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   preface
 

  
 

   

   When I started my career in the spring of 2016, Angular, as we know it today, did not yet exist; instead, I used to be an Angular.js developer—a long-forgotten framework that has now reached its end of life. While it offered interesting features and an opportunity to build more organized web apps, it did have some glaring flaws. This brings us to September 2016, when Angular 2 or, as it is known now, simply Angular was released.
 

  
 

   

   This was huge! Everything changed at a moment’s notice: we now had TypeScript, classes everywhere, strict organizational rules, and, soon enough, even a dedicated CLI tool to manage over applications. Of course, this was overwhelming at first; however, upon further research, it was revealed that the framework is actually very solid and an immediate upgrade upon anything we had prior, and that was the moment when many frontend developers, including myself, fell in love with it.
 

  
 

   

   Of course, this new Angular, like any other tool, wasn’t without flaws either: so began the process of continuous improvements upon the framework that we know and love. In the few first versions the framework stabilized, then in versions 8 and 9, we got a new rendering engine, and now we get a new phase of massive improvements that are often referred to (even by the Angular core team itself) as the “Angular renaissance.”
 

  
 

   

   I was always very involved with the progress and in-depth characteristics of Angular in the sense of documenting them. I loved going to the Angular source code and trying to figure out how the most interesting features actually work, trying out the most challenging problems, and speaking to industry experts. What I discovered is that, for me, the best way to learn something is to write about it. I started writing articles about Angular, going to podcasts, and in 2019 even began public speaking. All of this in the end culminated in this book.
 

  
 

   

   But why have this book at all? Well, when this first began, we as a community didn’t know anything about the “Angular renaissance”—we just knew Angular had scheduled major releases every six months, and with every release, we got some small new interesting things. However, we noticed that the changes incrementally got more and more revolutionary, so to speak; it was useful to write articles about all the features or talk about them at podcasts and events, but it kept growing and growing, with more changes that necessitated a very thorough exploration. Then it became obvious that something more was necessary.
 

  
 

   

   And that is how this book came to be: a book that is meant to help Angular developers who are excited about these new changes, or maybe frightened by them, to understand the new features, appreciate them, use them in their new projects, or even migrate older projects toward a more modern approach.
 

  
 

   

   The book cannot possibly claim to be a complete guide to everything new in Angular; as I write these words, Angular keeps changing and growing. During the writing of the book, I had to go back and change some things that were no longer current; this is the nature of software development, and the only thing we can do is keep learning. I know I learned a lot while writing this book, and I hope it will help you learn a thing or two about modern Angular too.
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   about this book
 

  
 

   

   Modern Angular is here to help understand and embrace the most recent changes to the Angular ecosystem, (starting from v12 up to v17), to either build new Angular applications from scratch or to migrate existing apps to these new versions. It does not function as a tutorial for Angular as a whole but rather helps Angular developers gain concrete knowledge about the new features while diving a little deeper into the base knowledge whenever necessary
 

  
 

   

   Who should read this book
 

  
 

   

   Modern Angular is meant to be utilized by people who are already familiar with Angular and have worked on projects before; it is good both for developers who just learned the important basics of the framework and those already very experienced with it. Additionally, it is useful to developers who maintain large legacy projects and look for strategies to bring their code up to modern standards.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   The book consists of 10 chapters, each covering a set of distinct new features. Each chapter first explores the old approach of doing things, then dives into the new approach by utilizing it in a brand-new project, and finally shows ways and strategies to help migrate existing codebases. 
 

  
 

   

   	 Chapter 1 discusses modern Angular as a whole, why the changes are happening, how to set up a project from scratch using the recent Angular versions, and what structure these new projects have. 
 

   	 Chapter 2 discusses standalone Angular building blocks, why we want them, how to perform all common tasks with standalone components, and how to migrate module-based components to become standalone. 
 

   	 Chapter 3 dives into Angular’s dependency injection mechanism, discusses the inject function, how it changed developers’ approaches to dependency injection, and what building blocks were affected by this change. 
 

   	 Chapter 4 explores various small new additions and improvements, like the optimized image loader, improved component inputs, better debugging options, and more. 
 

   	 Chapter 5 discusses RxJS and how it works with Angular as of now and the new built-in interoperability library, tying in dependency injection improvements from chapter 3 to new approaches with RxJS. 
 

   	 Chapter 6 introduces signals, explains why they are necessary, and provides high-level knowledge about all of their features. 
 

   	 Chapter 7 dives deep into signals, explaining how they can improve application performance and how to approach some advanced tasks like state management and RxJS interoperability with them. 
 

   	 Chapter 8 discusses unit testing in modern Angular applications and some new useful tools that can help with the task. 
 

   	 Chapter 9 talks about server-side rendering, how it can enhance application performance, and how to build applications that utilize service-side rendering and web page prerendering. 
 

