaults is a class that provides simple storage of different 

data type solution. It is perfect for those small bits of information you will need 

to persist between app launches or device restarts. You can use NSUser 

Defaults to store any basic data type as long as the app is installed. Not only 

can you can use it to store basic types such as Bool, Float, Double, Int, String, 

or NSURL, but you can also store a few more complex types like arrays, 

dictionaries, NSDate& NSData values.The NSUserDefaults class provides a 

programmable interface for back and forth interaction with the defaults system. 

It is important to know that the defaults system allows an application to 

customize its behavior and features to meet with the user’s requirement for 

Example, it allow users to decide what units of measurement to be used by the 

application are to be displayed or how often documents need to be saved 

automatically. It is possible for the applications record such preferences by 

allocating values to a set of parameters in the user’s defaults database. Such 

parameters are referred to as defaults as they are generally used to decide an 

application’s default state at launch time or the way it acts by default. There are 

two versions of NSUserDefaults: 

• NSUserDefaults Objective-C version:Objective-C is a general-purpose, 

object-oriented programming language that adds Smalltalk-style messaging 

to the C programming language. It is the main programming language used 

by Apple for the OS X and iOS operating systems and their respective 

application programming interfaces (APIs), Cocoa and Cocoa Touch. 

• NSUserDefaults swift: Swift code more closely resembles natural English, 

in addition to other modern popular programming languages. The 

readability makes it easier for existing programmers from Java Script, 

Python, Java, C#, and C++ to adopt Swift into their tool chain -- unlike the 

Objective-C. 

At launch time, an NSUserDefaults object is used to read the defaults that the 

application uses from a user’s defaults database. NSUserDefaults caches the 

information and data to avoid having to open the user’s defaults database each 

time there is need for a default value. The synchronize () method, which is 

automatically invoked at intermittent intervals, saves the in-memory cache in 

sync with a user’s defaults database. The NSUserDefaults class provides 

suitable methods for retrieving common types such as floats, integers, URLs, 

Booleans, and doubles. The default object must be a property list which are, an 

instance of (or for collections, a combination of instances of): NS Date, NS 

Data, NS Dictionary, NS String, NSArray, and NS Number. However if there 

is a need to store some other type of object, it would typically archive it to 

create an instance of NSData. Values returned from NSUserDefaults are 

immutable, even if you set a mutable object as the value. For example, if a set 
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retrieved using string (for Key :) will be immutable. A defaults database is 

automatically generated for every user. The NSUserDefaults class does not at 

the moment support per-host preferences. To do this, it must use the 

CFPreferences API. Nevertheless, NSUserDefaults accurately reads per-host 

preferences;hence it can safely mix CFPreferences code along with 

NSUserDefaults code. If the application makes provisions for a managed 

environments, it can used as an NSUserDefaults object to decide which 

preferences are controlled by an administrator for the advantage of the user. A 

Managed environment corresponds with the computer labs or classrooms 

where a teacher or administrator might need to configure the systems in a 

specific way. In this kind of situation, the teacher may establish a set of default 

preferences and force those preferences on each user. When a preference is 

managed in this way, the applications would prevent users from changing the 

preference by deactivating the appropriate controls. 

1.2.2  Storing inNSUserDefaults 

Fundamentally, all that has to be done is to load NSUserDefaults, and instruct 

it to save a value to a particular key. This is a basic example of programming 

an integer to NSUserDefaults: 

        

 

 

As stated already, NSUserDefaults plistis usually loaded to the object 

“defaults”. The object is set to an integer for the key “HighScore”. The last 

command to defaults to “synchronize” is essentially to force a save. It is not 

absolutely important, because this is automatically the case so often, however, 

there may be if needed, so be sure to save the changes to NSUserDefaults. 

1.2.4  Reading from NSUserDefaults 

Just load NSUserDefaults, and then tell it to retrieve a type for a specific key. 

No need to synchronize or anything here, so one less line of code than saving. 

Reading is even easier, as shown in the example below: 

 

 

Notice that NSInteger has no asterisk after the type like NSUserDefaults does. 

That is because NSInteger is actually just a typecast of long or int, depending 

on whether the system it is running on is 64-bit or 32-bit respectively, and not a 

normal Objective-C object.To save properties in any application and user 

preferences, NSUserDefaults is one of the most common methods for local 

data storage. This is used to save logged in state of the user within an 

application, so that the app can fetch this data even when user access the 

application at some other time. In some of the iOS apps, this method is used to 

save user’s confidential information like access token. 

1.2.5 SQLITE (IOS) 

SQLite is a powerful lightweight C library that is embedded in an iOS 

application. This is used in various applications across various platforms 

including Android and iOS. It uses SQL-centric API to operate the data tables 

directly. Using SQLite C library for local data storage implementation in iOS 

NSUserDefaults *defaults = [NSUserDefaults standardUserDefaults]; 
[defaults setInteger:9001 forKey:@"HighScore"]; 

[defaults synchronize]; 

NSUserDefaults *defaults = [NSUserDefaults standardUserDefaults]; 

NSInteger theHighScore = [defaults integerForKey:@"HighScore"]; 
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applications, one needs to be very meticulous when passing in strings and 

arguments required for the functions. SQLite is very particular about the 

argument type given to functions.SQLite is a software library that implements 

a self-contained, serverless, zero-configuration, transactional SQL database 

engine. SQLite is one of the fastest-growing database engines around, but that's 

growth in terms of popularity, not anything to do with its size. The source code 

for SQLite is in the public domain. It is the one database, which is zero-

configured, that means like other database you do not need to configure it in 

your system. SQLite engine is not a standalone process like other database, you 

can link it statically or dynamically as per your requirement with your 

application. The SQLite accesses its storage files directly. 

1.2.6 Features of Sqlite 

• SQLite does not require a separate server process or system to operate 

(serverless). 

• SQLite comes with zero-configuration, which means no setup or 

administration needed. 

• A complete SQLite database is stored in a single cross-platform disk file. 

• SQLite is very small and light weight, less than 400KiB fully configured or 

less than 250KiB with optional features omitted. 

• SQLite is self-contained, which means no external dependencies. 

• SQLite transactions are fully ACID-compliant, allowing safe access from 

multiple processes or threads. 

• SQLite supports most of the query language features found in the SQL92 

(SQL2) standard. 

• SQLite is written in ANSI-C and provides simple and easy-to-use API. 

• SQLite is available on UNIX (Linux, Mac OS-X, Android, iOS) and 

Windows (Win32, WinCE and WinRT). 

1.2.7  Sqlite Limitations 

There are few unsupported features of SQL92 in SQLite which are shown 

below: 

Table 1.1: Unsupported feature in SQLite 

FEATURE DESCRIPTION 

Right outer join Only left outer join is implemented. 

Full outer join Only left outer join is implemented. 

Alter table The rename table and add column variants of the alter 
table command are supported. The drop column, alter 

column, add constraint not supported. 

Trigger support For each row, triggers are supported but not for each 
statement triggers. 

Views Views in SQLite are read-only. You may not execute a 

delete, insert, or update statement on a view. 

Grant and revoke The only access permissions that can be applied are the 
normal file access permissions of the underlying 

operating system. 
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COMMAND DESCRIPTION 

.backup ?DB? FILE Backup DB (default "main") to FILE 

.bail ON|OFF Stop after hitting an error. Default OFF 

.databases List names and files of attached databases 

.dump ?TABLE? Dump the database in an SQL text format. If 

TABLE specified, only dump tables matching 

LIKE pattern TABLE. 

.echo ON|OFF Turn command echo on or off 

.exit Exit SQLite prompt 

.explain ON|OFF Turn output mode suitable for EXPLAIN on or 

off. With no args, it turns EXPLAIN on. 

.header(s) ON|OFF Turn display of headers on or off 

.help Show this message 

.import FILE TABLE Import data from FILE into TABLE 

.indices ?TABLE? Show names of all indices. If TABLE specified, 

only show indices for tables matching LIKE 
pattern TABLE. 

.load FILE ?ENTRY? Load an extension library 

.log FILE|off Turn logging on or off. FILE can be stderr/stdout 

.nullvalue STRING Print STRING in place of NULL values 

.output FILENAME Send output to FILENAME 

.output stdout Send output to the screen 

.print STRING... Print literal STRING 

.prompt MAIN 

CONTINUE 

Replace the standard prompts 

.quit Exit SQLite prompt 

.read FILENAME Execute SQL in FILENAME 

.schema ?TABLE? Show the CREATE statements. If TABLE 

specified, only show tables matching LIKE pattern 

TABLE. 

.separator STRING Change separator used by output mode and .import 

.show Show the current values for various settings 

.stats ON|OFF Turn stats on or off 

.tables ?PATTERN? List names of tables matching a LIKE pattern 

.timeout MS Try opening locked tables for MS milliseconds 

.width NUM NUM Set column widths for "column" mode 

.timer ON|OFF Turn the CPU timer measurement on or off 
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1.2.8  Key SQLite Functions 

When implementing a database using SQLite it will be necessary to utilize a 

number of C functions contained within the libsqlite3.dylib library. A summary 

of the most commonly used functions is as follows: 

• sqlite3_open() - Opens specified database file. If the database file does not 

already exist, it is created. 

• sqlite3_close() - Closes a previously opened database file. 

• sqlite3_prepare_v2() - Prepares a SQL statement ready for execution. 

• sqlite3_step() - Executes a SQL statement previously prepared by the 

sqlite3_prepare_v2() function. 

• sqlite3_column_<type>() - Returns a data field from the results of a SQL 

retrieval operation where <type> is replaced by the data type of the data to 

be extracted (text, blob, bytes, int, int16 etc). 

• sqlite3_finalize() - Deletes a previously prepared SQL statement from 

memory. 

• sqlite3_exec() - Combines the functionality of sqlite3_prepare_v2(), 

sqlite3_step() and sqlite3_finalize() into a single function call. 

1.2.9  Declaring a SQLite Database 

Before any tasks can be performed on database, it however has to be first 

declared. To do this it is important to declare a variable that points to an 

instance of a structure of type sqlite3 (the sqlite3 structure is defined in the 

sqlite3.h include file). Example given below: 

 

 

1.2.10    Opening or Creating a Database 

Once declared, a database file is opened using the sqlite3_open() function. If 

the specified database file does not already exist it is first created before being 

opened. The syntax for this function is as follows: 

 

 

In the above syntax, filename is the path to the database file in the form of a 

UTF-8 character string and database is the reference to the database structure. 

The result of the operation is returned as an int. various definitions for result 

values are defined in the include file such as SQLITE_OK for a successful 

operation.For example, the code to open a database file named contacts.db in 

the Documents directory of an iPhone application might read as follows. Note 

that the code assumes an NSString variable named databasePath contains the 

path to the database file: 

sqlite3 *contactDB; //Declare a pointer to sqlite database structure 

int sqlite3_open(const char *filename, sqlite3 **database); 
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The key point to note in the above example is that the string contained in the 

NSString object was converted to a UTF-8 string before being passed to the 

function to open the database. This is a common activity that you will see 

performed frequently when working with SQLite in Objective-C. 

1.2.11  Preparing and Executing a SQL Statement 

SQL statements are prepared and stored in a structure of type sqlite3_stmt 

using the sqlite3_prepare_v2() function. For example: 

A prepared SQL statement may subsequently be executed using a call to the 

sqlite3_step() function, passing through the sqlite3_stmt variable as the sole 

argument: 

 

 

 

1.2.12 Creating a Database Table 

Database data is organized into tables. Before data can be stored into a 

database, therefore, a table must first be created. This is achieved using the 

SQL CREATE TABLE statement. The following code example illustrates the 

creation of a table named contacts, the preparation and execution of which is 

performed using the sqlite3_exec() function: 

 

 

 

 
 

sqlite3 *contactDB; //Declare a pointer to sqlite database structure 

 

const char *dbpath = [databasePath UTF8String]; // Convert NSString to UTF-8 

 

if (sqlite3_open(dbpath, &contactDB) == SQLITE_OK) 

{ 

 //Database opened successfully 

} else { 

 //Failed to open database 

} 

sqlite3_stmt *statement; 
 

NSString *querySQL = @"SELECT address, phone FROM contacts”; 
 

const char *query_stmt = [querySQL UTF8String]; 
 

if (sqlite3_prepare_v2(contactDB, query_stmt, -1, &statement, NULL) == SQLITE_OK) 

{ 

 //Statement prepared successfully 

} else { 

 //Statement preparation failed 

} 

sqlite3_step(statement); 

sqlite3_finalize(statement); 

const char *sql_stmt = "CREATE TABLE IF NOT EXISTS CONTACTS (ID INTEGER 

PRIMARY KEY AUTOINCREMENT, NAME TEXT, ADDRESS TEXT, PHONE TEXT)"; 

 

if (sqlite3_exec(contactDB, sql_stmt, NULL, NULL, &errMsg) == SQLITE_OK) 

{ 

          // SQL statement execution succeeded 

} 
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1.2.13 Extracting Data from a Database Table 

Those familiar with SQL will be aware that data is retrieved from databases 

using the SELECT statement. Depending on the criteria defined in the 

statement, it is typical for more than one data row to be returned. It is 

important, therefore, to learn how to retrieve data from a database using the 

SQLite C function calls. As with previous examples, the SQL statement must 

first be prepared. In the following code excerpt, a SQL statement to extract the 

address and phone fields from all the rows of a database table named contacts 

is prepared: 

 

 

 

 
 

The statement subsequently needs to be executed. If a row of data matching the 

selection criteria is found in the database table, the sqlite3_step() function 

returns a SQLITE_ROW result. The data for the matching row is stored in the 

sqlite3_stmt structure and may be extracted using the sqlite3_column_<type>() 

function call, where <type> is replaced by the type of data being extracted from 

the corresponding field of data. Through the implementation of a while loop, 

the sqlite3_step() function can be called repeatedly to cycle through multiple 

matching rows of data until all the matches have been extracted. Note that the 

sqlite_column_<type>() function takes as its second argument the number of 

the column to be extracted. In the case of our example, column 0 contains the 

address and column 1 the phone number: 

 

 

 

 

 

 

 

 

 

1.2.14   Closing a SQLite Database 

When an application has finished working on a database it is important that the 

database be closed. This is achieved with a call to the sqlite3_close() function, 

passing through a pointer to the database to be closed: sqlite3_close (contactDB); 

1.2.15  Coredata 

Core Data is a model layer technology. Core Data helps you build the model 

layer that represents the state of your app. Core Data is also a persistent 

technology, in that it can persist the state of the model objects to disk. But the 

sqlite3_stmt    *statement; 

 

NSString *querySQL = @"SELECT address, phone FROM contacts”; 

 

const char *query_stmt = [querySQL UTF8String]; 

 

sqlite3_prepare_v2(contactDB, query_stmt, -1, &statement, NULL); 

while (sqlite3_step(statement) == SQLITE_ROW) 

{ 

       NSString *addressField = [[NSString alloc] initWithUTF8String: 

                (const char *) sqlite3_column_text(statement, 0)]; 

 

       NSString *phoneField = [[NSString alloc] initWithUTF8String: 
                (const char *) sqlite3_column_text(statement, 1)]; 

 

 // Code to do something with extracted data here 

 

 [phoneField release]; 

 [addressField release]; 

} 

sqlite3_finalize(statement); 
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Storage in IOSimportant takeaway is that Core Data is much more than just a framework to 

load and save data. It is also about working with the data while it’s in memory. 

Core Data is not an O/RM. It’s much more. If you’ve been working with SQL 

wrappers before: Core Data is not an SQL wrapper. It does by default use SQL, 

but again, it is a way higher level of abstraction. One of the very powerful 

things that Core Data provides is its object graph management. This is one of 

the pieces of Core Data you need to understand and learn in order to bring the 

powers of Core Data into play. By the way, Core Data is entirely independent 

from any UI-level frameworks. It is, by design, purely a model layer 

framework. And on OS X it may make a lot of sense to use it even in 

background daemons and the like.There are quite a few components to Core 

Data. It’s a very flexible technology.  

For most uses cases, the setup will be relatively simple. When all components 

are tied together, we refer to them as the Core Data Stack. There are two main 

parts to this stack. One part is about object graph management, and this should 

be the part that you know well, and know how to work with. The second part is 

about persistence, i.e. saving the state of your model objects and retrieving the 

state again. In between the two parts, in the middle of the stack, sits the 

Persistent Store Coordinator (PSC), also known to friends as the central 

scrutinizer. It ties together the object graph management part with the 

persistence part. When one of the two needs to talk to the other, this is 

coordinated by the PSC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.1: Core Data Stack 

As demonstrated in Fig. 1.1, the object graph management is where your 

application’s model layer logic will live. Model layer objects live inside a 

context. In most setups, there’s one context and all objects live in that context. 

Core Data supports multiple contexts, though, for more advanced use cases. 

Note that contexts are distinct from one another, as we’ll see in a bit. The 

NSmanagedobjectcontext 

 

NSmanaged 

object 

NSmanaged 

object 

NSmanaged         

object 

NSmanaged        

object 

NSmanaged     

object 

NSmanaged        

object 

NSmanaged    

object 

NSmanaged       

object 

NSmanaged    

object 

NSPersistent         

StoreCoordinator 

NSPersistent

store 

NSPersistent   

store 

NSPersistent

store 

SQLite 

File     

System      

SQLite 

File     

System 

SQLite 

File     

System 



 

 

Developing Apps 

with IOS 

14 

important thing to remember is that objects are tied to their context. Each 

managed object knows which context it’s in, and each context knows which 

objects it is managing. The other part of the stack is where persistency happens, 

i.e. where Core Data reads and writes from / to the file system. In just about all 

cases, the persistent store coordinator (PSC) has one so-called persistent store 

attached to it, and this store interacts with a SQLite database in the file system. 

For more advanced setups, Core Data supports using multiple stores that are 

attached to the same persistent store coordinator, and there are a few store 

types than just SQL to choose from. The most common scenario, however, 

looks like in figure 1.2: 

 

 

 

 

 

 

 

 

Fig 1.2: Common Scenario of Persistent Store Coordinator 

1.2.16   Creating Objects  

It may seem cumbersome. The way to insert objects is with the in objective-c 

method on NSEntityDescription.it is suggested that you add two convenience 

methods to your model class: 

 

 

 

 

 

 

 

 

 

Now, insert the root object like this: 

 

 

 

Now there’s a single item in our managed object context (MOC). The context 

knows about this newly inserted managed object and the managed object 

rootItem knows about the context. 
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+ (id)insertNewObjectForEntityForName:(NSString *)entityName 

inManagedObjectContext:(NSManagedObjectContext *)context 

+ (NSString *)entityName 

{ 

return @“Item”; 

} 

 
+ (instancetype)insertNewObjectInManagedObjectContext:(NSManagedObjectContext 

*)moc; 

{ 

return [NSEntityDescriptioninsertNewObjectForEntityForName:[self entityName]  

inManagedObjectContext:moc]; 

} 

Item *rootItem = [Item 

insertNewObjectInManagedObjectContext:managedObjectContext]; 
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1.2.17 Saving Changes 

At this point, though, we have not touched the persistent store coordinator or 

the persistent store, yet. The new model object, rootItem, is just in memory. If 

we want to save the state of our model objects (in this case just that one object), 

we need to save the context: 

 

 

 

At this point, many activities will take place. First, the managed object context 

figures out what has changed. It is the context’s responsibility to track any and 

all changes you make to any managed objects inside that context. In our case, 

the only change we’ve made so far is inserting one object, our root Item. The 

managed object context then passes these changes on to the persistent store 

coordinator and asks it to propagate the changes through to the store. The 

persistent store coordinator coordinates with the store (in our case, an SQL 

store) to write our inserted object into the SQL database on disk. The 

NSPersistent Store class manages the actual interaction with SQLite and 

generates the SQL code that needs to be executed. The persistent store 

coordinator’s role is to simply coordinate the interaction between the store and 

the context. In our case, that role is relatively simple, but complex setups can 

have multiple stores and multiple contexts. 

1.2.18   Storage Formats 

It is possible for Core Data to serialize objects into XML, Binary, or SQLite for 

storage. However, with the release of Mac OS X 10.5 Leopard, developers 

could also create their own customized atomic store types. It is important to 

know that each method carries its own advantages and disadvantages, example 

is; being human readable (XML) or perhaps the more memory efficient 

(SQLite). This part of Core Data is comparable to the original Enterprise 

Objects Framework (EOF) system, in the sense that one can write a fairly 

sophisticated query. Incontrast to EOF, it is not possible to write a personal 

SQL. Recently, Core Data store for ODBC has been made available in ODBC 

framework. Core Data schemas are usually standardized. Having the Xcode 

Data Model file, it is possible to read and write files in that format easily. 

Dissimilar EOF, though, Core Data at the moment is not currently designed for 

multiuser or simultaneous access unless you use ODBC framework. Schema 

migration is also non-trivial, almost always needing code. If other developers 

have access to and depend upon your data model, it may be required to provide 

version translation code in addition to a new data model if the schema is 

changed. 

1.2.19   Difference between Core Data and SQLite 

SQLite was the choice for database implementation on the iPhone.  Since the 

addition of core data to the iPhone SDK, using SQLite with low level C 

function calls is no longer the only option. First, let’s take a look at using 

SQLite directly: 

• Relational Database System 

• Potential for cross platform compatibility 

• Many early iPhone database examples were written using SQLite 

NSError *error = nil; 

if (! [managedObjectContext save:&error]) { 

    // Uh, oh. An error happened. :( 

} 
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• Objective-C wrappers such as FMDB are pretty easy to use 

Now at Core Data: 

• Can store data in its own Binary, or SQLite storage format. 

• Can serialize objects 

• Much higher level than using SQLite directly 

• Not a RDBMS you could actually just store things directly. 

Now the real question is, which is easier to use?  Well, that really depends on 

what you’re doing.  In an app I recently created all I had to do was read small 

amounts of data sequentially from a SQLite database, since this is such a 

simple task I simply used FMDB along with iPhone SQLite.  Now, if I needed 

to do anything with the data beyond reading it, Core Data can make all this 

much easier, and I’d recommend using it. 

Check in Progress 1 

1)  State True or False 

a)  SQLite is used for low-level relational database work 

b) it is believed that Core Data cannot serialize objects into Binary,  

XML, or SQLite for storag. 

c)  NSUserDefaults is one of the most common methods for local data 

stora 

d)  A complete SQLite database is stored in a single cross-platform disk 

file 

2) What are the features and limitation of SQLITE?  

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

3)  What is a Core Data Stack?  

 …………………………………………………………………………… 

…………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

 …………………………………………………………………………… 

4)  What are the difference between core data and SQLite?  

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

…………………………………………………………………………… 

T/F 
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1.3 USAGES AND APPLICATION OF COREDATA 

Core Data is a framework that you use to manage the model layer objects in 

your application. It provides generalized and automated solutions to common 

tasks associated with object life cycle and object graph management, including 

persistence. Core Data typically decreases by 50% to 70% the amount of code 

you write to support the model layer. This is primarily due to the following 

built-in features that you do not have to implement, test, or optimize: 

• Change tracking and built-in management of undo and redo beyond basic 

text editing. 

• Maintenance of change propagation, including maintaining the consistency 

of relationships among objects. 

• Lazy loading of objects, partially materialized futures (faulting), and copy-

on-write data sharing to reduce overhead. 

• Automatic validation of property values. Managed objects extend the 

standard key-value coding validation methods to ensure that individual 

values lie within acceptable ranges, so that combinations of values make 

sense. 

• Schema migration tools that simplify schema changes and allow you to 

perform efficient in-place schema migration. 

• Optional integration with the application’s controller layer to support user 

interface synchronization. 

• Grouping, filtering, and organizing data in memory and in the user 

interface. 

• Automatic support for storing objects in external data repositories. 

• Sophisticated query compilation. Instead of writing SQL, you can create 

complex queries by associating an NSPredicate object with a fetch request. 

• Version tracking and optimistic locking to support automatic multiwriter 

conflict resolution. 

• Effective integration with the OS X and iOS tool chains. 

1.3.1  Core Data and the Database 

Core Data gives the iOS app a standard, near-transparent interface to a database 

file. With Core Data, an app can define a database schema, create a database 

file, and create and manage record data. Core Data is hardware-agnostic. 

Runtime support is available on the same processors that MacOS X and iOS 

support. Plus, Core Data works directly with SQLite, the public-domain 

database engine bundled with MacOS X and iOS.The data flow between 

context and store is mediated by a coordinator object. Each database table is 

represented as an entity, each record a managed object. There can be several 

managed objects within the same entity, and several entities within the same 

context. A record field is either an attribute or a relation. In the latter type, the 

field holds a reference to a secondary record. 

1.3.2  The Differences between Core Data and a Database 

Both Core Data and an SQL database provide a means of persistently storing 

structured data in a searchable store.Since programmers are generally familiar 

with databases and since Core Data is actually backed by a SQLite database, it 

is understandable that Core Data is often treated and used as though it were a 
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wrapper around SQLite.It is important to realize that although you can use 

Core Data in this way (in fact, it works very well like this), that Core Data 

actually operates over a different domain to SQLite; meaning that it provides 

lots of services that SQLite doesn't but also that Core Data can't provide some 

of the services that SQLite can. Even for services that both technologies 

provide, there are different performance considerations. 

1.3.3  Primary Function of a Database 

The somewhat narrow description of database used is: persistent and 

searchable storage for data in table, row, column format where the primary 

goal is to keep the data up-to-date on disk at all times, with a secondary goal of 

powerful, focussed, narrow fetching and updating capabilities. 

There are lots of database implementations and many provide features far 

beyond this description but looking at the key components of a straightforward 

SQLite-style database implementation with which many programmers are 

familiar. 

Despite many databases being called "relational" (which implies that they have 

a degree of support for object connectivity), SQLite and many other relational 

databases don't handle the mechanics of connecting objects; maintaining state 

(like a an object relation) between columns, rows or tables is left to the user of 

the database. In this sense, a database is "dumb" storage; rows have little 

behaviour beyond "read" and "write" and extending or customizing their 

behaviour would involve extending the database system itself. Even when 

triggers are available, their programmatic capabilities are limited. 

1.3.4  Primary function of Core Data 

At its heart, Core Data is an object graph manager with lifecycle, searching and 

persistence features. In the case of Core Data, object graph management 

includes: 

• You can connect object A to object B and the connection at both the A and 

B ends is kept perpetually in sync. 

• If you change the connection at the A end, the B end will be updated and 

all changes trigger notifications (to which you can attach arbitrary code) 

• Deletion of objects at one end of a connection can trigger cascading 

deletion or nullify responses. 

• The other end of a connection can exist out of memory (faulted) unless the 

connection is actually followed at which time the connected object is 

loaded. 

Unlike a typical database, Core Data can be used totally in-memory. While 

Core Data is often called a "object persistence" framework (since it is expected 

that you will use its persistence features), it is actually possible to use Core 

Data entirely in-memory without any form of persistence. Of course, once you 

have data, it is reasonable to want to keep that data, so persistence is treated as 

a major feature of the framework but it is important to know that persistence is 

not mandatory.Also unlike a database, it is possible to use Core Data without 

any form of searching. If you allocate and connect all your objects, all you 

need to do is hold onto one of them and you can walk through everything 

without needing a fetch request. This search-less behaviour is not because Core 

Data transparently performs a search: once data is loaded in memory, following 

a connection does not involve a search. 
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most of their own attributes, relationships and lifecycle. This also means that 

their properties and behaviours are implemented by methods, making them 

both observable and overrideable. 

1.3.5 Databases and Object Graph Management are not 

Inherently Exclusive 

While not available by default in SQLite, the "foreign key" of MySQL, and 

other SQL: 2003 compliant databases, can handle keeping identifiers in 

different tables in sync and even cascade deletion when requested. The 

programmatic customization ability of override able objects is not available but 

the basics of graph management are there.There are other object relational 

frameworks that works closer to Core Data's model but which try to behave as 

an atomic, transactional database. To update the object graph, these 

frameworks must: 

• load appropriate rows from a database 

• instantiate objects from these rows 

• make changes to the graph objects that are now in memory 

• commit the changes back to the database 

To be properly atomic, these steps must all be performed as a single transaction 

(with no other reads or write to the affected rows during the transaction). While 

some systems might require this, it is far too slow for a general object graph 

system. 

