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    Preface

    Since its surprise debut at WWDC in June 2014, Swift has rapidly redefined how we build software, combining safety, speed, and a clear, concise syntax to power everything from iOS, macOS, watchOS, and tvOS apps to server-side services on Linux and, since September 2020, native Windows development. Born from Chris Lattner’s vision of a modern successor to Objective-C, Swift’s modern features, such as optionals, generics, and closures, combined with its powerful type inference system, have made code more expressive, reliable, and enjoyable to write. While Apple’s decision to open-source the language in 2015 and stabilize its ABI in Swift 5 has created a vibrant community around swift.org. In this book, we’ll explore some of Swift’s most advanced features to help you take your development to the next level, writing cleaner, more powerful, and highly optimized applications.

    Who this book is for

    This book is written for developers with an understanding of the Swift programming language who are looking to elevate their skills by exploring advanced topics and techniques. The examples provided are compatible with application development across all Apple platforms, including macOS, iOS, iPadOS, visionOS, and watchOS, as well as Linux and Windows development, unless otherwise specified.

    What this book covers

    Chapter 1, The Evolution of Swift, highlights the evolution of the Swift language, showing how its history shaped the features and design choices that developers use today. It also introduces swift.org, a key resource providing documentation, collaboration opportunities, and support for the Swift community.

    Chapter 2, Closures and Result Builders, introduces closures, which are self-contained blocks of code that can capture and retain references to variables from their surrounding context. Additionally, we will look at result builders, a feature that allows developers to create custom Domain-Specific Languages (DSLs) used for defining complex data structures.

    Chapter 3, Protocols and Protocol Extensions, explores protocols, highlighting how they can be used as full-fledged types that enable polymorphism through the unified interface they provide. It also introduces protocol extensions, which help reduce code duplication by offering default implementations for methods and properties. Additionally, the chapter covers the use of Any to represent an instance of any type, and existential any, which allows storing any value that conforms to a specific protocol.

    Chapter 4, Generics, explores generic types, which serve as the foundation for many types in the Swift standard library. Real-world examples demonstrate how to create and use generics effectively. Additionally, the chapter covers topics such as generic subscripts and associated types, illustrating how generics can enhance the flexibility of our code.

    Chapter 5, Value and Reference Types, explains the differences between value types and reference types in Swift. This chapter includes practical examples of structures and classes, covering features such as copy-on-write for optimizing performance with large value types and recursive data types for reference types. Additionally, we will look at dynamic dispatch, which, while introducing some performance overhead, enables the flexibility needed for class hierarchies.

    Chapter 6, Enumerations, looks at Swift enumerations and what makes them more powerful than enumerations in other languages. We will also look at how to use raw values and how pattern matching can simplify our code. Additionally, we will see how associated values allow Swift enumerations to represent complex data structures.

    Chapter 7, Reflection, looks at what reflection is and how the Mirror API in Swift enables it. We will demonstrate how to use the Mirror API to inspect structures and classes, revealing details such as property names, values, and type information. 

    Chapter 8, Error Handling and Availability, looks at Swift’s error handling mechanisms and how errors are defined using types conforming to the Error protocol. We will demonstrate how to throw errors in functions using the throws keyword and handle them with do-catch blocks. Additionally, we will discuss Swift’s availability and unavailability attributes for conditional code execution based on platform versions. 

    Chapter 9, Regular Expressions, explores the power of regular expressions for pattern matching and text manipulation, from simple searches to complex data extraction. The chapter shows how Swift supports regular expressions with regular expression literals and the Regex type. Additionally, Regex Builder is introduced, which offers a clearer, more intuitive way to define patterns, and we will look into advanced features such as transforming and capturing matches using references.

    Chapter 10, Custom Subscripting, explores how incorporating subscripts into custom types can improve readability and usability. We will examine how to create multi-parameter subscripts and discuss how to use subscripts appropriately, consistent with the Swift language itself. 

    Chapter 11, Property Observers and Wrappers, explores how property observers and wrappers automatically respond to changes in property values, which improves the responsiveness of our applications. We will examine how property observers trigger actions while property wrappers abstract property management into reuseable types. 

    Chapter 12, Dynamic Member Lookup and Key Paths, explores how dynamic member lookups allow properties to be resolved at runtime. Additionally, we will examine how key paths offer a type-safe way to access and manipulate properties using the \. syntax. 

    Chapter 13, Grand Central Dispatch, explores the difference between concurrency and parallelism. We will see how Grand Central Dispatch uses both serial and concurrent queues to handle task execution. Additionally, we will highlight how it has tools for managing UI updates and scheduling tasks effectively. 

    Chapter 14, Structured Concurrency, explores how async and await offer intuitive ways to handle asynchronous tasks, allowing functions to pause and resume without blocking the main thread. We will examine how tasks and task groups further control and coordinate asynchronous operations. Additionally, we will look at actors and the role they play in managing state safety. 

    Chapter 15, Memory Management, examines how Swift uses Automatic Reference Counting (ARC) to manage memory for reference types such as classes. We will discuss how to use weak and unowned references to avoid strong reference cycles, which can hinder ARC from deallocating reference types, causing memory leaks. 