   	 Chapter 10 discusses future prospects of the Angular framework like zoneless change detection and completely signal-based applications, and also explores some experimental new features that are already available like the new template syntax and deferred loading of components. 
 

  
 

   

   Readers are expected to read the book from start to end; however, after reading the first two chapters, developers can feel free to read the chapters on topics that interest them the most.
 

  
 

   

   About the code
 

  
 

   

   This book contains many examples of source code both in numbered listings and in line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.
 

  
 

   

   In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In rare cases, even this was not enough, and listings include line-continuation markers (↪). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.
 

  
 

   

   Please note: in chapter 10, we take a different route by exploring some experimental features on the code we already built; to have access to both versions, readers can use the source code repository and switch to the branch named “chapter-10” to review the other version. 
 

  
 

   

   The complete code for the examples in the book is available for download from the Manning website at https://www.manning.com/books/modern-angular, and from GitHub at https://github.com/Armenvardanyan95/modern-angular-hrms.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Modern Angular includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/modern-angular/discussion. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/discussion.
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.
 

  
 

 

   

   about the author
 

  
 

   

   Armen Vardanyan is a Google Developer Expert for Angular and a frontend team lead with eight years of experience. He writes articles about Angular, TypeScript, RxJS, NgRx, and other related technologies and sometimes appears as a speaker at conferences. 
 

  


 

   

   about the cover illustration
 

  
 

   

   The figure on the cover of Modern Angular, “Jeune Fille Armenienne,” or “Young Armenian girl,” is taken from a four-volume set by Auguste Wahlen, published in 1843. 
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 

  


 

   

   
1 Welcome to modern Angular

 

  
 

   

   This chapter covers
 

    

    	Our expectations of and goals for reading this book
 

    	A general overview of common problems in previous versions of Angular apps 
 

    	New solutions for those problems provided by recent versions of Angular
 

   
 

  
 

   

   Angular, one of the most popular frontend development frameworks, is at a crossroads. The framework has seen years of improvements in performance, user experience, and new features, like the introduction of the Ivy rendering engine, which reduced bundle sizes and improved run time. These developments have put the framework in a beneficial position. 
 

  
 

   

   Now, the community can focus on more than just improving the visible parts of the framework and, instead, work on the parts that directly affect user experience. Importantly, attention can also be directed toward aspects that affect the developer experience, such as better scalability and composability, among other aspects. These aspects are even more valuable for developers who work with the framework. Versions of the Angular framework have improved both the user and developer experiences, and more enhancements will continue to be added in future versions. 
 

  
 

   

   With this goal in mind, the Angular team has delivered several important updates in recent versions (starting in v13 and v14), which have become essential breakthroughs, putting Angular on a path of almost revolutionary changes. By the time this book is in print, Angular v19 will be live as the latest iteration of Angular, packed with an arsenal of modern tools built for various problems. We will cover all features, however minor, in recent releases (v12–v18) in rigorous depth, with examples, practical guides, and exercises.
 

  
 

   

   
1.1 What to expect
 

  
 

   

   Before discussing what’s new in Angular, let’s first define who this book might be useful for, what skills and knowledge will be minimally required to grasp the concepts fully, and how the book is structured. Let’s begin with the learning subjects.
 

  
 

   

   
1.1.1 Who will benefit from reading this book?
 

  
 

   

   In light of the recent changes to Angular, several groups of developers who will need to understand the new features will find this book very useful:
 

  
 

   

   	 New adopters of Angular—Developers may either come from other frameworks or just have adopted Angular and want to learn about the latest features in more detail (assuming a base level of expertise) 
 

   	 Seasoned Angular developers—Even the most experienced Angular developers can benefit from this book, as it provides a comprehensive overview of all the new features and changes introduced in Angular v12–v18. 
 

   	 Developers using an older version of Angular—This book can help those using an older version of Angular to understand the benefits of upgrading to the latest version—and how to do it quickly and smoothly. In addition to covering the new features and changes introduced in recent versions, we’ll discuss other relevant topics, such as changes that have been backported. 
 

  
 

   

   
1.1.2 What do we need to know before getting started?
 

  
 

   

   Certain knowledge is required to maximize the amount of information digested from this book. It is important to understand that this book is not an Angular tutorial, which would explain everything from scratch, but rather a guidebook of new features for developers already familiar with Angular and seeking more in-depth knowledge of modern approaches and tools. If you are unfamiliar with some concepts, see Pro Angular 16 by Adam Freeman (Manning, 2024; https://www.manning.com/books/pro-angular-16), which follows a tutorial-based approach and has helpful explanations of more basic concepts. You can keep Pro Angular 16 as a reference for this one; sometimes, I will reference it to help explain some concepts. 
 

  
 

   

   This book will explain (albeit briefly) some more advanced concepts necessary for the narration. Besides those explanations, the book assumes basic-to-intermediate knowledge of Angular, TypeScript, and HTML. Table 1.1 provides details of the minimally required knowledge.
 