Core Data does not follow this model as Core Data aims to be a more general 

object management system  and that means that it needs far better performance 

and flexibility than this model would allow. 

1.3.6  Operating In-memory versus an On-disk Database 

Without access to the source code, it is not entirely clear. We can only assume 

that the NSManaged Object Context tracks instantiated objects in a heap or 

structured container of some form so that it can find them again. This tracking 

structure may behave a bit like an in-memory database but it would only be for 

tracking the existence of instantiated objects; it is important to note that it 

would not itself store any data. Also note that the centralized NSManaged 

Object Context and any structures it might maintain are not how you interact 

with instantiated NSManaged Objects; you interact with an NSManaged 

Object by sending messages to NSManagedObject pointers.  

The reason that Core Data focuses on an in-memory representation is speed. 

For object graph changes that affect multiple objects, it is much faster if they 

are all in memory already, rather than needing to search for them again in the 

database. 

For temporary objects (data that doesn't have to be saved to disk) Core Data 

can create, change and manipulate objects much faster than SQLite can since 

SQLite has to update indexes and update nodes in the B-tree, as well as simply 

allocating space and setting values. Core Data can allocate millions of objects 

in a few seconds, where SQLite might take a few minutes for the same number 

of allocations. 

The tradeoff with an in-memory approach is that SQLite is still used as the 

backing store. Reading from disk and saving to disk involves all of SQLite's 
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overheads plus the overhead of the Core Data to SQLite conversion process;so 

is invariably slower than SQLite alone. 

1.3.7  Common Database tasks that Core Data Doesn't Do 

It is important to consider some of the features that Core Data's approach lacks 

with respect to a database. 

1.3.8  Core Data cannot Operate on Data without Loading the 

Data into Memory 

In SQL you can simply "DROP table Name" to delete whole tables or update 

every column of a table with commands like "UPDATE table Name SET key1 

= value WHERE key2 = other Value". These commands can efficiently update 

vast amounts of data because they only need to load small amounts of data into 

RAM at any given time. 

Core Data doesn't work in this perpetually on-disk manner; it only works on 

objects in memory. Even if you only want to delete an object, it must be loaded 

and instantiated in RAM. Of course, this is necessary because the object and its 

potentially overridden behaviours must be loaded and invoked. There are also 

connections to be kept up to date with other objects.  

However this constraint has implications: if you're trying to change huge 

numbers of objects (tens of thousands or more) you will need to consider 

keeping your memory footprint down. This can be done by periodically 

refaulting unchanged values (refresh Object: merge Changes:) or avoiding the 

fetch of an object's data (set Includes Property Values: NO on NSFetch 

Request) or even saving the whole context and releasing all the objects you're 

holding. 

1.3.9   Core Data Does not Handle Data Logic  

There are a few data-related features that SQL contains, a good example being 

"unique" keys, which Core Data does not include. 

There are a couple of technical reasons why this might be the case. Subclasses 

can override the getter and setter for an attribute to the point where it is unclear 

whether it is or is not unique. In fact, transient Core Data attributes need not 

even support is Equal: However, the distinction is actually that Core Data 

offers no real support for attribute behaviours at all. Core Data manages the 

"graph" (connections) but the data attributes are all the responsibility of the 

business logic in the rest of the program; convenient as it may be, it falls 

outside Core Data's conceptual domain. 

1.3.10 Multi-threaded, Multi-user Scenarios 

Core Data does not offer any amount of threading support. To be 

fair, SQLite is single threaded too but many other databases are multi-threaded 

and multi-user. Core Data has been designed for single-user environments 

(running inside desktop and iPhone apps). Getting rid of threading and locking 

makes the framework much faster and simpler to work with in its standard 

usage scenarios. 

However, there are still situations where you will want multiple threads reading 

your data. NSManaged Objects and their NSManaged Object Context should 

be accessed from a single thread only. If you need another thread working on 

the same data, you need to save the file and reopen using a different 

NSManaged Object Context in the other thread. 
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1.3.11    Usage of Core Data 

Core Data simply describes data with a high level data model expressed in 

terms of entities and their relationships plus fetch requests that retrieve entities 

meeting precise criteria. Code can recover and manipulate this data on a purely 

object level without the need to worry about the details of storage and retrieval 

and storage. The controller objects available in Interface Builder can retrieve 

and manipulate these entities directly. When combined with Cocoa bindings 

the UI can display many components of the data model without needing 

background code. For instance, a developer might be writing a program to 

handle vCards. In order to manage these, the author intends to read the vCards 

into objects, and then store them in a single larger XML file. When using Core 

Data the programmer would drag their schema from the data designer in Xcode 

into the interface builder window to create a GUI for their schema. They could 

then write standard Objective-C or Swift code to read vCard files and put the 

data into Core Data managed entities. From that point on the author's code 

manipulates these Core Data objects, rather than the underlying vCards. When 

connecting the Save menu item to the appropriate method in the controller 

object will direct the controller to scrutinize the object stack, determine 

whether the objects are dirty or not, and then re-write a Core Data document 

file with these changes. Core Data is systematized into aenormous hierarchy of 

classes, though interaction is only predominant with a small set of them. 

Table 1.3: Usage of Core Data 

Name Use Key methods 

NSManaged 

Object Model 

Structure 

Storage 

entities 

-fetchRequestTemplateForName: 

-setFetchRequestTemplate: 

forName: 

NSPersistent Store 

Coordinator 

Mediator 

Persisting 

the data 

options:error: 

-

persistentStoreForURL:addPersistentStoreWithType: 

configuration:URL: 

NSPredicate Specify 

query 

-evaluateWithObject: 

+predicateWithFormat: 

NSManagedObject Access 

attributes 

A "row" 

of data 

entity 

valueForKey: 

setValue:forKey: 

NSManaged 

Object Context 

Actions 

Changes 

executeFetchRequest:error: 

save 

NSFetch Request Request 

data 

setEntity: 

-setPredicate: 

-setFetchBatchSize: 
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Check in Progress 2 

1) State True or False 

a)  For temporary objects, Core Data can create, change and manipulate 

objects much slower than SQLite 

b)  Persistent Store Coordinator (PSC), also known to friends as the 

central scrutinizer 

c)  Core Data give the iOS app a standard, near-transparent interface to a 

database file 

d)  While Core Data is often called a "object persistence" framework 

2)  List some Common database tasks that Core Data doesn't do  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

3)  What are the primary function of Core Data  

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

4)  What is the difference between Objective-c and swift? 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

T/F 
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1.4 SUMMARY  

At this point, you must have understood that UserDefaults can be used to create 

arbitrary file types or use CoreData with SQLite databases. UserDefaults are 

simply key/value pairs. They're managed through Swift or Objective-C and 

they're stored in XML files that are managed through the API. It's important to 

note, however, that user defaults are stored in an unencrypted format for file 

storage; files can be created and read on persistent media. There are no special 

file types that you have to adhere to so you can store XML, JSON, delimited 

data files, anything else including your own custom file types which you can 

actually associate with your application Files can even be created at runtime in 

local or shared file locations. That means that you can share your application 

data with other apps if preferred. Finally, we looked at Core Data and SQLite. 

Core Data uses structured data that can be saved in a SQLite database. IOS 

actually provides built-in support for SQLite. These classes and interfaces are 

in the Core Data package. 
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1.6 SOLUTIONS / ANSWERS 

1) State True or False 

a) True 

b)  False 

c)  True 

d)  True 

2)  What are the features of SQLITE?  

• SQLite does not require a separate server process or system to operate 

(serverless). 

• SQLite comes with zero-configuration, which means no setup or 

administration needed. 

• A complete SQLite database is stored in a single cross-platform disk 

file. 

• SQLite is very small and light weight, less than 400KiB fully 

configured or less than 250KiB with optional features omitted. 

• SQLite is self-contained, which means no external dependencies. 

• SQLite transactions are fully ACID-compliant, allowing safe access 

from multiple processes or threads. 

• SQLite supports most of the query language features found in the 

SQL92 (SQL2) standard. 

• SQLite is written in ANSI-C and provides simple and easy-to-use API. 

• SQLite is available on UNIX (Linux, Mac OS-X, Android, iOS) and 

Windows (Win32, WinCE and WinRT3)  

3)  What is a Core Data Stack? A Core Data stack is composed of the 

following objects: one or more managed object contexts connected to a 

single persistent store coordinator which is in turn connected to one or 

more persistent stores. A stack contains all the Core Data components you 

need to fetch, create, and manipulate managed objects. Minimally it 

contains.A stack is effectively defined by a persistent store coordinator—

there is one and only one per stack. Creating a new persistent store 

coordinator implies creating a new stack.  

4)  What are the difference between core data and SQLite? 

Check in Progress 2 

1)  State True or False 

a)   False 

b)  True 

c)  True 

d)  True 
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Storage in IOS2)  Core Data cannot operate on data without loading the data into memory 

• Core Data does not handle data logic  

• Multi-threaded, multi-user scenarios 

3)  What are the primary features of Core Data?   

• Change tracking and built-in management of undo and redo beyond 

basic text editing. 

• Maintenance of change propagation, including maintaining the 

consistency of relationships among objects. 

• Lazy loading of objects, partially materialized futures (faulting), and 

copy-on-write data sharing to reduce overhead. 

• Automatic validation of property values. Managed objects extend the 

standard key-value coding validation methods to ensure that individual 

values lie within acceptable ranges, so that combinations of values 

make sense. 

• Schema migration tools that simplify schema changes and allow you to 

perform efficient in-place schema migration. 

• Optional integration with the application’s controller layer to support 

user interface synchronization. 

• Grouping, filtering, and organizing data in memory and in the user 

interface. 

• Automatic support for storing objects in external data repositories. 

• Sophisticated query compilation. Instead of writing SQL, you can 

create complex queries by associating an NSPredicate object with a 

fetch request. 

• Version tracking and optimistic locking to support automatic 

multiwriter conflict resolution. 

• Effective integration with the OS X and iOS tool chains 

4)  What is the difference between Objective-c and swift?  

Objective C, which has been in the field since the very beginning of iOS, 

holds much importance and is quite popular. Simpler Syntax and easy to 

understand features makes it user-friendly. It is valuable and good but it 

still lacks some of the features that developers always wanted, just like the 

Tuple feature introduced in Swift. As per general experience working on 

both the technologies, it is one of the best features in Swift. Removal of 

’NS’ from Arrays, Dictionaries makes Swift provide comprehendible 

codes and give a much neater look, providing much more readability. To 

make the transition from Objective C to Swift a smooth process, Apple 

made the syntax similar and more familiar. It removed some of the 

prefixes and added some suffixes to the existing ones. Features like 

providing the range for iterative statements, switch functionality revamp, 

type inference, closures, which are similar to blocks, generics, which can 

take up any data type, are some of the beneficial ones in Swift. And on the 

applications side, the change that Swift has brought in is the 1 or 2 lines of 

code in Swift compared to lengthier code in Objective C. Swift supports 
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Unicode characters, as variable names, which Objective C does not. Apple 

considers Swift as a safe, modern and powerful coding language. 

Playground feature, which is present in Swift, allows the user to interact 

with a running application, side by side, which Objective C cannot. Swift, 

being a bit high on the graph, claims to provide a better performance 
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UNIT 2 INTEGRATING WITH WEB 

SERVICES IN IOS 

Structure  

2.0  Introduction 

2.1  Objectives 

2.2  Data Consumption 

2.3  Functions 

2.4  Summary 

2.5  References/Future Studies 

2.6  Solutions/Answers 

2.0  INTRODUCTION 

Web services are services offered by an electronic device to another electronic 

device, communicating with one another through the World Wide Web. In a 

Web service, Web technology, example HTTP, initially were designed for 

human-to-machine interaction, it is utilized for machine-to-machine 

communication, most specifically for sending machine readable file formats 

such as JSON and XML. In practical, the web service typically offers an 

object-oriented web-based interface to a database server, used for example by 

another web server, or by a mobile application, which provides a user interface 

to the end user. Other common application offered to the end user may be a 

mash up, where a web server consumes more than one web service at different 

machines; it then compiles the content into one user interface. However Web 

services may use SOAP over HTTP protocol, permitting less costly 

interactions over the Internet than through proprietary solutions like EDI/B2B. 

Apart from SOAP over HTTP, web service may also be implemented on other 

dependable transport mechanisms like FTP. There are two major classes of 

web services; 

• REST-compliant web services, in which the primary purpose of the service 

is to manipulate XML representations of web resources using a uniform set 

of "stateless" operations,  

• SOAP; Arbitrary web services, in which the service may expose an 

arbitrary set of operations. 

Web services provide web-based APIs to support machine-to-machine 

communication over networks. Because these APIs are web-based, they 

inherently support interaction between devices running on different 

architectures and speaking different native languages. Some common examples 

of web services include book inventories, weather forecasts and stock market 

quotes etc. A server with a database responds to remote queries for data, where 

the client specifies a particular city, stock symbol, or book title, for example. 

The client application sends queries to the server, parses the response, and 

processes the returned data. All web service schemes utilize a web-based 

transport mode, such as HTTP,SMTP, or HTTPS, and a method for packaging 

the queries and responses, characteristically some sort of XML schema. Some 

terminology is unique to web services. The Creation a XML file comprising 
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outbound messages is sometimes called serialization. Extracting information 

and data from an incoming XML file is often times called deserialization. 
Invocation is referred to as Calling a function or method on a remote server. A 

web service usually uncovers procedural functions or object-oriented methods. 

The term operation generally used to describe either amethod or a function. 

2.1 OBJECTIVES 

After studying this unit, you will be able to: 

• Understand what Web Services means; 

• know the major classes of Web Service; 

• know the functions of web services; 

• understand data consumption in IOS; and 

• explain the IOS Services Architecture. 

2.2 DATA CONSUMPTION 

A Web API is an improvement in web services, where importance has been 

given to moving to simpler representational state transfer (REST) based 

interaction. Restful APIs does not need require XML-based web service 

protocols (SOAP and WSDL) to support its interfaces. Although the initial 

executions of web services implemented APIs that was closely similar to 

function calls in existing computer languages like Java or C. These are referred 

to as remote procedural calls (RPC). A W3C standard has been established for 

providing web services using XML-based RPC, called XML-RPC. Clients 

access web services through XML-RPC by calling a series of remote functions, 

which are executed on the server. Parameters are delivered and returned in a 

predefined manner.  

To implement the use of XML-RPC services, it is important to know the URL 

of the service as well as the functions that are to beexposed, and the type of 

data and order of parameters to be received and sent. At a higher level, more 

object-oriented method was later developed called service-oriented 

architecture. Although, the most popular implementation of this approach is 

SOAP, (formerly known as Simple Object Access Protocol). According to this 

methodof web services, the client and server exchange messages, instead of 

making calls and expecting one in return. This has provided a more loosely 

coupled interface which is less tied to a precise languages. SOAP 

implementations are extremely common. SOAP parameters are named, instead 

of being sent and received in predefined method, thus making SOAP calls 

easier to read and debug. To implement SOAP services, it is necessary to know 

the URL of the service, the methods exposed, and the names and data types of 

the message parameters. At an even higher level, there is Web Services 

Description Language (WSDL). This defines an XML document type that 

describes available web services.it is frequently used in conjunction with 

SOAP to have access to services over the Internet. The client program connects 

to a remote server and reads a WSDL file to determine what remote services 

are available, including a list ofparameters, operations, and data types. The 

client may even use SOAP to call operations listed in the WSDL files on the 

internet. 
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Whenever a SOAP service is described in a WSDL file, it does not require any 

pre-existing data or information to access the service excluding the URL of the 

WSDL file. At the moment, OS X does not provide any high-level support for 

removing SOAP functions from WSDL files. NSXMLParser can be used to 

read a WSDL file into memory from a URL, however. It is simple to search for 

the file for a specific method name or even to find a URL associated with a 

service. However with a bit more effort, it is possible to extract method names, 

parameter names, data types to build a SOAP call.  

2.2.1  OS X Web Services Architecture 

OS X has high-level support for XML-RPC and SOAP, and also a low-level 

support for HTTP and XML that allows access other implementations and 

schemes. The architecture is illustrated below: 

          

          

          

          

          

          

          

          

          

          

      

Fig. 2.1: SOAP and XML-RPC encodings on top of XML on top of HTTP 

It is quite possible to make SOAP or XML-RPC calls directly from within 

procedural C, AppleScript, or Cocoa applications. These calls are made by either 

Web Services Core framework or Apple events. A Web Services Core can be 

defined as a low-level framework that works alongside CFNetwork, The Core 

Foundation, and Carbon Core, a sub-framework of Core Services, is shown in 

Fig 2. This is available to all applications, tools, plugins, and daemons. 

 

 

 

Fig. 2.2:  Web Services Core framework 

The Web Services core framework does not depend on the window server or 

having to login from window. It has been fully integrated with the OS X 

system, embedded inside Core Services, it leverages on CFXMLParser and 

CFNetwork. It is a thread-safe framework which is based on the run loop. 

2.2.2  Web Services API 

A programmer either using XML-RPC or SOAP, may use the Web Services 

Core API to create a call to a server in basically the same way: for example if a 

programmer wants to Create a dictionary containing the URL of the server, the 

name of the operation, as well as continuously specifying the protocol (XML-

RPC, SOAP 1.1, or SOAP 1.2); 
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XML 

SOAP 
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XML      
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Application Services AE Manager 

Core Services WS Core 



 

 

Developing Apps 

with IOS 

30 

• First create a method invocation denying WSMethodInvocationCreate, 

passing in the dictionary. 

• Create a dictionary containing the method parameters and their names, and 

another dictionary specifying their order. 

• Transfer these two dictionaries into the invocation ref denying 

WSMethodInvocationSetParameters. 

• Pass any additional settings, such as SOAP action headers and debug flags, 

into the invocation denying calls to WSMethodInvocationSetPropery. 

• Then create a callback to take care of the response and transfer it into the 

invocation ref using WSMethodInvocationSetCallback. The callback parses 

a dictionary comprising of the CFTypes deserialized from the reply. 

• Summon the procedure using WSMethodInvocationInvoke or 

WSMethodInvocationScheduleWithRunLoop. 

• Check the HTML status for authentication challenge or network errors, 

authenticating if necessary. 

Web services API emboldensthe programmer to asynchronously issue 

invocation requests on the run loop and get a response on the bundle. Because 

it is CFTypes-basedit is necessary to create CFType objects for therecords, 

strings, arrays anddictionaries. For an Objective-C programmer, they are 

offered “toll-free” bridging with Objective-C types. However a simple data 

types could be deserialized and serialized using the in-built abilities of the 

method invocation. It is possible to implement a custom deserializer as well as 

a serializer to transform more complex outgoing data into XML or even to 

extract data from a returned XML. To achieve the programmer 

usesWSMethodInvocationAddSerializationOverride or WSMethodInvocation 

AddDeserializationOverride to add a custom serializer or deserializer. It is 

possible to specify that the response dictionary should or musthold the raw 

XML which has been sent and returned to support indebugging or 

deserialization using WSMethodInvocationSetPropery. 

2.2.3   Types, Protocol Handlers Method Invocations 

The web services core framework consists of three header files: WSTypes.h, 

WSMethodInvocation.h, and WSProtocolHandler.h. 

2.2.4  Types 

WSTypes.h contains the error codes and types unique to the web services 

framework, however it also includes a variety of web services types that 

correspond to core foundation types, such aseWSIntegerType,   eWSNullType, 

eWSBooleanTypeetc.Since CFTypes are determined at runtime, it is not 

usually always possible to create a static mapping between Core Foundation 

types and the corresponding serialized XML types used to correspond with 

remote servers. Therefore this means when converting between serialized XML 

data and deserialized CFTypes;it is required to do a conversion from WSTypes 

to CFTypes, and vice versa. A WSTypes, combined with an API to convert 

between CFTypes and WSTypes, can also be found in WSTypes.h. 
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2.2.5  Protocol Handlers 

WSProtocolHandler.h contains the API for converting between dictionaries and 

XML messages without invoking web services. This is used to support either 

client-side or server-side operations. The essential object of the 

WSProtocolHandler API is the WSProtocolHandlerRef. It references an object 

that interprets dictionaries into a web services request, or an XML message into 

a dictionary. Characteristically, it is usually used to implement the server side 

of a web service by converting received XML into core foundation 

types;however it is possible to use the protocol handler API to serialize and 

deserialize data before, after, or instead of invoking an operation for client-side 

operations. 

2.2.6  Method Invocations 

WSMethodInvocation.h provides the main client-side API described 

throughout this write up: (a) creating an invocation reference, (b) setting 

parameters, (c) invoking remote operations, (d) parsing responses. 

2.2.7  Using Specific Web Service Types 

Web Services Core framework can be used to access XML-RPC or SOAP 

based web services. To use SOAP or XML-RPC services starting with a 

WSDL document, it is important that the programmer first parse the WSDL 

document using the OS X XML library (NSXML... functions). Although in 

almost all cases, it is allowed to call the described service with the aid of Web 

Services Core framework. Theexplained SOAP service uses data whose types 

are encoded in other WSDL files, however, XML and network messaging 

(CFNetwork) is used to access the service as well. 

2.2.8  XML-RPC 

Anappropriately formatted XML-RPC message is an HTTP POST request 

whose body is in XML. The specified remote server executes the requested call 

and returns any requested data in XML format. XML-RPC identifies function 

parameters by position. Such parameters and return values can be of a very 

simple types such asstrings, numbers, and dates, or more complex types such 

as structures and arrays. XML-RPC has a substantial limitation, in the sense 

that it defines string parameters as being ASCII text. A lot XML-RPC servers 

enforce this, by forcing the user or client to pass internationalized text as Base-

64 encoded data. XML-RPC however does support passing binary data in an 

XML document using Base-64 encoding. 

2.2.9  SOAP 

This can be explained as an RPC protocol created to access servers which have 

objects whose methods can be called over the Internet. SOAPs request contains 

a header and an envelope; the envelope contains the body of the request. It 

supports two styles for representing web service operation invocations: Remote 

Procedure Call(RPC) messaging and document-style messaging. RPC 

messaging is not flexible,however it generally make use of the Web Services 

Core framework’s built-in serializers and deserializers. A document-style 

messaging provides greater flexibility; it permits messages to contain arbitrary 

data elements. When it comes to Parsing such messages, it is more complicated 

and frequently requires custom serializers or deserializers. Examples of both 

representation styles are given below in the following two listings. 
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1) Document-style SOAP envelope 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) RPC-style SOAP envelope 

        

 

 

 

 

 

 

 

 

 

  

<soapenv:Envelope 

xmlns:soapenv="soap_ns" 

xmlns:xsd="xml_schema_ns" 

xmlns:xsi="type_ns"> 

<soapenv:Body> 

<ns1:getStockPrice 

xmlns:ns1="app_ns" 

soapenv:encodingStyle="encoding_ns"> 

<stockSymbol xsi:type="xsd:string">AAPL</stockSymbol> 

</ns1:getStockPrice> 

</soapenv:Body> 

</soapenv:Envelope> 

<soapenv:Envelope 

xmlns:soapenv="soap_ns" 

xmlns:xsd="xml_schema_ns" 

xmlns:xsi="type_ns"> 

<soapenv:Body> 

<ns1:customerOrder 

soapenv:encodingStyle="encoding_ns" 

xmlns:ns1="app_ns"> 

<order> 

<customer> 

<name>Plastic Pens, Inc.</name> 

<address> 

<street>123 Yukon Drive</street> 

<city>Phoenix</city> 

<state>AZ</state> 

<zip>85021</zip> 

</address> 

</customer> 

<orderInfo> 

<item> 

<partNumber>88</partNumber> 

<description>Blue pen</description> 

<quantity>250</quantity> 

</item> 

<item> 

<partNumber>563</partNumber> 

<description>Red stapler</description> 

<quantity>30</quantity> 

</item> 

</order> 

</ns1:customerOrder 

</soapenv:Body> 

</soapenv:Envelope 
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2.2.10   WSDL 

These are files that contain namespace definitions that define web services, 

their operations, URLs, data types, and binding. A lot of SOAP services can be 

accessed without past knowledge of the method names and data types by 

accessing a WSDL file on the server to obtain this information. OS X at the 

moment does not presently provide high-level support for WSDL directly. 

Although, it is comparatively straightforward to parse the XML of a WSDL 

file using NSXMLParser, use SOAP or RPC to call the functions described in 

the WSDL file. Several web services integrate WSDL and SOAP in more 

complex ways, essentially encoding the SOAP data in external WSDL files. 

The existing implementation of the Web Services Core framework does not 

support this type of data encoding. 

To be able to gain access to services that use external data encoding, it is 

compulsory to use lower-level techniques. For example, NSXMLParser can be 

used to read and parse the WSDL file from the URL, also use 

NSXMLDocument to construct an appropriate XML message, the programmer 

may decide to use HTTP or HTTPS messaging to post the message, again 

using NSXMLParser to read and parse the response.  

2.2.11  Web Service Protocols 

Table 2.1: Web service protocols 

Name Moodle 

Ver. 

Description CORS Issue 

XMLRPC 2.0 XML remote-procedure call. Not 

supported 

 

SOAP 2.0 Very important for 

interoperating with Java and 

.Net applications. There was a 

partial implementation 

JAVA/.Net in Moodle 2.0, but 

it does not work for anything 

but the most trivial functions. 

It is fully working with PHP 

clients. 

Not 

supported 

MDL-

20804, 

MDL-

28988, 

MDL-

28989 

REST 

(returning 

JSONP) 

2.X Would be very useful for 

client-side JavaScript 

Not 

supported 

MDL-

29913 

JSON 2.X JSON server receives a JSON 

encoded parameters and 

return JSON encoded values. 

Not 

supported 

MDL-

21341 

REST 

(returning 

XML) 

2.0 XML data accessed through a 

REST API (not restful) 

Supported 

(3.0 and 

onwards) 

 

REST 

(returning 

JSON) 

2.2 JSON data accessed through a 

REST API (not restful) 

Supported 

(3.0 and 

onwards) 

MDL-

29242 
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Check-in Progress 1   

1)  State True or False 

a) Web service typically offers an object-oriented web-based interface to 

a database server 

b) Web services provide web-based APIs to support machine-to-

machine communication over networks 

c) There are five major classes of web services 

d)  A Web Services Core can be defined as a low-level framework that 

works alongside CFNetwork 

2)  What are the definition of Serialization, Invocation and Operations? 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

3)  List examples of Web services types 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

4)  What are the steps to create a dictionary containing the URL of the 

server, the name of the operation, as well as continuously specifying the 

protocol (XML-RPC, SOAP 1.1, or SOAP 1.2); 

 …………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

…………………………………………………………………………….. 

2.3 FUNCTIONS 

2.3.1  Using the Web Services Core Framework 

The ultimate task in using web services is invoking an operation. This is 

however a moderately complex process. This topic contains two sections. The 

first section discusses about Creating and Invoking Operations, it tries to 

explain the steps to be followed and provides illustrative code snippets. The 

second section deals with the operations itself, for example: Calling a SOAP 

Operation with HTTP Authentication, is an explained example with 

downloadable sample code that can build and run by any programmer. 

T/F 
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2.3.2 The Invocation Reference 

First step is to create the WSMethodInvocationRef object by using the function 

WSMethodInvocationCreate, which takes a URL (CFURLRef or NSURL), an 

operation name (CFStringRef), and a protocol. The protocol is one of these 

CFStringRef constants: 

• kWSXMLRPCProtocol 

• kWSSOAP2001Protocol 

Put in the URL of the service, the name of the operation, and the protocol: 

 

 

 

 

2.3.3  The Operation Parameters 

Create a dictionary of the operation parameters and an array establishing the 

parameter order, then pass references to the dictionary and array to 

WSMethodInvocationSetParameters: 

 

 

 

 

2.3.4 The Invocation Properties 

The next step is to Call WSMethodInvocationSetProperty with the appropriate 

settings for the operation. Example given, a SOAP call requires a namespace 

and a SOAP action header (some SOAP implementations require a header even 

if it is empty). The programmer might also want to set the request to allow 

redirects and to turn on the debug properties so that the raw XML is included 

in the returned dictionary, along with the parsed data. 

