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    Preface

    These recipes cover the most important Flutter features that will allow you to develop real-world apps. In each recipe, you will learn about and immediately use some of the tools that make Flutter so successful: widgets, state management, asynchronous programming, connecting to web services, persisting data, creating animations, using Firebase and machine learning, and developing responsive apps that work on different platforms, including desktop and the web.

    Flutter is a developer-friendly, open source toolkit created by Google that you can use to create applications for Android and iOS mobile devices, the web, and desktop.

    There are 16 chapters in this book, which you can read independently from one another: each chapter contains recipes that highlight and leverage a single Flutter feature. You can choose to follow the flow of the book or skip to any chapter if you feel confident with the concepts.

    Flutter uses Dart as a programming language. Chapter 3, Dart: A Language You Already Know, is an introduction to Dart, its syntax, and its patterns, and it gives you the necessary knowledge to be productive when using Dart in Flutter. 

    In later chapters, you’ll see recipes that go beyond basic examples; you will be able to play with code and get hands-on experience in using basic, intermediate, and advanced Flutter tools.

    Who this book is for

    This book is for developers who are familiar with an object-oriented programming language. If you understand concepts such as variables, functions, classes, and objects, this book is for you. 

    Prior knowledge of Dart is not required as it is introduced in Chapter 3, Dart: A Language You Already Know. 

    If you already know and use languages such as Java, C#, Swift, Kotlin, and JavaScript, you will find Dart surprisingly easy to learn.

    What this book covers

    Chapter 1, Getting Started with Flutter, helps you set up your development environment.

    Chapter 2, Creating Your First Flutter App, shows how to create your first app, and check that your development environment works as expected.

    Chapter 3, Dart: A Language You Already Know, introduces Dart, its syntax, and its patterns.

    Chapter 4, Introduction to Widgets, shows how to build simple user interfaces with Flutter.

    Chapter 5, Mastering Layout and Taming the Widget Tree, shows how to build more complex screens made of several widgets.

    Chapter 6, Adding Interactivity and Navigation to Your app, contains several recipes that add interactivity to your apps, including interacting with buttons, reading a text from a TextField, changing the screen, and showing alerts.

    Chapter 7, Basic State Management, introduces the concept of State in Flutter: instead of having screens that just show widgets, you will learn how to build screens that can keep and manage data.

    Chapter 8, The Future is Now: Introduction to Asynchronous Programming, contains several examples of one of the most useful and interesting features in programming languages: the concept of the asynchronous execution of tasks.

    Chapter 9, Data Persistence and Communicating with the Internet, gives you the tools to connect to web services and persist data on your device.

    Chapter 10, Advanced State Management with Streams, shows how to deal with Streams, which are arguably the best tool for creating reactive apps.

    Chapter 11, Using Flutter Packages, explains how to choose, use, build, and publish Flutter packages.

    Chapter 12, Adding Animations to Your app, gives you the tools you need to build engaging animations in your apps.

    Chapter 13, Using Firebase, shows how to leverage a powerful backend without any code.

    Chapter 14, Firebase Machine Learning, shows how to add machine learning features to your apps by using Firebase.

    Chapter 15, Flutter Web and Desktop, shows you how to use the same code base to build apps for the web and desktop.

    Chapter 16, Distributing Your Mobile app, outlines the steps required to publish an app to the main mobile stores: the Google Play Store and the Apple App Store.

    To get the most out of this book

    Some experience in at least one object-oriented programming language is strongly recommended.

    In order to follow along with the code, you will need a Windows PC, Mac, Linux, or Chrome OS machine connected to the web, with at least 8 GB of RAM and the permissions to install new software. 

    An Android or iOS device is suggested but not necessary as there are simulators/emulators that can run on your machine. All software used in this book is open source or free to use. 

    Chapter 1, Getting Started with Flutter, explains in detail the installation process; however, you should have the following:

    
      
        
          	
            Software/hardware 

          
          	
            OS Requirements

          
        

        
          	
            Recommended editors: Visual Studio Code, Android Studio, or IntelliJ Idea

          
          	
            Windows, macOS, or Linux

          
        

        
          	
            The Flutter SDK

          
          	
            Windows, macOS, or Linux

          
        

        
          	
            An emulator/simulator or an iOS or Android device

          
          	
            Windows, macOS, or Linux 

          
        

      
    

    In order to create apps for iOS, you will need a Mac.

    If you are using the digital version of this book, we advise you to type the code yourself or access the code via the GitHub repository (a link is available in the next section). Doing so will help you avoid any potential errors related to the copying and pasting of code.

    If you like this book or want to share your ideas about it, please write a review on your favorite platform. This will help us make this book better, and you’ll also earn the author’s and reviewers’ everlasting gratitude.

    Download the example code files

    The code bundle for the book is hosted on GitHub at https://github.com/PacktPublishing/Flutter-Cookbook-Second-Edition/. We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!

    Download the color images

    We also provide a PDF file that has color images of the screenshots/diagrams used in this book. You can download it here: https://packt.link/WE615.

    Conventions used

    There are a number of text conventions used throughout this book.

    CodeInText: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. For example: “Add the latest version of the lint package as a dev dependency in your pubspec.yaml, and remove any other linting packages you may find there.”

    A block of code is set as follows:

    dependencies: 
  flutter: 
    sdk: flutter 
  http: ^0.13.5


    When we wish to draw your attention to a particular part of a code block, the relevant lines or items are set in bold:

    dev_dependencies: 
  flutter_test: 
    sdk: flutter 
  lint: ^2.0.0


    Any command-line input or output is written as follows:

    # cp /usr/src/asterisk-addons/configs/cdr_mysql.conf.sample
     /etc/asterisk/cdr_mysql.conf


    Bold: Indicates a new term, an important word, or words that you see on the screen. For instance, words in menus or dialog boxes appear in the text like this. For example: “ In order to use Google Maps, you need to obtain an API key.”

    
      Warnings or important notes appear like this.

    

    
       Tips and tricks appear like this.

    

    Get in touch

    Feedback from our readers is always welcome.

    General feedback: Email feedback@packtpub.com and mention the book’s title in the subject of your message. If you have questions about any aspect of this book, please email us at questions@packtpub.com.

    Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you reported this to us. Please visit http://www.packtpub.com/submit-errata, click Submit Errata, and fill in the form.

    Piracy: If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packtpub.com with a link to the material.

    If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit http://authors.packtpub.com.

  

  
    Share your thoughts

    Once you’ve read Flutter Cookbook, Second Edition, we’d love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

    Your review is important to us and the tech community and will help us make sure we’re delivering excellent quality content.

  

    

  
    Download a free PDF copy of this book

    Thanks for purchasing this book!

    Do you like to read on the go but are unable to carry your print books everywhere?Is your eBook purchase not compatible with the device of your choice?

    Don’t worry, now with every Packt book you get a DRM-free PDF version of that book at no cost.

    Read anywhere, any place, on any device. Search, copy, and paste code from your favorite technical books directly into your application. 

    The perks don’t stop there, you can get exclusive access to discounts, newsletters, and great free content in your inbox daily

    Follow these simple steps to get the benefits:

    
      	Scan the QR code or visit the link below[image: ]

        https://packt.link/free-ebook/9781803245430

      

      	Submit your proof of purchase

      	That’s it! We’ll send your free PDF and other benefits to your email directly
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    Getting Started with Flutter

    Whenever you begin developing with a new platform, the first task you need to perform is creating your development environment. In some ways, the ease with which you can go from nothing to building the first “hello world” app can be seen as a test for how your experience with the new platform is going to be. If the environment is difficult and painful to set up, then it may be very likely that it will be difficult and painful to work with.

    By the end of this chapter, you will have Flutter fully installed and will be ready to run your first app.

    In this chapter, we’ll be covering the following topics:

    
      	Why Flutter?