  
 

   

   
Table 1.1 Minimally required knowledge
 

    

     

      

      	 

       

         Technology 

       

 

      	 

       

         Level of Expertise 

       

 

      	 

       

         Details 

       

 

     
 

     

     

      

      	  TypeScript 

 

      	  Basic 

 

      	  Knowledge of what TypeScript is; how to declare types of variables, functions, and objects; and knowledge about generic types. Anything more sophisticated will be briefly explained in the book whenever necessary. 

 

     
 

      

      	  Angular 

 

      	  Intermediate 

 

      	  Because Angular itself is the main focus of the book, basic knowledge is sometimes not enough. The book assumes familiarity with the building blocks of an Angular application (components, directives, etc.) and knowledge about Angular’s built-in packages like Http, Routing, and so on. Some minor advanced concepts will be explained as necessary, or a reference to Pro Angular 16 will be provided. 

 

     
 

      

      	  RxJS 

 

      	  Basic 

 

      	  Only the most basic knowledge of RxJS (mainly observables, operators, and subscriptions) is necessary. 

 

     
 

      

      	  HTML 

 

      	  Very basic 

 

      	  The most entry-level knowledge of HTML tags and attributes is enough to understand the book’s materials. 

 

     
 

      

      	  CSS 

 

      	  Very basic 

 

      	  Knowledge of CSS selectors is enough. The book does not focus on styling, and examples of components usually will not have CSS code. 

 

     
 

     

   
 

  
 

   

   
1.1.3 How is the book structured?
 

  
 

   

   As previously mentioned, many types of developers with various tasks will find this book useful. To best accommodate all of them, the book follows a certain pattern of explaining these new features. First, we will establish a problem that Angular developers experienced in previous versions and then cover solutions that the framework offered in those earlier versions (or note the absence of such prior solutions). We will then discuss the new tools available to solve that feature’s particular problem in a new, modern Angular application. Finally, I will explain how developers can smoothly migrate their existing Angular applications to use the new feature.
 

  
 

   

   All practical examples are structured in a brand-new Angular application. We will create this application from scratch, using the latest Angular version and the newest Angular features. The application will perform practical, real-life functions to maximize the practicality of the examples. We will set up this application later in this chapter.
 

  
 

   

   Now that we have set prerequisites, we can define our starting point by understanding what Angular looked like before these revolutionary changes and what problems those changes try to address.
 

  
 

   

   
1.2 How Angular was
 

  
 

   

   Before discussing the most recent versions, let’s identify the framework’s most important features that have been subjected to changes with the latest versions and the approach we’ll take to building an Angular-based application.
 

  
 

   

   
1.2.1 Angular’s core features
 

  
 

   

   Next, we will talk about some, but not all, of the important parts of the Angular framework. I mainly focus on the features undergoing a transformation via the latest releases.
 

  
 

   

   Object-oriented programming
 

  
 

   

   Object-oriented programming (OOP) was long seen as a signifier of large enterprise projects, heavily popularized by languages like Java and C#. It was the go-to approach for managing complex applications. Angular itself has a rather complex and intertwined relationship with OOP.
 

  
 

   

   Most Angular building blocks, like components, pipes, directives, guards, and many more, have historically been authored with OOP. All building blocks are represented by a class, data inside of them is stored as a property, and their behavior is described via methods. In the next chapters, especially chapters 3 and 10, we will see that some of those building blocks do not have to be classes; in fact, representing some of them as classes could be confusing for developers, especially those coming from other popular frontend frameworks like React, where functions reign supreme. We will see how this reality is about to change.
 

  
 

   

   Dependency injection
 

  
 

   

   Dependency injection (DI) has been a very important and appealing part of the Angular framework, and it is hard to find a developer who hasn’t utilized it in an Angular project. Until recently, DI was completely coupled with classes and OOP: to have DI, you needed to have a class with the @Injectable decorator; you could not use an instance of a service, a config, or anything else from the DI-tree in a function unless it is explicitly passed as an argument. Of course, this constraint denied us some composability. With the addition of the new inject function, this constraint has evaporated, opening a new era of composability and reusability.
 

  
 

   

   Module-based architecture
 

  
 

   

   Before v14, all Angular applications were built around NgModules, an Angular-specific concept. NgModules comprise a class that encapsulates all other building blocks and makes them work together. NgModules were used to build application architecture, share functionality, and more. However, many Angular developers experienced various problems with NgModules. Now, Angular allows developers to build applications without NgModules, a new practice known as “standalone.”
 

  
 

   

   RxJS
 

  
 

   

   RxJS, the reactive extensions library for JavaScript, most likely plays a huge part in sharing the state between different parts of an Angular application. For instance, authentication and authorization events (access granted/revoked) are, at the very least, propagated through it. However, many applications either build some relatively simple state management mechanism via a service with a subject or use an existing state management solution like NgRx, which also relies on RxJS. New features have dramatically increased the interoperability between Angular applications and RxJS.
 