 

 

 

 

 

 

 

 

 

 

 

NSURL *url = [NSURL URLWithString:@"http://localhost:8888/"]; 

NSString *methodName = @"echo"; 

WSMethodInvocationRef mySoapRef = WSMethodInvocationCreate((CFURLRef)url, 

                                                 (CFStringRef)methodName, 

                                                    kWSSOAP2001Protocol); 

NSDictionary *params = [NSDictionary dictionaryWithObject:@"firstParamName" 

                                                          forKey:@"firstParam"]; 

 NSArray *paramOrder = [NSArray arrayWithObject:@"firstParam"]; 

WSMethodInvocationSetParameters(mySoapRef, (CFDictionaryRef)params, 

                                            (CFArrayRef)paramOrder); 

  NSString *namespace = @"http://localhost:8888/"; 

    NSDictionary *reqHeaders = [NSDictionary dictionaryWithObject:@"" forKey:@"SOAPAction"]; 

WSMethodInvocationSetProperty(mySoapRef, kWSSOAPMethodNamespaceURI, 

                                             (CFStringRef)namespace); 

WSMethodInvocationSetProperty(mySoapRef, kWSHTTPExtraHeaders, 

                                             (CFDictionaryRef)reqHeaders); 

WSMethodInvocationSetProperty(mySoapRef,    kWSHTTPFollowsRedirects, 

kCFBooleanTrue); 

 // set debug props 

WSMethodInvocationSetProperty(mySoapRef, kWSDebugIncomingBody, 

kCFBooleanTrue); 

WSMethodInvocationSetProperty(mySoapRef, kWSDebugIncomingHeaders, 

kCFBooleanTrue); 

WSMethodInvocationSetProperty(mySoapRef, kWSDebugOutgoingBody, 

kCFBooleanTrue); 

WSMethodInvocationSetProperty(mySoapRef, kWSDebugOutgoingHeaders, 

kCFBooleanTrue); 
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2.3.5  Invoking the Operation 

After the creation of the invocation reference and added the settings and the 

properties, its then time to invoke the operation. Characteristically, the next 

step is to use the CFNetwork framework to check the status of the post, which 

reduces thestress of trying to parse a nonresponse in the event of a challenge or 

network error, using the constant kWSHTTPResponseMessage as an identifier 

for the web services request. 

 

 

 

 

2.3.6  Invoking the Operation Asynchronously 

Since network delays tend to be unpredictably lengthy, the programmer will 

normally want to invoke operations asynchronously, using WSMethod 

InvocationScheduleWithRunLoop, and providing a callback on the run loop to 

handle the response. It is possible can re-schedule the invocation after it 

completes. Callback must be set using WSMethodInvocationSetCallBack. 

2.3.7 Dealing with the Response 

When there are no network, transport, or web services faults, the invocation 

returns a method response dictionary, either synchronously or on your callback. 

(Set the callback using WSMethodInvocationSetCallBack). When the keys are 

known for the values you want, it is possible can retrieve the returned data 

from the dictionary using the keys. Then again, the programmer can request the 

kWSMethodInvocationResult and parse the XML. If programmer may 

prefer,he can pass in an expected result parameter name before invoking the 

operation, however in this case kWSMethodInvocationResult will be an alias 

to the parameter that he wants. Since the response dictionary may contain the 

raw XML as well as the deserialized data, there may be more than one instance 

of the data in the dictionary. 

2.3.8  Adding Custom Serializers and Deserializers 

It is possible that CFTypes for the data being worked with have corresponding 

WSTypes, invoking such operation automatically serializes the outbound data 

from the dictionary into XML and deserializes the returned data from XML 

into a dictionary. When there is need to work with more complex data types, 

there might be need to write a personal serializer and deserializer callbacks. 

Callbacks are called when the method invocation encounters the specified data 

type in an outbound dictionary or an inbound XML response. Set the callbacks 

using WSMethodInvocationAddSerializationOverride and WSMethod 

Invocation AddDeserializationOverride. 

2.3.9  Example: Calling a SOAP Operation with HTTP 

Authentication 

The example below shows a SOAP method over HTTP. Usually Web services 

commonly require authentication, so in this example sends the SOAP request 

and, if challenged it then authenticates.As shown in the below example code, it 

began by declaring or fetching the data that makes up the parameters and other 

NSDictionary *result = (NSDictionary *)WSMethodInvocationInvoke(mySoapRef); 

// get HTTP response from SOAP request so we can see the status code 

CFHTTPMessageRef res = (CFHTTPMessageRef) 

                       [result objectForKey:(id)kWSHTTPResponseMessage]; 
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details of the SOAP request, including the SOAP method name,request 

parameter , request parameters,method namespace,  order, and SOAP action 

HTTP header. The SOAP method in this case is named echo and takes a single 

string parameter named param. If the call is successful, the method echoes the 

string parameter in the SOAP response. It then creates a dictionary of 

parameters and their names for SOAP calls (for XML-RPC calls, use ordinal 

numbers for the parameters instead of names) and an array containing the 

parameters in order. 

 

 

 

 

 

 

 

 

 

It is in general, easier to work with Cocoa objects, as shown, and cast the 

objects to Core Foundation types when necessary. It is important to note that 

this approach takes advantage of the toll-free bridging between Cocoa and Core 

Foundation, and makes many common tasks such as memory management 

easier, having said that, the writer can make the same calls from C or C++. 

However the URL for this example points to the SOAP server running on port 

8888 on the local host. Values for the method namespace and SOAPAction 

HTTP headers are also declared. Many SOAP server implementations require 

the presence of an empty SOAP action header even if the method itself does 

not specifically require a header value. Although when Creating a dictionary 

with an empty value for the SOAPAction, key and attaching it to the SOAP 

request forces an empty SOAP action header to be sent along with the request. 

Next thing is, a SOAP request is created from the settings above. A SOAP 

request is represented as a WSMethodInvocationRef type. 

 

 

 

Next thing to do, creation of the SOAP request is delegated to the 

createSOAPRequest function, it returns a WSMethodInvocationRef object. 

  

// SOAP request settings 

NSURL *url = [NSURL URLWithString:@"http://localhost:8888/"]; 

NSString *method = @"echo"; 

NSString *namespace = @"http://localhost:8888/"; 

 

// SOAP request params 

NSDictionary *params = [NSDictionary dictionaryWithObject:@"I hear an echo." 

                                                   forKey:@"param"]; 

NSArray *paramOrder = [NSArray arrayWithObject:@"param"]; 

 

// SOAP request http headers -- some server implementations require even empty SOAPAction headers 

NSDictionary *reqHeaders = [NSDictionary dictionaryWithObject:@"" forKey:@"SOAPAction"]; 

// create SOAP request 

WSMethodInvocationRef soapReq = createSOAPRequest(url, method, namespace, params, 

paramOrder, reqHeaders); 
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It is important to note that in addition to creation the SOAP request, several 

debug properties of the WSMethodInvocationRef object are also set to true. it 

causes the raw XML contents of the SOAP request and response messages to 

be included in the result dictionary returned from executing the SOAP request. 

However, viewing this raw XML can be extremely helpful in debugging SOAP 

client code. 

The next step is to invoke the initial SOAP request. This is done using the 

WSMethodInvocationInvoke function;it serves to return a dictionary 

containing the SOAP response and other debug information. Subsequently the 

service accessed requires HTTP basic authentication, expect the HTTP headers 

of the SOAP response to contain authentication challenge information. In other 

to respond to the authentication challenge, retrieve the HTTP response from the 

result dictionary using the kWSHTTPResponseMessage key. Usually HTTP 

response is represented by a CFHTTMessageRef object. 

 

 

 

 

 

The next step is to check for an HTTP response code of 401 or 407, which 

would signal an HTTP authentication challenge. If an authentication challenge 

is returned, the programmer must do the following: 

• Extract the HTTP response headers from the first SOAP response. These 

headers contain the necessary authentication challenge information. 

// Custom function to create SOAP request 

WSMethodInvocationRef createSOAPRequest(NSURL *url, 

                                        NSString *method, 

                                        NSString *namespace, 

                                        NSDictionary *params, 

                                        NSArray *paramOrder, 

                                        NSDictionary *reqHeaders) 

{ 

    WSMethodInvocationRef soapReq = WSMethodInvocationCreate((CFURLRef)url, 

                                                             (CFStringRef)method, 

                                                             kWSSOAP2001Protocol); 

    // set SOAP params 

WSMethodInvocationSetParameters(soapReq, (CFDictionaryRef)params, (CFArrayRef)paramOrder); 

    // set method namespace 

WSMethodInvocationSetProperty(soapReq, kWSSOAPMethodNamespaceURI, (CFStringRef)namespace); 

    // Add HTTP headers (with SOAPAction header) 

WSMethodInvocationSetProperty(soapReq, kWSHTTPExtraHeaders, (CFDictionaryRef)reqHeaders); 

    // for good measure, make the request follow redirects. 

WSMethodInvocationSetProperty(soapReq,    kWSHTTPFollowsRedirects, kCFBooleanTrue); 

    // set debug props 

WSMethodInvocationSetProperty(soapReq, kWSDebugIncomingBody,    kCFBooleanTrue); 

WSMethodInvocationSetProperty(soapReq, kWSDebugIncomingHeaders, kCFBooleanTrue); 

WSMethodInvocationSetProperty(soapReq, kWSDebugOutgoingBody,    kCFBooleanTrue); 

WSMethodInvocationSetProperty(soapReq, kWSDebugOutgoingHeaders, kCFBooleanTrue); 

return soapReq; 

} 

// invoke SOAP request 

NSDictionary *result = (NSDictionary *)WSMethodInvocationInvoke(soapReq); 

// get HTTP response from SOAP request so we can see response HTTP status code 

CFHTTPMessageRef res = (CFHTTPMessageRef)[result 

objectForKey:(id)kWSHTTPResponseMessage]; 
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• Create a new CFHTTMessageRef object to represent a new HTTP request. 

• Gather user name and password information by prompting the user or by 

querying some external data source. 

• Combine the user name and password with the authentication challenge 

information from the initial SOAP response to create credentials. 

• Attach the credentials to the newly-created HTTP request. 

• Create a new SOAP request and combine it with the new HTTP request to 

produce a SOAP request with the necessary authentication credentials 

attached. 

• Invoke the new SOAP request. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At this point, the console should reflect the string you sent to the SOAP server. 

A service has been successfully invoked, responded to HTTP authentication 

challenge, serialized your outbound query, and deserialized the response. 

  

// get status 

int resStatusCode = CFHTTPMessageGetResponseStatusCode(res); 

// if response status code indicates auth challenge, attempt to add authorization 

while (401 == resStatusCode || 407 == resStatusCode) { 

CFHTTPAuthenticationRef auth = CFHTTPAuthenticationCreateFromResponse(kCFAllocatorDefault, res); 

// extract details of the auth challenge to display 

// when prompting the user for username and password information 

NSString *scheme = [(NSString *)CFHTTPAuthenticationCopyMethod(auth) autorelease]; 

NSString *realm  = [(NSString *)CFHTTPAuthenticationCopyRealm(auth)  autorelease]; 

NSArray *domains = [(NSArray *)CFHTTPAuthenticationCopyDomains(auth) autorelease]; 

NSLog(@"Providing auth info for \nscheme: %@\n, realm: %@\n, domains: %@",       scheme, realm, domains); 

// Replace with a user prompt or fetch data from remote source 

NSString *username = @"uName"; 

NSString *password = @"pWord"; 

// create custom http request with authorization 

NSString *reqMethod = @"POST"; 

CFHTTPMessageRef req = CFHTTPMessageCreateRequest(kCFAllocatorDefault, 

                                                  (CFStringRef)reqMethod, 

                                                  (CFURLRef)url, 

                                                  kCFHTTPVersion1_1); 

// add auth creds to request. 

Boolean success = CFHTTPMessageAddAuthentication(req, 

res, 

                                                 (CFStringRef)username, 

                                                 (CFStringRef)password, 

                                                 NULL, 

false); 

if (!success) { 

NSLog(@"failed to add auth to request"); 

return EXIT_FAILURE; 

} 

// create a new SOAP request 

soapReq = createSOAPRequest(url, method, namespace, params, paramOrder, reqHeaders); 

// add HTTP request auth creds to SOAP request 

WSMethodInvocationSetProperty(soapReq, kWSHTTPMessage, req); 

// send SOAP request again 

result = (NSDictionary *)WSMethodInvocationInvoke(soapReq); 

NSLog(@"result: %@", result); 
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2.3.10 Core Web Service Functions 

All functions are usually named as follows: 

• noun = moodle objects, usually plural (example, discussions, courses,  

posts, users, etc.)             

• fullcomponent = frankenstyle (eg core_xxxx or mod_xxx etc)      

• methodname = verb_noun(s)                            

• wsfunction = fullcomponent_methodname 

• verb = get|create|delete|update 

Table 2.2: List of the integrated core functions. 

Area Name Introd
uced 

in 

Description Available 
AJAX 

Login 
required 

Services 

auth_email auth_email_get_signup_settings 3.2 Get the 
signup 

required 

settings 

and profile 

fields. 

Yes No  

auth_email auth_email_signup_user 3.2 Adds a 

new user 

(pendingto 

be 

confirmed) 
in the site. 

Yes No  

core_auth core_auth_confirm_user 3.2 Confirm a 
user 

account. 

Yes No  

core_badges core_badges_get_user_badges 3.1 Returns the 
list of 

badges 

awarded to 

a user. 

No Yes moodle_
mobile_

app 

core_calendar core_calendar_create_calendar_events 2.5 Create 

calendar 

events 

No Yes  

core_calendar core_calendar_delete_calendar_events 2.5 Delete 

calendar 

events 

No Yes  

core_calendar core_calendar_get_calendar_events 2.5 Get 
calendar 

events 

No Yes moodle_
mobile_

app 

core_cohort core_cohort_add_cohort_members 2.4 Add 
members 

to cohort 

No Yes  

core_cohort core_cohort_create_cohorts 2.4 Create 
cohorts 

No Yes  

core_cohort core_cohort_delete_cohort_members 2.4 Delete 
members 

from 

cohort 

No Yes  
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core_cohort core_cohort_delete_cohorts 2.4 Delete cohorts No Yes  

core_cohort core_cohort_get_cohort_member

s 

2.4 Get cohort 

members 

No Yes  

core_cohort core_cohort_get_cohorts 2.4 Get cohorts No Yes  

core_cohort core_cohort_update_cohorts 2.4 Update 
cohorts 

No Yes  

core_comment core_comment_get_comments 2.9 Return all the 
comments for 

an specific 

component, 

context. 

No Yes moodle_
mobile_

app 

core_competency core_competency_add_competen
cy_to_course 

3.1 Add 
competency to 

a course 

Yes Yes  

core_competency core_competency_add_competen

cy_to_plan 

3.1 Add a 

competency to 

a learning plan 

Yes Yes  

core_competency core_competency_add_competen

cy_to_template 

3.1 Add 

competency to 

a template 

Yes Yes  

core_competency core_competency_add_related_c
ompetency 

3.1 Create a 
relationship 

between 

competencies 

Yes Yes  

core_competency core_competency_approve_plan 3.1 Approve a 
learning plan 

Yes Yes  

core_competency core_competency_competency_fr
amework_viewed 

3.1 Notify a 
competency 

framework as 

being viewed 

Yes Yes  

core_competency core_competency_competency_v

iewed 

3.1 Report a 

competency as 

being viewed 

Yes Yes moodle_

mobile_

app 

core_competency core_competency_complete_plan 3.1 Complete a 

learning plan 

Yes Yes  

core_competency core_competency_count_compet

encies 

3.1 Count the 

competencies 

Yes Yes  

core_competency core_competency_count_compet

encies_in_course 

3.1 Count 

competencies 
in a course 

Yes Yes  

core_competency core_competency_count_compet
encies_in_template 

3.1 Count the 
competencies 

in a template 

Yes Yes  

core_competency core_competency_count_compet
ency_frameworks 

3.1 Count the 
competency 

frameworks 

Yes Yes  

core_competency core_competency_count_courses
_using_competency 

3.1 Count courses 
using a 

competency 

Yes Yes  
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core_competency core_competency_count_templates 3.1 Count 

templates 

Yes Yes  

core_competency core_competency_count_templates
_using_competency 

3.1 Count 
templates 

using a 

competency 

Yes Yes  

core_competency core_competency_create_compete
ncy 

3.1 Create a 
competency 

Yes Yes  

core_competency core_competency_create_compete
ncy_framework 

3.1 Create a 
competency 

framework 

Yes Yes  

core_competency core_competency_create_plan 3.1 Create a 
learning 

plan 

Yes Yes  

core_competency core_competency_create_template 3.1 Create a 

template 

Yes Yes  

core_competency core_competency_create_user_evi

dence_competency 

3.1 Link an 

evidence of 

prior 

learning 
with a user's 

competency 

Yes Yes  

core_competency core_competency_delete_compete
ncy 

3.1 Delete a 
competency 

Yes Yes  

core_competency core_competency_delete_compete
ncy_framework 

3.1 Delete a 
competency 

framework 

Yes Yes  

core_competency core_competency_delete_evidence 3.1 Delete an 
evidence 

Yes Yes moodle
_mobil

e_app 

core_competency core_competency_delete_plan 3.1 Delete a 

learning 

plan 

Yes Yes  

core_competency core_competency_delete_template 3.1 Delete a 

template 

Yes Yes  

core_competency core_competency_delete_user_evi

dence 

3.1 Delete an 

evidence of 
prior 

learning 

Yes Yes  

core_competency core_competency_delete_user_evi
dence_competency 

3.1 Remove a 
link between 

an evidence 

of prior 

learning and 

a user's 

competency 

Yes Yes  

core_competency core_competency_duplicate_comp

etency_framework 

3.1 Duplicate a 

competency 

framework 

Yes Yes  

core_competency core_competency_duplicate_templ

ate 

3.1 Duplicate a 

template 

Yes Yes  

core_competency core_competency_get_scale_value
s 

3.1 Get the 
values for a 

scale 

Yes Yes moodle
_mobil

e_app 
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core_competency core_competency_grade_competen

cy 

3.1 Rate a user's 

competency 

Yes Yes  

core_competency core_competency_grade_competen
cy_in_course 

3.1 Rate a user's 
competency 

in a course 

Yes Yes moodle
_mobil

e_app 

core_competency core_competency_grade_competen
cy_in_plan 

3.1 Rate a user's 
competency 

in a learning 

plan 

Yes Yes  

core_competency core_competency_list_competenci
es 

3.1 List 
competencie

s 

Yes Yes  

core_competency core_competency_list_competenci

es_in_template 

3.1 List the 

competencie

s of a 

template 

Yes Yes  

core_competency core_competency_list_competency

_frameworks 

3.1 List the 

competency 

frameworks 

Yes Yes  

core_competency core_competency_list_course_com
petencies 

3.1 List the 
competencie

s in a course 

Yes Yes moodle
_mobil

e_app 

core_competency core_competency_list_plan_compe
tencies 

3.1 List a 
learning 

plan's 

competencie

s 

Yes Yes  

core_competency core_competency_list_templates 3.1 List 

templates 

Yes Yes  

core_competency core_competency_list_templates_u

sing_competency 

3.1 List 

templates 

using a 

competency 

Yes Yes  

core_competency core_competency_list_user_plans 3.1 List a user's 

learning 
plans 

Yes Yes  

core_competency core_competency_move_down_co
mpetency 

3.1 Move a 
competency 

down in its 

branch 

Yes Yes  

core_competency core_competency_move_up_comp
etency 

3.1 Move a 
competency 

up in its 

branch 

Yes Yes  

core_competency core_competency_plan_cancel_rev

iew_request 

3.1 Cancel the 

review 

request of a 

learning 

plan 

Yes Yes  

core_competency core_competency_plan_request_re
view 

3.1 Request the 
review of a 

learning 

plan 

Yes Yes  
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core_competency core_competency_plan_start_revie

w 

3.1 Start the 

review of a 
learning 

plan 

Yes Yes  

core_competency core_competency_plan_stop_revie
w 

3.1 Stop the 
review of a 

learning 

plan 

Yes Yes  

core_competency core_competency_read_competenc
y 

3.1 Fetch a 
competency 

Yes Yes  

core_competency core_competency_read_competenc
y_framework 

3.1 Fetch a 
competency 

framework 

Yes Yes  

core_competency core_competency_read_plan 3.1 Fetch a 

learning 

plan 

Yes Yes  

core_competency core_competency_read_template 3.1 Fetch a 

template 

Yes Yes  

core_competency core_competency_read_user_evide

nce 

3.1 Fetch an 

evidence of 
prior 

learning 

Yes Yes  

core_competency core_competency_remove_compet
ency_from_course 

3.1 Remove 
competency 

from a 

course 

Yes Yes  

core_competency core_competency_remove_compet
ency_from_plan 

3.1 Remove a 
competency 

from a 

learning 

plan 

Yes Yes  

core_competency core_competency_remove_compet

ency_from_template 

3.1 Remove 

competency 

from 
template 

Yes Yes  

core_competency core_competency_remove_related
_competency 

3.1 Remove a 
relationship 

between 

competencie

s 

Yes Yes  

core_competency core_competency_reopen_plan 3.1 Reopen a 
learning 

plan 

Yes Yes  

core_competency core_competency_reorder_course_

competency 

3.1 Reorder 

competencie

s in a course 

Yes Yes  

core_competency core_competency_reorder_plan_co

mpetency 

3.1 Reopen a 

competency 

in a learning 
plan 

Yes Yes  

core_competency core_competency_reorder_templat
e_competency 

3.1 Reorder 
competencie

s in a 

template 

Yes Yes  
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core_competency core_competency_request_review_

of_user_evidence_linked_compete
ncies 

3.1 Request the 

review of 
the user's 

competencie

s linked to 

an evidence 

of prior 

learning 

Yes Yes  

core_competency core_competency_search_compete
ncies 

3.1 Search for 
competencie

s 

Yes Yes  

core_competency core_competency_set_course_com

petency_ruleoutcome 

3.1 Set the rule 

of course 

competencie

s 

Yes Yes  

core_competency core_competency_set_parent_com

petency 

3.1 Relocate a 

competency 
to another 

parent 

Yes Yes  

core_competency core_competency_template_has_re
lated_data 

3.1 Check 
whether a 

template has 

related data 

Yes Yes  

core_competency core_competency_template_viewe
d 

3.1 Report a 
template as 

being 

viewed 

Yes Yes  

core_competency core_competency_unapprove_plan 3.1 Unapprove a 

learning 

plan 

Yes Yes  

core_competency core_competency_unlink_plan_fro

m_template 

3.1 Unlink a 

learning 
plan from a 

template 

Yes Yes  

core_competency core_competency_update_compete
ncy 

3.1 Update a 
competency 

Yes Yes  

core_competency core_competency_update_compete
ncy_framework 

3.1 Update a 
competency 

framework 

Yes Yes  

core_competency core_competency_update_course_
competency_settings 

3.1 Update the 
course 

competency 

settings 

Yes Yes  

core_competency core_competency_update_plan 3.1 Update a 

learning 

plan 

Yes Yes  

core_competency core_competency_update_template 3.1 Update a 

template 

Yes Yes  

core_competency core_competency_user_competenc
y_cancel_review_request 

3.1 Cancel the 
review 

request of a 

user's 

competency 

Yes Yes  
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core_competency core_competency_user_competenc

y_plan_viewed 

3.1 Report the 

archive of 
user's 

competency 

as being 

viewed 

Yes Yes moodle

_mobil
e_app 

core_competency core_competency_user_competenc
y_request_review 

3.1 Request the 
review of a 

user's 

competency 

Yes Yes  

core_competency core_competency_user_competenc

y_start_review 

3.1 Start the 

review of a 

user's 

competency 

Yes Yes  

core_competency core_competency_user_competenc

y_stop_review 

3.1 Stop the 

review of a 

user's 
competency 

Yes Yes  

core_competency core_competency_user_competenc
y_viewed 

3.1 Report a 
user's 

competency 

as being 

viewed 

Yes Yes moodle
_mobil

e_app 

core_competency core_competency_user_competenc
y_viewed_in_course 

3.1 Report a 
user's 

competency 

as being 

viewed from 

a course 

Yes Yes moodle
_mobil

e_app 

core_competency core_competency_user_competenc

y_viewed_in_plan 

3.1 Report a 

user's 
competency 

as being 

viewed from 

a learning 

plan 

Yes Yes moodle

_mobil
e_app 

core_completion core_completion_get_activities_co
mpletion_status 

2.9 Return the 
activities 

completion 

status for a 

user in a 

course. 

No Yes moodle
_mobil

e_app 

core_completion core_completion_get_course_com

pletion_status 

2.9 Returns 

course 
completion 

status. 

No Yes moodle

_mobil
e_app 

core_completion core_completion_mark_course_sel
f_completed 

3.0 Update the 
course 

completion 

status for 

the current 

user (if 

course self-

completion 

is enabled). 

No Yes moodle
_mobil

e_app 
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core_completion core_completion_update_activity_

completion_status_manually 

2.9 Update 

completion 
status for the 

current user in 

an activity, 

only for 

activities with 

manual 

tracking. 

No Yes moodle

_mobil
e_app 

core_course core_course_check_updates 3.2 Check if there 

is updates 

affecting the 

user for the 

given course 

and contexts. 

Yes Yes moodle

_mobil

e_app 

core_course core_course_create_categories 2.3 create 
categories 

No Yes  

core_course core_course_create_courses 2.0 Create new 
courses 

No Yes  

core_course core_course_delete_categories 2.3 delete 
categories 

No Yes  

core_course core_course_delete_courses 2.3 delete courses No Yes  

core_course core_course_delete_modules 2.5 Deletes all 
specified 

module 

instances 

No Yes  

core_course core_course_duplicate_course 2.3 duplicate a 

course 

No Yes  

core_course core_course_get_activities_overvie

w 

3.2 Return 

activities 

overview for 

the given 

courses. 

No Yes moodle

_mobil

e_app 

core_course core_course_get_categories 2.3 get categories No Yes moodle
_mobil

e_app 

core_course core_course_get_contents 2.2 get course 
content 

(modules + 

web service 

file urls) 

No Yes moodle
_mobil

e_app 

core_course core_course_get_course_module 3.0 Return 

information 

about a course 

module. 

No Yes moodle

_mobil

e_app 

core_course core_course_get_course_module_b

y_instance 

3.0 Return 

information 

about a given 
module name 

and instance 

id. 

No Yes moodle

_mobil

e_app 

core_course core_course_get_courses 2.0 Return course 
details 

Yes Yes moodle
_mobil

e_app 
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core_course core_course_get_courses_by_field 3.2 Get courses 

matching a 
specific field 

(id/s, 

shortname, 

idnumber, 

category) 

No Yes moodle

_mobil
e_app 

core_course core_course_get_user_administrati
on_options 

3.2 Return a list of 
administration 

options in a set 

of courses that 

are avaialable 

or not for the 

current user. 

No Yes moodle
_mobil

e_app 

core_course core_course_get_user_navigation_

options 

3.2 Return a list of 

navigation 
options in a set 

of courses that 

are avaialable 

or not for the 

current user. 

No Yes moodle

_mobil
e_app 

core_course core_course_import_course 2.4 Import course 
data from a 

course into 

another 

course. Does 

not include 

any user data. 

No Yes  

core_course core_course_search_courses 3.0 Search courses 
by (name, 

module, block, 

tag). 

Yes Yes moodle
_mobil

e_app 

core_course core_course_update_categories 2.3 update 
categories 

No Yes  

core_course core_course_update_courses 2.5 Update 
courses. 