    Chapter 16, Advanced and Custom Operators, explores advanced bitwise operators, such as the AND, OR, XOR, and NOT operators, for manipulating variable bits and the right and left shift operators for shifting bits. We will also look at how to add operator methods to our custom types. 

    Chapter 17, Access Controls, looks at how access controls are used to ensure code security by restricting access to specific parts of the code base. We will examine the five access levels that Swift provides and how to apply them effectively. Additionally, we will see how applying the principle of least privilege will ensure that only the necessary parts of our code are accessible.

    Chapter 18, Swift Testing, looks at Swift Testing, which is a powerful new testing framework introduced in Swift 6. We will explore the key building blocks, such as the @Test attribute and the #expect and #require macros, as well as the use of traits for adding metadata. 

    Chapter 19, Object-Oriented Programming with Swift, looks at object-oriented programming and how its design principles can be effectively applied with Swift to create structured and reusable code. 

    Chapter 20, Protocol-Oriented Programming with Swift, explores the core principles of protocol-oriented programming with Swift and how it differs from traditional object-oriented programming. Additionally, we will examine how Swift’s standard library is built with a protocol-oriented approach. 

    Chapter 21, Functional Programming with Swift, looks at Swift’s support for functional programming concepts such as immutability, pure functions, and first-class functions. We will also explore advanced techniques such as function composition, currying, and recursion to manage complex operations effectively. 

    To get the most out of this book

    To get the most out of this book, you will need a basic understanding of the Swift language and a basic understanding of modern development techniques. All code examples have been tested using Xcode 26 on a Mac; however, all examples should also work using Swift on Linux or Windows.

    Download the example code files

    The code bundle for the book is hosted on GitHub at https://github.com/PacktPublishing/Mastering-Swift-6-Seventh-Edition. We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing. Check them out!

    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: “Notice that we added the any keyword in the parameter definition.”

    A block of code is set as follows:

    func drawAll(_ items: [any Drawable]) {
    for item in items {
        item.draw()
    }
}


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

    enum Weather {
    case sunny
    case cloudy
    case rainy(Int)
    case snowy(amount: Int)
}


    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: “To use Xcode’s built-in conversion tool, simply right-click on the regular expression you would like to use, select Refactor, and then select Convert to Regex Builder.”

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

    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.packt.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@packt.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.packt.com/.

  

  
    

    Share your thoughts

    Once you’ve read Mastering Swift 6, Seventh 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.
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    The Evolution of Swift

    Swift, which was introduced by Apple in 2014, is a versatile and modern programming language designed for building applications across Apple platforms such as iOS, macOS, watchOS, visionOS, and tvOS. However, it can also be used for server-side Linux development, Windows development, and even embedded systems. In September 2020, Apple officially released a version of Swift that can be used for Windows development.

    Swift’s seamless blend of safety, speed, and ease of use has made it an attractive choice for developers of all levels, offering a unified language experience across the various platforms. Its concise syntax helps make code clear and easy to understand, while its type inference system helps catch mistakes early on, making code more reliable. Additionally, Swift introduces modern programming concepts such as optionals, generics, and closures, enabling developers to write cleaner and more flexible code. With support from a vibrant community and regular updates from Apple, Swift continues to evolve, providing a user-friendly platform for creating applications across different devices and operating systems.

    In this chapter, you will learn about the following topics:

    
      	How Swift has evolved

      	Migrating existing projects to Swift 6

      	How swift.org can help you

    

    Before we get started with Swift, let’s look at how you can get the most of this book.

    Getting the most out of this book – get to know your free benefits

    Unlock exclusive free benefits that come with your purchase, thoughtfully crafted to supercharge your learning journey and help you learn without limits.

    Here’s a quick overview of what you get with this book:


    Next-gen reader

    
      
        
          	
            [image: ]
            Figure 1.1: Illustration of the next-gen Packt Reader’s features

          
          	
            Our web-based reader, designed to help you learn effectively, comes with the following features:

            [image: ] Multi-device progress sync: Learn from any device with seamless progress sync.

            [image: ] Highlighting and notetaking: Turn your reading into lasting knowledge.

            [image: ] Bookmarking: Revisit your most important learnings anytime.

            [image: ] Dark mode: Focus with minimal eye strain by switching to dark or sepia mode.

          
        

      
    


    Interactive AI assistant (beta)

    
      
        
          	
            [image: ]
            Figure 1.2: Illustration of Packt’s AI assistant

          
          	
            Our interactive AI assistant has been trained on the content of this book, to maximize your learning experience. It comes with the following features:

            [image: ] Summarize it: Summarize key sections or an entire chapter.

            [image: ] AI code explainers: In the next-gen Packt Reader, click the Explain button above each code block for AI-powered code explanations.

            Note: The AI assistant is part of next-gen Packt Reader and is still in beta. 

          
        

      
    


    DRM-free PDF or ePub version 

    
      
        
          	
            [image: ]
            Figure 1.3: Free PDF and ePub

          
          	
            Learn without limits with the following perks included with your purchase:

            [image: ] Learn from anywhere with a DRM-free PDF copy of this book.