  
 

   

   Change detection
 

  
 

   

   Change detection, the mechanism by which Angular propagates the changes in a component’s data to the UI, is a pretty complex and somewhat suboptimal algorithm. It relies on a third-party library (zone.js), with developers anxious to find solutions for building applications without this overhead. In later chapters, we will learn how to accomplish that and dive deep into the change detection mechanism.
 

  
 

   

   
1.2.2 What is an Angular application?
 

  
 

   

   After the very first Angular release, multiple approaches to building Angular-based applications emerged. Monorepo tools like Nx, static site generators, and different builders have become fairly prominent and grown in communities. However, we will examine the most “classic” Angular projects—those built purely on Angular CLI—using the most popular (for the better or worse) approaches. In other words, we’ll look at the types of applications you are more likely to encounter in the wild. 
 

  
 

   

   Let’s imagine an Angular application around which our discussion will evolve. We will make a series of assumptions about this app:
 

  
 

   

   	 It uses Angular v12, which does not include the modern features of more recent versions. 
 

   	 It does not use a dedicated state management library like NgRx or Akita. Instead, as with many Angular projects, it gradually reinvents state management in the form of services with a subject. 
 

   	 It uses a modular architecture, not specific patterns like library-based or micro-frontends. 
 

   	 It uses a third-party UI library (Angular Material, among others). The specific library is not important; we will just assume that dependency exists. 
 

  
 

   

   While these assumptions might feel a bit restrictive, they describe a large chunk of existing Angular apps. 
 

  
 

   

   Let’s pose some important questions about this application:
 

  
 

   

   	 What are its main parts? 
 

   	 How do those parts interact, and what is the glue that bonds them? 
 

   	 On an architectural level, what are the most important and frequent challenges developers face? 
 

   	 What are some challenges at the code level? 
 

   	 How easy is it to onboard someone into an existing project? 
 

  
 

   

   With these questions in mind, let’s briefly discuss the business and unique cases of the actual application. In our scenario, we will describe an HRMS (human resources management system) application where the entire workflow of an HR department is handled. It has several key parts:
 

  
 

   

   	 Employees—All the data about a company’s employees, their profiles, accessible both for the HR personnel and employees themselves 
 

   	 Recruitment—Data about the recruitment process, interviews, and admissions, accessible to the HR personnel and certain employees (usually the ones conducting technical interviews) 
 

   	 Time off—A feature where employees can request time-offs and managers can approve them. Accessible to everyone 
 

   	 Work—Data about the projects the company is working on, who reports to whom, submitting feedback, and so on. This has granular access, and some employees can see all of the pages, some can see only the parts of the pages, and so on. 
 

   	 Integrations—Communications with third-party apps, like email or calendar. For example, we might want the person who is going to conduct a technical interview to receive an email invitation, the event added to their calendar, and also to allow them to see an integrated, personalized calendar in their “work” section profile. This could mean working with third-party services like Outlook, Google Calendar, or more. 
 

  
 

   

   Figure 1.1 shows a visual diagram of the application. As we can see, the application, even on a superficial level, appears to have multiple interconnected features. This means that the app will most certainly utilize RxJS, have performance issues (partially related to the change detection mechanism), have multiple services and reusable components/directives that require careful maintenance and structuring, and have multiple NgModules. It quickly becomes obvious that all the features we mentioned in the previous section will be significantly affected by the latest changes in Angular.
 

  
 

    

   [image: figure] 

   
Figure 1.1 The relations between different parts of the application, with arrows representing relations between different modules, like shared components or services


  
 

   

   To examine this application, we will do two distinct things. First, we will begin building this very application from scratch. Next, in every chapter, as previously promised, we will examine scenarios in which this app already exists on an older version of Angular so we can understand how to migrate it to use the latest features. For now, let us begin building this application by doing a basic setup so we can build upon it in subsequent chapters.
 

  
 

   

   
1.3 Let’s start a modern Angular app
 

  
 

   

   There are different ways of starting a new project with Angular, including different custom and third-party builders, bundlers, and other tools. However, those tools, while doubtlessly useful, are out of scope for this book; be mindful that through the entire course of the book, we are going to use the official Angular CLI and the official Angular CLI only. 
 

  
 

   

   If you do not have the Angular CLI on your machine, use the official Angular documentation page (https://mng.bz/PNEY) for proper installation; if you have an older version of Angular CLI, please install at least v16.0.0; if you have already done those steps, then proceed with this chapter, as we explore what a modern Angular application looks like.
 

  
 

   

   
1.3.1 Using the Angular CLI
 

  
 

   

   The Angular CLI has a bunch of different commands and custom schematics. In this book, we will gradually encounter different (some quite new) scripts that would allow us to build using specific settings, generate environment files, migrate existing code, and so on. For now, we will focus on the probably most well-known command, ng new, which is used to create new projects. 
 