No Yes  

core_course core_course_view_course 2.9 Log that the 
course was 

viewed 

No Yes moodle
_mobil

e_app 

core_enrol core_enrol_get_course_enrolment_

methods 

3.0 Get the list of 

course 

enrolment 

methods 

No Yes moodle

_mobil

e_app 

core_enrol core_enrol_get_enrolled_users 2.1 Get enrolled 

users by 
course id 

No Yes moodle

_mobil
e_app 

core_enrol core_enrol_get_enrolled_users_wit
h_capability 

2.4 For each 
course and 

capability 

specified, 

return a list of 

the users that 

are enrolled in 

the course and 

have that 

capability 

No Yes  
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core_enrol core_enrol_get_users_courses 2.0 get list of 

course ids that 
a user is 

enrolled in (if 

you are 

allowed to see 

that) 

No Yes moodle

_mobil
e_app 

core_fetch core_fetch_notifications 3.1 Return a list of 
notifications 

for the current 

session 

Yes No  

core_files core_files_get_files 2.0 browse 

moodle files 

No Yes moodle

_mobil

e_app 

core_files core_files_upload 2.2 upload a file to 

moodle 

No Yes  

core_get core_get_component_strings 2.4 Return all raw 

strings (with 
{$a->xxx}) 

for a specific 

component - 

similar to core 

get_componen

t_strings() call 

Yes No moodle

_mobil
e_app 

core_get core_get_fragment 3.1 Return a 

fragment for 

inclusion, such 

as a JavaScript 

page. 

Yes Yes  

core_get core_get_string 2.4 Return a 

translated 
string - similar 

to core get_ 

string() call 

Yes No  

core_get core_get_strings 2.4 Return some 
translated 

strings - like 

several core 

get_string() 

calls 

Yes No  

core_grade core_grade_get_grades 2.7 Returns 

student course 

total grade and 

grades for 
activities. This 

function does 

not return 

category or 

manual items. 

This function 

is suitable for 

managers or 

teachers not 

students. 

No Yes  

core_grade core_grade_update_grades 2.7 Update a 

grade item and 

associated 
student grades. 

No Yes  
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core_grading core_grading_get_definitions 2.6 Returns 

grading 
definitions for 

the course 

module ids 

and areaname 

provided as 

parameters. 

An optionall 

activeonly 

parameter can 

be provided so 

that only the 

active grading 
method is 

returned. 

No Yes  

core_grading core_grading_get_gradingform_ins
tances 

2.6 Returns the 
instances and 

fillings for the 

requested 

definition id. 

An optional 

since 

parameter 

allows the 

number of 
records 

returned to be 

reduced so that 

only those 

with a 

timemodified 

value >= since 

are returned 

No Yes  

core_grading core_grading_save_definitions 2.8 Accepts an 

array of areas 

as a parameter. 

The areas 

contain 
grading 

definitions 

with criteria 

for inserting 

and updating 

No Yes  

core_group core_group_add_group_members 2.0 Adds group 
members 

No Yes  

core_group core_group_assign_grouping 2.3 assign groups 

from groupings 

No Yes  

core_group core_group_create_groupings 2.3 create 

groupings 

No Yes  

core_group core_group_create_groups 2.0 Creates new 

groups 

No Yes  

core_group core_group_delete_group_member

s 

2.0 Deletes group 

members 

No Yes  

core_group core_group_delete_groupings 2.3 delete 

groupings 

No Yes  

core_group core_group_delete_groups 2.0 Deletes all 
specified 

groups 

No Yes  
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core_group core_group_get_activity_allowed_

groups 

3.0 Gets a list of 

groups that the 
user is allowed 

to access 

within the 

specified 

activity. 

No Yes moodle

_mobil
e_app 

core_group core_group_get_activity_groupmo
de 

3.0 Returns 
effective 

groupmode 

used in a given 

activity. 

No Yes moodle
_mobil

e_app 

core_group core_group_get_course_groupings 2.3 get all 

groupings in 

specified 

course 

No Yes  

core_group core_group_get_course_groups 2.0 Returns all 
groups in 

specified 

course 

No Yes  

core_group core_group_get_course_user_grou
ps 

2.9 Returns all 
groups in 

specified 

course for the 

specified user. 

No Yes moodle
_mobil

e_app 

core_group core_group_get_group_members 2.0 Returns group 

members 

No Yes  

core_group core_group_get_groupings 2.3 get groupings No Yes  

core_group core_group_get_groups 2.0 Returns group 

details. 

No Yes  

core_group core_group_unassign_grouping 2.3 unassign 

groups from 

groupings 

No Yes  

core_group core_group_update_groupings 2.3 update 
groupings 

No Yes  

core_message core_message_block_contacts 2.5 Block contacts Yes Yes moodle
_mobil

e_app 

core_message core_message_create_contacts 2.5 Add contacts 
to the contact 

list 

Yes Yes moodle
_mobil

e_app 

core_message core_message_data_for_messagear
ea_contacts 

3.2 Retrieve the 
template data 

for the contact 

list 

Yes Yes  

core_message core_message_data_for_messagear

ea_conversations 

3.2 Retrieve the 

template data 

for the 

conversation 
list 

Yes Yes  

core_message core_message_data_for_messagear
ea_get_most_recent_message 

3.2 Retrieve the 
template data 

for the most 

recent 

message 

Yes Yes  
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core_message core_message_data_for_messagear

ea_get_profile 

3.2 Retrieve the 

template data 
for the users\'s 

profile 

Yes Yes  

core_message core_message_data_for_messagear
ea_messages 

3.2 Retrieve the 
template data 

for the 

messages 

Yes Yes  

core_message core_message_data_for_messagear
ea_search_messages 

3.2 Retrieve the 
template data 

for searching 

for messages 

Yes Yes moodle
_mobil

e_app 

core_message core_message_data_for_messagear

ea_search_users 

3.2 Retrieve the 

template data 

for searching 

for people 

Yes Yes  

core_message core_message_data_for_messagear

ea_search_users_in_course 

3.2 Retrieve the 

template data 
for searching 

for people in a 

course 

Yes Yes  

core_message core_message_delete_contacts 2.5 Remove 
contacts from 

the contact list 

Yes Yes moodle
_mobil

e_app 

core_message core_message_delete_conversation 3.2 Deletes a 
conversation. 

Yes Yes moodle
_mobil

e_app 

core_message core_message_delete_message 3.1 Deletes a 

message. 

Yes Yes moodle

_mobil

e_app 

core_message core_message_get_blocked_users 2.9 Retrieve a list 

of users 

blocked 

No Yes moodle

_mobil

e_app 

core_message core_message_get_contacts 2.5 Retrieve the 
contact list 

No Yes moodle
_mobil

e_app 

core_message core_message_get_message_proce
ssor 

3.2 Get a message 
processor 

Yes Yes  

core_message core_message_get_messages 2.8 Retrieve a list 
of messages 

sent and 

received by a 

user 

(conversations

, notifications 

or both) 

Yes Yes moodle
_mobil

e_app 

core_message core_message_get_unread_convers

ations_count 

3.2 Retrieve the 

count of 
unread 

conversations 

for a given 

user 

Yes Yes moodle

_mobil
e_app 

core_message core_message_get_user_message_
preferences 

3.2 Get the 
message 

preferences for 

a given user. 

No Yes moodle
_mobil

e_app 
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core_message core_message_get_user_notificatio

n_preferences 

3.2 Get the 

notification 
preferences for 

a given user. 

No Yes moodle

_mobil
e_app 

core_message core_message_mark_all_messages
_as_read 

3.2 Mark all 
messages as 

read for a 

given user 

Yes Yes moodle
_mobil

e_app 

core_message core_message_mark_all_notificati
ons_as_read 

3.2 Mark all 
notifications 

as read for a 

given user 

Yes Yes moodle
_mobil

e_app 

core_message core_message_mark_message_rea

d 

2.9 Mark a single 

message as 

read, trigger 

message_view

ed event. 

Yes Yes moodle

_mobil

e_app 

core_message core_message_message_processor
_config_form 

3.2 Process the 
message 

processor 

config form 

Yes Yes moodle
_mobil

e_app 

core_message core_message_search_contacts 2.5 Search for 
contacts 

No Yes moodle
_mobil

e_app 

core_message core_message_send_instant_messa
ges 

2.1 Send instant 
messages 

Yes Yes moodle
_mobil

e_app 

core_message core_message_unblock_contacts 2.5 Unblock 

contacts 

Yes Yes moodle

_mobil

e_app 

core_notes core_notes_create_notes 2.1 Create notes No Yes moodle

_mobil

e_app 

core_notes core_notes_delete_notes 2.5 Delete Notes No Yes moodle
_mobil

e_app 

core_notes core_notes_get_course_notes 2.9 Returns all 
notes in 

specified 

course (or site) 

for the 

specified user. 

No Yes moodle
_mobil

e_app 

core_notes core_notes_get_notes 2.5 Retrieve Notes No Yes  

core_notes core_notes_update_notes 2.5 Update Notes No Yes  

core_notes core_notes_view_notes 2.9 Simulates the 

web interface 

view of 

notes/index.ph

p: trigger 
events. 

No Yes moodle

_mobil

e_app 

core_output core_output_load_template 3.0 Load a 
template for a 

renderable 

Yes No  

  



 

 

Developing Apps 

with IOS 

54 

core_question core_question_update_flag 3.1 Update the 

flag state of a 
question 

attempt. 

No Yes moodle

_mobil
e_app 

core_rating core_rating_add_rating 3.2 Rates an item. No Yes moodle
_mobil

e_app 

core_rating core_rating_get_item_ratings 2.9 Retrieve all 
the ratings for 

an item. 

No Yes moodle
_mobil

e_app 

core_role core_role_assign_roles 2.0 Manual role 
assignments 

No Yes  

core_role core_role_unassign_roles 2.0 Manual role 

unassignments 

No Yes  

core_tag core_tag_get_tagindex 3.1 Gets tag index 

page for one 

tag and one 

tag area 

Yes Yes  

core_tag core_tag_get_tags 3.0 Gets tags by 

their ids 

Yes Yes  

core_tag core_tag_update_tags 3.0 Updates tags Yes Yes  

core_update core_update_inplace_editable 3.1 Generic 
service to 

update title 

Yes Yes  

core_user core_user_add_user_device 2.6 Store mobile 
user devices 

information 

for PUSH 

Notifications. 

No Yes moodle
_mobil

e_app 

core_user core_user_add_user_private_files 2.6 Copy files 

from a draft 

area to users 

private files 

area. 

No Yes moodle

_mobil

e_app 

core_user core_user_agree_site_policy 3.2 Agree the site 

policy for the 
current user. 

No Yes moodle

_mobil
e_app 

core_user core_user_create_users 2.0 Create users - 
admin 

function 

No Yes  

core_user core_user_delete_users 2.0 Delete users - 
admin 

function 

No Yes  

core_user core_user_get_course_user_profile
s 

2.1 Get course 
user profiles 

by id 

No Yes moodle
_mobil

e_app 

core_user core_user_get_user_preferences 3.2 Return user 

preferences. 

No Yes moodle

_mobil

e_app 
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core_user core_user_get_users 2.5 Search users. - 

If you want to 
get multiple 

users for one 

specific field, 

use 

core_user_get

_users_by_fiel

d(), it's 

designed for 

this purpose 

and it should 

be faster. 

No Yes  

core_user core_user_get_users_by_field 2.5 Retrieve users 

information 
for a specified 

unique field - 

If you want to 

do a user 

search, use 

core_user_get

_users() 

Yes Yes moodle

_mobil
e_app 

core_user core_user_get_users_by_id 2.0 Get users by id No Yes  

core_user core_user_remove_user_device 2.9 Remove a user 

device from 

the Moodle 

database. 

No Yes moodle

_mobil

e_app 

core_user core_user_set_user_preferences 3.2 Set user 

preferences. 

No Yes  

core_user core_user_update_picture 3.2 Update or 
delete the user 

picture in the 

site 

No Yes moodle
_mobil

e_app 

core_user core_user_update_user_preference
s 

3.2 Update a 
user\'s 

preferences 

Yes Yes moodle
_mobil

e_app 

core_user core_user_update_users 2.0 Update users Yes Yes  

core_user core_user_view_user_list 2.9 Simulates the 
web-interface 

view of 

user/index.php 

(triggering 

events). 

No Yes moodle
_mobil

e_app 

core_user core_user_view_user_profile 2.9 Simulates the 

web-interface 
view of 

user/view.php 

and 

user/profile.ph

p (triggering 

events). 

No Yes moodle

_mobil
e_app 

core_webservice core_webservice_get_site_info 2.1 Return some 
site info / user 

info / list web 

service 

functions 

No Yes moodle
_mobil

e_app 
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enrol_guest enrol_guest_get_instance_info 3.1 Return guest 

enrolment 
instance 

information. 

No Yes moodle

_mobil
e_app 

enrol_manual enrol_manual_enrol_users 2.0 Manual enrol 
users 

No Yes  

enrol_manual enrol_manual_unenrol_users 3.0 Manual 
unenrol users 

No Yes  

enrol_self enrol_self_enrol_user 3.0 Self enrol the 
current user in 

the given 

course. 

No Yes moodle
_mobil

e_app 

enrol_self enrol_self_get_instance_info 3.0 self enrolment 

instance 

information. 

No Yes moodle

_mobil

e_app 

gradereport_overview gradereport_overview_get_course_

grades 

3.2 Get the given 

user courses 

final grades 

No Yes moodle

_mobil

e_app 

gradereport_overview gradereport_overview_view_grade

_report 

3.2 Trigger the 

report view 
event 

No Yes moodle

_mobil
e_app 

gradereport_user gradereport_user_get_grade_items 3.2 Returns the 
complete list 

of grade items 

for users in a 

course 

No Yes moodle
_mobil

e_app 

gradereport_user gradereport_user_get_grades_table 2.9 Get the user/s 
report grades 

table for a 

course 

No Yes moodle
_mobil

e_app 

gradereport_user gradereport_user_view_grade_rep

ort 

2.9 Trigger the 

grade_report_

viewed event 

when a user 
view his grade 

report (this 

web service 

will be 

initially used 

by the mobile 

app so 

information 

can be logged 

in the Moodle 

side when a 
user see the 

same page in 

the app). 

No Yes moodle

_mobil

e_app 

message_airnotifier message_airnotifier_are_notificati
on_preferences_configured 

2.7 Check if the 
users have 

notification 

preferences 

configured yet 

No Yes moodle
_mobil

e_app 
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message_airnotifier message_airnotifier_enable_device 3.2 Enables or 

disables a 
registered user 

device so it 

can receive 

Push 

notifications 

No Yes moodle

_mobil
e_app 

message_airnotifier message_airnotifier_get_user_devi
ces 

3.2 Return the list 
of mobile 

devices that 

are registered 

in Moodle for 

the given user 

No Yes moodle
_mobil

e_app 

message_airnotifier message_airnotifier_is_system_co

nfigured 

2.7 Check whether 

the airnotifier 

settings have 
been 

configured 

No Yes moodle

_mobil

e_app 

message_popup message_popup_get_popup_notifi
cations 

3.2 Retrieve a list 
of popup 

notifications 

for a user 

Yes Yes moodle
_mobil

e_app 

message_popup message_popup_get_unread_popu
p_notification_count 

3.2 Retrieve the 
count of unread 

popup 

notifications for 

a given user 

Yes Yes moodle
_mobil

e_app 

mod_assign mod_assign_copy_previous_attem

pt 

2.6 Copy a students 

previous 

attempt to a 
new attempt. 

No Yes moodle

_mobil

e_app 

mod_assign mod_assign_get_assignments 2.4 Returns the 
courses and 

assignments 

for the users 

capability 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_get_grades 2.4 Returns grades 
from the 

assignment 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_get_participant 3.1 Get a 

participant for 

an assignment, 

with some 

summary info 
about their 

submissions. 

Yes Yes moodle

_mobil

e_app 

mod_assign mod_assign_get_submission_statu
s 

3.1 Returns 
information 

about an 

assignment 

submission 

status for a 

given user. 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_get_submissions 2.5 Returns the 

submissions 

for 

assignments 

No Yes moodle

_mobil

e_app 
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mod_assign mod_assign_get_user_flags 2.6 Returns the 

user_flags for 
assignments 

No Yes moodle

_mobil
e_app 

mod_assign mod_assign_get_user_mappings 2.6 Returns the 
user_mapping

s for 

assignments 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_list_participants 3.1 List the 
participants 

for a single 

assignment, 

with some 

summary info 

about their 

submissions. 

Yes Yes moodle
_mobil

e_app 

mod_assign mod_assign_lock_submissions 2.6 Prevent 

students from 
making 

changes to a 

list of 

submissions 

No Yes moodle

_mobil
e_app 

mod_assign mod_assign_reveal_identities 2.6 Reveal the 
identities for a 

blind marking 

assignment 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_revert_submissions_t

o_draft 

2.6 Reverts the list 

of submissions 

to draft status 

No Yes moodle

_mobil

e_app 

mod_assign mod_assign_save_grade 2.6 Save a grade 

update for a 

single student. 

No Yes moodle

_mobil

e_app 

mod_assign mod_assign_save_grades 2.7 Save grade 
updates for 

one or more 

students. 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_save_submission 2.6 Update the 
current 

students 

submission 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_save_user_extensions 2.6 Save a list of 
assignment 

extensions 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_set_user_flags 2.6 Sets the 

specified 

user_flags for 

an assignment 

No Yes moodle

_mobil

e_app 

mod_assign mod_assign_submit_for_grading 2.6 Submit the 
current 

students 

assignment for 

grading 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_submit_grading_form 3.1 Submit the 
grading form 

data via ajax 

Yes Yes moodle
_mobil

e_app 
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mod_assign mod_assign_unlock_submissions 2.6 Allow students 

to make 
changes to a 

list of 

submissions 

No Yes moodle

_mobil
e_app 

mod_assign mod_assign_view_assign 3.2 Update the 
module 

completion 

status. 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_view_grading_table 3.0 Trigger the 
grading_table_

viewed event. 

No Yes moodle
_mobil

e_app 

mod_assign mod_assign_view_submission_stat

us 

3.1 Trigger the 

submission 

status viewed 

event. 

No Yes moodle

_mobil

e_app 

mod_book mod_book_get_books_by_courses 3.0 Returns a list 

of book 
instances in a 

provided set of 

courses. 

No Yes moodle

_mobil
e_app 

mod_book mod_book_view_book 3.0 Trigger the 
course module 

viewed event 

and update the 

module 

completion 

status. 

No Yes moodle
_mobil

e_app 

mod_chat mod_chat_get_chat_latest_messag

es 

3.0 Get the latest 

messages from 

the given chat 
sessio. 

No Yes moodle

_mobil

e_app 

mod_chat mod_chat_get_chat_users 3.0 Get the list of 
users in the 

given chat 

session. 

No Yes moodle
_mobil

e_app 

mod_chat mod_chat_get_chats_by_courses 3.0 Returns a list 
of chat 

instances in a 

provided set of 

courses. 

No Yes moodle
_mobil

e_app 

mod_chat mod_chat_login_user 3.0 Log a user into 

a chat room in 

the given chat. 

No Yes moodle

_mobil

e_app 

mod_chat mod_chat_send_chat_message 3.0 Send a 

message on 
the given chat 

session. 

No Yes moodle

_mobil
e_app 

mod_chat mod_chat_view_chat 3.0 Trigger the 
course module 

viewed event 

and update the 

module 

completion 

status. 

No Yes moodle
_mobil

e_app 
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mod_choice mod_choice_delete_choice_respon

ses 

3.0 Delete the 

given 
submitted 

responses in a 

choice. 

No Yes moodle

_mobil
e_app 

mod_choice mod_choice_get_choice_options 3.0 Retrieve 
options for a 

specific 

choice. 

No Yes moodle
_mobil

e_app 

mod_choice mod_choice_get_choice_results 3.0 Retrieve users 
results for a 

given choice. 

No Yes moodle
_mobil

e_app 

mod_choice mod_choice_get_choices_by_cour

ses 

3.0 Returns a list 

of choice 

instances in a 

provided set of 

courses. 

No Yes moodle

_mobil

e_app 

mod_choice mod_choice_submit_choice_respo
nse 

3.0 Submit 
responses to a 

specific choice 

item. 

No Yes moodle
_mobil

e_app 

mod_choice mod_choice_view_choice 3.0 Trigger the 
course module 

viewed event 

and update the 

module 

completion 

status.. 

No Yes moodle
_mobil

e_app 

mod_data mod_data_get_databases_by_cours

es 

2.9 Returns a list 

of database 

instances in a 
provided set of 

courses, if no 

courses are 

provided then 

all the 

database 

instances the 

user has 

access to will 

be returned. 

No Yes moodle

_mobil

e_app 

mod_folder mod_folder_view_folder 3.0 Trigger the 

course module 
viewed event 

and update the 

module 

completion 

status. 

No Yes moodle

_mobil
e_app 

mod_forum mod_forum_add_discussion 3.0 Add a new 
discussion into 

an existing 

forum. 

No Yes moodle
_mobil

e_app 

mod_forum mod_forum_add_discussion_post 3.0 Create new 

posts into an 

existing 

discussion. 

No Yes moodle

_mobil

e_app 
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mod_forum mod_forum_can_add_discussion 3.1 Check if the current 

user can add 
discussions in the 

given forum (and 

optionally for the 

given group). 

No Yes moodle

_mobil
e_app 

mod_forum mod_forum_get_forum_discussion
_posts 

2.7 Returns a list of 
forum posts for a 

discussion. 

No Yes moodle
_mobil

e_app 

mod_forum mod_forum_get_forum_discussion
s_paginated 

2.8 Returns a list of 
forum discussions 

optionally sorted 

and paginated. 

No Yes moodle
_mobil

e_app 

mod_forum mod_forum_get_forums_by_cours

es 

2.5 Returns a list of 

forum instances in a 

provided set of 

courses, if no 
courses are provided 

then all the forum 

instances the user 

has access to will be 

returned. 

No Yes moodle

_mobil

e_app 

mod_forum mod_forum_view_forum 2.9 Trigger the 
course_module_vie

wed event when a 

user view a forum 

(this web service 

will be initially used 

by the mobile app 
so information can 

be logged in the 

Moodle side when a 

user see the same 

page in the app). 

No Yes moodle
_mobil

e_app 

mod_forum mod_forum_view_forum_discussi
on 

2.9 Trigger the 
discussion_viewed 

event when a user 

view a forum 

discussion (this web 

service will be 

initially used by the 
mobile app so 

information can be 

logged in the 

Moodle side when a 

user see the same 

page in the app). 

No Yes moodle
_mobil

e_app 

mod_glossary mod_glossary_add_entry 3.2 Add a new entry to 
a given glossary 

No Yes moodle
_mobil

e_app 

mod_glossary mod_glossary_get_authors 3.1 Get the authors in a 

glossary 

No Yes moodle

_mobil

e_app 

mod_glossary mod_glossary_get_categories 3.1 Get a glossary's 

categories 

No Yes moodle

_mobil

e_app 
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mod_glossary mod_glossary_get_entries_by_aut

hor 

3.1 Get entries using 

author filtering 

No Yes moodle_

mobile_
app 

mod_glossary mod_glossary_get_entries_by_aut
hor_id 

3.1 Get entries using 
author ID filtering 

No Yes moodle_
mobile_

app 

mod_glossary mod_glossary_get_entries_by_cate
gory 

3.1 Get entries using 
category filtering 

No Yes moodle_
mobile_

app 

mod_glossary mod_glossary_get_entries_by_date 3.1 Get entries using 
date filtering 

No Yes moodle_
mobile_

app 

mod_glossary mod_glossary_get_entries_by_lett

er 

3.1 Get entries using 

letter filtering 

No Yes moodle_

mobile_

app 

mod_glossary mod_glossary_get_entries_by_sear

ch 

3.1 Get entries 

matching a search 

query 

No Yes moodle_

mobile_

app 

mod_glossary mod_glossary_get_entries_by_ter

m 

3.1 Get entries using 

term filtering 

No Yes moodle_

mobile_
app 

mod_glossary mod_glossary_get_entries_to_appr
ove 

3.1 Get entries to be 
approved 

No Yes moodle_
mobile_

app 

mod_glossary mod_glossary_get_entry_by_id 3.1 Get an entry by 
ID 

No Yes moodle_
mobile_

app 

mod_glossary mod_glossary_get_glossaries_by_
courses 

3.1 Get the glossaries 
in courses 

No Yes moodle_
mobile_

app 

mod_glossary mod_glossary_view_entry 3.1 Notify that a 

glossary entry 

was viewed 

No Yes moodle_

mobile_

app 

mod_glossary mod_glossary_view_glossary 3.1 Notify that a 

glossary was 

viewed 

No Yes moodle_

mobile_

app 

mod_imscp mod_imscp_get_imscps_by_cours
es 

3.0 Returns a list of 
imscp instances in 

a provided set of 

courses. 

No Yes moodle_
mobile_

app 

mod_imscp mod_imscp_view_imscp 3.0 Trigger the course 
module viewed 

event and update 

the module 

completion status. 

No Yes moodle_
mobile_

app 

mod_lti mod_lti_create_tool_proxy 3.1 Create a tool 

proxy 

Yes Yes  

mod_lti mod_lti_create_tool_type 3.1 Create a tool type Yes Yes  

mod_lti mod_lti_delete_tool_proxy 3.1 Delete a tool 

proxy 

Yes Yes  

mod_lti mod_lti_delete_tool_type 3.1 Delete a tool type Yes Yes  
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mod_lti mod_lti_get_ltis_by_courses 3.0 Returns a list of 

lti instances in a 
provided set of 

courses. 

No Yes moodle_

mobile_
app 

mod_lti mod_lti_get_tool_launch_data 3.0 Return the launch 
data for a given 

external tool. 

No Yes moodle_
mobile_

app 

mod_lti mod_lti_get_tool_proxies 3.1 Get a list of the 
tool proxies 

Yes Yes  

mod_lti mod_lti_get_tool_proxy_registrati
on_request 

3.1 Get a registration 
request for a tool 

proxy 

Yes Yes  

mod_lti mod_lti_get_tool_types 3.1 Get a list of the 

tool types 

Yes Yes  

mod_lti mod_lti_is_cartridge 3.1 Determine if the 

given url is for a 

cartridge 

Yes Yes  

mod_lti mod_lti_update_tool_type 3.1 Update a tool type Yes Yes  

mod_lti mod_lti_view_lti 3.0 Trigger the course 

module viewed 

event and update 
the module 

completion status. 

No Yes moodle_

mobile_

app 

mod_page mod_page_view_page 3.0 Trigger the course 
module viewed 

event and update 

the module 

completion status. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_get_attempt_access_inf

ormation 

3.1 Return access 

information for a 

given attempt in a 

quiz. 

No Yes moodle_

mobile_

app 

mod_quiz mod_quiz_get_attempt_data 3.1 Returns 

information for 

the given attempt 
page for a quiz 

attempt in 

progress. 

No Yes moodle_

mobile_

app 

mod_quiz mod_quiz_get_attempt_review 3.1 Returns review 
information for 

the given finished 

attempt, can be 

used by users or 

teachers. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_get_attempt_summary 3.1 Returns a 

summary of a 

quiz attempt 

before it is 
submitted. 

No Yes moodle_

mobile_

app 

mod_quiz mod_quiz_get_combined_review_
options 

3.1 Combines the 
review options 

from a number of 

different quiz 

attempts. 

No Yes moodle_
mobile_

app 
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mod_quiz mod_quiz_get_quiz_access_infor

mation 

3.1 Return access 

information for a 
given quiz. 

No Yes moodle_

mobile_
app 

mod_quiz mod_quiz_get_quiz_feedback_for
_grade 

3.1 Get the feedback 
text that should be 

show to a student 

who got the given 

grade in the given 

quiz. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_get_quiz_required_qtyp
es 

3.1 Return the 
potential question 

types that would 

be required for a 

given quiz. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_get_quizzes_by_course

s 

3.1 Returns a list of 

quizzes in a 

provided list of 
courses, if no list 

is provided all 

quizzes that the 

user can view will 

be returned. 