            [image: ] Use your favorite e-reader to learn using a DRM-free ePub version of this book.

          
        

      
    


    
      
        
          
            	
              Unlock this book’s exclusive benefits now

              Scan this QR code or go to packtpub.com/unlock, then search for this book by name. Ensure it’s the correct edition.

            
            	
              [image: ]
              [image: ]
            
          

          
            	
              Note: Keep your purchase invoice ready before you start.

            
          

        
      

    

    Now let’s begin our journey by looking at the evolution of the Swift language.

    How Swift has evolved

    Swift made its debut at the Worldwide Developers Conference (WWDC) in June 2014, surprising many in the tech industry. Swift was arguably the most significant announcement at WWDC 2014 and very few people, including Apple insiders, were aware of the project prior to it being announced.

    Before we start to look at the language itself, let’s see how it has evolved.

    Swift was born

    Development of the Swift language itself can be traced back to 2010 when Apple’s Senior Director of Developer Tools, Chris Lattner, started designing the basic concepts for a new language. At the time, Apple was heavily reliant on Objective-C, which had been their primary language since the 1980s. While Objective-C had served Apple well, the company recognized the need for a more modern and safer language, but also the need for a language that could seamlessly interoperate with existing Objective-C code, allowing developers to adopt Swift incrementally without rewriting entire codebases.

    The introduction of Swift wasn’t just another product launch; it marked a significant shift in Apple’s programming landscape. The announcement demonstrated Apple’s commitment to pushing boundaries and redefining how software for Apple’s devices was written. In addition, it demonstrated Apple’s commitment to the developer community, which has only grown stronger as Swift has evolved.

    Swift evolved

    At WWDC 2015, Apple continued the evolution of Swift by announcing Swift 2, which brought substantial improvements to the language. What was particularly noteworthy was that these enhancements were based on feedback directly from the developer community. This highlighted Apple’s willingness to listen and adapt, fostering a more collaborative environment with the developer community.

    However, the most significant announcement of WWDC 2015 was arguably the decision to make Swift an open-source project. This move not only increased access to the language but also encouraged collaboration and innovation on a broader scale. It also represented a departure from Apple’s traditional closed-door approach and a move to a more inclusive future of software development.

    Four years later, in 2019, Swift 5.0 was officially released, introducing a stable version of the application binary interface (ABI) across Apple’s platforms. This was a major step forward because it addressed a longstanding challenge of binary compatibility, enabling Swift code compiled with one version of the compiler to interact with code compiled with future versions. This ensured compatibility and stability as Swift evolved. Developers could now confidently distribute precompiled libraries, knowing they would remain compatible with future versions of Swift. This binary compatibility is crucial for the long-term sustainability of the language.

    The stable ABI reinforced Swift’s position as a versatile language for building cross-platform applications across Apple’s devices. With binary compatibility now guaranteed across different platforms, developers could leverage Swift to target a broader range of devices and operating systems, including iOS, macOS, watchOS, visionOS, and tvOS. This cross-platform capability enabled developers to write code once and deploy it across the various platforms, streamlining the development process.

    The Swift 5 release, coupled with the stable ABI, was a crucial moment in Swift’s evolution, providing developers with a stable foundation for building high-performance, cross-platform applications.

    Looking back at the history of Swift, it illustrates Apple’s dedication to innovation and collaboration. These milestones have not only reshaped the programming landscape but have also set a new precedent for how technology companies engage with their developer communities.

    Let’s explore the history of the Swift language in more detail to see how it evolved at each step. This will give us a better understanding of how we arrived at Swift 6. 

    
      
        
          	
            Version

          
          	
            Release date

          
          	
            Description

          
          	
            Key features

          
        

        
          	
            Swift 1.0

          
          	
            September 9, 2014

          
          	
            Swift 1.0 was a modern, powerful, and intuitive language designed to make coding faster, safer, and more interactive. It was a major step forward from Objective-C.

          
          	
            
              	Clean and concise syntax

              	Type inference

              	Optionals for safer code

              	Closures

              	Automatic memory management

              	Interactive playgrounds for experimentation and learning

            

          
        

        
          	
            Swift 2.0

          
          	
            September 21, 2015

          
          	
            This release focused on enhancing the language’s capabilities and improving developer productivity. Swift 2.2, which was released in December 2015, was also the first open-source version of Swift and the first version to support Linux development with Swift.

          
          	
            
              	Error handling with try-catch mechanisms

              	Protocol extensions for adding functionality to types retroactively

              	Availability checking for platform-specific features

              	Syntax refinements, including the introduction of guard statements

            

          
        

        
          	
            Swift 3.0

          
          	
            September 13, 2016

          
          	
            Swift 3.0 marked a significant milestone in the language’s evolution. This release focused on source compatibility, with the goal of unifying the Swift ecosystem and streamlining the development process.

          
          	
            
              	Swift Package Manager for managing dependencies and building packages

              	API design guidelines for consistent code style

              	Foundation improvements for greater consistency and clarity

              	The Swift evolution process was defined for community-driven language enhancements

              	Removal of C-style for loops

            

          
        

        
          	
            Swift 4.0

          
          	
            September 19, 2017

          
          	
            With Swift 4.0, Apple continued its focus on stability, performance, and compatibility. This release introduced several features focused on improving developer productivity and boosting the performance of Swift code.