  
 

   

   ng new has several customization options for a newly created project, and the dedicated section of the Angular documentation explains them quite well. Here, however, we will focus on six of them, as outlined in table 1.2.
 

  
 

   

   
Table 1.2 Important parameters for creating a new Angular project
 

    

     

      

      	 

       

         Parameter 

       

 

      	 

       

         Description 

       

 

      	 

       

         Default value 

       

 

     
 

     

     

      

      	  --strict 

 

      	  Enables strict type-checking in both templates and TypeScript files 

 

      	  True 

 

     
 

      

      	  --inline-template 

 

      	  Makes component templates inline by default. With the rise of standalone components, this approach has become very popular. Throughout the book, we will show whole components with inline templates to ensure maximum readability, but this is not considered either a good or bad practice and depends on developer preference. 

 

      	  False 

 

     
 

      

      	  --minimal 

 

      	  Creates a project without any testing-related files. This is good for learning, but we are not going to use it, as we also cover unit testing in this book; if you want to see a simplified version of the project tree, feel free to use this option. 

 

      	  False 

 

     
 

      

      	  --package-manager 

 

      	  Allows us to select which package manager to use (if we do not like npm for whatever reason) in the project. Angular CLI commands like ng add or ng update will use this option under the hood to install and update dependencies. We will stick to the default in this book, but you are welcome to explore other options. 

 

      	  npm 

 

     
 

      

      	  --standalone 

 

      	  This option is the most important for us, as it creates an application without NgModules by default, as it does with modern-day Angular apps. We will use this one outright. 

 

      	  True 

 

     
 

      

      	  –defaults 

 

      	  Skips the prompt questions and uses default values without asking. For example, it will generate an Angular routing, use CSS for styles, and so on. 

 

      	  False 

 

     
 

     

   
 

  
 

   

   
1.3.2 Creating a new project
 

  
 

   

   Now, as we have familiarized ourselves with several command options, let us go forward and finally create a new application. If you are using Angular v16, you will have to manually specify that you want a standalone component-based application. In v17 and higher, you can skip this parameter.
 

  
 

   

   Navigate to a folder/directory of your preference and run the following command:
 

  
 

   

    

    ng new hrms --defaults --standalone --routing
  

   
 

  
 

   

   Note  Depending on your CLI version (v16 or lower), you might see a warning that says, “Standalone application structure is new and not yet supported by many existing 'ng add' and 'ng update' integrations with community libraries.” This statement mostly applies to using third-party libraries and is not very relevant to our application, so you can safely ignore it.
 

  
 

   

   After all the installations are done, we should be able to see our new project. Let’s open it with our chosen editor and explore the folder structure first. Most probably, the application looks something like this:
 

  
 

   

    

    └── hrms/

    ├── src/

    ├── angular.json

    ├── package.json

    ├── tsconfig.app.json

    ├── tsconfig.json

    └── tsconfig.spec.json
  

   
 

  
 

   

   Note that there can be several other files not mentioned here, like Git-related files, editor-specific autogenerated files, a README.md file, or more.
 

  
 

   

   Let's pay attention to three important changes, as opposed to what we used to have in older versions:
 

  
 

   

   	 No environments folder—Environment files are used to store application configuration data like API URLs or third-party API configurations that might differ from environment to environment. Starting from Angular v15, environment files are not generated by default and can be added via a separate command. We will talk more about environments and builds/deployments in chapter 9. 
 

   	 No explicit polyfills.ts file—Polyfills are used to support older browsers like IE11 or prior. Previously, an Angular project had this file by default from the very beginning of the project, but now it is no longer autogenerated. This can also be added manually if necessary to support older browsers. 
 

   	 If we open the angular.json file, we will notice it is far shorter than we used to have in older projects. 
 

  
 

   

   
1.3.3 What changed?
 

  
 

   

   Now, let us open the most interesting folder, src, and see what it contains:
 

  
 

   

    

    . 

└── hrms/

    └── src/

        ├── app/

        │   ├── app.component.css

        │   ├── app.component.html

        │   ├── app.component.spec.ts

        │   ├── app.component.ts

        │   ├── app.config.ts

        │   └── app.routes.ts

        ├── assets/

        ├── index.html

        ├── main.ts

        └── styles.css
  

   
 

  
 

   

   Here, we can see another three differences from what we are used to:
 

  
 

   

   	 No app.module.ts file—The application is fully standalone and does not utilize modules for its architecture 
 

   	 app.routes.ts file instead of app.routing.module.ts—This is again because we chose standalone 
 

   	 app.config.ts file—This file will contain global configurations for our app, like providers, routing initialization, and more. 
 

  
 

   

   Now, let’s start exploring the file contents themselves. app.component.html contains a predefined welcome page, app.component.spec.ts contains some boilerplate unit tests, and app.component.css is empty, so we will skip them. Let us now review the contents of app.component.ts.
 