No Yes moodle_

mobile_

app 

mod_quiz mod_quiz_get_user_attempts 3.1 Return a list of 
attempts for the 

given quiz and 

user. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_get_user_best_grade 3.1 Get the best 

current grade for 

the given user on 

a quiz. 

No Yes moodle_

mobile_

app 

mod_quiz mod_quiz_process_attempt 3.1 Process responses 
during an attempt 

at a quiz and also 

deals with 

attempts 

finishing. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_save_attempt 3.1 Processes save 
requests during 

the quiz.This 

function is 

intended for the 

quiz auto-save 

feature. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_start_attempt 3.1 Starts a new 
attempt at a quiz. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_view_attempt 3.1 Trigger the 
attempt viewed 

event. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_view_attempt_review 3.1 Trigger the 
attempt reviewed 

event. 

No Yes moodle_
mobile_

app 

mod_quiz mod_quiz_view_attempt_summary 3.1 Trigger the 
attempt summary 

viewed event. 

No Yes moodle_
mobile_

app 
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mod_quiz mod_quiz_view_quiz 3.1 Trigger the course 

module viewed 
event and update 

the module 

completion status. 

No Yes moodle_

mobile_
app 

mod_resource mod_resource_view_resource 3.0 Trigger the course 
module viewed 

event and update 

the module 

completion status. 

No Yes moodle_
mobile_

app 

mod_scorm mod_scorm_get_scorm_attempt_c

ount 

3.0 Return the 

number of 

attempts done by 

a user in the given 

SCORM. 

No Yes moodle_

mobile_

app 

mod_scorm mod_scorm_get_scorm_sco_tracks 3.0 Retrieves SCO 

tracking data for 
the given user id 

and attempt 

number. 

No Yes moodle_

mobile_
app 

mod_scorm mod_scorm_get_scorm_scoes 3.0 Returns a list 
containing all the 

scoes data related 

to the given 

scorm id. 

No Yes moodle_
mobile_

app 

mod_scorm mod_scorm_get_scorm_user_data 3.0 Retrieves user 

tracking and SCO 

data and default 

SCORM values. 

No Yes moodle_

mobile_

app 

mod_scorm mod_scorm_get_scorms_by_cours

es 

3.0 Returns a list of 

scorm instances in 
a provided set of 

courses. 

No Yes moodle_

mobile_
app 

mod_scorm mod_scorm_insert_scorm_tracks 3.0 Saves a scorm 
tracking record. 

No Yes moodle_
mobile_

app 

mod_scorm mod_scorm_launch_sco 3.1 Trigger the SCO 
launched event. 

No Yes moodle_
mobile_

app 

mod_scorm mod_scorm_view_scorm 3.0 Trigger the course 
module viewed 

event and update 

the module 

completion status.. 

No Yes moodle_
mobile_

app 

mod_survey mod_survey_get_questions 3.0 Get the complete 

list of questions 
for the survey, 

including 

subquestions. 

No Yes moodle_

mobile_
app 
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mod_survey mod_survey_get_surveys_by_cour

ses 

3.0 Returns a list of 

survey instances 
in a provided set 

of courses, if no 

courses are 

provided then all 

the survey 

instances the user 

has access to will 

be returned. 

No Yes moodle_

mobile_
app 

mod_survey mod_survey_submit_answers 3.0 Submit the 

answers for a 

given survey. 

No Yes moodle_

mobile_

app 

mod_survey mod_survey_view_survey 3.0 Trigger the course 

module viewed 

event and update 
the module 

completion status. 

No Yes moodle_

mobile_

app 

mod_url mod_url_view_url 3.0 Trigger the course 
module viewed 

event and update 

the module 

completion status. 

No Yes moodle_
mobile_

app 

mod_wiki mod_wiki_edit_page 3.1 Save the contents 

of a page. 

No Yes moodle_

mobile_

app 

mod_wiki mod_wiki_get_page_contents 3.1 Returns the 

contents of a 

page. 

No Yes moodle_

mobile_

app 

mod_wiki mod_wiki_get_page_for_editing 3.1 Locks and 

retrieves info of 
page-section to be 

edited. 

No Yes moodle_

mobile_
app 

mod_wiki mod_wiki_get_subwiki_files 3.1 Returns the list of 
files for a specific 

subwiki. 

No Yes moodle_
mobile_

app 

mod_wiki mod_wiki_get_subwiki_pages 3.1 Returns the list of 
pages for a 

specific subwiki. 

No Yes moodle_
mobile_

app 

mod_wiki mod_wiki_get_subwikis 3.1 Returns the list of 
subwikis the user 

can see in a 

specific wiki. 

No Yes moodle_
mobile_

app 

mod_wiki mod_wiki_get_wikis_by_courses 3.1 Returns a list of 

wiki instances in 

a provided set of 
courses, if no 

courses are 

provided then all 

the wiki instances 

the user has 

access to will be 

returned. 

No Yes moodle_

mobile_

app 

mod_wiki mod_wiki_new_page 3.1 Create a new page 

in a subwiki. 

No Yes moodle_

mobile_

app 
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mod_wiki mod_wiki_view_page 3.1 Trigger the page 

viewed event and 
update the module 

completion status. 

No Yes moodle_

mobile_
app 

mod_wiki mod_wiki_view_wiki 3.1 Trigger the course 
module viewed 

event and update 

the module 

completion status. 

No Yes moodle_
mobile_

app 

report_compet
ency 

report_competency_data_for_repor
t 

3.1 Load the data for 
the competency 

report in a course. 

Yes Yes  

tool_lp tool_lp_data_for_competencies_m

anage_page 

3.1 Load the data for 

the competencies 

manage page 

template 

Yes Yes  

tool_lp tool_lp_data_for_competency_fra

meworks_manage_page 

3.1 Load the data for 

the competency 
frameworks 

manage page 

template 

Yes Yes  

tool_lp tool_lp_data_for_competency_sum
mary 

3.1 Load competency 
data for summary 

template. 

Yes Yes  

tool_lp tool_lp_data_for_course_competen
cies_page 

3.1 Load the data for 
the course 

competencies 

page template. 

Yes Yes moodle_
mobile_

app 

tool_lp tool_lp_data_for_plan_page 3.1 Load the data for 

the plan page 

template. 

Yes Yes moodle_

mobile_

app 

tool_lp tool_lp_data_for_plans_page 3.1 Load the data for 

the plans page 
template 

Yes Yes moodle_

mobile_
app 

tool_lp tool_lp_data_for_related_compete
ncies_section 

3.1 Load the data for 
the related 

competencies 

template. 

Yes Yes  

tool_lp tool_lp_data_for_template_compet
encies_page 

3.1 Load the data for 
the template 

competencies 

page template. 

Yes Yes  

tool_lp tool_lp_data_for_templates_manag

e_page 

3.1 Load the data for 

the learning plan 

templates manage 

page template 

Yes Yes  

tool_lp tool_lp_data_for_user_competency

_summary 

3.1 Load a summary 

of a user 
competency. 

Yes Yes moodle_

mobile_
app 

tool_lp tool_lp_data_for_user_competency
_summary_in_course 

3.1 Load a summary 
of a user 

competency. 

Yes Yes moodle_
mobile_

app 

tool_lp tool_lp_data_for_user_competency
_summary_in_plan 

3.1 Load a summary 
of a user 

competency. 

Yes Yes moodle_
mobile_

app 
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tool_lp tool_lp_data_for_user_evidence_li

st_page 

3.1 Load the data for 

the user evidence 
list page template 

Yes Yes moodle_

mobile_
app 

tool_lp tool_lp_data_for_user_evidence_p
age 

3.1 Load the data for 
the user evidence 

page template 

Yes Yes moodle_
mobile_

app 

tool_lp tool_lp_list_courses_using_compet
ency 

3.1 List the courses 
using a 

competency 

Yes Yes  

tool_lp tool_lp_search_cohorts 3.1 Search for 
cohorts. 

Yes Yes  

tool_lp tool_lp_search_users 3.1 Search for users. Yes Yes  

tool_mobile tool_mobile_get_autologin_key 3.2 Creates an auto-
login key for the 

current user. Is 

created only in 

https sites and is 

restricted by time 

and ip address. 

No Yes moodle_
mobile_

app 

tool_mobile tool_mobile_get_config 3.2 Returns a list of 
the site 

configurations, 

filtering by 

section. 

No Yes moodle_
mobile_

app 

tool_mobile tool_mobile_get_plugins_supporti
ng_mobile 

3.1 Returns a list of 
Moodle plugins 

supporting the 

mobile app. 

No Yes moodle_
mobile_

app 

tool_mobile tool_mobile_get_public_config 3.2 Returns a list of 

the site public 

settings, those not 

requiring 

authentication. 

Yes No moodle_

mobile_

app 

tool_templateli
brary 

tool_templatelibrary_list_template
s 

3.0 List/search 
templates by 

component. 

Yes No  

tool_templateli
brary 

tool_templatelibrary_load_canonic
al_template 

3.0 Load a canonical 
template by name 

(not the theme 

overidden one). 

Yes No  

tool_usertours tool_usertours_complete_tour 3.2 Mark the 
specified tour as 

completed for the 

current user 

Yes Yes  

tool_usertours tool_usertours_fetch_and_start_tou

r 

3.2 Fetch the 

specified tour 

Yes Yes  

tool_usertours tool_usertours_reset_tour 3.2 Remove the 

specified tour 

Yes Yes  

tool_usertours tool_usertours_step_shown 3.2 Mark the 

specified step as 
completed for the 

current user 

Yes Yes  
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Check-in Progress 2 

1)  State True or False: 

a)  The web services core framework consists of three header files 

b) Web Services Core framework can be used to access XML-RPC or 

SOAP based web services 

c)  WSProtocolHandler.h contains the API for converting between 

dictionaries and XML messages without invoking web services 

d)  To be able to gain access to services that use external data encoding, 

it is compulsory to use very high-level techniques 

2)  Describe soap 2.0. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3)  List some Core web service functions. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4)  What is a WSDL? 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

2.4 SUMMARY 

At this point, you must have understood the Web services are one of the most 

important elements of the supposed programmable Web. They are 

tremendously versatile software elements, that certainly hasthe potential to 

open up a new era in software programming: the age of interoperability. It can 

be effectively used to contribute in and set up business-to-business (B2B) 

transactions. Web services are most useful at revealing software functionality 

to customers and assimilating heterogeneous platforms. Web services are 

usually exclusively based on open and commonly accepted Internet protocols. 

This is their major strength but also a significant weakness. This strength is 

T/F 



 

 

Developing Apps 

with IOS 

70 

what enables its true interoperability, However it comes at the price of 

reduction in speed, and that is totally affected by the bandwidth. Web services 

are not the answer to everything but it undoubtedlyrepresents a category of 

software agents that helps in making programming easy and flexible. 

2.5 REFERENCES/FUTURE STUDIES 

• Apple Inc. (2006). "EOModeler User Guide". Retrieved from 

http://developer.apple.com/legacy/mac/library/documentation/WebObje

cts/UsingEOModeler/Introduction/Introduction.html#//apple_ref/doc/ui

d/TP30001018-CH201-TP1 

• www.onjava.com/pub/a/onjava/excerpt/java_xml_2_ch2. chapter on 

SOAP from the book "Java and XML" 

• http://developer.apple.com/internet/webservices/SOAP_AuthExample.d

mg. 

• http://www.w3.org/TR/wsdl. 

• Where to find Web Services on the Web: Investigating Web Services 

on the World Wide Web (2008) 

2.6  SOLUTIONS/ANSWERS 

CHECK-IN PROGRESS 1   

1)  State True or False 

a)  True 

b)  True 

c)  False   

d)  True 

2)  The Creation a XML file comprising outbound messages is sometimes 

called serialization. Extracting information and data from an incoming 

XML file is often times called deserialization. Invocation is referred to as 

Calling a function or method on a remote server. A web service usually 

uncovers procedural functions or object-oriented methods. The term 

operation generally used to describe either a method or a function. 

3)  SOAP web services. RESTful web services. 

• 4) First create a method invocation denying 

WSMethodInvocationCreate, passing in the dictionary. 

• Create a dictionary containing the method parameters and their names, 

and another dictionary specifying their order. 

• Transfer these two dictionaries into the invocation ref denying 

WSMethodInvocationSetParameters. 

• Pass any additional settings, such as SOAP action headers and debug 

flags, into the invocation denying calls to 

WSMethodInvocationSetPropery. 

• Then create a callback to take care of the response and transfer it into 

the invocation ref using WSMethodInvocationSetCallback. The callback 

parses a dictionary comprising of the CFTypes deserialized from the 

reply. 
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• Summon the procedure using WSMethodInvocationInvoke or 

WSMethodInvocationScheduleWithRunLoop. 

• Check the HTML status for authentication challenge or network errors, 

authenticating if necessary. 

Check-in Progress 2 

1)  State True or False 

a)  True 

b)  True 

c)  True 

d)  False 

2) Very important for interoperating with Java and .Net applications. There 

was a partial implementation JAVA/.Net in Moodle 2.0, but it does not 

work for anything but the most trivial functions. It is fully working with 

PHP clients. 

3)  List some Core web service functions. Check complete table 

4)  These are files that contain namespace definitions that define web 

services, their operations, URLs, data types, and binding. A lot of SOAP 

services can be accessed without past knowledge of the method names and 

data types by accessing a WSDL file on the server to obtain this 

information. 
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UNIT 3 MULTI-THREADING IN IOS 

Structure  

3.0  Introduction 

3.1  Objectives 

3.2  Thread Synchronization 

3.3  UI Threats 

3.4  Background Threads 

3.5  Summary 

2.6  References/Future Studies 

2.7  Solutions/Answers 

3.0  INTRODUCTION 

A thread is an execution unit which contains its own in-built program counter, 

a set of registers, and a stack. Threads are also referred to as Lightweight 

processes. They are popular method of improving application through 

parallelism. The systems CPU switches quickly back and forth among the 

threads giving the illusion that the threads are running in parallel. However as 

each thread has its own independent resource for process execution, hence 

multiple processes can be executed side by side by increasing number of 

threads.  

 

 

 

 

 

 

 

 

Fig. 3.1: Single threaded process and a multithreaded process 

3.0.1  Categories of Thread 

There are basically two types of threads as discussed below: 

• Kernel Threads:Kernel threads are the types that are supported within the 

kernel of the OS itself. Almost all the known modern OSs support kernel 

level threads, thus allowing the kernel to perform multiple simultaneous 

tasks and or even to service multiple kernel system calls at the same time. 

• User Threads: These types of threads are above the kernel and are 

characteristically without kernel support.User Threads are the threads used 

by application programmers in their programming or writing software.  
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3.0.2  Multithreading Models 

The user threads must be mapped to kernel threads, by one of the following 

strategies: 

• Many-To-Many Model 

• One-To-One Model 

• Many-To-One Model 

Many-To-Many Model:This model of multithreading has the following 

attributes; the processes can be split across multiple processors.  Many-to-

many model makes it possible for multiplexes any number of user threads onto 

an equal or even smaller number of kernel threads, its strength includes 

combining the best features of the one-to-one and many-to-one models. 

Blocking the kernel system calls does not block the entire process.  It allows 

users to create any number of the threads.  

 

T; User Threads  

 

 

 

 

K; Kernel Thread 

 

One-To-One Model: With theone-to-one model, it is possible to create a 

separate kernel thread to handle each and every user thread. However 

maximum implementations of this model places a limitation on the numbers of 

threads can be created. This model is basically used by Linux and Windows 

from 95 to XP implement the one-to-one model for threads. 

 

 

 

 

 

Many-To-One Model: In the many-to-one model, is based on the ability of 

many user-level threads to be mapped onto a single kernel thread. In this model 

the thread management is handled by the thread library in user space, which is 

efficient in nature. 
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3.0.3 Thread Library  

Thread library is a central system that provides programmers with API which is 

useful for creating and managing of threads. Thread libraries are usually 

implemented either in user space or in kernel space. With no kernel support, 

the user space involves API functions implemented solely within user space. 

Kernel space requires a kernel with thread library support, and involves system 

calls. There are three types of thread used by programmers; 

• Win32 threads; these are provided as a kernel-level library on Windows 

systems. 

• POSIX Pitheads: these may be provided as either a user or kernel library, as 

an extension to the POSIX standard. 

• Java threads: Because Java generally runs on a Java Virtual Machine, hence 

the implementation of threads is based upon whatsoever hardware and OS 

that the JVM is being run on, for example, either Win32 or Pitheads threads 

depending on the system 

3.0.4 Advantages of Multithreading 

• Resource sharing, hence allowing better utilization of resources.  

• Economy. Creating and managing threads becomes easier. 

• Context Switching is smooth. Context switching refers to the procedure 

followed by CPU to change from one task to another. 

• Responsiveness and very fast  

• Scalability. It is possible for one thread to runs on one CPU. In 

Multithreaded processes, it is however possible for threads to be 

distributed over a series of processors to scale. 

3.0.5  Multithreading Issues 

Security Issues: Due to the process of extensive sharing of resources between 

multiple threads, it is more likely that they could be a security breach at any 

time. 

Signal Handling: Signals are mostly used in UNIX systems to inform a 

process that a particular event has happened. Although, when a multithreaded 

process receives a signal, to which thread it must be delivered to; It is however 

possible to delivered to all, or a single thread. 

fork() System Call: fork() is a system call executed in the kernel.Through this 

process a copy created byit. Howeverone of the problems in Multithreaded 

process is, if one thread forks will the entire process be copied or not. 

Thread Cancellation:this means terminating a thread before it has finished 

working. There are two ways for this;the first is Asynchronous cancellation, 

which terminates the target thread immediately. And the second is Deferred 

cancellation allows the target thread to periodically check if it needs to be 

cancelled. 

3.0.6  Multithreading in iOS 

Applications will often need to perform heavier operations for 

example,executing non-cached database queries or downloading high-
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resolution images. In other to stop the stalling of the main thread, IOS has 

provided a few tools for this purpose.They include;  

• performSelectorInBackground method on NSObject: When the need to 

perform a simple unit of work on a new thread arises, NSObject provides 

the programmer with the use of performSelectorIn Background 

(_:withObject:). Making use of this makes it possible to run a function 

(with an argument) on a background thread. 

• NSOperationQueue and NSOperations: NSOperations and 

NSOperationQueueoffer the programmer with a higher-level API, in 

relative to GCD. When they were introduced in iOS 4 and they were 

actually implemented with GCD in the hidden. Classically, programmers 

use this API over GCD, exceptthey are performing a simple unit of work 

on a specific queue. Itprovidesthe programmer with powerful functionality 

likedependencies and cancellation. 

• Grand Central Dispatch: Grand Central Dispatch is an excellent 

technology that abstracts away the low-level details of multithreading. It is 

important to know that when using GCD, the programmer has to think 

about the tasks he wants to undertake. Quit often these tasks are added to 

the serial or concurrent queues. Besides, such tasks can be in groups and 

run code after all tasks within the group finished. 

GCD, NSOperations, and NSObject's performSelectorInBackground method 

has been used as a means of doing work in a multithreaded way. However for a 

small unit of work to perform, GCD or performSelectorInBackgroundis the 

best option available. On the other hand for a larger operation that has 

dependencies, NSOperationsis the most likely tool of choice. 

3.1 OBJECTIVES 

At the end of this unit the students should be able to know the following: 

• What threading is about  

• To be able to explain the types and categories of threading  

• To understand synchronization  

• To be able to know what UI threats are  

• To understand what background threads are 

3.2 THREAD SYNCHRONIZATION 

Thread synchronization can be defined as the concurrent execution of two or 

more threads that share critical resources. Such multithreads should be 

synchronized to make sure critical resource use conflicts. Else, conflicts would 

arise when parallel-running threads tries to alter a common variable 

simultaneously. Because of the existence of multiple threads in an application, 

it opens up possible problems concerning safe access to resources from 

multiple threads of execution. It is important to note that two threads 

modifying the same resource could obstruct with each other in the way it was 

not intended to. For instance, a thread might overwrite another change or even 

maybe put the application into an unfamiliar and possiblyan invalid state. 

However, in an easy scenario, the corrupted resource might cause obvious 
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performance snags or even crashes which are comparatively easy to track down 

and repair. In another scenario, the corruption may cause some other subtle 

errors that do not manifest themselves until a long time after, or even some of 

the errors may require a substantial overhaul of the underlying coding 

assumptions. In thread safety, a good design is the best protection. Avoid 

sharing resources and minimize the interactions between the threads, this 

makes it less likely for threads to interfere with one another. A completely 

interference-free design is not always possible, although, in cases where 

threads has to interact, synchronization tools helps to ensure that when 

interaction occurs, they do so securely. IOS and OS X provide various 

synchronization tools, extending from tools thatsequences events correctly in 

the application to those that provide mutually exclusive access resources. 

3.2.1 Tools used for Synchronization  

In other to prevent different threads from changing data unpredictably, the 

programmer may choose to either design the application to not have 

synchronization issues or he may choose to make use of synchronization tools 

extensively. However to avoid synchronization issues completely it is usually 

better, although, that is not always possible. Below is the description of the 

basic categories of synchronization tools available. 

• Atomic Operations: This is a simple form of synchronization that works 

on simple data types. The benefit of atomic operations is that they do not 

block competing threads. A non-complex operation, such as increasing a 

counter variable, it may lead to much better performance than taking a lock. 

IOS and OS X containseveral operations to perform logical operations on 

32-bit and 64-bit values and basic mathematical. Listed among these 

operations are atomic versions of thetest-and-clear operations,compare-and-

swap,and test-and-set. Below is an example of performing an atomic 

operation 

 

 

 

 

 

 

 

 

 

 

 

 

• Memory Barriers and Volatile Variables: In the quest to achieve optimal 

performance, compilers often reorder assembly level instructions to keep 

the instruction pipeline for the processor as full as possible. Also included 

in this optimization, its compiler could reorder instructions onright to use 

main memory when it thinks doing so would not producewrong data. 

Regrettably, it is usually not all the time possible for the compiler to detect 

int32_t  theValue = 0; 
OSAtomicTestAndSet(0, &theValue); 
// theValue is now 128. 
 
theValue = 0; 
OSAtomicTestAndSet(7, &theValue); 
// theValue is now 1. 
 

theValue = 0; 
OSAtomicTestAndSet(15, &theValue) 
// theValue is now 256. 
 
OSAtomicCompareAndSwap32(256, 512, &theValue); 
// theValue is now 512. 
 
OSAtomicCompareAndSwap32(256, 1024, &theValue); 
// theValue is still 512. 

For information about atomic operations, see the atomic man page and the 
/usr/include/libkern/OSAtomic.h header file. 
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all memory dependent operations. However if misleadingly separate 

variables actually influence each other, it is possible that compiler 

optimizations could update those variables in the wrong order, generating 

potentially wrong data. A memory barrier can be explained as a type of no 

blocking synchronization tool used to ensure that memory operations 

happens in the right order. It acts like a fence, forcing the processor to 

complete any load and store operations positioned in front of the barrier 

before it is allowed to execute load and store operations positioned after the 

barrier. They are normally used to ensure that memory operations by one 

thread always occur in an expected way. The lack of a memory barrier in 

such a situation might allow other threads to see seemingly impossible 

results. In other to use memory barrier, simply call the OSMemoryBarrier 

function at the appropriate point in the code. The inclusions of volatile 

variables apply another type of memory constraint to individual variables. 

Compiler frequently optimizes code by loading the values for variables into 

registers. When dealing with local variables, this is typically not anissue.in 

a case where the variable is visible from another thread; such an 

optimization could prevent the other thread from detectingchanges made to 

it. The application of a volatile keyword to a variable forces the compiler to 

load that variable from memory each time it is used. A variable is declared 

as volatile if it can change its value at any time by an external source that 

the compiler may not be able to distinguish. Since both memory barriers 

and volatile variables decrease the number of optimizations the compiler 

can perform, it is advisable not to use it often and only where needed to 

guaranteeaccuracy. 

• Locks:Locks are used to protect a critical section of program codes; it is a 

segment of code that allows only one thread at a time is allowed 

access.Locks are one of the most frequently used synchronization tools. For 

instance, a critical section might manipulate a particular data structure or 

use some resource that supports at most one client at a time. If a lock is 

placed around this section, the programmer manages to exclude other 

threads from making changes that could have an affect the overallaccuracy 

of the code. The example below is the implementation of a Mutex lock 

program.  

 

 

 

 

 

 

 

 

  

pthread_mutex_t mutex; 
voidMyInitFunction() 
{ 

pthread_mutex_init(&mutex, NULL); 
} 
 
voidMyLockingFunction() 
{ 
pthread_mutex_lock(&mutex); 
    // Do work. 
pthread_mutex_unlock(&mutex); 

} 
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Table 3.1: Type of locks 

Lock Description 

Recursive 

lock 

This is a variant of mutex lock. It only allows for a single thread to 

acquire the lock multiple times before releasing it. But this is different 

in other threads which remain blocked until the owner of the lock 

releases the lock and it has to be the same number of times it acquired 

it. These types of locks are used during recursive iterations primarily. 

It could also be used in cases where multiple methods each are 

required to acquire different lock. 

Double-

checked lock 

This type of lock is an attempt to reduce the overhead of taking a lock 

by testing the locking criteria prior to taking the lock. There are 

potentially unsafe, the system does not provide explicit support for 

them and their use is often times discouraged. 

Mutex Simply explain a mutually exclusive (or mutex) lock acts as a 

protective barrier around a resource.If a mutex is in use and another 

thread tries to acquire it, that thread will be blocked until the mutex is 

unrestricted by its original holder.  A mutex is a type of code that 

grants access to only one thread at a time. However when there 

aremultiple threads competing for the same mutex, only one at a time 

is allowed to gain access to it. 

Spin lock A spin lock is a type of lock that polls its lock condition repeatedly 

until that condition becomes true. Usually, Spin locks are most often 

used on multiprocessor systems where the time expected to wait for a 

lock is small. With this condition, it is usually more efficient to poll 

than to block the thread, which involves a context switch and the 

updating of thread data structures. It is important to note that the 

system does not provide any implementations of spin locks because of 

their polling nature, but the application developer could easily 

implement them only in specific situations 

Distributed 

lock 

This type of locks called Distributed Lock allows for mutually 

exclusive access at the process level. This is very different from a true 

mutex; a distributed lock does not block a process or prevent it from 

running. All it does is to reports when the lock is busy, the process 

decide how on how to execute the needed action. 

Read-write 

lock 

A read-write lock is also referred to as a shared-exclusive lock. This 

type of lock is typically used in larger-scale operations and can 

significantly improve performance if the protected data structure is 

read frequently and modified only occasionally. During normal 

operation, multiple readers can access the data structure 

simultaneously. When a thread wants to write to the structure, though, 

it blocks until all readers release the lock, at which point it acquires the 

lock and can update the structure. While a writing thread is waiting for 

the lock, new reader threads block until the writing thread is finished. 

The system supports read-write locks using POSIX threads only. 
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• Conditions: A condition is another type of semaphore that allows threads 

to signal each other when a certain condition is true. Conditions are 

typically used to indicate the availability of a resource or to ensure that 

tasks are performed in a specific order. When a thread tests a condition, it 

blocks unless that condition is already true. It remains blocked until some 

other thread explicitly changes and signals the condition. The difference 

between a condition and a mutex lock is that multiple threads may be 

permitted access to the condition at the same time. The condition is more of 

a gatekeeper that lets different threads through the gate depending on some 

specified criteria.One way you might use a condition is to manage a pool of 

pending events. The event queue would use a condition variable to signal 

waiting threads when there were events in the queue. If one event arrives, 

the queue would signal the condition appropriately. If a thread were already 

waiting, it would be woken up whereupon it would pull the event from the 

queue and process it. If two events came in to the queue at roughly the 

same time, the queue would signal the condition twice to wake up two 

threads. The example below shows a code snippet demonstrating the 

sequence of events for waiting on an NSCondition object. The 

cocoaCondition variable contains an NSCondition object and the 

timeToDoWork variable is an integer that is incremented from another 

thread immediately prior to signalling the condition. 