          
          	
            
              	Codable protocol for encoding and decoding data

              	Key paths for type-safe access to properties

              	Multi-line string literals for improved readability

              	Enhancements to the String API, including Unicode improvements

            

          
        

        
          	
            Swift 5.0

          
          	
            March 25, 2019

          
          	
            Swift 5.0 represented an important milestone for the language, achieving ABI stability. This release focused on improving the language’s performance, reliability, and interoperability.

            While the previous releases lasted about a year, the 5.x version of Swift has been around for 5 years with 10 “minor” revisions.

          
          	
            
              	ABI stability for improved compatibility and performance

              	Result type for handling function results and errors

              	Raw strings for easier handling of escape characters

            

          
        

        
          	
            September 20, 2019

          
          	
            Swift 5.1

          
          	
            
              	Property wrappers for simplifying property access and modification

              	Implicit returns from single-expression functions

              	Opaque result types for abstracting implementation details

            

          
        

        
          	
            Swift 5.0

          
          	
            March 24, 2020

          
          	
            Swift 5.2

          
          	
            
              	Improved diagnostics and error messages

              	Compiler performance improvements

              	Enhancements to the Swift standard library

            

          
        

        
          	
            September 16, 2020

          
          	
            Swift 5.3

          
          	
            
              	Multiple trailing closures for cleaner syntax

              	Enum cases with associated values can now be used as standalone types

              	Enhanced implicit member syntax for more concise code

              	Support for Windows was officially added to Swift

            

          
        

        
          	
            March 25, 2021

          
          	
            Swift 5.4

          
          	
            
              	Enhanced control over implicit member expressions

              	Enhanced implicit member syntax for more concise code

              	Improved performance and stability

            

          
        

        
          	
            September 20, 2021

          
          	
            Swift 5.5

          
          	
            
              	Async/await for asynchronous programming

              	Structured concurrency for managing asynchronous tasks

              	Continuations for managing asynchronous code

              	Actor isolation for managing concurrent access to mutable state

            

          
        

        
          	
            March 14, 2022

          
          	
            Swift 5.6

          
          	
            
              	Introduced existential any type placeholders

              	Added an Unavailability condition

            

          
        

        
          	
            Swift 5.0

          
          	
            September 12, 2022

          
          	
            Swift 5.7

          
          	
            
              	Added if/let shorthand for unwrapping optionals

              	Multi-statement closure type inference

              	Regular expressions

              	Supports concurrency in top-level code

            

          
        

        
          	
            March 30, 2023

          
          	
            Swift 5.8

          
          	
            
              	Relaxed restrictions on variables in results builders

              	Opened existential arguments to optional parameters

              	Concise magic filename

              	Allows implicit self for weak self captures after self is unwrapped

            

          
        

        
          	
            September 18, 2023

          
          	
            Swift 5.9

          
          	
            
              	Use if and switch as expressions

              	Macros were introduced

              	Non-copyable structs and enums

            

          
        

        
          	
            March 5, 2024

          
          	
            Swift 5.10

          
          	
            
              	Data race safety

              	Deprecated @UIApplicationMain and @NSApplicationMain

              	Allows protocols to be nested in a non-generic context

              	Strict concurrency for global variables

            

          
        

      
    

    Table 1.1: History of Swift

    What’s new with Swift 6?

    WWDC 2024 marked a significant milestone for the Swift language. Not only was Swift 6 announced, but it also celebrated the 10th anniversary of Apple announcing Swift at WWDC 2014. Swift 6.0 was released in September 2024 and promised to shape the future of the language, building upon the foundation of the previous releases and introducing several new features and enhancements focused on improving developer productivity, performance, and reliability.

    One of the major new features of Swift 6.0 is cross-compilation, which enables developers to compile code on macOS devices and then deploy it on the Linux platform.

    Another important enhancement is the Swift Testing framework, which takes advantage of modern Swift features to provide a suite of tools for writing and executing tests, ensuring code quality and reliability.

    Additionally, Swift 6.0 introduces typed throws, a feature that enhances error handling by enabling functions to specify the types of errors they can throw. This improvement makes error management more explicit and predictable, which will improve code clarity and safety.

    Data race safety is another crucial feature, providing built-in mechanisms to prevent concurrent data access issues, which improves the stability and reliability of multi-threaded applications. Strict concurrency checking was also introduced with Swift 6, which enforces rules at compile time to ensure that code adheres to Swift’s structured concurrency model, helping developers catch potential issues early and write safer, more predictable concurrent code.

    Finally, embedded Swift expands the language’s capabilities into the area of embedded systems, enabling developers to write Swift code for a much wider range of hardware.

    These features, combined with additional enhancements in Swift 6.0, position it as a powerful and versatile language set to drive innovation in software development for years to come.

    After Swift 6.0 was announced, Swift continued to improve with the release of Swift 6.1 and Swift 6.2, both bringing powerful new capabilities to the language and its new testing infrastructure. Swift 6.1 extended key paths to support static properties of types. On the testing side, Swift 6.1 added range-based count confirmations, enabling tests to validate on a range in a clear and readable syntax.