  
 

   

   
Listing 1.1 AppComponent, the root component of the project 
 

    

    import { Component } from '@angular/core';

import { CommonModule } from '@angular/common';

import { RouterOutlet } from '@angular/router';



@Component({

  selector: 'app-root',

  standalone: true,

  imports: [CommonModule, RouterOutlet],

  templateUrl: './app.component.html',

  styleUrls: ['./app.component.css']

})

export class AppComponent {

  title = 'hrms';

}
  

   
 

  
 

   

   This code looks like a fairly common Angular component, but it has two important distinctions:
 

  
 

   

   	 standalone: true marks this component as standalone and not belonging to any NgModule 
 

   	 The imports array is used to import dependencies, like other modules and standalone components/directives/pipes, as this component is standalone and does not rely on an NgModule to locate its dependencies and instead imports them directly. Note that in v16 it imports CommonModule, to be able to use built-in directives and pipes, but those things are now also standalone and can be imported directly. That is, we can write NgIf in the imports array and import only itself instead of bringing the entire CommonModule. In v17+, CommonModule is not imported by default. 
 

  
 

   

   This is how a standalone component typically looks like, but of course, there is much more to it, as we will discuss in the next chapter. Now let's see the app.routes.ts file.
 

  
 

   

   
Listing 1.2 Default empty route definitions 
 

    

    import { Routes } from '@angular/router';

export const routes: Routes = [];
  

   
 

  
 

   

   We can see that it is also simpler, as it does not use the RouterModule to register routes. Instead, those routes are only defined here and registered in the app.config.ts file, which we will now review.
 

  
 

   

   
Listing 1.3 Application configuration 
 

    

    import { ApplicationConfig } from '@angular/core';

import { provideRouter } from '@angular/router';



import { routes } from './app.routes';



export const appConfig: ApplicationConfig = {

  providers: [provideRouter(routes)]

};
  

   
 

  
 

   

   Again, two important things to note here:
 

  
 

   

   	 The ApplicationConfig interface has one property, providers, which is used to provide DI tokens, as we previously did in NgModules with the property that shared the same name. 
 

   	 Routes are registered with a special new function called provideRouter, which also accepts an array of our route definitions instead of RouterModule .forRoot(routes). 
 

  
 

   

   Now it seems we have reviewed all of our files because, as mentioned previously, we do not have an app.module.ts file in a standalone setup. So, if we do not have that file, how is our application being initialized and bootstrapped? Well, this logic fully moved to the main.ts file.
 

  
 

   

   
Listing 1.4 main.ts
 

    

    import { bootstrapApplication } from '@angular/platform-browser';

import { appConfig } from './app/app.config';

import { AppComponent } from './app/app.component';



bootstrapApplication(AppComponent, appConfig)

  .catch((err) => console.error(err));
  

   
 

  
 

   

   As we can see, main.ts now uses a special bootstrapApplication function instead of the previous platformBrowserDynamic().bootstrapModule(AppModule) and directly bootstraps the AppComponent instead of an AppModule. In modern Angular apps, we do not need an NgModule, and this new function can directly create our application using one root component and the application configuration. 
 

  
 

   

   So far, we have seen changes relating to standalone components and how dependencies are provided (DI). We will cover those topics in the next two chapters fully before proceeding to other changes. Now, let’s briefly discuss all of those changes to have our road map for learning.
 

  
 

   

   
1.4 What’s new in Angular?
 

  
 

   

   Before we begin a slightly more hands-on acquaintance with the latest and hottest features in Angular, let’s discuss how the Angular team identifies issues and decides on the solutions so we can understand the reasoning behind all these new features.
 

  
 

   

   
1.4.1 How does Angular evolve?
 

  
 

   

   Angular is an open source framework with a vibrant community of contributors and users. As such, very often, certain wishes of the general audience eventually materialize into actual features and improvements in the framework code. Let’s see the process behind this; it would be helpful to understand how certain decisions are made and possibly participate in the process itself. For a certain idea to become a concrete feature in the Angular framework, it has to pass through rigorous steps, as shown in figure 1.2.
 

  
 

    

   [image: figure] 

   
Figure 1.2 The process of integration of new features into Angular


  
 

   

   As we can see, this is quite a long process marked with lots of milestones; also noteworthy is the fact that there are other internal processes we are unaware of, mostly related to upkeep. But the public process is what makes Angular (to an extent) democratic; while the core team retains the final word on changes and API structure, fairly often contributors from the wider community either suggest changes or code directly (via pull requests), and that is how lots of features that we are going to discuss in this book came to life. Let’s discuss the first step in this process in more detail.
 

  
 

   

   
1.4.2 How does Angular recognize problems?
 

  
 

   

   As previously described (and, of course, what common sense tells us), the first step in adding a new feature to the framework is to identify a common and popular demand or a pain point for developers (maybe one of those we discussed previously). The process uses several methods—namely, internal research by the core team, an exploration of changes in the Web standards, GitHub issues submitted from the wider community, and direct pull requests contributed by community members. Finally, the Angular Developer Survey (https://mng.bz/w5q2) is an annual survey sent out to all interested Angular developers, where they can answer common questions, write about things they think need to change, and more.
 