      	Technical requirements

      	Installing Flutter: a high-level overview

      	How to use Git to manage the Flutter SDK

      	Setting up the command line and saving path variables 

      	Using Flutter doctor to diagnose your environment

      	Configuring the iOS SDK

      	Setting up CocoaPods (iOS only)

      	Configuring the Android SDK setup

      	Which IDE/editor should you choose?

      	Picking the right channel

      	How to choose the platform language for your app

    

    Let’s begin by discussing why Flutter may be a great framework to work with. 

    Why Flutter?

    Flutter is an open-source framework to build apps, created by Google. Before investing time and effort in learning a new framework, there is a critical question we need to answer: Is Flutter worth learning and using?

    While the answer to this question probably depends on your needs and expectations, there are several reasons that make Flutter a great framework to learn and use. Some of them include:

    
      	Cross-platform: With Flutter, you can build apps for iOS and Android, web, desktop, and IoT devices with a single code base.

      	Fast development: Flutter includes several features that help speed up your development workflow. Among the most important, it’s worth mentioning hot reload, hot restart, and sound null safety support.

      	User interface: Flutter provides a rich set of widgets to create beautiful, high-performance apps.

      	Open source: Flutter and Dart (the programming language you use in Flutter) are open source and supported by Google.

      	Community: Flutter has a large and active community. This means you can easily find great resources, third-party packages, and help.

      	Performance: Flutter uses a reactive programming model and a high-performance rendering engine, and compiles to native code.

    

    There are arguably other points we could add here, but hopefully, you’ll discover several more yourself while reading this book.

    Technical requirements

    Flutter requires a 64-bit operating system. In particular:

    
      	For Windows, you will need Windows 10 or later (64-bit and x86-64 based), Git for Windows, and PowerShell 5 or newer.

      	For macOS, OS X Yosemite 10.10 or later is required.

      	For Linux and ChromeOS, there is a list of common programs that should be installed in your system before setting up Flutter. More info can be found here: https://docs.flutter.dev/get-started/install/linux (for Linux) and here: https://docs.flutter.dev/get-started/install/chromeos (for ChromeOS).

    

    Building mobile applications can be a taxing task for your computer. While the minimum hardware requirements to develop a Flutter app are relatively low, your developing experience will be greatly enhanced with the following specs: 

    
      	8 GB of random-access memory (RAM). 16 gigabytes (GB) is preferred, especially when using a virtual device (emulator or simulator).

      	At least 50 GB of available hard drive space.

      	A solid-state drive (SSD) hard drive. 

      	At least a 2 gigahertz (GHz) processor.

      	A reliable internet connection.

      	If you want to build for iOS, you will need a Mac.

    

    
      Flutter itself doesn’t have strict hardware requirements, but anything less than this may lead to you spending more time waiting rather than working.

    

    Let’s see how to install your Flutter development environment next.

    Installing Flutter: a high-level overview

    You can start developing Flutter apps without any installation or configuration. You can quickly create prototypes and simple apps and share your code with fellow developers with an online tool called DartPad, available here: https://dartpad.dev. It is an online open-source tool that runs on any browser. 

    However, if you are serious about programming with Flutter, there will come a time when you need to develop your apps locally and, therefore, will need to configure your system.

    Configuring your Flutter development environment is rather easy. You can divide the process into three parts: 

    
      	First, you must install the Flutter software development kit (SDK). Currently, you can build Flutter apps from Windows, macOS, Linux, and ChromeOS.

      	Then, depending on your target platform, you have to install a specific platform SDK: Android, iOS, and/or desktop. You can also develop for the web, without installing any specific SDK. Note that:
          	Any supported device can build apps for Android and the web.

          	You can build iOS apps only from a Mac.

          	You can only build desktop apps when the origin and target are the same: a Windows app can only be built from a Windows desktop, a macOS app only from a macOS desktop, etc.

        

      

      	The final stage is choosing which editor, or integrated development environment (IDE), you want to use.

    

    To make this process even easier, Flutter has a tool called Flutter Doctor, which will scan your environment and offer you step-by-step guides for what you need to do to successfully complete your environment setup. 

    Installing the Flutter SDK

    Before you can build anything, you need to download the Flutter SDK. 

    On the main Flutter website at https://docs.flutter.dev/get-started/install, you’ll find the prebuilt packages for Windows, macOS, Linux, or ChromeOS—the currently supported platforms to create Flutter apps.
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    Figure 1.1: The Flutter installation page

    Once you select your operating system, whatever your choice, you will find a section called Get the Flutter SDK. Here, you will find a compressed file (.zip for Windows and macOS, and .tar.gz for Linux and ChromeOS). 

    You should then create a directory for the Flutter SDK, and extract the contents of the compressed file into that directory; for instance, this could be c:\dev\flutter on a Windows machine or ~/development on other platforms.

    
      There is another tool, called FVM (Flutter Version Management), that allows managing multiple versions of Flutter SDKs on your development machine. 

      If you install it, you can switch between different versions of Flutter, without having to manually download and install each version. This is very useful when you work on projects that require different versions of Flutter.

      You’ll find FVM here: https://fvm.app/docs/getting_started/installation/. 

    

    How to use Git to manage the Flutter SDK

    An alternative way to install the Flutter SDK is using Git. 

    Since Flutter is open source and hosted on GitHub, if you clone the main Flutter repository, you’ll already have everything you need. As an added bonus, you can easily change to different versions of the Flutter SDK when needed.

    The packages that are available to download on Flutter’s website are snapshots from the Git repository. Flutter uses Git internally to manage its versions, channels, and upgrades.

    Installing Git 

    First, you need to make sure you have Git installed on your computer. Git is installed by default on most Mac and Linux machines. For Windows, you can download and install Git here: https://git-scm.com/download/win.

    You can also download a Git client to make working with repositories a bit easier. Tools such as Sourcetree (https://www.sourcetreeapp.com) or GitHub Desktop (https://desktop.github.com) can simplify working with Git. They are optional, however, and this book will stick to the command line when referencing Git.

    To confirm that Git is installed on Linux and macOS, open your Terminal and type which git. You should see a /usr/bin/git path returned. If you see nothing, then Git is not installed correctly: you may follow the instructions at https://git-scm.com/book/en/v2/Getting-Started-Installing-Git and try to repeat the installation process to solve installation issues.

    On all platforms, from your Terminal or Command Prompt, you can type the following command: git –version. You’ll then see the current Git version installed in your system.

    How to do it...

    Follow these steps to clone and configure the Flutter SDK:

    
      	First, choose a directory where Flutter is going to be installed. The specific location does not matter, but make sure you have permissions to read, write, and execute in your chosen location.

      	On Windows, you might choose a folder called c:\development\flutter. In this case, in your Command Prompt, type:
        cd\development\flutter


      

      	On macOS, to install Flutter in the $HOME directory, from your Terminal, type in the following command:
        cd $HOME


        
          	Another common path on macOS is the ~ path; in this case, just type:
            cd ~


          

        

      

      	On Linux, you might choose a /flutter directory. In this case, just type:
        cd /flutter


      

      	We can now install Flutter. From your Terminal, type the command:
        git clone https://github.com/flutter/flutter.git


      

    

    This will download Flutter and all of its associated tools, including the Dart SDK.

    Setting up the command line and saving path variables

    Now that you have installed the Flutter SDK, there are a few more steps needed to make the software accessible on your computer. Unlike apps with user interfaces (UIs), Flutter is primarily a command-line tool. Let’s quickly learn how to set up the command line on macOS, Windows, and Linux in the following sections.

    macOS command-line setup

    To use Flutter on macOS, you need to save the location of the Flutter executable to your system’s environment variables.

    
      Newer Macs use the Z shell (also known as zsh). This is basically an improved version of the older Bash, with several additional features.