    With WWDC 2025, and the announcement of Swift 6.2, came several highly requested features, including the addition of the new Observation struct, which adds a flexible way to watch changes in your data outside of SwiftUI. Another important enhancement was the ability to name tasks. 

    However, one of the most impactful changes was SE-0466, which enabled default single-actor execution to effectively set your applications back to being single-threaded. Swift Testing was also expanded with the addition of exit tests using #expect(processExitsWith:), allowing developers to safely test code paths that may terminate the process.

    If you have existing projects, it is pretty straightforward to migrate them to Swift 6. Let’s take a look at how to do this.

    Migrating existing projects to Swift 6

    To migrate an existing project to use Swift 6, you generally just need to adjust the building settings for that project. This is how to do it:

    
      	Open the project in Xcode 16.

      	In the Project Navigator, click on the top-level project file.

      	At the top of the editor panel, you should see several tabs: Info, Build Settings, Package Dependencies, and so forth. Click on Build Settings.

      	There are a lot of settings within Build Settings; we need to scroll down to the Swift Compiler settings. To make it easier, we could filter for Swift using the search bar.

      	Under the Swift Compiler settings, look for the Swift Language Version setting and set it to Swift 6.
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    Figure 1.4: Setting the Swift language version to Swift 6

    
      	Clean and rebuild your project.

    

    That is it; we are now using the Swift 6 compiler to build our project.

    Now that we’ve explored the history of the language leading up to Swift 6.0 and seen how to migrate our project to Swift 6, let’s look into ways developers can engage with the Swift community.

    How swift.org can help you

    When Apple first open-sourced the Swift programming language in 2015, they also launched the swift.org website. This site serves as the central hub for all things related to Swift, providing a variety of resources to support developers at different stages of their journey. Over the years, this site has evolved into a comprehensive resource center, serving as a gateway for developers to explore, learn, and contribute to the Swift ecosystem.

    Comprehensive documentation and guides

    The swift.org site hosts official documentation along with numerous guides designed to assist developers in exploring the Swift ecosystem. Additionally, it offers detailed articles covering a wide array of Swift topics, including server-side development, compatibility with C++, API design guide, and distinctions between value and reference types. These valuable resources give developers a thorough understanding of the language’s features and complexities.

    The Swift standard library and Core Libraries

    One essential resource within the swift.org site is the documentation for the Swift standard library and the Core Libraries.

    These libraries provide a wide range of functions that are usable across all platforms supported by Swift. The standard library contains the essential building blocks for writing Swift programs, while the Core Libraries offer more advanced features.

    The Swift Package Manager

    The Swift Package Manager is another critical component of the swift.org ecosystem. It simplifies the process of managing and distributing Swift code packages. It also automates the tasks of downloading, compiling, and linking dependencies. With this tool, developers can easily add third-party libraries and frameworks to their projects, making development and the compiling process smoother.

    Continuous integration and source compatibility

    To keep Swift stable, the swift.org site also manages the project’s continuous integration (CI) system and source compatibility test suite. These tools are essential for maintaining the language’s integrity by conducting thorough tests on active branches and a collection of Swift source code.

    Contributing to Swift

    For developers who wish to take an active role in shaping the future of Swift, the swift.org site provides information on how to contribute to the community. It explains the Swift evolution process, which decides how Swift evolves, and provides tips on suggesting changes and joining discussions. Additionally, the website shares the source code for the Swift project itself, letting developers look into how Swift works, report problems, and propose improvements with pull requests.

    A thriving community

    At the core of the swift.org ecosystem is a thriving community of developers, contributors, and enthusiasts. Through forums and communication channels on the website, members can collaborate, help each other, and discuss the future of the Swift language. By fostering this community, the swift.org site has become the center of innovation, helping developers learn, progress, and influence the future of the Swift language.

    The swift.org site is a comprehensive resource, offering developers a vast collection of documentation, guides, libraries, and tools for the Swift language. Whether you’re just starting out or are already an experienced Swift developer, the site probably has something valuable to offer you, making it a key destination for anyone interested in developing professionally with Swift. I truly hope you explore it and become a part of the Swift community.

    Summary

    In this chapter, we started by looking at how the Swift language has progressed over time. By understanding the history of the language, we gain a better appreciation of the hard work and dedication that have gone into making the language what it is today. We also get a better understanding of why certain features or design choices were made.

    We concluded this chapter with a section introducing the swift.org website, which is an essential resource for the Swift community, offering incredibly valuable documentation, collaboration opportunities, and support for developers of all levels.

    In the next chapter, we will explore closures, self-contained blocks of functionality, and result builders, which allow us to create custom domain-specific languages.
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    Closures and Result Builders

    Closures play a critical role in Swift’s flexibility and expressiveness. These self-contained blocks of functionality can capture and store references to variables and constants from their surrounding context, making them perfect for implementing callbacks, event handlers, and functional programming patterns. Closures allow us to write concise and readable code that handles complex tasks, such as asynchronous operations and custom sorting algorithms.