 

 

 

 

 

 

• Perform Selector Routines: Cocoa applications have a convenient way of 

delivering messages in a synchronized manner to a single thread. The 

NSObject class declares methods for performing a selector on one of the 

application’s active threads. These methods let your threads deliver 

messages asynchronously with the guarantee that they will be performed 

synchronously by the target thread. For example, you might use perform 

selector messages to deliver results from a distributed computation to your 

application’s main thread or to a designated coordinator thread. Each 

request to perform a selector is queued on the target thread’s run loop and 

the requests are then processed sequentially in the order in which they were 

received. 

• Using the NSLock Class 

The function of NSLock object is to implements a basic mutex for Cocoa 

applications. The interface for all locks (including NSLock) is actually 

defined by the NSLocking protocols, which defines the lock and unlock 

methods. Programmers use this method to acquire and release the lock just 

as any mutex.Furthermore, to the standard locking behaviour, the NSLock 

class adds the tryLock and lockBeforeDate: methods. The tryLock method 

attempts to acquire the lock but does not block if the lock is unavailable; 

However, the method simply returns NO. For the lockBeforeDate: method 

it tries to acquire the lock but unblocks the thread (and returns NO) only if 

and when the lock is not acquired within the specified time limit. 

[cocoaCondition lock]; 
while (timeToDoWork <= 0) 
    [cocoaCondition wait]; 
 

timeToDoWork--; 
 
// Do real work here. 
 

[cocoaCondition unlock]; 
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The example given below, shows how a developer could use an NSLock 

object to coordinate the updating of a visual display, whose data is being 

calculated by several threads. In the case where the thread cannot acquire 

the lock immediately, it willcontinues its calculations until it can acquire 

the lock and update the display. 

 

 

 

 

 

 

 

 

• Using an NSRecursiveLock Object: This class defines a lock that can be 

acquired multiple times by the same thread without causing the thread to 

deadlock. It is important to know that a recursive lock keeps track of how 

many times it was successfully acquired. Each successful acquisition of 

the lock must be balanced by a corresponding call to unlock the lock. Only 

when all of the lock and unlock calls are balanced is the lock actually 

released so that other threads can acquire it. This type of lock is frequently 

used inside a recursive function to prevent the recursion from blocking the 

thread. The developer could similarly use it in the non-recursive case to 

call functions whose semantics demand that they also take the lock. An 

example of a simple recursive function that acquires the lock through 

recursion. Should the developer choose not to use an NSRecursiveLock 

object for this code, the thread would deadlock when the function was 

called again. 

 

 

 

 

 

 

 

 

 

3.2.2 Thread Safety and Signals  

When it comes to threaded applications, nothing causes more fear or confusion 

than the issue of handling signals. Signals are a low-level BSD mechanism that 

can be used to deliver information to a process or manipulate it in some way. 

Some programs use signals to detect certain events, such as the death of a child 

process. The system uses signals to terminate runaway processes and 

communicate other types of information. The problem with signals is not what 

BOOL moreToDo = YES; 
NSLock *theLock = [[NSLock alloc] init]; 

... 
while (moreToDo) { 
    /* Do another increment of calculation */ 
/* until there’s no more to do. */ 
if ([theLock tryLock]) { 
        /* Update display used by all threads. */ 
        [theLock unlock]; 
    } 

} 

NSRecursiveLock *theLock = [[NSRecursiveLock alloc] init]; 
 
voidMyRecursiveFunction(int value) 
{ 
    [theLock lock]; 

if (value != 0) 
    { 
        --value; 
MyRecursiveFunction(value); 
    } 
    [theLock unlock]; 
} 
 

MyRecursiveFunction(5); 
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they do, but their behavior when your application has multiple threads. In a 

single-threaded application, all signal handlers run on the main thread. In a 

multithreaded application, signals that are not tied to a specific hardware error 

(such as an illegal instruction) are delivered to whichever thread happens to be 

running at the time. If multiple threads are running simultaneously, the signal is 

delivered to whichever one the system happens to pick. In other words, signals 

can be delivered to any thread of your application. The first rule for 

implementing signal handlers in applications is to avoid assumptions about 

which thread is handling the signal. If a specific thread wants to handle a given 

signal, you need to work out some way of notifying that thread when the signal 

arrives. You cannot just assume that installation of a signal handler from that 

thread will result in the signal being delivered to the same thread. 

3.2.3  Creating a Thread-Safe Designs 

Synchronization tools are a useful way to make your code thread-safe, but they 

are not a panacea. Used too much, locks and other types of synchronization 

primitives can actually decrease your application’s threaded performance 

compared to its non-threaded performance. Finding the right balance between 

safety and performance is an art that takes experience. The following sections 

provide tips to help you choose the appropriate level of synchronization for 

your application: 

• Avoid Synchronization Altogether  

• Be Aware of Threats to Code Correctness 

• Watch Out for Deadlocks and Livelocks 

• Use Volatile Variables Correctly 

3.3 UI THREADS 

A UI thread can be defined as a Single Threading Apartment thread that is used 

to create various user interface objects (in Winforms, this means Controls). By 

way of convention and rule, a Control may only be accessed from within the 

thread that was used to create it; doing otherwise can and will produce 

unexpected results, from visual oddities this can frequently lead to crashes. 

A UI thread creates UI elements and waits and responds to events like mouse 

clicks and key presses. You can only access the UI elements from the UI 

thread. There are two types of threads: 

• Foreground threads (A UI thread is an example of a foreground thread). 

• Background thread 

The difference between background and foreground threads is pretty simple. 

Background threads don't stop a process from terminating, but foreground 

threads do. When the last foreground thread stops, then all the background 

threads are also stopped and the process ends. 

The UI thread controls the UI. It is usually the hungriest in terms of resources 

and processor time. Not everything runs on the UI thread. Given an instance, 

when UI calls a method and that method cannot be run on the UI, then that is 

what will happen. The code is executed and the flow continues once the 

method has returned. The UI thread should not be mistaken as a single task; it's 

not. A single task would prohibit any other application running, which we 

know is not the case (for example, you could be playing a game and still 
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receive an email).It is important to know that on iOS when an application is 

installing from the application store and a finger on the screen, the installation 

instantly pauses until all rendering is finished. However, this is certainly not 

the case. The update of the display for the installation progress might stop, as 

that's happening in the UI (main) thread of SpringBoard (it is important to note 

the event loop management might ignore incoming events that are not related 

to the touch event until after the gesture completes), but the installation itself is 

being managed by a background daemon and will not stop because there is a 

touch on the screen. The operating system does not throw out all computation 

on the device because there is an accidental touch. 

3.3.1  Working with the UI Thread 

Most if not all application user interfaces are always single-threaded, However 

even in multithreaded devices there is only one representation of the screen and 

any changes to what is being displayed must be coordinated through a single 

‘access point’. It helps in prevents multiple threads from trying to update the 

same pixel at the same time. For example, the code should only make changes 

to user interface controls from the main (or UI) thread. Any UI updates that 

occur on a different thread (for example a callback or background thread) may 

not get rendered to the screen, talk less of even causing a crash. 

3.3.2 UI Thread Execution 

If a programmer wants to create a control in a view, or maybe even handling a 

user-initiated event such as a touch, such code is already executed in the 

context of the UI thread. However if such code is executing on a background 

thread, then a task or a callback then it is likely not executing on the main UI 

thread. In such a scenario the programmer should wrap the code in a call to 

BeginInvokeOnMainThread or InvokeOnMainThread like this: 

 

 

 

The InvokeOnMainThread method is defined on NSObject so it can be called 

from within methods defined on any UIKit object (such as a View or View 

Controller). While debugging iOS applications, an error will be shown if the 

program code attempts to access a UI control from the wrong thread. It is very 

useful in tracking down and fixing these problems with the 

InvokeOnMainThread method. However this only occurs while debugging and 

does not show an error. 

3.3.3 Accessing a User Interface (UI) Control 

Below is an example that attempts to access a user interface control from a 

background thread using a simple thread: 

 

 

 

The code will throw the UIKitThreadAccessException while debugging. In 

other to fix such a problem (while ensuring that the user interface control is 

only being accessed from the main UI thread), it is therefore advisable to wrap 

InvokeOnMainThread ( () => { 

    // manipulate UI controls 

}); 

newSystem.Threading.Thread(new System.Threading.ThreadStart(() => { 
    label1.Text = "updated in thread"; // should NOT reference UILabel on background thread! 

})).Start(); 
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any code that refers to UI controls inside an InvokeOnMainThread expression 

like shown below; 

 

 

 

 

 

3.3.4  Introduction to Grand Central Dispatch (Swift) 

Apple defines Grand Central Dispatch (GCD) as comprisesruntime libraries, 

language features and system enhancements that provide systemic;it comes 

with a complete improvement to the support for simultaneous code 

implementation on multicore hardwareOS X and iOS devices. In the 

programming world the word threading is very common throughout application 

development programming. These threads are known to contain processes and 

each thread must runs simultaneously with other threads.The most 

importantissue with threading is making sure the threads are safe. Should there 

be the case of only one core the system will switch between the threads that are 

currently executing. It is important to note that in a case where there is more 

than single core then the threads will be shared among them for execution. 

However, by default almost all iOS program will run in the main thread and 

hencethe application developer need not bother. However, it is necessary to 

create a unique thread so that it is possible to allocate processes to run 

differently. Effective execution of this allows the application to multitask 

without getting stuck in one thing at a time while using an iOS device.  

3.3.5  Importance of GCD 

In iOS application development, one of the major issues for application 

developers today is the ability to keep the application responsiveness in 

response to users, the bigger the application gets, the more functions and 

functionality the developer must add, hence the slower it gets and subsequently 

the less user friendly the applicationturn out to be. However is important to 

knowthat it has changed, GCD can be used to run the application threads and 

present information to the user in an easy way. With GCD is possible to 

display an activity indicator to the user. These are the little loading symbols 

which are usually seen everywhere. It is highly recommended that 

programmers always using Grand Central Dispatch when the developer have to 

connect to any external resource. As technology improved over the time, the 

hardware gets better with the improvement with technology and now, devices 

that have multiple CPUs are being made available to users. In using GCD, it is 

possible to split your processes up into small manageable chunks, distribute 

them between threads and even onto different CPUs allowing the developer to 

provide a faster more efficient application to the user or client. The program is 

cited below: 

 

 

 

 

newSystem.Threading.Thread(new System.Threading.ThreadStart(() => { 
    InvokeOnMainThread (() => { 
        label1.Text = "updated in thread"; // this works! 
    }); 

})).Start() 

 
funcsimulateServerRequest() -> String { 
NSThread.sleepForTimeInterval(20) 
return "This is the Result" 

} 
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This below function will be replaced by the REST API. For the purpose of this 

example have just added in this line: 

 

 

When this is done it will pause the execution of the code for 20 seconds; 

simulating a slow response from the server and thus highlighting the need to 

use Grand Central Dispatch. The next thing is the creation of an IBActionwill 

be trigger when thebutton is clicked and the above code is ran. 

3.3.6  Dispatch_Queue_Priority_Default() 

First the developer needs to make the function simulateServerRequest() run in 

the background by wrapping it in a GCD closure called: dispatch_async which 

will assign it to a queue.Get the demo project and go to the 

ViewController.Swift file. Next is to access a global queue that is always 

available using dispatch_get_global_queue. TheIBAction code is given below: 

 

 

 

In other for the application develop to use dispatch_get_global_queue() and 

assign this to a variable called gcdQueue. dispatch_get_global_queue()there 

are usually two arguments: The first one will set the priority and the second is 

currently to be unused so it should always be 0.  

 

 

The application developer can call the dispatch_async function and pass in the 

variable as a parameter: 

 

 

 

When this is done the following error code will be displayed: Call to method 

‘simulateServerRequest’ in closure requires explicit ‘self.’ to make capture 

semantics explicit. All that is required is to add self to the function: 

 

 

The final step requires that the application be launched. The result will show 

that the buttonsno longer looks frozen and if the developer waits the allotted 

time the function still runs. This is where the developer needs to present some 

feedback to the user. 

3.3.7  UIK it Thread Safety 

When an application developer is working on a project that uses background 

threads and as well as Grand Central Dispatch. However, that is all it would do 

and nothing else. Should the developer want to change any of the UI Elements? 

NSThread.sleepForTimeInterval(20) 

@IBActionfuncgetResultsButton(sender: AnyObject) { 
print(simulateServerRequest()) 

} 

letgcdQueue = dispatch_get_global_queue(DISPATCH_QUEUE_PRIORITY_DEFAULT, 0) 

dispatch_async(gcdQueue) { 
   // This is where we add our functionality 

} 

print(self.simulateServerRequest()) 
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It has to be done on the MainStoryboard; it is done bydragging on a label and 

link it up to the IBOutlet in the code: 

 

 

Next to be done is to make the label update when the function is complete: 

 

 

 

 

When the application is run nothing happens. This is as a result of theUIKit 

Thread Safety. UIKit classes should be used only from an application’s main 

thread and not from any other threads. It is important to note that this is 

particularly true for classes derived from UIResponder or that involve 

manipulating the applications user interface in any way or the other. It is 

Fortunate to note that Grand Central Dispatch has a method for this: 

dispatch_get_main_queue().In the function it would be called it by wrapping 

self.labelVC.text = “success”as shown in the code below: 

 

 

 

 

 

 

When this is done the application can then be launched again. The label will be 

updated with “Success”. 

3.3.8  User Feedback 

The next step is how to display an activity indicator to the user. For this the 

Swift Spinner is the most suitable tool. Copy that SwiftSpinner.Swift file into 

your project. The example below is to show how the Activity Indicator works, 

the programmer should add the following into theviewDidAppearfunction , 

sometimes the function needs to be created: 

 

 

 

Having seen how it works, the next step is to implement it in the function, add 

the below codes to it: 

 

 

Below is the the full function: 

 

@IBOutlet weak var labelVC: UILabel! 

funcsimulateServerRequest() -> String { 

NSThread.sleepForTimeInterval(5) 
self.labelVC.text = "success" 
return "This is the Result" 

    } 

funcsimulateServerRequest() -> String { 
NSThread.sleepForTimeInterval(5) 
    dispatch_async(dispatch_get_main_queue()) { 
self.labelVC.text = "success" 
    } 
return "This is the Result" 

} 

overridefuncviewDidAppear(animated: Bool) { 
SwiftSpinner.show("I am pretty!") 

} 

SwiftSpinner.show("I am pretty!") 
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If you run the app now, you will get the following error; GrandCentral 

Dispatch_Project[43306:974317] This application is modifying the autolayout 

engine from a background thread, which can lead to engine corruption and 

weird crashes. This will cause an exception in a future release. 

This is as a result of the UIKit Thread Safety. The solution to this is the use of 

Grand Central Dispatch, hence it needs to be warped up as shown by the codes 

below: 

 

 

 

On running the application again and clicking a button, it should work but it 

will not disappear after the time has elapsed? The developer needs to tell it to 

hide using .hide(). Below is the code for the full function 

 

 

 

 

 

 

 

 

 

Check-in Progress 1 

1)  State True or False 

a)  There are four Multithreading Models 

b) Thread synchronization can be defined as the concurrent execution 

of two or more threads that share critical resources 

c)  The difference between a condition and a mutex lock is that multiple 

threads would not permitted access to the condition at the same time. 

d)  A mutex is a type of semaphore that grants access to only one thread 

at a time. 

funcsimulateServerRequest() -> String { 
SwiftSpinner.show("Processing..") 
 
NSThread.sleepForTimeInterval(5) 
 
    dispatch_async(dispatch_get_main_queue()) { 

self.labelVC.text = "success" 
    } 
return "This is the Result" 

} 

dispatch_async(dispatch_get_main_queue()) { 

SwiftSpinner.show("Processing..") 

 
funcsimulateServerRequest() -> String { 
 
    dispatch_async(dispatch_get_main_queue()) { 
SwiftSpinner.show("Processing..") 
    } 
 

NSThread.sleepForTimeInterval(5) 
 
    dispatch_async(dispatch_get_main_queue()) { 
self.labelVC.text = "success" 
SwiftSpinner.hide() 
    } 
return "This is the Result" 

} 
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2)  What are the issues in multithreading? 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

 ……………………………………………………………………………… 

3)  Explain Multithreading in iOS. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4)   List the step necessary for the creation of a Thread-Safe Designs. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3.4  BACKGROUND THREADS 

In programming, a background thread is a thread that runs behind the scenes, 

while the foreground thread continues to run. For instance, a background thread 

may perform calculations on user input while the user is entering information 

using a foreground thread. 

It is a known fact that Threads actually comprises a process. When an 

application runs, it allocates a new process into memory, and a few threads are 

created. One of such Thread is the UI Thread which runs the whole application. 

Every single thread has a property associated with it called IsBackground 

which identifies whether the Thread is running in foreground or in background. 

One of characteristics of a background thread is that it will not impose 

restriction to the process to terminate itself. thereforein creating a new thread 

and set IsBackground of the Thread to false, it’s a move that indicates that if 

there is only this thread available and all the Foreground threads has 

terminated, please terminate the process without waiting for the Background 

thread to complete. Hence it is important to state that, the IsBackground 

property indicates that this thread is not important enough to keep the process 

running. Maintenance jobs are generally carried out in a Background Threads. 

Below is an example of a Background Thread in an application: 

 

 

 

 

Thread th = new Thread(RunMe); 
th.IsBackground = true; 
th.Start(); 

th.Join(); 
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In the above example the Thread is executing a method called RunMe, which 

might and would end eventually. The IsBackground property of the Thread th 

is set to true, which indicates if the programmer does not write th.Join, or block 

the main thread to this thread, the program will eventually end terminating the 

RunMe execution shortly. Alternatively, should the programmer set 

IsBackground to false, this will enable it to keep on running even though the 

main thread terminates. However the process will eventually terminate only 

when all the Foreground thread finishes its execution. 

3.4.1   Executing a Method on a Background Thread 

In other to call something from a background thread; dispatch_async is 

generally used for this for purpose. The cryptic like statement will throw a 

request to a background thread while the main thread can deal with other 

functions. This method isparticularly useful if a method would take a long time 

to return and would be blocking the other application while it’s waiting for an 

answer. If the method comes back with a result if executes a block which can 

be used to react to that result. For example  

 

 

 

 

 

 

This method waits for 3 seconds and then presents a random number between 0 

and 99. Hook it up to a button in the Single View Template. Then add a Date 

Picker. Don’t hook that one up though: just spin it then click the button to see 

what happens. The programmer will notice that the Date Picker has stopped 

rolling while the action sleeps, and continues to spin till it finishes after which 

the result is presented. The next step is to hook up another button to the 

following method 

 

 

 

 

 

 

 

 

 

This might look a bit complicated, however with Xcode’s code completion it’s 

easy to use wherever is needed. To explain the above example; the program has 

created a background queue and execute the same function. The next step is to 

take the main queue (or main thread) again and update the UI element. 

- (IBAction)mainQueue:(id)sender { 

 

    // call this on the main thread 

    [NSThread sleepForTimeInterval:3]; 

int i = arc4random() % 100; 

self.title = [[NSString alloc]initWithFormat:@"Result: %d", i]; 

 

} 

- (IBAction)backgroundQueue:(id)sender { 
 

    // call the same method on a background thread 
    dispatch_async(dispatch_get_global_queue(DISPATCH_QUEUE_PRIORITY_DEFAULT, 0), ^{ 
 
        [NSThread sleepForTimeInterval:3]; 
int i = arc4random() % 100; 
 
        // update UI on the main thread 
        dispatch_async(dispatch_get_main_queue(), ^{ 

self.title = [[NSString alloc]initWithFormat:@"Result: %d", i]; 
        }); 
 
    }); 

} 
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However this can only be done on the main thread. It doesn’t work on the 

background thread but it also won’t crash. 

3.4.3   Updating UI Controls on Background Threads 

In other to update the UI controls, it is heavily recommended not to update UI 

controls from a background thread (comments, dates, timer, and so on.). In iOS 

application development this has been known to be the cause of crashes which 

are every so often times very difficult to identify. It is instead recommended 

that the iOS application programmeruse these force code toexecuteon the UI 

thread (main thread)in other to update the UI controls. 

3.4.4  Dispatch Sync and Dispatch Async 

 

 

 

 

In iOS application development, the dispatch_async() method starts an 

asynchronous task.  The programmer may want to wait until the method is 

finished, only then should dispatch_sync be used; this is only used when the 

programmer wants to execute a block and wait for the results.Illustrated in the 

example below is a dispatch_sync with a check to see if it is necessary first 

before execution: 

 

 

 

 

 

 

 

3.4.5  How to Avoid Hangs in Main Thread 

It is important for an application to avoid hanging while in used to achieve this; 

the programmer has to make sure there is no hanging in the main thread. 

Illustrated below is a very useful method to avoid hanging when working with 

a thread that is already a main thread. 

 

 

 

 

 

 

 

dispatch_async(dispatch_get_main_queue(), ^{ 
//Code here to which needs to update the UI in the UI thread goes here 
 

}); 

if ([NSThreadisMainThread]) 
 { 
  [selfMyMethodName]; 
 } 
 else 
 { 
  dispatch_sync(dispatch_get_main_queue(), ^{ 

   //Update UI in UI thread here 
   [selfMyMethodName]; 
  }); 

  

voidrunOnMainQueueWithoutDeadlocking(void (^block)(void)) 
{ 
 if ([NSThreadisMainThread]) 

 { 
  block(); 
 } 
 else 
 { 
  dispatch_sync(dispatch_get_main_queue(), block); 
 } 

} 
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The below code should be used 

 

 

 

3.4.6  Perform Selector on Main Thread  

It is important for an iOS application developer to note that working with iOS 4 

and above, using dispatch_async over this as it the same as like doing 

waitUntilDone:NO.However the programmer may want to wait until the 

method is finished, hence dispatch_syncshould be used.The example below is 

tocall a method on the main thread in iOS application development. 

 

 

 

3.4.7  Running a Synchronous Method in a Background Thread 

 In iOS application development, executing a synchronous method in a 

background thread is a very effective method of avoiding GUI appearing to be 

unresponsive to the application users. For example in the code below getting a 
file; 

 

 

 

 

 

 

File received: 

 

 

 

 

 

 

Check-in Progress 

1) State True or False 

a)  It is heavily recommended not to update UI controls from a 

background thread 

b) One of characteristics of a background thread is that it will impose 

restriction to the process to terminate itself    

                                          

[selfperformSelectorOnMainThread:@selector(MyMethodName) 

withObject:nilwaitUntilDone:NO]; 

 
 runOnMainQueueWithoutDeadlocking(^{ 
  //Do stuff 

 }); 

T/F 

//Get file on a background thread to stop GUI locking up 
    dispatch_async(dispatch_get_global_queue(DISPATCH_QUEUE_PRIORITY_DEFAULT, 0), ^{ 
        NSData* data = [NSData dataWithContentsOfURL:[NSURL 

URLWithString:@"http://mydomain.com/comefile.php"]]; 
        [selfperformSelectorOnMainThread:@selector(fetchedData:) 
withObject:datawaitUntilDone:YES]; 

    }); 

//*********************************** 
//*********************************** 
//********** FILE RECEIVED ********** 
//*********************************** 
//*********************************** 
- (void)fetchedData:(NSData *)responseData 

{ 
 

} 
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c) To call something from a background thread; dispatch_async is 

generally used for this for purpose 

d)  A background thread is a thread that runs behind the scenes, while the 

foreground thread continues to run. 

2)  In programming, a background thread is a thread that runs behind the 

scenes, while the foreground thread continues to run. For instance, a 

background thread may perform calculations on user input while the user 

is entering information using a foreground thread. 

3)  A priority assigned to programs running in a multitasking environment. 

The foreground contains the applications the user is working on, and the 

background contains the applications that are behind the scenes, such as 

certain operating system functions, printing a document or accessing the 

network. 

4)  it causes the application to crash which are sometimes very hard to 

identify 

3.5 SUMMARY  

At this point, you must have understood that to be successful in iOS 

Application development, emphasis has to be laid on the ability of the 

application to perform  heavier operations for example, executing non-cached 

database queries or downloading high-resolution images. If the proper method 

and tools are not used, it will result to stalling of the application. A stalling or 

hanging application is no good to users and it will turn out to be a failure.  

3.6 REFERENCES/FUTURE STUDIES 
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• Jerome Howard Saltzer,traffic Control in a Multiplexed Computer 

System, Doctor of Science thesis. 

• Raúl Menéndez; Doug Lowe (2001).Murach's CICS for the COBOL 

Programmer. 

• Stephen R. G. Fraser. Pro Visual C++/CLI and the .NET 3.5 Platform. 

3.7 SOLUTIONS/ANSWERS 

Check-in Progress 1 

1) State True or False 

a)  False 

b)  True 

c)  False 

d)  True.  

2) Security Issues 

Signal Handling 

fork() System Call 
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Thread Cancellation 

3)  Multithreading can be defined as programming and execution model 

which is enabled to allows several threads to coexist within the context of 

a single process. These threads share the process  resources among itself, 

but are able to execute functions independently. The threaded 

programming model provides developers with a useful concept of 

simultaneous execution. Although, the most interesting application of the 

technology is when it is applied to a single process to enable concurrent 

execution of processes on a multiprocessor system or devices. 

4)   • Avoid Synchronization Altogether  

• Be Aware of Threats to Code Correctness 

• Watch Out for Deadlocks and Livelocks 

• Use Volatile Variables Correctly 

Check in Progress 2 

1)  State True or False 

a)  True 

b)  False 

c)  True 

d)  True 

2)  In programming, a background thread is a thread that runs behind the 

scenes, while the foreground thread continues to run. 

3)  Explain the differences between a background Thread and a foreground 

Thread. 

4)  Explain why it is recommend to update UI controls from background 

Threads. 
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4.0  Introduction 

4.1  Objectives 

4.2  Introduction to Camera  

4.3  Interaction with Camera Hardware 

4.4  Image Capturing  

4.5  Summary  

4.6  References/Future Studies  

4.7  Solutions/Answers 

4.0  INTRODUCTION 

A camera, lightproof box or container, usually fitted with a lens, which gathers 

incoming light and concentrates it so that it can be directed toward the film (in 

an optical camera) or the imaging device (in a digital camera) contained within. 

Today there are many different types of camera in use, all of them more or less 

sophisticated versions of the camera obscura, which dates back to antiquity. 

Nearly all of them are made up of the same basic parts: a body (the lightproof 

box), a lens and a shutter to control the amount of light reaching the light-

sensitive surface, a viewfinder to frame the scene, and a focusing mechanism. 

What is a Camera? Separated to its fundamental components, the camera is a 

case that controls the measure of light which achieves a light-delicate surface 

inside (film, an advanced sensor, or another surface). The first cameras did not 

have a glass lens, however today we can state that most cameras include: a 

light-tight box, a glass lens, and a surface that captures light. The camera has 

made considerable progress from its unassuming beginnings; however it is still 

only a case that controls the measure of light that achieves a bit of film (or 

sensor). 

The Camera Body; The "body" of a camera is, basically, the light-tight box 

that permits light to be captured in movie form, paper, or an advanced sensor. 

Camera bodies arrive in an assortment of styles, shapes, formats, and have 

similarly the same number of expected employments. 

Large Format Cameras; these are designed for 4x5 inch or larger sheet film 

(or computerized backs), these cameras give the picture taker most extreme 

control over viewpoint and presentation. They are frequently distinguished by 

the cries, which makes even present day cameras look 'antiquated.' Manually 

worked, these are favoured cameras of business and artistic work picture 

takers. 

Medium Format Cameras; designed to utilize 120 movies, medium format 

cameras come in many shapes however they frequently have a square shaped 

look. Hasselblad and Mamiya are among the most prevalent producers and 

these have been the put stock in cameras for expert representation and business 

picture takers for quite a long time. Many are still physically worked; however 
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programmed capacities are regular too. SLR and DSLR Cameras - SLR 

cameras are the 35mm film variants of present day DSLR cameras and these 

are the most well-known cameras utilized by today's master and genuine 

beginner picture takers. The acronyms remain for single lens reflex and 

computerized single lens reflex which implies that you are looking specifically 

through the perspective when you utilize the viewfinder (this is not the 

situation with rangefinders). These cameras are likewise noted for the capacity 

to change lenses. 