    

    When using zsh, you can add a line to your zshrc file, which is a text file that contains the zsh configuration. If the file does not exist yet, you can create a new file as follows: 

    
      	Open the zshrc file with the following command in your Terminal:
        nano $HOME/.zshrc


      

      	This will open a basic text editor called nano in your Terminal window. There are other popular tools, such as vim and emacs, that will also work.

      	Type the following command at the bottom of the file:
        export PATH="$PATH:$HOME/flutter/bin"


        If you chose to install Flutter at a different location, then replace $HOME with the appropriate directory. 

      

      	Exit nano by pressing Ctrl + X. Don’t forget to save your file when prompted.

      	Reload your Terminal session by typing the following command:
        source ~/.zshrc


      

      	Finally, confirm that everything is configured correctly by typing the following:
        which flutter


      

    

    You should see the directory where you cloned (or installed) the Flutter SDK printed on the screen, as shown in the following screenshot:
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    Figure 1.2: The result of the which flutter command on macOS Terminal

    Windows command-line setup

    To use Flutter on Windows, you need to save the location of the Flutter executable to your system’s environment variables.

    
      These instructions assume you are using Windows 10 or 11. The screenshots in this section are taken from a Windows 11 PC.

    

    You will now set up your environment variables for Flutter on Windows:

    
      	Click on the Start button, and type env. You should see the System Properties dialog window. 
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    Figure 1.3: System Properties dialog window for Windows

    
      	At the bottom of the dialog, you will find an Environment Variables… button. Click on it.

      	In the next dialog, select the Path variable in the User variables for sales section and click the Edit... button:
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    Figure 1.4: The Environment Variables dialog window for Windows

    
      	Finally, add the location where you installed Flutter to your path:
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    Figure 1.5: The Edit environment variable dialog window for Windows

    
      	Type C:\Users\{YOUR_USER_NAME}\flutter\bin, then select OK. Flutter should now be added to your path.

      	Restart your system.

      	Type flutter in the command line. You should see a message with some Flutter command-line interface (CLI) instructions. Flutter might optionally download more Windows-specific tools at this time.

    

    Linux command-line setup

    To use Flutter in Linux, you need to update the PATH variable in your system: 

    
      	From your shell window, edit the $HOME/.bashrc file with your favorite editor.

      	Add the following line to the file:
        export PATH="$PATH:[FLUTTER_PATH]/bin"


      

      	Open a new Terminal window to automatically source the file. 

      	Type the following command:
        which flutter


      

    

    You should see the directory where you cloned (or installed) the Flutter SDK printed on the screen.

    
      In some cases, the instructions above may not work on your Linux distro. See the Update path directly section at https://docs.flutter.dev/get-started/install/linux#update-your-path.

    

    Confirming your environment is correct with Flutter Doctor

    Flutter comes with a tool called Flutter Doctor. This tool provides a list of everything that needs to be done to make sure that Flutter can run correctly. You are going to use Flutter Doctor as a guide during the installation process. This tool is also invaluable in checking whether your system is up to date.

    In your Terminal window, type the following command:

    flutter doctor


    Flutter Doctor will tell you whether your platform SDKs are configured properly and whether Flutter can see any devices, including physical mobile devices, simulators and emulators, your desktop, and the web browser.

    Configuring the iOS SDK

    The iOS SDK is provided by a single application: Xcode. Xcode is one behemoth of an application; it controls all the official ways in which you will interact with Apple’s platforms and is only available for macOS. As large as Xcode is, there are a few pieces of software that are missing. Two of these are community tools: CocoaPods and Homebrew. These are package managers, or programs that install other programs. You can use both of these tools to build iOS apps.

    Downloading Xcode

    The iOS SDK comes bundled with Apple’s IDE, Xcode. The best place to get Xcode is through the Apple App Store: 

    
      	Press Command + Space to open Spotlight and then type in app store:
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    Figure 1.6: App Store results in Spotlight

    As an alternative, you can just click on the menu in the top-left corner of your screen and select App Store, but keyboard shortcuts are much more fun.


    

    
      	After the App Store opens, search for Xcode and select Download:
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    Figure 1.7: Xcode in the App Store

    
       To see the full-color version of Figure 1.7, and all the other images in this book, download the PDF file here: https://packt.link/WE615.

    

    Xcode is a rather large application, so it may take a while to download. While Xcode is installing, you can get some of the smaller tools that you’ll need for development. Let’s take a look at how to install these tools in the following sections.

    CocoaPods

    CocoaPods is a popular community-led dependency manager for iOS development, both for Swift and Objective-C languages.

    Basically, a dependency manager is a tool that helps you manage external libraries or packages required by your projects. When you write code, you sometimes need to use code written by other people or teams. A dependency manager automates the tasks to install, update, and delete these third-party packages. 

    In order to use some iOS-specific plugins in a Flutter app, it is recommended to install CocoaPods. This allows your app to access native libraries provided by iOS, required by certain plugins to function properly. 

    Flutter requires CocoaPods in its build process to link any libraries you have added to your project:

    
      	To install (or update) CocoaPods, type the following command in the Terminal:
        sudo gem install cocoapods


    
      Since this command requires administrator privileges, you will likely be prompted to enter your password before continuing. This should be the same password that you use to log in to your computer.

    

      

    

    
      	After CocoaPods has finished installing, type the following command:
        pod setup


      

    

    This will configure your local version of the cocoapods repository, which can take some time.

    CocoaPods can manage and install external libraries in a Flutter app that uses Objective-C or Swift code; it’s not strictly required to build Flutter apps, but adding libraries manually, while possible, would be more difficult and time-consuming.

    Xcode command-line tools

    Command-line tools are used by Flutter to build your apps without needing to open Xcode. They are an extra add-on that requires your primary installation of Xcode to be complete:

    
      	Verify that Xcode has finished downloading and has been installed correctly.

      	After it is done, open the application to allow Xcode to fully configure itself.

      	Once you see the Welcome to Xcode screen appear, you can close the application:
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    Figure 1.8: Xcode Welcome screen

    
      	Type the following command in the Terminal window to install the command-line tools:
        sudo xcode-select --switch /Applications/Xcode.app/Contents/Developer


      

      	You may also need to accept the Xcode license agreement. Flutter Doctor will let you know if this step is required. You can either open Xcode and will be prompted to accept the agreement on the first launch, or you can accept it via the command line, with the following command:
        sudo xcodebuild -license accept


      

    

    After completing these steps, you’ll be able to use the Xcode command-line tools without needing to open Xcode in your system.

    Homebrew

    Homebrew is a package manager used to install and manage applications on macOS. If CocoaPods manages packages that are specific to your project, then Homebrew manages packages that are global to your computer. 

    Homebrew can be installed with this command in your Terminal window:

    /usr/bin/ruby -e "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/master/install)"


    We will be using Homebrew primarily as a mechanism to download and install other, smaller tools. 

    You can also find more information about Homebrew on its website: https://brew.sh. 

    Checking in with the Doctor

    Now that we have all the platform tools for iOS, let’s run Flutter Doctor one more time to make sure everything is installed correctly.

    You may end up seeing this as a result:
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    Figure 1.9: Flutter Doctor error

    Remember how earlier you installed Homebrew? It’s now going to come in handy. You now have two options to solve this problem: you can either copy/paste each one of these brew commands one by one into a Terminal window, or you can automate this with a single shell script.

    The result will be the same, but let’s create a single shell script:

    
      	Select and copy all the brew commands in Step 2, then enter nano again with the following command:
        nano update_ios_toolchain.sh


      

      	Add the following commands in the file and then save and exit nano:
        brew update
brew uninstall --ignore-dependencies libimobiledevice
brew uninstall --ignore-dependencies usbmuxd
brew install --HEAD usbmuxd
brew unlink usbmuxd
brew link usbmuxd
brew install --HEAD libimobiledevice
brew install ideviceinstaller


      

      	Run this script with the following command:
        sh update_ios_toolchain.sh


      

      	To delete the script file after its execution, just type:
        rm update_ios_toolchain.sh


      

      	When the script finishes, run flutter doctor one more time. Everything for the iOS side should now be green.