  
 

   

   After those things are gathered, discussions are often started, where contributors and users can vote on issues they find particularly appealing to them; this is yet another instance of democratic decision-making in the framework and yet another proof of how Angular is very feedback-driven and does, very often, listen to the developer community and adapt to new challenges.
 

  
 

   

   However, it is very important to know that though the democratic process drives a lot of innovation in Angular, the core team still makes the ultimate decisions. Sometimes a highly requested feature may not be implemented, mainly because it conflicts with some core values the team has (e.g., backward compatibility, nonalignment with Web standards, and others we already discussed). Keeping all of this in mind, let us see the way Angular forges its path into the future.
 

  
 

   

   
1.4.3 Current goals
 

  
 

   

   An important source of information on how Angular chooses its direction is the official Angular road map (https://angular.io/guide/roadmap), a detailed list of the features Angular is going to address in future releases. We can see a large number of topics there, but we are not going to explore any of them right now, as most of them are speculative anyway. However, familiarizing ourselves with the road map can give us an understanding of what we might expect in the future. 
 

  
 

   

   Instead, we will explore some current core goals—significant short-term changes that either improved the developer experience or laid a foundation for more radical changes. Those changes will reflect something already existing in the newer versions of Angular and are not speculative. We will examine those goals in the context of the previously mentioned HRMS enterprise application to understand what parts of such an application might improve.
 

  
 

   

   Ease of adoption
 

  
 

   

   Another famous (and at least partially correct) stereotype about Angular is that it is hard to learn or switch to. This is mainly related to the sheer number of features that Angular provides out of the box, including a very specific template syntax and other purely Angular-related concepts that the framework introduced like directives, pipes, and so on. Another important goal for the core team is to make the framework newcomer-friendly, either through improved documentation or directly by simplifying core concepts.
 

  
 

   

   Increased composability/reusability
 

  
 

   

   Some Angular building blocks can be hard to reuse or repurpose. For instance, we can have multiple routing guards or interceptors that essentially do the same thing (like checking for certain roles or permissions, as mentioned) in different contexts and have problems being generalized, which can result in loads of copy-pasting and easily preventable bugs. It also severely affects the ability to refactor the codebase: changing one routing guard may mean changing all of them. We might also want to apply this reusability to directives that handle business logic to make our templates more dynamic.
 

  
 

   

   Reduced boilerplate code
 

  
 

   

   In general, Angular is considered a bit boilerplate-heavy compared to other frontend frameworks, so one of the goals of the core team (albeit not the most important one) is reducing the amount of code necessary to get up and running with Angular. In our application, we may have lots of boilerplate code to make some core functionality work, such as defining pipes and reusable components, providing services and environments, sharing state, creating routing guards, and other handlers.
 

  
 

   

   Improved type safety
 

  
 

   

   As Angular is already built on top of TypeScript, we enjoy a lot of type safety with it. However, when we dive deeper, we discover that many parts of the framework itself contain a bunch of anys, which can and will make our apps less safe in terms of strict typing. Most prominent are the reactive forms, which, in an enterprise application dealing with a lot of user-generated data, can possibly be very important and widely used.
 

  
 

   

   Improved reactivity
 

  
 

   

   We saw many interconnected components and application parts in Figure 1.1, and there’s a high possibility of connecting those elements via RxJS through Angular services. These connections introduce complexity and a higher probability of glitches and bugs. Simplifying that process would be of great benefit to larger apps and make them more accessible to newcomers.
 

  
 

   

   
1.4.4 New features
 

  
 

   

   Starting from Angular v13, interesting and sometimes drastic improvements have been added, all addressing the topics we discussed previously. As this book is entirely dedicated to the modern state of Angular, we will not dive too deep into it in this chapter, but we will familiarize ourselves with a general overview of these additions.
 

  
 

   

   Standalone building blocks
 

  
 

   

   We already encountered a standalone component when bootstrapping our HRMS application. Starting from v14, having NgModules is no longer required: Angular building blocks can now be standalone, meaning they do not require an associated NgModule to be used in an app. In v15, this new capability was marked as “stable” and is already widely used in many production-ready apps. We will discuss this new approach and all of its benefits (and some new pitfalls) in the next chapter.
 

  
 

   

   The inject function
 

  
 

   

   Until v14, it was only possible to inject dependencies in classes marked with one of Angular’s decorators: @Component, @Pipe, @Directive, and, of course, @Injectable. It was impossible to use an instance of some DI value in a function (rather than a class) unless it was passed directly via an argument. With this new function, we can overcome this limitation and build a composable, reusable function that can be easily shared between components with the simplest approaches. This small change (essentially, the already-existing inject function was just exposed publicly by Angular) made huge waves through the Angular community, changing approaches, allowing for never-before-heard-of composability, and even resulting in the official deprecation of some previously widely used tools. We will dive deep into new DI patterns in chapter 3.
 