Simple to use Cameras; Popular before PDAs, practically every family had a 

simple to use camera and presumably worked their way from 110 to 35mm 

movies and in the long run to computerized cameras as innovation advanced. 

They are still made and utilized in light of the fact that the inner lens optics 

stays better than those utilized as a part of camera telephones.  

Telephone Cameras; These days even your phone is presently a camera 

because of computerized photography. It is popular to the point that there is 

even a type of photography called iPhoneography, so it can't be overlooked in 

any examination about cameras. 

4.1  OBJECTIVES 

After studying this unit, you will be able to: 

• Understand the basics of a camera; 

• Explain the mechanics of a camera;  

• Know what image capturing is all about; 

• Understand camera interaction with hardware; and 

• Know the camera features in IOS. 

4.2 INTRODUCTION TO CAMERA  

A camera can be defined as an optical instrument for recording or capturing 

images, which might be put away (stored or saved) privately, transmitted to 

another area, or both. The pictures might be singular still photos or 

arrangements of pictures constituting recordings or films. The camera can also 

be said to be a remote detecting gadget as it detects subjects without physical 

contact. The word camera originates from camera obscura, which signifies 

"dull chamber" and is the Latin name of the first gadget for expecting a picture 

of outer reality into level surface. Later the cutting edge photographic camera 

developed from the camera obscura.  

The working of the camera is fundamentally the same as the working of the 

human eye as it tries to mimic the process, however using artificial means. A 

camera may work with the light of the noticeable range or with different 

segments of the electromagnetic spectrum. A still camera is an optical gadget 

which makes a solitary picture of a protest or scene and records it on an 

electronic sensor or photographic film. All cameras utilize a similar 

fundamental plan: light enters an encased box through a uniting focal 

point/curved focal point and a picture is recorded on a light-touchy 

medium(mainly a move metal-halide). A shade system controls the time span 

that light can enter the camera. Most photographic cameras have capacities that 

permit a man to see the scene to be recorded, take into consideration a fancied 

some portion of the scene to be in center, and to control the presentation so it is 
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not very splendid or excessively diminish. A show, regularly a fluid precious 

stone show (LCD), allows the client to view scene to be recorded and settings, 

for example, ISO speed, introduction, and shade speed. A motion picture 

camera or a camcorder works likewise to a still camera, with the exception of it 

records a progression of static pictures in fast progression, normally at a rate of 

24 edges for every second. At the point, when the pictures are consolidated and 

shown all together, the figment of movement is accomplished. 

Mechanics of a Camera  

Focus: Due to the visual properties of photographic lens, only objects within a 

limited range of distances from the camera will be reproduced clearly without 

the image being blurred. Changing the camera's focus is known as the process 

of adjusting this range. There are different methods for focusing a camera 

precisely. The most simple cameras have fixed focus and utilize a little gap and 

wide-point focal point to guarantee that everything inside a specific scope of 

separation from the focal point, generally around 3 meters (10 ft.) to 

boundlessness, is in sensible core interest. Still focus cameras are normally 

cheap sorts, for example, cameras for single time use. This type of camera 

usually has a restricted focusing range or scale-focus that is written around the 

body of the camera. The user is expected to configure the separation to the 

subject and edit the concentration in a way to suit the image to be taken. On a 

few cameras this is demonstrated by images (one tree and mountains, head and 

shoulders, two individuals standing upright).  

A Rangefinder camera allows the separation of the images to be measured by 

method of a coupled parallax unit on top of the camera, allowing the 

concentration to be set with accurate precision. A single-lens reflex camera 

gives the picture taker the liberty to decide the concentration and creation 

outwardly utilizing the target lens and he is allowed to move the mirror to 

extend the picture onto a plastic or ground glass miniaturized scale screen 

made of crystal. Twin-focal point reflex cameras utilize a target focal point and 

a focusinglens unit (typically indistinguishable to the goal focal point.) in a 

straight body for focusing and creation. Present day cameras regularly offer 

automatic self-adjust frameworks to focus the camera consequently by using an 

assortment of features. A few cameras have post focusing. Post focusing 

implies take the photos first and after that concentrating later at the PC.  

The camera utilizes numerous minor lenses on the sensor to catch light from 

each camera edge of a scene and is called plenoptics innovation. A current 

plenoptic camera configuration has 40,000 focal points cooperating to get the 

ideal picture. Some test cameras, for instance the planar Fourier catch exhibit 

(PFCA), don't oblige focusing to permit them to take pictures. In ordinary 

advanced photography, focal points or mirrors delineate of the light starting 

from a solitary purpose of an in-center question a solitary point at the sensor 

plane. Every pixel in this way relates a free snippet of data about the distant 

scene. Conversely, a PFCA does not have a focal point or mirror, but rather 

every pixel has an eccentric combine of diffraction gratings above it, 

permitting every pixel to in like manner relate a free snippet of data 

(particularly, one segment of the 2D Fourier change) about the distant scene. 

Together, entire scene data is caught and pictures can be reproduced by 

calculation.  

Lens: The lens of a camera catches the light from the subject and conveys it to 

an emphasis on the sensor. The outline and make of the focal point is basic to 

the nature of the photo being taken. The innovative insurgency in camera plan 
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in the nineteenth century altered optical glass fabricate and focal point outline 

with incredible advantages for present day focal point make in an extensive 

variety of optical instruments from perusing glasses to magnifying lens. 

Pioneers included Zeiss and Leitz. Usually Camera lenses are made in an 

extensive variety of central lengths. They extend from extraordinary wide edge, 

and standard, medium fax. Every focal point is most appropriate to a specific 

sort of photography. The extraordinary wide edge might be favoured for design 

since it has the ability to catch a wide perspective of a building. The ordinary 

lens, since it regularly has a wide gap, is frequently utilized for road and 

narrative photography. The zooming focal point is helpful for games and 

natural life however it is more defenceless to camera shake. 

Shutter: Despite the fact that scopes of various screen gadgets have been 

utilized amid the improvement of the camera just two sorts have been generally 

utilized and stay being used today. The Leaf shade or all the more exactly the 

in-focal point screen is a shade contained inside the focal point structure, 

regularly near the stomach comprising of various metal leaves which are kept 

up under spring pressure and which are opened and afterward shut when the 

shade is discharged. The introduction time is controlled by the interim amongst 

opening and shutting. In this shade plan, the entire film casing is uncovered at 

one time. This makes streak synchronization significantly more straightforward 

as the glimmer just needs to flame once the shade is completely open. 

Detriments of such shades are their powerlessness to dependably create quick 

screen speeds (speedier than 1/500th second or thereabouts) and the extra cost 

and weight of including a shade system for each focal point. The central plane 

shade works as near the film plane as would be prudent and comprises of fabric 

drapes that are pulled over the film plane with a deliberately decided hole 

between the two window ornaments (ordinarily running on a level plane) or 

comprising of a progression of metal plates (regularly moving vertically) just 

before the film plane. The central plane shade is principally connected with the 

single focal point reflex kind of cameras, since covering the film as opposed to 

blocking light going through the viewpoint permits the picture taker to see 

through the perspective at all circumstances aside from amid the presentation 

itself. Covering the film additionally encourages expelling the focal point from 

a stacked camera (numerous SLRs have tradable focal points). 

Image capturing: In conventional cameras, light is captured onto 

photographic plate or photographic film. However, computerized and video 

cameramakes use of an electronic picture sensor, it is a rule that, a charge 

coupled gadget (CCD) which is also called CMOS sensor to capture pictures 

which can be stored or put away in a memory card or other types of memory 

inside the camera for later playback or editing. Cameras that are capable of 

capturing many pictures in motion are referred to as film cameras (video 

camera) or as ciné cameras in Europe; those intended for single pictures are 

still cameras. However, it is important to note that these classes cover as still 

cameras are commonly used to catch motion pictures in enhancements work 

and numerous advanced cameras can rapidly switch between several still and 

moving images while in recording modes. 

Exposure control:In the working of a camera, the extent of the opening and 

closing of exposure, decides the measure of light that enters the camera within 

a timeframe, and the function of the shade is to controls the period of time that 

the light hits the recording surface. Equal exposures can be achieved by 

utilizing a large opening size with a quick shade speed and a little gap with a 

moderate screen. 
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Complexities:Proficient medium organization SLR (single-focal point reflex) 

cameras (normally utilizing 120/220 move film) utilize a half and half 

arrangement, since such a vast central plane shade would be hard to make as 

well as may run gradually. A physically embedded sharp edge known as a dull 

slide permits the film to be secured while changing focal points or film backs. 

A visually impaired inside the camera covers the film before and after the 

introduction (however is not intended to have the capacity to give precisely 

controlled presentation times) and a leaf screen that is ordinarily open is 

introduced in the focal point. To take a photo, the leaf shade shuts, the visually 

impaired opens, the leaf screen opens then closes once more, lastly the visually 

impaired closes and the leaf screen re-opens (the last stride may just happen 

when the screen is re-positioned). Utilizing a central plane shade, uncovering 

the entire film plane can take any longer than the introduction time. The 

presentation time does not rely on upon the time taken to make the introduction 

over all, lone on the distinction between the time a particular point on the film 

is revealed and after that concealed once more. For instance, an introduction of 

1/1000 second might be accomplished by the screen drapes moving over the 

film plane in 1/50th of a moment yet with the two draperies just isolated by 

1/twentieth of the casing width. Indeed by and by the draperies don't keep 

running at a steady speed as they would in a perfect outline, acquiring an even 

introduction time depends predominantly on having the capacity to make the 

two window ornaments quicken in a comparative way.  

While capturing quickly moving articles, the utilization of a central plane 

screen can create some startling impacts, since the film nearest to the begin 

position of the draperies is uncovered sooner than the film nearest to the end 

position. Regularly this can bring about a moving article leaving an inclining 

picture. The bearing of the inclination relies on upon the heading the shade 

window ornaments keep running in (noticing additionally that as in all cameras 

the picture is rearranged and switched by the focal point, i.e. "upper left" is at 

the base right of the sensor as observed by a picture taker behind the camera). 

Central plane screens are likewise hard to synchronize with glimmer knobs and 

electronic blaze and it is regularly just conceivable to utilize streak at shade 

speeds where the window ornament that opens to uncover the film finishes its 

run and the film is completely revealed, before the second drape begins to 

travel and cover it up once more. Ordinarily, 35mm film SLRs could match up 

blaze at just up to 1/60th second if the camera has flat run material drapes, and 

1/125th if utilizing a vertical run metal screen. 

 
Fig 4.1: Parts of a camera 
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4.2.2  Camera Accessories 

Extras for cameras are for the most part for care, security, embellishments and 

capacities.  

• Lens Cap: covers and secures the focal point amid capacity.  

• Lens adapter: at times called a stage ring, adjusts the focal point to other 

size channels.  

• Tripod, magnifying instrument connector, link release, electric wire release 

• Lens hood:it is usually found on the front of the Lens to block the sun or 

other light source to avoid glare and focal point flare or blurred images 

• Flash equipment: including light diffuser, mount and stand, reflector, 

delicate box, trigger and line.  

• Battery and charger.  

• Lens filters: permit simulated hues or change light thickness.  

• Lens extension tubes: permit close concentration in large scale 

photography.  

• Care and insurance: including camera case and cover, support 

instruments, and screen defender.  

• Large format cameras: utilize unique hardware which incorporates 

magnifier loupe, see discoverer, point discoverer, focusing rail/truck.  

4.2.3 Formats 

There are an extensive variety of film and plate size that are been utilized by 

cameras. In the early history plate sizes were frequently particular for the make 

and model of camera in spite of the fact that there immediately built up some 

institutionalization for the more popular cameras. The presentation of move 

film drove the institutionalization procedure still further so that by the 1950s 

just a couple of standard move movies were being used. These included 120 

film giving 8, 12 or 16 exposures, 220 film giving 16 or 24 exposures, 127 film 

giving 8 or 12 exposures and 135 (35 mm film) giving 12, 20 or 36 exposures 

or up to 72 exposures in the half-outline design or in mass tapes for the Leica 

Camera go. In the case of cine cameras, film 35 mm wide and punctured with 

sprocket openings was built up as the standard arrangement in the 1890s. It was 

utilized for about all film-based proficient movie creation. For novice utilize, a 

few littler and in this way less costly arrangements were presented. 17.5 mm 

film, made by part 35 mm film, was one early beginner design, yet 9.5 mm 

film, presented in Europe in 1922, and 16 mm film, presented in the US in 

1923, soon turned into the models for "home motion pictures" in their separate 

sides of the equator. The Super 8 arrange, still 8 mm wide yet with littler holes 

to prepare for considerably bigger film edges, was presented in the year 1965. 

4.2.4  Evolution of Camera Designs 

Plate camera: The most punctual cameras delivered in noteworthy numbers 

utilized sharpened glass plates were plate cameras. Light entered a focal point 

mounted on a focal point board which was isolated from the plate by an 

extendable bellows. There were straightforward box cameras for glass plates 

additionally single-focal point reflex cameras with compatible focal points and 

notwithstanding for shading photography (Autochrome Lumière). A number of 
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these cameras had controls to raise or lower the focal point and to tilt it 

advances or in reverse to control viewpoint. Focusing of these plate cameras 

was by the utilization of a ground glass screen at the purpose of core interest. 

Since focal point outline just permitted rather little opening focal points, the 

picture on the ground glass screen was swoon and most picture takers had a 

dim material to cover their heads to permit focusing and creation to be 

completed all the more effortlessly. Whenever center and synthesis were 

acceptable, the ground glass screen was expelled and a sharpened plate put in 

its place ensured by a dull slide. To make the presentation, the dim slide was 

painstakingly slid out and the shade opened and after that shut and the dull 

slide supplanted.  

Folding Camera: The presentation of movies empowered the current plans for 

plate cameras to be made substantially littler and for the base-plate to be 

pivoted so it could be collapsed up packing the cries. These outlines were 

exceptionally smaller and little models were named vest take cameras. 

Collapsing rollfilm cameras were gone before by collapsing plate cameras, 

smaller than different outlines. Glass plates were later supplanted by sheet film 

in a dull slide for sheet film; connector sleeves were made to permit sheet film 

to be utilized as a part of plate holders. Notwithstanding the ground glass, a 

basic optical viewfinder was regularly fitted. Cameras which take single 

exposures on sheet film and are practically indistinguishable to plate cameras 

were utilized for static, high-picture quality work; any longer in twentieth 

century, see Large-arrange camera, beneath. 

Box Camera: The Box cameras were developed as a budget level camera and 

had few if any controls. The original box Brownie models had a small reflex 

viewfinder mounted on the top of the camera and had no aperture or focusing 

controls and just a simple shutter. Subsequently developed models, for example 

the Brownie 127 were made with larger direct view optical viewfinders 

together with a curved film path; this was done to reduce the impact of 

deficiencies in the lens. 

Rangefinder camera: As camera a focal point innovation created and wide 

opening focal points turned out to be more normal, rangefinder cameras were 

equipped for making concentrating more exact. Early rangefinders had two 

separate viewfinder windows, one of which is connected to the focus 

components and moved right or left as the focus ring is turned. The two 

separate pictures are united on a ground glass seeing screen. At the point when 

vertical lines in the question being captured meet precisely in the joined 

picture, the protest is in core interest. A typical composite viewfinder is 

additionally given. Later the viewfinder and rangefinder were joined. 

Numerous rangefinder cameras had exchangeable focal points, every focal 

point requiring its own range-and viewfinder linkages 

Instant Picture camera: After exposure every photograph is taken through 

pinch rollers inside of the instant camera. Thereby the developer paste 

contained in the paper 'sandwich' distributes on the image. After a minute, the 

cover sheet just needs to be removed and one gets a single original positive 

image with a fixed format. With some systems it was also possible to create an 

instant image negative, from which then could be made copies in the photo lab. 

The best development used was the SX-70 Polaroid system, in which a row of 

ten shots engine driven could be made without having to remove any cover 

sheets from the picture. There were instant cameras for a variety of formats, as 

well as cartridges with instant film for normal system cameras. 
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Twin-lens reflex: In the single-lens reflex camera, the picture taker sees the 

scene through the camera lens. This keeps away from the issue of parallax 

which happens when the viewfinder or viewing lens is isolated from the taking 

lens. Single-lens reflex cameras have been made in a few organizations 

including sheet film 5x7" and 4x5", move film 220/120 taking 8, 10, 12 or 16 

photos on a 120 roll and twice that number of a 220 film. However the most 

widely recognized organization of SLR cameras has been 35 mm and 

accordingly the movement to advanced SLR cameras, utilizing practically 

indistinguishable measured bodies and at times utilizing a similar lens 

framework. It is important to note that almost all SLR cameras utilize a front 

surfaced reflect in the optical way to coordinate the light from the focal point 

through a review screen and pentaprism to the eyepiece. At the season of 

presentation the mirror is flipped up out of the light way before the screen 

opens. Some early cameras tried different things with different strategies for 

giving through-the-lenseviewing, including the utilization of a semi-

straightforward pellicle as in the Canon Pellix and others with a little periscope, 

for example, in the Corfield Periflex arrangement. 

Large-format camera: The large-format camera, taking sheet film, is an 

immediate successor of the early plate cameras and stayed being used for 

excellent photography and for specialized, design and mechanical photography. 

There are three normal sorts, the view camera with its monorail and field 

camera variations, and the press camera. They have extensible bellows with the 

focal point and shade mounted on a focal point plate at the front. Backs taking 

rollfilm, and later computerized backs are accessible notwithstanding the 

standard dull slide back. These cameras have an extensive variety of 

developments permitting close control of center and point of view. Piece and 

focus is done around view cameras by review a ground-glass screen which is 

supplanted by the film to make the presentation; they are reasonable for static 

subjects just, and are ease back to utilize. 

Medium-format cameras: These have a film estimate between the large-

format cameras and littler 35mm cameras. Ordinarily these frameworks utilize 

120 or 220 rollfilm. The most widely recognized picture sizes are 6×4.5 cm, 

6×6 cm and 6×7 cm; the more established 6×9 cm is once in a while utilized. 

The outlines of this sort of camera show more prominent variety than their 

larger brethren, going from monorail frameworks through the great Hasselblad 

display with partitioned backs, to littler rangefinder cameras. There are even 

reduced novice cameras accessible in this format. 

Subminiature camera: Cameras taking film essentially littler than 35 mm 

were made. Subminiature cameras were initially delivered in the nineteenth 

century. The costly 8×11 mm Minox, the main kind of camera created by the 

organization from 1937 to 1976, turned out to be broadly known and was 

regularly utilized for surveillance (the Minox organization later likewise 

delivered larger cameras). Later economical subminiatures were made for 

general utilize, some utilizing rewound 16 mm cine film. Picture quality with 

these little film sizes was constrained. 

Ciné camera or movie camera: these are cameras that take a rapid sequence 

of photographs on image sensor or strips of film. In contrast to a still camera, 

which captures a single snapshot at a time, the ciné camera takes a series of 

images; each called a "frame" through the use of an intermittent mechanism. 

The frames are later played back in a ciné projector at a specific speed, called 

the "frame rate" ( frame rate can be defined as the number of frames per 

second). While viewing, a person's eyes and brain merge the separate pictures 
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to create the illusion of motion. The first ciné camera was built around 1888 

and by 1890 several types were being manufactured. The standard film size for 

ciné cameras was quickly established as 35mm film and this remained in use 

until transition to digital cinematography. Other professional standard formats 

include 70 mm film and 16mm film whilst amateurs film makers used 9.5 mm 

film, 8mm film or Standard 8 and Super 8 before the move into digital format. 

The size and complexity of ciné cameras varies greatly depending on the uses 

required of the camera. Some professional equipment is very large and too 

heavy to be hand held whilst some amateur cameras were designed to be very 

small and light for single-handed operation. 

Camcorder: This is an electronic gadget joining a camcorder and a video 

recorder. In spite of the fact that advertising materials may utilize the casual 

term "camcorder", the name on the bundle and manual is regularly "camcorder 

recorder". Most gadgets equipped for recording video are camera telephones 

and advanced cameras basically expected for still pictures; the expression 

"camcorder" is utilized to depict a convenient, independent gadget, with video 

catch and recording its essential capacity. 

Professional video camera: These are high end devices for creating electronic 

moving images. Originally developed for use in television studios, however 

these days they are now also used for music videos, direct to video movies, 

corporate and educational videos, marriage videos, adventure videos.These 

camera earlier models usually used vacuum tubes and while the later model 

uses electronic sensors. 

Digital camera (Digicam): This is a camera that encodes computerized 

pictures and recordings carefully and stores them for later reproduction. Most 

cameras sold today are digital, digital cameras are consolidated into numerous 

gadgets running from cell phones, to vehicles.Most digital cameras can 

likewise record moving recordings with sound. Some advanced cameras can 

yield and fasten pictures and perform other basic picture editing. Advanced and 

film cameras share an optical framework, normally utilizing a focal point with 

a variable stomach to concentrate light onto a picture pickup device. The 

stomach and screen concede the right measure of light to the imager; similarly 

as with film yet the picture pickup gadget is electronic instead of compound. 

Be that as it may, not at all like film cameras, computerized cameras can show 

pictures on a screen promptly in the wake of being recorded, and store and 

erase pictures from memory. 

Panoramic cameras: these are camera fixed digital action cameras. They as a 

rule consist of a solitary fish eye lens or several lenses, which has the ability to 

cover the whole 180° up to 360° in their field of view without having to rotate 

or move the camera. 

VR cameras: These are panoramic cameras that likewise has the ability to cover 

the top and base in their field of view. There have additionally been rigged to 

make use of numerous cameras to cover the entire 360° by 360° field of view. 

'Google Jump' is the name of the most popular VR camera available today. 

4.2.5 Creating and Configuring a Camera Interface IOS 

In order to present a camera interface, a developer must first ensure that the 

following three things are in place: 

• The device your app is running on must have a camera. If taking pictures or 

movies is essential to your app, specify that by configuring the UIRequired 

Device Capabilities key in your App’s Info. When capturing media is 
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incidental to your app that is, if your app remains useful even if the device 

doesn’t have a camera then your code should follow an alternate path when 

running on a device without a camera. 

• The developer must have implemented a delegate object to respond to the 

user’s interaction with the image picker controller. 

• The device’s camera must be available for the application developer to use, 

which he should be able to test with the use of the isSourceType Available: 

class method of the UIImagePickerController class. 

Having satisfied thecriterianext is to create and then to configure an image 

picker controller by specifying the following options below: 

• Source type:In other to be able to configure the picker for media capture as 

opposed to browsing saved media, set its sourceType property to 

UIImagePickerControllerSourceTypeCamera. 

• Media types:The developer must specify whether the user can take still 

images, movies, or both, set the mediaTypes property to an array 

containing identifiers for the desired types. The valid values for elements of 

the array are kUTTypeImage and kUTTypeMovie. However, before setting 

this property, check which media types are available by calling the 

availableMediaTypesForSourceType: class method. If you set the media 

Types property to an empty array, or to an array in which none of the media 

types is available for the current source, the system throws an exception. 

• Editing controls:It is mandatory for the developer to specify whether the 

camera interface should offer the user controls for moving and scaling the 

captured picture, or for trimming the captured movie, set the allowsEditing 

property to YES (to provide editing controls) or to NO. When using built-in 

editing controls, the image picker controller enforces certain options.For 

movies, the picker enforces a maximum movie length and resolution, for 

still images, the picker enforces a square cropping as well as a maximum 

pixel dimension.  

• Delegate object:lastly, assign your delegate object to the image picker 

controller’s delegate property. 

Provide a picker that lets the user capture still images and movies, if both are 

available on the device. When a developer want to instead present a picker that 

captures only movies, i.e., ensure that movie capture is available and then set 

the mediaTypes property like this 

 

 

In other to make sure that movie capture is available, call the availableMedia 

TypesForSourceType: class method.) In case of a picker that captures only still 

images, substitute with the kUTTypeMovie identifier here with kUTTypeImage. 

The startCameraControllerFromViewController:using Delegate:this example 

is designed to be invoked by an action method such as this 

 

 

 

 

cameraUI.mediaTypes = [[NSArray alloc] initWithObjects: (NSString *) kUTTypeMovie, nil]; 

- (IBAction) showCameraUI { 
    [selfstartCameraControllerFromViewController: self 

usingDelegate: self]; 

} 



 

 

103

Interaction with 

Camera in IOS
4.2.6  Implementing a Delegate for the Camera Interface 

When the user taps a button in the camera interface to accept a newly captured 

picture or movie, or to just cancel the operation, the system notifies the delegate 

of the user’s choice. The system does not, however, dismiss the camera 

interface. The delegate must dismiss it by calling the dismissModal 

ViewControllerAnimated: method and must release the interface as well. It is for 

this reason that, typically, you make the view controller that presents the camera 

interface serve double-duty as the delegate.Example 2 shows implementations of 

delegate methods for an image picker controller. The imagePicker 

Controller:didFinishPickingMediaWithInfo: implementation includes code for 

saving a still image or a movie, depending on what the user captured. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

@implementation CameraViewController (CameraDelegateMethods) 
 
// For responding to the user tapping Cancel. 
- (void) imagePickerControllerDidCancel: (UIImagePickerController *) picker { 
 
    [[pickerparentViewController] dismissModalViewControllerAnimated: YES]; 

    [picker release]; 
} 
 
// For responding to the user accepting a newly-captured picture or movie 
- (void) imagePickerController: (UIImagePickerController *) picker 
didFinishPickingMediaWithInfo: (NSDictionary *) info { 
 
    NSString *mediaType = [info objectForKey: UIImagePickerControllerMediaType]; 

    UIImage *originalImage, *editedImage, *imageToSave; 
 
    // Handle a still image capture 
if (CFStringCompare ((CFStringRef) mediaType, kUTTypeImage, 0) 
            == kCFCompareEqualTo) { 
 
editedImage = (UIImage *) [info objectForKey: 
UIImagePickerControllerEditedImage]; 

originalImage = (UIImage *) [info objectForKey: 
UIImagePickerControllerOriginalImage]; 
 
if (editedImage) { 
imageToSave = editedImage; 
        } else { 
imageToSave = originalImage; 
        } 

 
    // Save the new image (original or edited) to the Camera Roll 
UIImageWriteToSavedPhotosAlbum (imageToSave, nil, nil , nil); 
    } 
 
    // Handle a movie capture 
if (CFStringCompare ((CFStringRef) mediaType, kUTTypeMovie, 0) 
            == kCFCompareEqualTo) { 
 

        NSString *moviePath = [[info objectForKey: 
UIImagePickerControllerMediaURL] path]; 
 
if (UIVideoAtPathIsCompatibleWithSavedPhotosAlbum (moviePath)) { 
UISaveVideoAtPathToSavedPhotosAlbum ( 
moviePath, nil, nil, nil); 
        } 
    } 

 
    [[pickerparentViewController] dismissModalViewControllerAnimated: YES]; 
    [picker release]; 
} 
 

@end 
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4.3 INTERACTION WITH CAMERA HARDWARE 

By and large, iPhone and iPad gadgets are the absolute most famous still and 

camcorders on the planet. Notwithstanding stills and cinematography, iOS 

offers an effective stage for computational photography and PC vision 

applications. To take advantage of IOS devices cameras, you ought to know 

about the particular capacities of every camera gadget. This part outlines the 

exceptional elements of latestIOS devices cameras and connections to the APIs 

you'll have to utilize those elements in your application. 