    

    Configuring the Android SDK setup

    Just like with Xcode, Android Studio and the Android SDK come hand in hand, which should make this process fairly easy. But also like Xcode, Android Studio is just the starting point. There are a bunch of tiny tools that you’ll need to get everything up and running. 

    Installing Android Studio

    Follow these steps to install Android Studio:

    
      	You can download Android Studio at https://developer.android.com/studio.
    The website will autodetect your operating system and only show the appropriate download link:
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    Figure 1.10: Android Studio download page

    After Android Studio is installed, you’ll need to download your target Android SDK(s). From the Android Studio menu, select Preferences and then type android into the search field:
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    Figure 1.11: Android Studio SDKs screen

    
      While it may be tempting to grab the most recent version of the Android SDK, you might want to choose the second most recent version, because the Flutter SDK is sometimes a bit behind Android. In most cases, it shouldn’t matter, but Android is notorious for breaking compatibility, so be aware of this.

      If you ever need to change your version of the Android SDK, you can always uninstall and reinstall it from the screen in Figure 1.11

    


    

    
      	You will also need to download the latest build tools, emulator, SDK platform tools, SDK tools, Hardware Accelerated Execution Manager (HAXM) installer, and  support library.

      	Select the SDK Tools tab and make sure the required components are checked. When you click the Apply or OK button, the tools will begin downloading:

    

    [image: ]
    Figure 1.12: Android Studio Android SDK Tools screen

    
      	After everything finishes installing, run flutter doctor to check that everything is working as expected.

    

    Creating an Android emulator

    In order to run your app, you are going to need some kind of device to run it on. When it comes to Android, nothing beats the real thing. If you have access to a real Android device, you can use that device for development. It will also be less resource-consuming for your system, as your PC or Mac won’t have to supply the RAM, processor, and disk of another device. 

    However, there are also advantages to using an Android emulator (and an iOS simulator). 

    When developing, it is often simpler to have a virtual device next to your code rather than having to carry around real devices with their required cables. 

    Follow these steps to set up your first emulator:

    
      	Select the Android Virtual Device Manager (AVD Manager) from the toolbar in Android Studio:
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    Figure 1.13: Android Studio toolbar

    
      	The first time you open the AVD Manager, you’ll get a splash screen. Select the Create Virtual Device... button in the middle to start building your virtual device:
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    Figure 1.14: Android Studio Android “Your Virtual Devices” screen

    
      	The next text screen allows you to configure which Android hardware you want to emulate. I recommend using a Pixel device (any version will do):
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    Figure 1.15: Android Studio AVD Select Hardware screen

    
      	On the next screen, you will have to pull down an Android runtime. For the most part, the most recent image will be sufficient. Each one of these images is several GB in size, so only download what you need:
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    Figure 1.16: Android Studio AVD System Image screen

    
      	Click Next to create your emulator. You can launch the emulator if you want, but this is not necessary.

      	Once again, run flutter doctor to check your environment. 

      	One final thing that you may have to do is accept all the Android license agreements. You can do this quickly from the Terminal line with this command:
        flutter doctor –-android-licenses


      

      	Keep typing y when prompted to accept all the licenses (I have a feeling you aren’t reading them anyway). 

      	Run flutter doctor one more time just for good measure. The Android SDK should now be fully configured.

    

    Congratulations! The Flutter SDK should now be fully set up for both iOS and Android. In the next recipes in this chapter, we are going to explore some optional choices to customize your environment to fit your needs.

    Which IDE/editor should you choose?

    A developer’s IDE is a very personal choice, and developers may engage in heated battles over the best tool to use. 

    Ultimately, the choice is dependent on which tool you are most productive and more capable in. If you find yourself fighting with the tool rather than just writing code, then it might not be the right choice. As with most things, it’s more important to make choices based on what best fits your personal and unique style, rather than follow any prescribed doctrine.

    You can develop Flutter apps with any editor, including Notepad and the Flutter CLI, but Flutter provides official plugins for four popular IDEs:

    
      	Android Studio 

      	Visual Studio Code (VS Code)

      	IntelliJ IDEA

      	Emacs

    

    Let’s compare and configure all four and find out which one might be right for you.

    Android Studio

    Android Studio is a mature and stable IDE. Since 2014, Android Studio has been promoted as the default tool for developing Android applications. Before that, you would have had to use a variety of plugins for legacy tools such as Eclipse. One of the biggest arguments in favor of using Android Studio is that it’s the easiest way to install the Android SDK, so you probably already have it installed.

    To add the Flutter plugin, select the Android Studio menu, then select Preferences:

    
      	Click on the Plugins tab to open the Plugins Marketplace. Search for Flutter and install the plugin. This will also install the Dart plugin. You will then be prompted to restart Android Studio:
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    Figure 1.17: Android Studio Plugins screen

    Android Studio is a very powerful tool. At the same time, the program can seem intimidating at first, with all the panels, windows, and too many options to enumerate. You will need to spend a few weeks with the program before it starts to feel natural and intuitive. 

    With all this power comes a consequence: Android Studio is a very demanding application. On a laptop, the IDE can drain your battery very quickly, so keep your power cable nearby. You should also make sure you have a relatively powerful computer; otherwise, you might spend more time waiting than writing code. See the hardware recommendations in the Technical requirements section at the beginning of this chapter for further details.

    VS Code

    VS Code is a free, lightweight, highly extensible tool from Microsoft that can be configured for almost any programming language, including Flutter.

    You can download VS Code from https://code.visualstudio.com.

    After you’ve installed the application, click on the fifth button in the left sidebar to open the Extensions Marketplace. Search for flutter and then install the extension:
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    Figure 1.18: Visual Studio Code Flutter extension screen

    This will also install the Dart plugin.

    VS Code is much kinder on your hardware than Android Studio and has a wide array of community-written extensions. You will also notice that the UI is simpler than Android Studio, and your screen is not covered with panels and menus. This means that most of the features that you would see out in the open in Android Studio are accessible through keyboard shortcuts in VS Code.

    Unlike Android Studio, most of the Flutter tools in VS Code are accessible through the Command Palette.

    Press Ctrl + Shift + P on Windows or Command + Shift + P on a Mac to open the Command Palette and type >Flutter to see the available options. You can also access the Command Palette through the View menu:
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    Figure 1.19: VS Code Command Palette

    If you want a lightweight but complete environment that you can customize to your needs, then VS Code is the right tool for you. This is my favorite editor when developing Flutter apps. 

    IntelliJ IDEA

    IntelliJ IDEA is another extremely powerful and flexible IDE. You can download the tool from this website: https://www.jetbrains.com/idea/. Currently, this is the only paid-for tool in this group. 

    If you look carefully, you’ll probably notice that IntelliJ IDEA looks very similar to Android Studio, and that is no coincidence. Android Studio is really just a modified version of IntelliJ IDEA. This also means that all the Flutter tools we installed for Android Studio are the exact same tools that are available for IntelliJ IDEA.

    So, why would you ever want to use IntelliJ IDEA if you already have Android Studio? Android Studio has removed many of the features in IntelliJ IDEA that aren’t related to Android development. This means that if you are interested in web or server development, you can use IntelliJ IDEA to get the same experience. 

    Emacs

    Emacs is the latest addition to the officially supported editors for Flutter. You can download it from https://www.gnu.org/software/emacs/download.html. 