    Result builders are a more recent addition to Swift that enable us to create custom Domain-Specific Languages (DSLs) for constructing complex data structures. With result builders, we can write more expressive and concise code. They do this by allowing us to transform complicated code into clear, readable expressions that look almost like natural language. This not only improves the readability of your code but also makes it easier to organize and maintain complex data structures.

    In this chapter, we will explore the mechanics and applications of closures and result builders, with the aim of providing you with a comprehensive understanding of their usage and benefits, from basic syntax and usage patterns to advanced techniques.

    In this chapter, we will learn about the following:

    
      	What are closures?

      	How to create a closure

      	How to use a closure

      	What are some examples of useful closures?

      	How to use result builders

    

    Let’s start by taking a look at closures.

    Introducing closures

    Closures are self-contained blocks of code that can be passed around and used throughout our application. Like how the Int type holds an integer and the String type holds a string, a closure can be viewed as a type that holds a block of code. We can, therefore, assign closures to variables, pass them as arguments to functions, and return them from functions. 

    One of the key features of closures is that they can capture and retain references to any variable or constant from the context in which they were created, a process known as closing over variables or constants. Generally, Swift handles the memory management for us, except in cases where a strong reference cycle is created. We will show you how to resolve strong reference cycles in Chapter 15, Memory Management.

    Closures in Swift are similar to blocks in Objective-C but are simpler to use and understand. The syntax for defining a closure in Swift is as follows:

    {
    (<#parameters#>) -> <#return-type#> in <#statements#>
}


    This syntax resembles how functions are created and, actually, in Swift, global and nested functions are closures. The primary difference between closures and functions is the use of the in keyword. The in keyword replaces curly brackets to separate the closure’s parameter and return type definitions from its body. Another difference is a function always has a name while a closure does not.
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    Closures have many applications, which we will explore later in this chapter, but first, let’s grasp the basics of closures by examining some basic examples to help us understand what they are, how to define them, and how to use them.

    Simple closures

    We will start by creating a very simple closure that neither accepts any arguments nor returns any value. Its only task is to print Hello World to the console. The following code shows how to do this:

    let clos1 = { () -> Void in
    print("Hello World")
}


    In this example, we define a closure and assign it to the clos1 constant. Since no parameters are specified within the parentheses, this closure does not accept any arguments. Additionally, its return type is Void, indicating that it does not return any value. The closure’s body consists of a single line that prints Hello World to the console.

    Closures can be used in many ways; in this example, we simply want to execute it. To do so, we can call the closure like this:

    clos1()


    After executing the closure, Hello World will be printed to the console. While closures may not seem particularly useful at this stage, we will discover their versatility and power as we progress through this chapter.

    Let’s look at another simple example. This next closure will accept a single parameter of the String type named name but will not return any value. Inside the closure, we will print a greeting to the name passed into the closure. Here is the code for this second closure:

    let clos2 = {
    (name: String) -> Void in
    print("Hello \(name)")
}


    The main difference between this closure and the previous example is that this closure defines a single parameter of the String type within the parentheses. Parameters for closures are defined similarly to parameters of functions.

    We can execute this closure just as we executed the previous one. The following code demonstrates this:

    clos2("Jon")


    When the closure is executed, it will print Hello Jon to the console.

    
      An important point to note is that named parameters in a closure do not require the parameter name to be used, and in fact, you will get an error if you use the name when the closure is called.

    

    Our original definition of closures stated that they are self-contained blocks of code that can be passed around and used throughout our application. This implies that we can pass closures from the context in which they were created into other parts of our code. Let’s see how to pass our clos2 closure into a function. We will define a function that accepts our closure as follows:

    func testClosure(handler: (String) -> Void) {
    handler("Luna")
}


    We define this function like any other, but in the parameter list, we include a parameter named handler of the (String) -> Void type. This matches the parameter and return types we defined for the clos2 closure, enabling us to pass this closure into the function. Here’s how we could do this:

    testClosure(handler: clos2)


    We call the testClosure() function as we would other functions, and the closure being passed in is treated like any other variable. Since the clos2 closure is executed within the testClosure() function, the message Hello Luna will be printed to the console when this code is executed. As we will see later in this chapter, the ability to pass closures to functions is what makes them so powerful and versatile.

    Finally, let’s look at how to return a value from a closure. The following example shows this:

    let clos3 = {
    (name: String) -> String in
    return "Hello \(name)"
}


    The clos3 closure definition is like the previous one, except that the return type is changed from Void to String. Instead of printing the message to the console, the closure returns the message using the return statement. We can execute this closure just like the previous closures, or pass it to a function. Here’s an example of executing the closure:

    var message = clos3("Maple")
print(message)


    After this line of code is executed, the message variable will contain the string Hello Maple. These examples illustrate the format and definition of closures. While the closure syntax we’ve shown so far is concise, it can be made even shorter and simpler. In the next section, we will look at the shorthand syntax for closures.

    Shorthand syntax for closures

    The use of shorthand syntax for closures is largely a matter of personal preference. Many developers enjoy making their code as compact as possible and take great pride in doing so. However, this can sometimes make the code harder for other developers to read and understand.