4.3.1  IOS Device Camera 

Table 4.1: IOS Device Camera Features 

Feature iPhone 7 

iPhone 

7 Plus 

iPhone 6s 

iPhone 6s  

Plus 

iPhone SE iPhone 6 

iPhone 6 Plus 

iPad Pro 

(9.7-inch) 

Maximum Still 
Image 

Resolution (back 

camera) 

4032 x 
3024 

pixels (12 

MP) 

4032 x 
3024 

pixels (12 

MP) 

4032 x 
3024 

pixels (12 

MP) 

3264 x 2448 

pixels (8 MP) 

4032 x 
3024 

pixels (12 

MP) 

Maximum Still 
Image 
Resolution (front 

camera) 

Items in italic: 

see High 

Resolution Still 
Images During 

Video Capture 

3088 x 

2320 

pixels (7 

MP) 

2576 x 

1932 

pixels (5 

MP) 

1280 x 
960 pixels 

(1.2 MP) 

1280 x 960 
pixels (1.2 

MP) 

2576 x 

1932 

pixels (5 

MP) 

Notable Video 
Resolutions and 

Frame 
Rates (back 

camera) 

2160p30 

(4K) 

1080p30 

(preset) 

1080p60 

2160p30 

(4K) 

1080p30 

(preset) 

1080p60 

2160p30 

(4K) 

1080p30 

(preset) 

1080p60 

1080p30 

(preset) 

1080p60 

2160p30 

(4K) 

1080p30 

(preset) 

1080p60 

High Frame Rate 
(HFR) / Slow 

Motion 

Video Formats 

1080p120 

720p240 

1080p120 

720p240 

1080p120 

720p240 

720p240 1080p120 

720p240 

Single-Shot / 
Video 

HDR Formats 

No Back 
camera: 
not 

supported 

Front 

camera: 
most 

formats 

No Back camera: 
540p30, 
720p30, 

1080p30, 

1080p60 

Front camera: 

all formats 

Back 
camera: 
not 

supported 

Front 

camera: 
most 

formats 
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Still Images 

During Video 

Capture (back 

camera) 

up to 
3840 x 

2160 

pixels (8 

MP) 

up to 3840 
x 2160 

pixels (8 

MP) 

up to 3840 
x 2160 

pixels (8 

MP) 

up to 3264 x 
2448 pixels 

(8 MP) 

up to 
3840 x 

2160 

pixels (8 

MP) 

High Resolution 
Still Images 

During Video 

Capture (front 

camera) 

up to 
3088 x 

2320 

pixels (7 

MP) 

up to 2576 
x 1932 

pixels (5 

MP) 

no (same 
as video 

resolution) 

no (same as 
video 

resolution) 

up to 
2576 x 

1932 

pixels (5 

MP) 

Optical Image 
Stabilization 

(OIS) 

Still / 
bracketed 
/ video 

capture 

iPhone 

6s: No 

iPhone 6s 

Plus: 

Still / 
bracketed 

/ video 

capture 

No iPhone 6: No 

iPhone 6 

Plus: 

Still image 

capture only 

No 

RAW Photo 

Capture 

(back camera 

only) 

Yes Yes Yes No Yes 

Focus 
Pixels (back 

camera only) 

Yes Yes Yes Yes Yes 

Cinematic Video 

Stabilization 

Yes Yes Yes Yes Yes 

Retina Flash Yes Yes Yes No Yes 

Live Photos Yes Yes Yes No Yes 

Wide-Gamut 

Color Capture 

Yes No No No Yes 

Dual Camera Yes No No No No 

4.3.2  IOS interaction with Camera Features 

Normally, a developer can set up a capture session utilizing a session preset to 

rapidly access a typical arrangement of camera components, as portrayed being 

used a Capture Session to Coordinate Data Flow. Nonetheless, some particular 

camera components, for example, ultra top quality video, high edge rate, and 

the capacity to catch high determination stills amid video capture require a 

substitute approach. Interestingly the formats property of every 

AVCaptureDevice question gives the full rundown of capture choices for that 

gadget. To utilize specific components, repeat through the formats cluster and 

analyze the properties of each AVCaptureDeviceFormat question inside to 
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locate the one whose elements you need to utilize; then, set the gadget's 

activeFormat property to that format. 

Maximum Still Image Resolution: Going by default settings, choosing the 

AVCaptureSessionPresetPhoto preset for the AVCaptureSession sessionPreset 

property enables still image capture at the highest possible resolution for a 

device camera. To access lower-resolution formats, examine the 

AVCaptureDevice formats array and choose a format to set as the activeFormat 

for the device. However for some devices, the front-facing camera does not 

output its maximum resolution for still images by default. To access the 

maximum still image resolution, see High Resolution Still Images during 

Video Capture. 

Video Resolutions and Frame Rates: when developer configures capture 

using the AVCaptureSessionPresetHigh preset, the captured video format is 

1080p30 even on devices which support higher resolutions and frame rates. 

However to be able to capture video at a higher frame rate in 1080p60 format, 

or even a higher resolution in 4K format, the developer must configure capture 

by choosing an appropriate AVCaptureDeviceFormat option for the 

AVCaptureDevice activeFormat property failure to do so will lead to failure to 

display on a high resolution . 

High Frame Rate (HFR) / Slow Motion Video:To be able to capture high 

frame rate video (therefore  supporting  smooth slow motion by playing back 

captured video at a lower frame rate), the developer should set the 

AVCaptureDeviceactiveFormat property to an AVCaptureDeviceFormat option 

whose videoSupportedFrameRateRanges property includes a high (120 FPS or 

greater) frame rate. At the moment of capturing video, set the device’s 

activeVideoMinFrameDuration and activeVideoMaxFrameDuration properties 

to reflect the frame rate needed for capture. For instance, to capture at 120 FPS 

on a device that supports 240 FPS capture, it is important to choose the format 

whose maximum frame rate is 240 FPS, then set the active min and max frame 

duration to CMTimeMake(1, 120). 

Single-Shot / Video HDR: In a compatible device, the camera sensor itself 

provides continuous, streaming high-dynamic-range output, when compared to 

the traditional method of fusing a bracket of still images with differing EV 

values into a single high dynamic range photo.In other to enable or disable 

video HDR, use the AVCaptureDeviceautomaticallyAdjustsVideoHDREnabled 

property. 

Optical Image Stabilization (OIS): compatible back-facing cameras include a 

mechanism to adjust the lens during capture to counter user hand-shake due to 

instability. OIS is most effective for longer exposure times, and offers limited 

benefit for exposure times shorter than 1/30 second. There is option to either 

enable or disable image stabilization: However for still images, use the 

autoStillImageStabilizationEnabled property in the photo settings for use with 

the AVCapturePhotoOutput class. Should this property be enabled, compatible 

devices employ both optical and digital image stabilization to achieve their best 

possible low-light performance. In case of a bracketed capture of still images, 

on compatible devices, see the AVCapturePhotoOutputlensStabilization 

DuringBracketedCaptureSupported property and use the AVCapturePhoto 

BracketSettings class to set up a bracketed capture. The controls optical 

stabilization separately from digital stabilization. For video capture, the AV 

Capture Connection preferred VideoStabilizationMode property automatically 

enables both optical and digital stabilization on devices supporting video OIS. 
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Retina Flash: On compatible devices, the display brightness can briefly 

increase to 3 times its usual maximum luminance for use as a flash for the 

front-facing camera. When using this feature, the display also fluctuates its 

color output to achieve the same effect as the True Tone flash of the back-

facing camera. A new or separate API controls this feature on supported 

devices; the AVCaptureDevice hasFlash property reflects the availability of 

Retina Flash for the front-facing camera. However for the back-facing camera, 

you can use the isFlashModeSupported: and flashMode properties to control 

the flash. 

Focus Pixels: Dedicated focus pixels delivers depth information by using 

phase detection. Continuous auto-focus changes are very fast and very 

subtle;hence it is possible to enable auto-focus during video recording without 

the throbbing effect of full focus scans to recorded video. They are always 

automatically enabled when the AVCaptureDevice focusMode property is set to 

property to AVCaptureFocusModeContinuousAutoFocus.In other to detect 

whether a capture format supports focus pixels, use the AVCapture 

DeviceFormat property autoFocusSystem. The value AVCaptureAuto 

FocusSystemPhaseDetection corresponds to formats that support focus pixels. 

Cinematic Video Stabilization: All IOS enabled phone back-facing cameras 

supported by iOS 9 and later allow video stabilization. Some devices 

additionally support a more aggressive, dramatic, and fluid algorithm called 

cinematic video stabilization. This stabilization method reduces the camera’s 

field of view, introduces more latency in the video capture pipeline, and 

consumes more system memory compared to standard video stabilization; as 

such, you may wish to disable it in scenarios where you need more control over 

those aspects of the video capture process. To enable or disable cinematic 

stabilization, use the AVCaptureConnection preferredVideoStabilizationMode 

property. In iOS 9 and later on supported devices, cinematic stabilization is the 

default when this property is set to AVCaptureVideoStabilizationModeAuto. In 

iOS 8, you must explicitly enable cinematic stabilization by setting this 

property to AVCaptureVideoStabilizationModeCinematic. After setting this 

property, use the activeVideoStabilizationMode property to determine whether 

cinematic stabilization was enabled for formats that do not support cinematic 

stabilization, setting the preferred mode does not change the active mode. 

High Resolution Still Images During Video Capture: Photo and still image 

outputs capture images at the resolution specified by the activeFormat property 

of the input AVCaptureDevice object. Example given, when capturing a video 

at 640x480 resolution, still images are also captured at 640x480. On supported 

devices, you can choose to capture high resolution still images during video 

capture. High resolution stills maintain the same aspect ratio and field of view 

as the active video format and are affected by video stabilization; use the 

highResolutionStillImageDimensions property of a capture format to find the 

dimensions used for still image capture. In other to enable this feature, use the 

highResolutionPhotoEnabled property in your photo settings for use with the 

AVCapturePhotoOutput class.  

RAW Photo Capture: RAW formats provide minimally processed data from 

the camera’s image sensor, preserving much more of the color gamut, dynamic 

range, and other information for each pixel in the captured image. In iOS 10, 

the AVCapturePhotoOutput class enables capturing photos in RAW format on 

compatible devices.  
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Dual Camera: Some iOS devices have been known to contain a dual camera 

two separate back-facing cameras that can work together as a single capture 

device. In setting up a capture session on a device with a dual camera, the 

developer has to choose to use only the wide-angle camera, only the telephoto 

camera, or the dual camera. However choosing the dual camera capture device 

provides behaviour similar to the built-in Camera app the system automatically 

chooses which camera to use during capture, and can combine data from both 

cameras to improve capture output.  

Howeverthe AVCaptureDevice devices and devicesWithMediaType: methods 

are deprecated in iOS 10 and do not provide access to the dual camera device. 

To determine whether a device contains a dual camera and select it for capture, 

you may either: 

• Call the AVCaptureDevice defaultDeviceWithDeviceType:mediaType: 

position:  method, passing the builtInDuoCamera device type. Should this 

method returns non-nil, the iOS device contains a dual camera.  

• Or the developer may create an AVCaptureDeviceDiscoverySession object, 

passing the device attributes required to use for capture, and compute 

its devices list to choose a device for a capture session. 

Check-in Progress 1 

1)  State True or False 

a)  A camera can be defined as an optical instrument used in recording or 

capturing images 

b) The lens of a camera catches the light from the image and sends it to 

an emphasis on the sensor 

c)  The first cameras had a glass lens 

d)  OIS is most effective for very short exposure times 

2)  List the Mechanics of a Camera. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3)  Narrate the evolution of Camera designs. 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

T/F 



 

 

109

Interaction with 

Camera in IOS
4)  How to set up dual phone camera on an IOS device  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4.4 IMAGE CAPTURING  

Image Capture is an application program from Apple that empowers clients to 

transfer pictures from advanced cameras or scanners which are either 

associated specifically to the PC or the system. It gives no authoritative 

instruments like iPhoto yet is valuable for gathering pictures from an 

assortment of sources with no requirement for drivers. Image Capture is 

scriptable with AppleScript, and might be controlled with Mac OS X v10.4 

(Tiger's) "Automator" application. As of Mac OS X 10.4, Image Capture's 

AppleScript word reference does not open in Script Editor. As of Mac OS X 

10.6 just the Image Capture Web Server opens only in the Script Editor. 

4.4.1  How to Capture Images on IOS 

IOS has fundamentally given 2 innovations to capture any image in iOS: 

• UIImagePickerController class: This class gives fundamental, adjustable 

UIs for taking pictures and motion pictures and for giving the client some 

basic altering capacity for live capture media. For a developer that needs 

basic functionality such as capturing image, enable disable flash mode, 

simple overlay, performing cropping operation, saving it to Photo Album, 

this comes recommended. However the disadvantage is that 

UIImagePickerController class supports portrait mode only. This class is 

intended to be used as-is and does not support subclassing. The view 

hierarchy for this class is private and must not be adjusted, except one. 

• AVFoundation Framework: This system gives adaptable and capable 

classes you can use, alongside UIKit, to make completely tweaked still 

picture or motion picture catch for your application. For a developer with 

customized solutionin mind then AVFoundation framework is the best 

option. 

4.4.2  UIImagePickerController Class 

The part and appearance of an image picker controller rely on upon the source 

sort you assignto it before you introduce it.  

• A sourceType of photoLibrary or savedPhotosAlbum gives a UI to picking 

among spared pictures and motion pictures. 

• A sourceType of camera gives a UI to taking another photo or film (on 

gadgets that bolster media catch).  

To utilize an image picker controller containing its default controls, follow the 

below steps: 
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1)  Confirm that the gadget is fit for picking content from the wanted source. 

Do this by calling the isSourceTypeAvailable(_:)class method, giving a 

consistent from the UIImagePickerControllerSourceType specification.  

2)  Check which media types are accessible for the source sort you're 

utilizing, by calling the availableMediaTypes(for:) class method. This 

helps the developer to recognize a camera that can be utilized for video 

recording and one that can be utilized just for still images.  

3)  Instruct the image picker controller to alter the UI as per the media type 

the developer needs to make accessible still images, motion pictures, or 

both by setting the mediaTypes property.  

4)  Exhibit the UI. On IOS, do this modularly (full-screen) by calling the 

present(_:animated:completion:) technique for the right now dynamic 

view controller, passing your arranged image picker controller as the new 

view controller.  

5) At the point, when the client taps a catch to pick a recently caught or 

spared image or motion picture, or crosses out the operation, reject the 

image picker utilizing your delegate question. However, for recently 

captured media, the delegate can then save it to the Camera Roll on the 

gadget. For already spared media, the delegate can then utilize the image 

information as per the purpose for the application. 

4.4.2.1 Flash Mode Adjustment  

From iOS 4.0 and subsequent updates, the developer can give custom controls 

to give the client a chance to alter flash mode (on gadgets that have a flash 

LED), pick which camera to use (on gadgets that have a front and back 

camera), and switch between still image and motion picture capture. You can 

likewise deal with these settings automatically. You can likewise control the 

flash straightforwardly to give impacts, for example, a strobe light. Introduce a 

picker interface set to utilize video capture mode. At that point, turn the 

glimmer LED on or off by setting the cameraFlashMode property to on or off. 

4.4.2.2  Providing a Delegate Object  

To utilize an image picker controller, the developermust give a delegate that 

adjusts to the UIImagePickerControllerDelegate convention. Beginning in iOS 

4.1, it is possible to utilize the delegate to save still-image metadata to the 

Camera Roll alongside the image.  

4.4.2.3  Working with Movies  

Motion picture capture has a default length point of confinement of 10 minutes 

yet it could be balanced utilizing the videoMaximumDuration property. At the 

point when a client taps the Share catch to send a motion picture to MMS, 

MobileMe, YouTube, or another goal, a proper span confine and a suitable 

video quality are implemented. The default camera interface underpins altering 

of beforehand spared films. Altering includes trimming from the begin or end 

of the motion picture, then sparing the trimmed film. To show an interface 

devoted to film altering, as opposed to one that additionally bolsters recording 

new motion pictures, utilize the UIVideoEditorController class rather than this 

one.  
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4.4.2.4  Completely Customized Media Capture and Browsing  

To perform completely customized image or movie capture, rather utilize the 

AV Foundation framework as portrayed in Still and Video Media Capture. 

Camera get to utilizing the AV Foundation framework is accessible beginning 

in iOS 4.0.  To make a completely altered image picker for perusing the photo 

library, utilize classes from the Photos framework. For instance, you could 

make a custom image picker that showcases bigger thumbnail images created 

and stored by iOS, that makes utilization of image metadata including 

timestamp and area data, or that incorporates with different elements, for 

example, MapKit and iCloud Photo Sharing.  

4.4.2.5  Working with Live Photos  

Live Photos is a Camera application highlight on compatible gadgets, 

empowering a photo to be not only a solitary minute in time but rather to 

incorporate movement and sound from the minutes just prior and then 

afterward its capture. A PHLivePhoto question speaks to a Live Photo, and the 

PHLivePhotoView class gives a framework standard, intelligent UI for showing 

a Live Photo and playing back its substance. Albeit Live Photos incorporate 

sound and movement, they remain photos. When a developer utilizes an image 

picker controller to capture or pick still images (include just the kUTTypeImage 

type that as it may, when the client picks an asset, the delegate object receive 

gets just a UIImage object containing a still-image portrayal of the Live Photo. 

To be able to acquire the full movement and sound substance when the client 

picks a Live Photo with the image picker, the developer should incorporate 

both the kUTTypeImage and kUTTypeLivePhototypes in the mediaTypes 

cluster. For more data, see UIImagePickerControllerLivePhoto in 

UIImagePickerControllerDelegate.  

4.4.2.6   Symbols 

Configuring the Camera 

 

 

 

 

 

 

 

 

 

 

 

  

varcameraDevice: UIImagePickerControllerCameraDevice 

The camera used by the image picker controller. 

classfuncisCameraDeviceAvailable(UIImagePickerControllerCameraDevice) 

Returns a Boolean value that indicates whether a given camera is available. 

classfuncavailableCaptureModes(for: UIImagePickerControllerCameraDevice) 

Returns an array of NSNumber objects indicating the capture modes supported by a given camera 
device. 

varcameraCaptureMode: UIImagePickerControllerCameraCaptureMode 

The capture mode used by the camera. 

var cameraFlashMode: UIImagePickerControllerCameraFlashMode 

The flash mode used by the active camera. 

classfuncisFlashAvailable(for: UIImagePickerControllerCameraDevice) 

Indicates whether a given camera has flash illumination capability. 
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Configuring the Picker 

 

 

 

 

 

 

4.4.3 AVFoundation Framework 

AVFoundation framework is one of a several systems that allow a developer to 

play and make time-based audio-visual media. It gives an Objective-C interface 

it is useful to work away at a detailed level with time-based audio-visual media 

data. For instance, it is possible to utilize it to examine, create, edit, or re-

encode media documents. It can likewise get input streams from gadgets and 

control video amid real time capture and playback 

 

 

 

 

 

 

 

 

Fig 4.1: AVFoundation stack on iOS 

A developer must typically use the highest-level abstraction available that 

allows the ability to perform the tasks that is required  

• On iOS, to record video when the developer needs only minimal control 

over format, use the UIKit framework (UIImagePickerController). 

• However if he simply wants to play movies, it is recommended to use the 

AVKit framework. 

4.4.3.1    Prerequisites 

• A solid understanding of fundamental Cocoa development tools and 

techniques 

• A basic grasp of blocks 

• For playback, a basic understanding of Core Animation 

AVFoundation is an advanced Cocoa framework. To use it effectively, you 

must have: 

A basic understanding of key-value coding and key-value observing 

 

varallowsEditing: Bool 

A Boolean value indicating whether the user is allowed to edit a selected still image or movie. 

var delegate: (UIImagePickerControllerDelegate &UINavigationControllerDelegate)? 

The image picker’s delegate object. 

var mediaTypes: [String] 

An array indicating the media types to be accessed by the media picker controller. 

AVKIT 

AV FOUNDATION 

UIKIT 

CORE AUDIO CORE MEDIA CORE ANIMATION 

Audio only 

classes 
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4.4.3.2   Reading, Writing, and Re-encoding Assets 

AVFoundation gives a developer the tools and ability to create new 

representations of an asset in several ways. The developer may simply re-

encode an existing asset, and later the developer can perform operations on the 

contents of an asset and save the result as a new asset. You use an export 

session to re-encode an existing asset into a format defined by one of a small 

number of commonly-used presets. Should he need more control over the 

transformation, in iOS it is possible to use an asset reader and asset writer 

object in tandem to convert an asset from one representation to another. 

However using these objects you can, for example, choose which of the tracks 

that needs to be represented in the output file, specify a personal output format, 

or modify the asset during the conversion process. To produce a visual 

representation of the waveform, the developer must use an asset reader to read 

the audio track of an asset which is very important. 

4.4.3.3 Concurrent Programming with AVFoundation 

Callbacks from AVFoundation invocations of blocks, key-value observers, and 

notification handlers are not guaranteed to be made on any particular thread or 

queue. Instead, AVFoundation invokes these handlers on threads or queues on 

which it performs its internal tasks. There are two general guidelines as far as 

notifications and threading: 

• Classes or methods that require you create and/or specify a queue will 

return notifications on that queue. 

• UI related notifications occur on the main thread. 

Beyond those two guidelines a developer must not assume that a notification 

will be returned on any specific thread. For example: 

 

 

 

 

 

 

 

 

4.4.3.4   Representing and Using Media with AVFoundation 

The essential class that the AV Foundation system uses to speak to media is 

AVAsset. The outline of the structure is generally guided by this portrayal. 

Understanding its structure will help you to see how the system functions. An 

AVAsset occurrence is a summed up portrayal of an accumulation of at least 

one bits of media information (sound and video tracks). It gives data about the 

accumulation in general, for example, its title, span, characteristic introduction 

size, et cetera. AVAsset is not fixing to specific information arrange. AVAsset 

is the superclass of different classes used to make resource occurrences from 

media at a URL (see Using Assets) and to make new structures.  Each of the 

individual bits of media information in the benefit is of a uniform sort and 

called a track. In a run of the mill basic case, one track speaks to the sound 

If you’re writing a multithreaded application, you can use the NSThread method isMainThread or 

[[NSThreadcurrentThread] isEqual:<#A stored thread reference#>] to test whether the invocation thread 

is a thread you expect to perform your work on. You can redirect messages to appropriate threads using 

methods such as performSelectorOnMainThread:withObject:waitUntilDone: and 

performSelector:onThread:withObject:waitUntilDone:modes:. You could also use dispatch_async to 

“bounce” to your blocks on an appropriate queue, either the main queue for UI tasks or a queue you 

have up for concurrent operations. For more about concurrent operations, see Concurrency 

Programming Guide; for more about blocks, see Blocks Programming Topics. The AVCam-iOS: Using 

AVFoundation to Capture Images and Movies sample code is considered the primary example for all 

AVFoundation functionality and can be consulted for examples of thread and queue usage with 

AVFoundation. 
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segment, and another speaks to the video part; in a mind boggling creation, in 

any case, there might be different covering tracks of sound and video. 

Resources may likewise have metadata. A key idea in AV Foundation is that 

instating an advantage or a track does not really imply that it is prepared for 

utilize. It might require some an opportunity to compute even the span of a 

thing (a MP3 record, for instance, may not contain synopsis data). Instead of 

obstructing the present thread while a value is being computed, you request 

values and find a solution back nonconcurrently through a callback that you 

characterize utilizing a piece. 

4.4.3.5   Playback 

AVFoundation permits the designer to deal with the playback of benefit in 

refined ways. To bolster this, it isolates the introduction condition of an 

advantage from the benefit itself. This permits you to, for instance, play two 

distinct fragments of a similar resource in the meantime rendered at various 

resolutions. The introduction state for an advantage is overseen by a player 

thing object; the introduction state for each track inside a benefit is overseen by 

a player thing track protest. Utilizing the player thing and player thing tracks 

you can, for instance, set the size at which the visual segment of the thing is 

introduced by the player, set the sound blend parameters and video composite 

settings to be connected amid playback, or incapacitate segments of the benefit 

amid playback. The play player things utilizing a player protest, and direct the 

yield of a player to the Core Animation layer. You can utilize a player line to 

calendar playback of a gathering of player things in arrangement. 

4.4.3.6  Still video Capture and Editing  

Recording contribution from cameras and receivers is overseen by a capture 

session. A capture session organizes the stream of data from data gadgets to 

output, for example, a film record. You can arrange different information 

sources and yields for a solitary session, notwithstanding when the session is 

running. You send messages to the session to begin and stop data stream. 

Moreover, a developer can utilize an occurrence of a review layer to 

demonstrate the client what a camera is recording. 

AVFoundation utilizes structures to make new assets from existing bits of 

media (normally, at least one video and sound tracks). You utilize a changeable 

structure to include and expel tracks, and modify their fleeting orderings. You 

can likewise set the relative volumes and inclining of sound tracks; and set the 

obscurity, and haziness slopes, of video tracks. A composite is a gathering of 

bits of media held in memory. When you trade a creation utilizing a fare 

session, it does give way to a document.  a developercan likewise make an 

asset from media, for example, sample buffers or still pictures utilizing an asset 

writer. 

Check-in Progress 2 

1)  State True or False 

a)  IOS has fundamentally given 2 innovations to capture any image 

b) Image Capture's AppleScript word reference does not open in Script 

Editor. 

c)  In AVFoundation framework UI related notifications occur on the 

main thread 

T/F 
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d)  UIImagePickerController class gives fundamental, adjustable UIs for 

taking pictures and motion pictures and for giving the client some 

basic altering capacity for live capture media. 

2)  What is Image capturing?  

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

3)  What are the Prerequisites for using AVFoundation framework? 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4)  Which image capturing technique would you recommend to a new 

application developer and why? 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

4.5 SUMMARY  

In conclusion we have discussed the basics of a Camera and have seen the 

evolutions in the design of camera from the beginning, Plate camera to VR 

Camera. These camera are now been able to be attached on other devices most 

especially phones, giving birth to Camera phone. We have also discussed the 

various hard wares and features of a camera and how there are being integrated 

in an IOS enabled device 

4.6 REFERENCES/FUTURE STUDIES  
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camera functionality.  

• The Encyclopedia of Photography (1971); The Focal Encyclopedia of 
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• AVCamManual: Extending AVCam to Use Manual Capture API is the 

companion application to AVCam. It implements Camera functionality 

using the manual camera controls 

4.7 SOLUTIONS/ANSWERS 

1)  State True or False 

a)  True  

b)  True 

c)  True 

d)  False 

2)  Shutters 

 Image capture 

 Exposure control 

 Formats 

 Lens 

 Focus 

 Complexities 

3)  Plate camera 

 Folding camera 

 Box camera 

 Rangefinder camera 

 Instant picture camera 

 Single-lens reflex 

 Twin-lens reflex 

 Large-format camera 

 Medium-format camera 

 Subminiature camera 

 Movie camera 

 Camcorders 

 Professional video camera 

 Digital camera 

 Panoramic camera 

 VR Camera 

4) Call the AVCaptureDevice defaultDeviceWithDeviceType:media 

Type:position: method, passing the builtInDuoCamera device type. Should 

this method returns non-nil, the iOS device contains a dual camera. Or the 

developer may create an AVCaptureDeviceDiscoverySession object, 

passing the device attributes required to use for capture, and compute its 

devices list to choose a device for a capture session. 
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Interaction with 

Camera in IOS
Check-in Progress 2 

1)  State True or False 

a)  True 

b)  True 

c)  True 

d)  True 

2)  Image Capture can be defined as an application program from Apple that 

empowers clients or users of the application to transfer pictures from 

advanced cameras or scanners which are either associated specifically to 

the PC or the system or any other iOS device. It does not contain any 

authoritative instruments like iPhoto yet it is the most valuable for 

gathering pictures from different type of sources without the need for 

drivers. 

3)  A solid understanding of fundamental Cocoa development tools and 

techniques 

• A basic grasp of blocks 

• For playback, a basic understanding of Core Animation 

• AVFoundation is an advanced Cocoa framework. To use it effectively, 

you must have: 

• A basic understanding of key-value coding and key-value observing 

4)  AVFoundation gives a developer the tools and ability to create new 

representations of an asset in several ways. The developer may simply re-

encode an existing asset, and later the developer can perform operations 

on the contents of an asset and save the result as a new asset. 
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