    After you’ve installed the application, you need to enable LSP (Language Server Protocol) mode. This makes sure the editor communicates with a server that contains information about any language. You’ll find information about the installation process at this link: https://emacs-lsp.github.io/lsp-mode/page/installation/. 

    Then, you need to install the lsp-dart package (https://emacs-lsp.github.io/lsp-dart/), which enables several great language tools you can leverage when using Flutter. 

    Emacs’ most interesting feature is probably that it is part of the GNU project. The goal of the GNU project is to provide a free software environment that can be modified and redistributed by anyone. This means that you can run, copy, distribute, modify, or change Emacs as you see fit. It also means that you are totally in control of how the software works under the hood. 

    Other than that, Emacs is extremely lightweight, more than any other editor in this list. On the other hand, it’s definitely less user-friendly and offers a more “minimalistic” experience when developing with Flutter, so I would recommend it only to developers who are already familiar with it. 

    Picking the right channel

    One final item we need to cover before diving into building apps is the concept of channels. Flutter segments its development streams into channels, which is really just a fancy name for Git branches. Each channel represents a different level of stability for the Flutter framework. Flutter developers will release the latest features to the master channel first. As these features stabilize, they will get promoted to the beta channel, and then to the stable channel.

    
      In previous Flutter versions, there was also a dev channel, between master and beta, but this was removed. The Flutter versioning policy will probably be updated in the near future, so please have a look at the Flutter build release page at https://github.com/flutter/flutter/wiki/Flutter-build-release-channels for the latest versioning updates. 

    

    Most of the time, you will probably want to stick to the stable channel. This will make sure that your code mostly runs without any issues. If you were interested in cutting-edge features that may not be completely finished, you’d probably be more interested in the master or beta channels. 

    In order to make sure you are using the stable channel:

    
      	In your Command Prompt or Terminal, type in the following command:
        flutter channel


      

      	If you downloaded the Flutter pre-compiled SDK, you’ll probably see output that looks like this:
    [image: Shape  Description automatically generated]
    If you chose to clone the Flutter repository with Git, it defaults to the master channel. You’ll generally want to stick to something more reliable.


    

    
      	Type in these commands:
        flutter channel stable
flutter upgrade


      

      	This will switch the Flutter SDK to the stable channel and then make sure that you are running the most recent version.

    

    
      You may have noticed references to Git when switching channels. This is because, under the hood, Flutter channel is just a fancy name for a Git branch. If you were so inclined, you could switch channels using the Git command line, but you might also desynchronize your Flutter tool. Make sure to always run flutter upgrade in your Terminal after switching channels/branches.

    

    Summary

    By now, you should have a working Flutter environment set up. It is recommended that you rerun Flutter Doctor from time to time to check the status of your environment. The Doctor will also let you know when a new version of Flutter is available, which—depending on your channel—happens every few weeks or months. Flutter is still a relatively young framework and growing fast, so you should always keep your environment up to date.

    The Flutter team is also very receptive to helping you with any technical issues you might encounter. If you run into an issue that hasn’t been documented yet, you can always reach out to the Flutter team directly on GitHub at https://github.com/flutter/flutter/issues.

    Learning about the command line will become an invaluable skill. This can range from setting up and configuring your environment to writing build scripts, which we will do later in this book when we automate building and publishing the apps to the stores.

    Packt Publishing offers several books and courses on command-line tools. Make sure to check them out at https://www.packtpub.com/application-development/command-line-fundamentals.

    Another invaluable skill you should commit to is learning your editor’s keyboard shortcuts. For VS Code, you can find a list here: https://code.visualstudio.com/docs/getstarted/keybindings. For Android Studio, have a look here: https://developer.android.com/studio/intro/keyboard-shortcuts.

    In the next chapter, you’ll see how to create your first Flutter app.

    Join us on Discord 

    Read this book alongside other app developers. 

    Ask questions, participate in challenges, provide solutions to other readers, network and much more.

    Scan the QR code or visit the link to join the community 

    https://packt.link/fluttercookbook

    [image: ]
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    Creating Your First Flutter App

    One of the greatest Flutter features is that it makes app development easy, or at least as easy as is possible today. It provides several pre-built components that can be easily customized to fit your needs.

    One of the key elements of a Flutter project is the lib folder, which contains the main Dart code for your app. This is where you will be writing most of your code, including both layout and logic. Flutter projects also contain a file called pubspec.yaml, where you’ll find the project’s dependencies and other important configuration information. 

    In this chapter, you will see how to create the default “Hello World” app, and understand the structure of a Flutter project. By understanding a Flutter project’s structure, you will be able to easily navigate and understand the code for your own apps. 

    In this chapter, you will learn:

    
      	How to create a Flutter app

      	How Flutter projects are structured

      	How to run a Flutter app

      	Hot reload—refresh your app without recompiling

      	How to create a simple unit test

    

    How to create a Flutter app

    There are two main ways to create a Flutter app: either via the command line or in your preferred IDE. We’re going to start by using the command line to get a clear understanding of what is going on when you create a new app. 

    For later apps, it’s perfectly fine to use your IDE, but just be aware that all it is doing is calling the command line under the hood.

    Before you begin, it’s helpful to have an organized place on your computer to save your projects. This could be anywhere you like, as long as it’s consistent. While there are no strict rules for folder names, there are a few conventions you should follow. For directories:

    
      	Use lowercase letters and separate words with underscores: for example, project_name.

      	Avoid spaces and special characters in your folders and file names.

      	When choosing a folder for a Flutter project, you should avoid synchronized spaces like Google Drive or OneDrive, as they might decrease performance and create conflicts when working in teams. 

    

    As such, before creating your apps, make sure you have created a directory where your projects will be saved. 

    How to do it...

    Flutter provides a tool called flutter create that will be used to generate projects. There are a whole bunch of flags that we can use to configure the app, but for this recipe, we’re going to stick to the basics.

    
      If you are curious about what’s available for any Flutter command-line tool, in your Terminal simply type flutter <command> --help. In this case, it would be flutter create --help. This will print a list of all the available options and examples of how to use them.

    

    In the directory you have chosen to create your Flutter projects, type this command to generate your first project:

    flutter create hello_flutter


    
      	This command assumes you have an internet connection since it will automatically reach out to the official repositories to download the project’s dependencies.

      	If you don’t currently have an internet connection, type the following instead:
        flutter create --offline hello_flutter


      

    

    
      You will eventually need an internet connection to synchronize your packages, so it is recommended to check your network connection before creating a new Flutter project.

    

    Now that a project has been created, let’s run it and take a look. You have several options for your target: 

    
      	Connecting a device to your computer

      	Starting an emulator/simulator

      	Running the app on a Chrome or Edge web browser

      	Running the app on your desktop

    

    
      	Type this command to see the devices currently available on your computer:
        flutter devices


      

      	To specifically see the emulators you have installed on your system, type:
        flutter emulators


      

      	You should see a list of the available emulators/simulators. Now, to boot an emulator on your system:
          	On Windows/Linux, type the command:
            flutter emulators --launch [your device name, like: Nexus_5X_API_30]
cd hello_flutter
flutter run


          

          	On a Mac, type the command:
            flutter emulators --launch apple_ios_simulator
cd hello_flutter
flutter run


          

        

      

      	To run your app on one of the available devices, type the following command:
        flutter run -d [your_device_name] 


      

      	After your app has finished building, you should see a demo Flutter project running in your emulator:

    

    [image: ]
    Figure 2.1: Flutter’s default “Hello World” app in an iOS Simulator

    
      	Go ahead and play around with it. The circular button at the bottom right of the screen is called a Floating Action Button, and it’s a widget (much, much more about that in the remainder of this book, starting from Chapter 4, Introduction to Widgets!).

      	When you are done, type q in the terminal to close your app.