    One of the most popular shorthand syntaxes for closures is the one that is primarily used for sending small, usually one line, closures to a function. Before we explore this shorthand syntax, let’s write a function that accepts a closure as a parameter:

    func testFunction(num: Int, handler: () -> Void) {
    for _ in 0..<num {
        handler()
    }
}


    This function accepts two parameters: an integer named num and a closure named handler, which takes no parameters and returns no value. Inside the function, we use a for loop that iterates num times, and within this loop, the closure that was passed into the function is called. Now, let’s create a closure and pass it to testFunction(), as follows:

    let clos = { () -> Void in
    print("Hello from standard syntax")
}
testFunction(num: 5, handler: clos)


    This code is clear and easy to understand; however, it spans five lines. Now, let’s see how we can shorten it by writing the closure inline within the function call:

    testFunction(num: 5, handler: { print("Hello from shorthand closure") })


    In this example, we created the closure inline within the function call. When we create a closure inline like this, the closure is enclosed in curly brackets ({}), making the code to create this closure { print("Hello from shorthand closure") }. When executed, this code will print Hello from shorthand closure five times.

    The optimal way to call testFunction() with a closure, balancing both compactness and readability, could be something like this:

    testFunction(num: 5) {
    print("Hello from Shorthand closure")
}


    Having the closure as the final parameter enables us to omit the label when calling the function, making the code both compact and readable. This shorthand is called a trailing closure.

    Now, let’s see how to use parameters with this shorthand syntax. Let’s start by creating a new function named testFunction2 that accepts a closure with a single parameter. The following example shows how we may do this:

    func testFunction2(num: Int, handler: (_: String) -> Void) {
    for _ in 0..<num {
        handler("Me")
    }
}


    In testFunction2, we define the closure as (_: String) -> Void. This definition means that the closure accepts one parameter and does not return any value.

    Now, let’s see how we could use this shorthand syntax to call this function:

    testFunction2(num: 5) {  name in
    print("Hello from \(name)")
}


    This code calls the testFunction2() function with a value of 5 for the first argument and a closure for the second argument. This closure takes a parameter named name. 

    Now, let’s see how we can make it even more compact: 

    testFunction2(num: 5) {
    print("Hello from \($0)")
}


    The key difference between this closure and the previous one is the use of $0. The $0 parameter is shorthand for the first parameter that is passed into the closure. When this code is executed, it prints Hello from Me five times. Using the dollar sign ($) followed by a number allows us to reference parameters without explicitly creating a parameter list in the definition. The number after the dollar sign indicates the position of the parameter in the parameter list.

    Let’s look at this format further, as we are not limited to using the dollar sign with a number shorthand format only with inline closures. This shorthand syntax can also simplify the closure definition by omitting parameter names. The following example shows how this may work:

    let clos5: (String, String) -> Void = {
    print("\($0) \($1)")
}


    In this example, the closure has two parameters of the String type defined; however, they are not named. The parameters are specified as (String, String). Within the body of the closure, we can access these parameters using $0 and $1. Notice that the closure definition appears after the colon (:), similar to how we define a variable type, rather than inside the curly brackets. This is the proper way to define a closure when using anonymous arguments because with type inference, a closure knows the number and type of arguments. Defining the closure with anonymous arguments in any other way, such as the following, would not be valid:

    let invalidClosure = { (String, String) in
    print("\($0) \($1)")
}


    If we tried to run this code, we would receive an error letting us know that this is not valid.

    Next, let’s look at how we would use the clos5 closure:

    clos5("Hello", "Kai")


    Since Hello is the first string in the parameter list, it is accessed using $0, and Kai, being the second string, is accessed using $1. When this code is executed, the message Hello Kai will be printed to the console. In the next example, when the closure does not return any value, we can use parentheses instead of defining the return type as Void:

    let clos6: () -> () = {
    print("Howdy")
}


    In this example, we define the closure as () -> (). This indicates that the closure neither accepts any parameters nor returns a value. We can execute this closure as follows:

    clos6()


    Personally, I am not very fond of this shorthand syntax. I find the code much easier to read when the Void keyword is used instead of parentheses.

    Before we look at some useful examples of closures, there’s one more shorthand example to cover. In this example, we’ll demonstrate how to return a value from a closure without needing to use the return keyword. If the entire closure body consists of only a single statement, we can omit the return keyword, just as we do with functions, and the result of the statement will be returned automatically. The following example shows how we may do this:

    let clos7 = { (first: Int, second: Int) -> Int in first + second }
print(clos7(1,2))


    In this example, the closure accepts two parameters of the integer type and returns an integer. The closure’s body consists of a single statement that adds the two integers together. Notice that we do not include the return keyword before the addition statement. The compiler recognizes that this is a single-statement closure and will automatically return the result, just as if we had included the return keyword. The result type of our statement must match the closure’s return type in order to be valid.

    The examples shown in the previous sections were designed to demonstrate how to define and use closures. On their own, these examples do not fully showcase the power and usefulness of closures. Let’s look at some examples that will highlight the power and practicality of closures in Swift.