    

    How to choose a platform language for your app

    Both iOS and Android are currently in the middle of a revolution of sorts. When both platforms started over 10 years ago, they used the Objective-C programming language for iOS, and Java for Android. These are great languages, but sometimes can be a little long and complex to work with.

    To solve this, Apple has introduced Swift for iOS, and Google has adopted Kotlin for Android.

    These languages are currently automatically selected for new apps.

    If you want to use the older languages (for compatibility reasons) when creating an app, enter this command into your Terminal:

    flutter create \
  --ios-language objc \
  --android-language java \
  hello_older_languages


    In this way, Objective-C and Java will be chosen. You are also never locked into this decision; if later down the road you want to add some Kotlin or Swift code, there is nothing stopping you from doing so.

    It’s important to keep in mind that the majority of your time will be spent writing Dart code. Whether you choose Objective-C or Kotlin, this won’t change much. 

    Where do you place your code?

    The files that Flutter generates when you build a project should look something like this:
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    Figure 2.2: A Flutter project structure

    The main folders in your projects are listed here:

    
      	android

      	build

      	ios

      	lib

      	linux

      	macos

      	test

      	web

      	windows

    

    The android, ios, linux, web, and windows folders contain the platform shell projects that host our Flutter code. You can open the Runner.xcworkspace file in Xcode or the android folder in Android Studio, and they should run just like normal native apps. Any platform-specific code or configurations will be placed in these folders. While Flutter uses a single code base for all platforms, when you build your app, it generates the specific code for each platform using these folders. 

    To increase performance when you build your app, Dart and Flutter support both Just-In-Time (JIT) and Ahead-Of-Time (AOT) compilation. 

    JIT compiling takes the source code of an app and translates it into machine code during execution. This means faster development, as the code can be tested while updating, and your code can be recompiled while the app is running.

    With AOT compilation, the code is compiled before the program execution. This builds a machine code executable that can then be run on your target machine. This means better performance for your apps.

    Simplifying things a little, Flutter uses JIT for debug builds and AOT for release builds, taking the best of the two worlds.

    The build directory contains all the artifacts that are generated when you compile your app. The contents of this folder should be treated as temporary files since they change every time you run a build. You should also add this folder to your gitignore file so that it won’t bloat your repository.

    
      The gitignore file contains a list of files and folders that Git should ignore when tracking changes in a project. As soon as you initialize a project with Git, this file will be added to your project’s root directory. 

    

    The lib folder is the heart and soul of your Flutter app. This is where you put all your Dart code. When a project is created for the first time, there is only one file in this directory: main.dart. Since this is the main folder for the project, you should keep it organized. We’ll be creating plenty of subfolders and recommending a few different architectural styles throughout this book.

    The next file, pubspec.yaml, holds the configuration for your app. This configuration file uses a markup language called YAML Ain’t Markup Language (YAML), which you can read more about at https://yaml.org. In the pubspec.yaml file, you’ll declare your app’s name, version number, dependencies, and assets. pubspec.lock is a file that gets generated based on the contents of your pubspec.yaml file. It can be added to your Git repository, but it shouldn’t be edited manually.

    Finally, the last folder is test. Here, you can put your unit and widget tests, which are also just Dart code. As your app expands, automated testing will become an increasingly important technique to ensure the stability of your project. You will create a test in the Creating a unit test recipe later in this chapter. 

    Hot reload—refresh your app without recompiling

    Probably one of the most important features in Flutter is stateful hot reload. Flutter has the ability to inject new code into your app while it’s running, without losing your position (state) in the app. The time it takes to update code and see the results in an app programmed in a platform language could take up to several minutes. In Flutter, this edit/update cycle is down to seconds. This feature alone gives Flutter developers a competitive edge.

    There is a configuration that allows executing a hot reload every time you save your code, causing the whole feature to become almost invisible.

    In Android Studio/IntelliJ IDEA, open the Preferences window and type hot into the search field. This should quickly jump you to the correct setting:
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    Figure 2.3: Android Studio Flutter hot reload configuration

    Verify that the Perform hot reload on save setting is checked. While you are there, double-check that Format code on save is also checked.

    In VS Code, open your Settings from File > Preferences > Settings. Type flutter hot reload in the search field. Here you can specify the Flutter Hot Reload On Save option with one of the available values:

    
      	never: No hot reload executed when saving

      	all: Hot reload triggered for both manual save and autosave

      	allDirty: Hot reload triggered for both manual save and autosave only if the saved file had changes

      	manual: Hot reload for manual save only

      	manualDirty: Hot reload for manual save only if the saved file had changes

    

    I would choose the all option if performance on your machine does not degrade, as it frees you from having to save manually when you make changes.

    Let’s see this in action:

    
      	In Android Studio or IntelliJ IDEA, open the Flutter project you created earlier by selecting File > Open. Then, select the hello_flutter folder.

      	After the project loads, you should see a toolbar in the top-right corner of the screen with a green play button. Press that button to run your project:
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    Figure 2.4: Android Studio toolbox

    
      	When the build finishes, you should see the app running in the emulator/simulator. For the best effect, adjust the windows on your computer so you can see both, side by side:
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    Figure 2.5: The Flutter default project on an Android emulator

    
      	In the main.dart file in the lib folder, update the primary swatch to green, as shown in the following code snippet, and hit Save:
        class MyApp extends StatelessWidget {
  const MyApp({super.key});
  @override
  Widget build(BuildContext context) {
    return MaterialApp(
      title: 'Flutter Demo',
      theme: ThemeData(
        primarySwatch: Colors.green,
      ),
      home: MyHomePage(title: 'Flutter Demo Home Page'),
    );
  }
}


      

      	When you save the file, Flutter will repaint the screen:
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    Figure 2.6: The default app after a color change

    In VS Code, the pattern is very similar:


    

    
      	Click on the triangle on the left of the screen, then on the Run and Debug button:
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    Figure 2.7: Visual Studio Code Run and Debug menu

    
      	Update the primary swatch to green, as shown in the following code snippet, and hit the Save button:
        class MyApp extends StatelessWidget {
  const MyApp({super.key});
  @override
  Widget build(BuildContext context) {
    return MaterialApp(
      title: 'Flutter Demo',
      theme: ThemeData(
        primarySwatch: Colors.green,
      ),
      home: MyHomePage(title: 'Flutter Demo Home Page'),
    );
  }
}


      

      	Only if your app does not update, click on the Hot reload button (denoted by a lightning bolt) from the debug toolbar or press F5. This will update the color of your app to green:
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    Figure 2.8: Visual Studio Code debug toolbar

    It may seem simple now, but this small feature will save you hours of development time in the future!

    Creating a unit test 

    There are several advantages of using unit tests in Flutter, including improving the overall quality of your code, ease of debugging, and better design. When writing good tests, you may also reduce the time required to maintain your code in the long run. Writing unit tests requires some practice, but it’s well worth your time and effort.

    In this recipe, you’ll see how to write a simple unit test.

    Getting ready 

    You should have created the default Flutter app as shown in the previous recipe before writing a unit test. 

    How to do it... 

    You will now update the default Flutter app: you will change the color of You have pushed the button this many times:. The text will be red for even numbers, and green for odd numbers, as shown in Figure 2.9: 
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    Figure 2.9: Red text for even numbers

    
      	In the main.dart file in the lib folder, at the bottom of the file, and out of any class, create a method that returns true when the number passed is even, and false when the number is odd:
        bool isEven(int number) {
    if (number % 2 == 0) {
      return true;
    } else {
      return false;
    }
  }


      

      	At the top of the _MyHomePageState class, under the int _counter = 0; declaration, declare Color, and set it to red:
        Color color = Colors.red;   


      

      	In the _incrementCounter method, edit the setState call, so that it changes the color value:
        void _incrementCounter() {
    setState(() {
      _counter++;
      if (isEven(_counter)) {
        color = Colors.red;
      } else {
        color = Colors.green;
      }
    });
  }


      

      	In the build method, edit the text containing You have pushed the button this many times:, so that you change its color and size, and remove its const keyword, as shown below:
        Text(
  'You have pushed the button this many times:',
  style: TextStyle(
     color: color,
     fontSize: 18,
  )
),


      

      	Run the app; you should see the color of the text changing each time you press the button. 

    

    Now that the app is ready, let’s test whether the isEven function works as expected. 

    
      	In the tests folder, create a new file, called unit_test.dart.

      	At the top of the new file, import the flutter_test.dart library and your project’s main.dart file (note that you may have to change hello_flutter to your package name if you named your app differently):
        import 'package:flutter_test/flutter_test.dart';
import 'package:hello_flutter/main.dart';


      

      	Create a main method under the import statements:
        void main() {}


      

      	In the main method, call the test method, passing Is Even as its name and calling the isEven method twice, and checking its results, as shown here:
        void main() {
  test('Is Even', () {
    bool result = isEven(12);
    expect(result, true);
    result = isEven(123);
    expect(result, false);
  });
}


      

      	Run the test by typing flutter test in your Terminal. You should see the All tests passed! message.

      	Instead of writing a single test method, let’s create two separate tests:
        void main() {
    test('Is Even', () {
      bool result = isEven(12);
      expect(result, true);
    });
    test('Is Odd', () {
      bool result = isEven(123);
      expect(result, false);
    });
}


      

      	Run the tests with the flutter test command in your Terminal, and note the success message that appears again in the Terminal: All tests passed.

      	Make one of the tests fail:
        void main() {
    test('Is Even', () {
      bool result = isEven(12);
      expect(result, true);
    });
    test('Is Odd', () {
      bool result = isEven(123);
      expect(result, true);
    });
}


      

      	Run the test again, with the flutter test command in your Terminal. You should see an error, as shown in Figure 2.10:
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    Figure 2.10: Terminal showing failing test

    
      	Note the error message, showing the name of the failing test (Is Odd in this case).

      	Let’s group the two tests together using the group method:
        void main() {
  group('Iseven group', () {
    test('Is Even', () {
      bool result = isEven(12);
      expect(result, true);
    });
    test('Is Odd', () {
      bool result = isEven(123);
      expect(result, true);
    });
  });
}


      

      	Run the test and note the error message has changed, adding the group name to the name of the failing test. 
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    Figure 2.11: Terminal showing failing test with group name

    
      	Edit the Is Odd test as shown below, then run the test again, and note that the error has been fixed.
        test('Is Odd', () {
      bool result = isEven(123);
      expect(result, false);
    });


      

    

    How it works... 

    You can use unit tests in Flutter to test specific parts of your code, like functions, methods, and classes. 

    In this recipe, you wrote a simple function, called isEven, that returns true when the number passed as an argument is even, and false when it’s odd:

    bool isEven(int number) {
    if (number % 2 == 0) {
      return true;
    } else {
      return false;
    }
  }


    Probably there isn’t much need to test a function as simple as this one, but as your business logic evolves and gets more complex, testing your units of code becomes important. 

    When you create a new project, you’ll find a test directory in your project’s root folder. This is where you should place your test files, including unit tests. 

    In this recipe, you created a new file, called unit_test.dart. When you choose the name for a file containing tests, you might want to add test as a prefix or suffix to follow the naming convention for tests. For example, if you are testing functions that deal with parsing JSON, you might call your file test_json.dart.

    In your test files, you need to import the flutter_test.dart package, which contains the methods and classes that you use to run your tests:

    import 'package:flutter_test/flutter_test.dart';


    You also need to import the files where the methods and classes you want to test are written. In this recipe’s example, the isEven method is contained in the main.dart file, so this is what you imported:

    import 'package:hello_flutter/main.dart';


    Like in any Flutter app, the main method is the entry point of your tests. When you execute the flutter test command in a Terminal, Flutter will look for this method to start executing your tests.

    You write a unit test using the test function, which takes two arguments: a string to describe the test, and a callback function that contains the test itself:

    void main() {
  test('Is Even', () {
    bool result = isEven(12);
    expect(result, true);
  });
}


    In this case, we are running a test in the isEven() function. When you pass an even number to isEven(), like 12, you expect true to be the return value. This is where you use the expect() method. The expect() method takes two arguments: the actual value and the expected value. It compares the two values, and if they don’t match it throws an exception and the test fails.

    In our example, the instruction:

    expect(result, true);


    succeeds when result is true, and fails when result is false.

    To run the tests, you can type the flutter test command in your terminal. This will run all tests in your project. You can also run your tests from your editor, like any other Flutter app. If your tests succeed, you get a success message, otherwise, you will see which specific test failed.

    When you have several tests, you can group related tests together, using the group method:

    group('Iseven group', () {
    test('Is Even', () {
      bool result = isEven(12);
      expect(result, true);
    });
    test('Is Odd', () {
      bool result = isEven(123);
      expect(result, true);
    });
  });


    Like the test method, the group method takes two arguments. The first is a String containing the group description, and the second is a callback function, which in turn contains one or more test() functions. You use the group() function to better organize your test code, making it easier to read, maintain, and debug.

    In general, the goal of unit testing is to test single units of code, like individual functions, to ensure that they are working as expected.

    See also 

    In addition to unit tests, there are other types of tests that you can create for your Flutter application. In particular, widget tests are used to test the functionality of widgets, and integration tests test the integration of different parts of your application. See the official documentation at https://docs.flutter.dev/testing for more information about writing tests in Flutter. 

    Summary

    In this chapter, you’ve seen how to create a Flutter app and your first unit test. You’ve seen how directories are organized in a Flutter project: in particular, the lib directory contains the main.dart file for your app, which is the entry point for your app. Its main() method is executed when you run the app. 

    The pubspec.yaml file is the Flutter project’s main configuration file. Flutter creates specific target operating system directories in your project, like android and ios. You’ve seen how Flutter needs those to compile to different targets, with the same code base.

    You’ve learned how to run the app from the Terminal by using flutter run and from an IDE by running the app from your editor’s interface.

    You’ve seen the benefits of writing unit tests, which may help you write reliable code that works as expected, and learned how to import the flutter_test package.

    You’ve seen the test(), expect(), and group() methods, which are the main building blocks for creating unit tests in Flutter.

    In the next chapter, you’ll see an introduction to the Dart language.
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    Dart: A Language You Already Know

    At its heart, Dart is a conservative programming language. It was not designed to champion bold new ideas, but rather to create a predictable, stable, and developer-friendly programming environment. Made by Google, the language is relatively young, as it was shown for the first time in 2011, with the goal of unseating JavaScript as the language of the web.

    Among its main features, Dart is strongly typed, supports asynchronous programming, and uses both JIT (Just-In-Time) and AOT (Ahead-Of-Time) compilation, which allows developers to write and run code quickly during development and produce optimized code for deployment.

    JavaScript is a very flexible language, but its lack of a type system (addressed by TypeScript) and misleadingly simple grammar can make projects difficult to manage as they grow. Dart aimed to fix this by finding a halfway point between the dynamic nature of JavaScript and the class-based designs of Java and other object-oriented languages. The language uses a syntax that will be immediately familiar to any developer who already knows a C-style language.

    This chapter assumes Dart is not your first programming language. We will be skipping some parts of the Dart language where the syntax is the same as any other C-style language. You will not find anything in this chapter about loops, if statements, and switch statements; they aren’t any different here from how they are treated in other languages you already know. Instead, we will focus on the aspects of the Dart language that make it unique. 

    Dart 3 contains several improvements. Probably the most important is that Dart is now sound null safe. Dart developers also added new language features, like records, patterns, and switch expressions, that you will see in this chapter

    
      If you want to have a look at the control flow syntax in Dart, see the official guide at https://dart.dev/guides/language/language-tour#control-flow-statements. 