    Using closures with Swift arrays

    Swift arrays come with several built-in algorithms that use closures. Now that we have a good understanding of how closures work, let’s see how we can use closures to make full use of these algorithms.

    In this section, we will primarily use the map algorithm for consistency; however, the concepts we demonstrate can be applied to any of the algorithms.

    Let’s begin by defining an array to work with:

    let guests = ["Jon", "Heidi", "Kailey", "Kai"]


    This array, named guests, contains a list of names and will be used for most of the examples in this section.

    Now that we have our example array, let’s add a closure that will print a greeting for each name in the array:

    guests.map { name in
    print("Hello \(name)")
}


    Where the map algorithm applies the closure to each item in the array, this example will print the greeting for each name in the array. After the first section of this chapter, you should have a solid understanding of how this closure works. Using the shorthand syntax we discussed earlier, we can simplify the previous example to a single line of code:

    guests.map {print("Hello \($0)")}


    This is an example where the shorthand syntax, in my opinion, is easier to read than the full syntax. 

    Now, let’s say that instead of printing the greeting to the console, we want to return a new array with the greetings. To do this, we could modify the closure to return a String type, as shown in the following example:

    var messages = guests.map {
    (name:String) -> String in
    return "Welcome \(name)"
}


    When this code is run, the messages array will contain a greeting for each name in the guests array, while the original guests array will remain unchanged.

    In the previous examples, we demonstrated how to add a closure to the map algorithm inline. This approach works well if there is only one closure to use with the algorithm; however, if we have multiple closures, we need to use the same closure multiple times, or if we reuse the closure with different arrays, we can assign the closure to a constant. This allows us to reference the closure by its constant name where needed.

    Let’s see how we could do this by defining two closures. One closure will print a greeting for each element in the array, while the other will print a goodbye message for each element:

    let greetGuest = { (name:String) -> Void in
    print("Hello guest named \(name)")
}
let sayGoodbye = { (name:String) -> Void in
    print("Goodbye \(name)")
}


    Now that we have defined two closures, we can use them with the map algorithm as needed. The following code demonstrates how to use these closures interchangeably with the guests array:

    guests.map(greetGuest)
guests.map(sayGoodbye)


    When we use the greetGuest closure with the guests array, it prints the greeting message to the console, and when we use the sayGoodbye closure with the guests array, it prints the goodbye message to the console. If we had another array named guests2, we could use the same closures with that array as well.

    All the examples in this section so far have been to either print a message to the console or return a new array from the closure. However, we are not limited to such basic functionality. For instance, we can filter the array within the closure, as demonstrated in the following example:

    let greetGuest2 = {
    (name:String) -> Void in
    if (name.hasPrefix("K")) {
        print("\(name) is on the guest list")
    } else {
        print("\(name) was not invited")
    }
}


    In this example, we print a different message depending on whether the name starts with the letter “K” or not.\

    As mentioned earlier in the chapter, closures can capture and store references to any variable or constant from the context in which they are defined. Let’s look at an example of this. Suppose we have a function that contains the highest temperatures for the past seven days at a given location and accepts a closure as a parameter. This closure will do some sort of analysis of the temperatures. To start with, the analyzeTemperature() function will look like this:

    func analyzeTemperatures(analysis:([Int])->Void) {
    let tempArray = [72,74,76,68,70,72,66]
    analysis(tempArray)
}


    This function includes a list of high temperatures and processes them using the closure passed into the function. Now, let’s create the closure that will analyze the temperatures and execute the function:

    let threshold = 71
let daysAboveTemperature = { (temperatures: [Int]) in
    var aboveThresholdCount = 0
    for temperature in temperatures {
        if temperature > threshold {
            aboveThresholdCount += 1
        }
    }
    print("Number of days above \(threshold)°F: \(aboveThresholdCount)")
}


    In this code, notice that the threshold constant is defined outside the closure but is used within it. The closure captures this constant from its surrounding context and uses it to count how many days the temperatures exceed this threshold. This demonstrates the closure’s ability to reference and use variables from the context in which it was defined.

    While closures have the ability to update variables in the context within which they were created, they cannot modify items within the function’s context. This means it cannot alter variables within the analyzeTemperatures function. However, we could move the aboveThresholdCount variable outside of the closure, as shown in this code:

    let threshold = 71
var aboveThresholdCount = 0
let daysAboveTemperature = { (temperatures: [Int]) in
    for temperature in temperatures {
        if temperature > threshold {
            aboveThresholdCount += 1
        }
    }
    print("Number of days above \(threshold)°F: \(aboveThresholdCount)")
}
analyzeTemperatures(analysis: daysAboveTemperature)


    The output of this code is the same as the previous one with the aboveThresholdCount variable within the closure.

    We mentioned trailing closures earlier in this chapter. Another powerful feature of closures is the ability to have multiple trailing closures. Let’s look at this.

    Multiple trailing closures

    A function can accept multiple closure parameters. When these closures are used as trailing closures, they can be written outside of the function’s parentheses, as we saw with a single trailing closure. Each trailing closure is labeled in order to define which parameter it corresponds to. This is especially useful in scenarios where a function may handle different outcomes or behaviors, such as success and failure. Let’s look at an example of this:
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