    

    In this chapter, we will cover the following recipes, all of which will function as a primer on Dart:

    
      	Declaring variables—var versus final versus const

      	Strings and string interpolation

      	How to write functions

      	How to use functions as variables with closures

      	Creating classes and using the class constructor shorthand

      	How to group and manipulate data with collections

      	Writing less code with higher-order functions

      	How to take advantage of the cascade operator

      	Using extensions

      	Introducing Dart Null Safety

      	Using Null Safety in classes

    

    
      If you are already aware of how to develop in Dart, feel free to skip this chapter. We will be focusing exclusively on the language here and will then cover Flutter in detail in the next chapter.

    

    Technical requirements

    This chapter will focus purely on Dart instead of Flutter. There are two primary options for executing these samples:

    
      	DartPad (https://dartpad.dev/): DartPad is a simple web app where you can execute Dart and Flutter code. It’s a great playground for trying out new ideas and sharing code and only requires a web browser. This is the option I recommend for this chapter. 

      	IDEs: If you wish to try out the sample code locally, then you can use Android Studio, Visual Studio Code, IntelliJ, or Emacs.

    

    Declaring variables—var versus final versus const

    Variables are user-defined symbols that hold a reference to some value. They can range from a single number to large object graphs. It is virtually impossible to write a useful program without at least one variable. You can probably argue that almost every program ever written can be boiled down to taking in some input, storing that data in a variable, manipulating the data in some way, and then returning an output. All of this would be impossible without variables.

    Recently, a new trend has appeared in programming that emphasizes immutability. This means that once values are stored in variables, they cannot change. Immutable variables are generally safer, produce no side effects, and lead to fewer bugs as a consequence. For example, immutability can help prevent bugs that occur when multiple parts of an app try to modify the same data at the same time.

    In this recipe, we will create a small program that will declare variables in the three different ways that Dart allows—var, final, and const. 

    Getting ready

    Currently, Dart officially supports Chrome, Edge, Firefox, and Safari browsers. While DartPad might also work with other browsers, I recommend you use one of the supported ones for this chapter. 

    To open DartPad, in your browser, navigate to https://dartpad.dev/.

    
      When working with the code samples in this book, it is strongly discouraged that you copy and paste them into your IDE. Instead, you should transcribe the samples manually. The act of writing code, not copying/pasting, will allow your brain to absorb the code and see how tools such as code completion make it easier for you to type code. If you copy and paste, you’ll get a working program, but you will probably learn less.

    

    How to do it...

    Let’s get started with our first Dart project. Make sure you have opened DartPad as mentioned in the Getting ready section. We will start from a blank canvas:

    
      	From the Pad in DartPad, delete everything. At this point, the Pad should be completely empty. Now, let’s add the main function, which is the entry point for every Dart program:
        void main() {
 variablePlayground();
}


      

      	This code won’t compile yet because we haven’t defined that variablePlayground function. This function will be the hub for all the different examples in this recipe:
        void variablePlayground() {
 basicTypes();
}


    We added the void keyword in front of this function, which is the same as saying that this function returns nothing.

      

    

    
      	Now, let’s implement the first example. In this method, all these variables are mutable; they can change once they’ve been defined:
        void basicTypes() {
 int four = 4;
 double pi = 3.14;
 num someNumber = 24601;
 bool yes = true;
 bool no = false;
 int? nothing; 
 print(four);
 print(pi);
 print(someNumber);
 print(yes);
 print(no);
 print(nothing == null);
}


      

      	Click on the Run button at the top of the screen. The result should look like the screenshot below:
    [image: ]
    Figure 3.1: DartPad console after calling the basicTypes function

    The syntax for declaring a mutable variable should look very similar to other programming languages. First, you declare the type and then the name of the variable. You then supply a value for the variable after the assignment operator. Note that the num type can contain either int or double values.

    If you don’t supply any value, that variable will be set to null, but this won’t work unless you put a question mark near the type or postpone the initialization (this is because of null safety: more about that in the Introducing Dart Null Safety recipe later in this chapter). 


    

    
      	Dart has a special type called dynamic, which is a sort of “get out of jail free” card from the type system. You can annotate your variables with this keyword to imply that the variable can be anything. It is useful in some cases, but for the most part, it should be avoided. Add a new untypedVariables method after the end of the basicTypes method:
        void untypedVariables() {
 dynamic something = 14.2;
 print(something.runtimeType); //outputs 'double'
}


      

      	Add a call to the untypedVariables method in the variablePlayground method:
        void variablePlayground() {
 basicTypes();
 untypedVariables();
}


      

      	Run the app with the Run button; you should see double as the type of the something variable. 

      	Dart can also infer types with the var keyword. var is not the same as dynamic. Once a value has been assigned to the variable during initialization, Dart will remember the type and it cannot be changed later. The values, however, are still mutable. Add a new method, like shown below, in the variablePlayground method (optionally, comment out the previous calls):
        void typeInterpolation() {
 var anInteger = 15;
 var aDouble = 27.6;
 var aBoolean = false;
 print(anInteger.runtimeType);
 print(anInteger);
 print(aDouble.runtimeType);
 print(aDouble);
 print(aBoolean.runtimeType);
 print(aBoolean);
}


      

      	Run the app. You should see the result shown in the screenshot:
    [image: ]
    Figure 3.2: DartPad console after calling the typeInterpolation function

    Finally, we have our immutable variables. Dart has two keywords that can be used to indicate immutability—final and const. 

    
      The main difference between final and const is that const must be determined at compile time; for example, you cannot have const containing DateTime.now() since the current date and time can only be determined at runtime, not at compile time. See the How it works... section of this recipe for more details.

    


    

    
      	Add the following function in the variablePlayground method, and run your code:
        void immutableVariables() {
 final int immutableInteger = 5;
 final double immutableDouble = 0.015;
 
 // Type annotation is optional
 final interpolatedInteger = 10;
 final interpolatedDouble = 72.8;
 print(interpolatedInteger);
 print(interpolatedDouble);
 const aFullySealedVariable = true;
 print(aFullySealedVariable);
}


      

    

    How it works...

    An assignment statement in Dart follows the same grammar as other languages in the C language family:

    // (optional modifier) (optional type) variableName = value;
final String name = 'Donald'; //final modifier, String type


    First, you can optionally declare a variable as either var, final, or const, like so:

    var animal = 'Duck';
final numValue = 42;
const isBoring = true;


    These modifiers indicate whether or not the variable is mutable. var is mutable as its value can be reassigned at any point. final variables can only be assigned once, but by using objects, you can change the value of their fields. const variables are compile-time constants and are fully immutable; nothing about these variables can be changed once they’ve been assigned.

    After the final modifier, you can optionally declare the variable type, from simple built-in types such as int, double, and bool to your own, more complex custom types. This notation is standard for languages such as Java, C, C++, Objective-C, and C#. 

    Explicitly annotating the type of a variable is the traditional way of declaring variables in languages such as Java and C, but Dart can also interpolate the type based on its assignment. In the typeInterpolation example, we decorated the types with the var keyword; Dart was able to figure out the type based on the value that was assigned to the variable (this notation is standard in JavaScript). For example, 15 is an integer, while 27.6 is a double. 

    In most cases, there is no need to explicitly reference the type; the compiler is smart enough to figure this out. This allows us, as developers, to write succinct, script-like code and still take advantage of the inherent gains that we get from a type-safe language.

    The difference between final and const is subtle but important. A final variable must have a value assigned to it in the same statement where it was declared (unless you use the late keyword, as mentioned in the Introducing Dart Null Safety recipe later in this chapter) and that variable cannot be reassigned to a different value:

    final meaningOfLife = 42;
meaningOfLife = 64; // This will throw an error
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