  
 

   

   Type-safe reactive forms
 

  
 

   

   Reactive forms have long been a source of type-related bugs, and developers resorted to various (sometimes quite dirty) solutions to overcome these limitations. Again, from v14, new typed reactive forms have been introduced, which are now marked as ”stable,” that quickly replaced the previous ones (which have been renamed to untyped reactive forms to simplify migration). We will talk more about them in chapter 4.
 

  
 

   

   Directive composition API
 

  
 

   

   A new hostDirectives property has been added to the component/directive metadata object, which allows the automatic addition of other directives, essentially allowing us to build directives from other directives. This is a huge step up for composability, which was previously built with other (not always really suitable) solutions like OOP inheritance or pure DI. We will see how it simplifies both the directive/component code and the template in chapter 4.
 

  
 

   

   Better compatibility with RxJS 
 

  
 

   

   An entirely new package, rxjs-interop, has been added to Angular, which will help developers integrate RxJS code seamlessly into Angular apps. The new reactive primitive allows for switching from signals to observables, and vice versa, and the package has an easier, built-in way of unsubscribing from streams. We will explore this new package in chapter 5.
 

  
 

   

   Signals
 

  
 

   

   Probably the most effective addition to Angular ever, signals are a new reactive primitive that is called to solve common problems we face with RxJS. Signals transform and significantly improve the change detection mechanism, bringing it to a new, more granular level instead of the current top-down checks system. We will talk about signals in great detail in chapters 6 and 7.
 

  
 

   

   New template syntax
 

  
 

   

   Starting from v17, a new template syntax is available that is projected to replace ngIf, ngSwitch, and ngFor directives. This syntax allows for more readable templates and compiler optimizations. In v18, this syntax is already stable. We will talk about these new commands in chapter 10.
 

  
 

   

   Deferred loading of parts of a template
 

  
 

   

   Another addition to the new template syntax allows for deferred loading of a part of a template based on a condition or an event. This can help us build more performant applications while also reducing the final bundle size. We will cover this approach extensively in chapter 10.
 

  
 

   

   New tools for unit testing
 

  
 

   

   The addition of a new unit testing framework, support for new APIs (like the previously mentioned inject function), and the emergence of AI tools have significantly affected how we view and write unit tests, allowing for a faster authoring experience and less time spent mocking data. In chapter 8, we will dive deep to understand how unit tests are driving modern Angular development.
 

  
 

   

   Server-side rendering hydration
 

  
 

   

   The server side has long been one of the weakest points of Angular, only supporting the most basic full rerender of the page, but recent developments have added long-awaited features—namely, full hydration. Full hydration greatly improves the performance of SSR apps, allowing for the reuse of the existing application state and DOM. In chapter 9, we will review this feature and familiarize ourselves with development experience improvements and a new experimental bundling system.
 

  
 

   

   Various granular improvements to performance
 

  
 

   

   Different small tools that improve the loading of the page and its different parts, like the loading of images, have emerged and are already stable. We will encounter such additions in different chapters, but mostly in chapter 3.
 

  
 

   

   Developer experience improvements 
 

  
 

   

   Better error messages, debugging, stack traces, and much more are already in Angular, with more improvements underway. We will examine these features in various chapters.
 

  
 

   

   Final thoughts
 

  
 

   

   As we can see, these changes are a very large addition to the framework and can very well be hailed as “revolutionary.” Sometimes developers refer to this as “Angular 3” as a reference to AngularJS being “Angular 1,” the framework we had before v12 being “Angular 2,” and now these new changes are marked as “Angular 3.”
 

  
 

   

   However, these names are confusing and do not correspond with reality. The Angular team has not made any statements referring to an entirely new framework. Although these changes are somewhat drastic, all of them are iterative, easily adoptable, and, for the most part, backward compatible. AngularJS to Angular was a full rewrite of the framework from scratch, with new concepts and approaches. 
 

  
 

   

   These updates are in no way an overhaul of the entire framework (although it would be fair to say that the difference between, let’s say, Angular v18 in the future and Angular v12 will be very significant). So, we will refrain from calling it “Angular 3” or whatever other label some might conceive; instead, we treat it as “modern Angular” as in the current state of this framework. 
 

  
 

   

   
1.4.5 What about the future?
 

  
 

   

   Before moving on, let us briefly touch on two other related questions that may arise with the readers—namely, “What can we possibly expect next?” and “What will definitely stay the same?” 
 

  
 

   

   Let’s start with the future prospects (see table 1.3). Note that these aren’t speculations of preference-based fantasies but rather some experimental things already available in the framework for developer preview or already public RFCs (request for comments). We won’t discuss them in length in this book, but they’re worth knowing about, and it’s helpful to understand the motivations behind the changes already present.
 

  
 

   

   
Table 1.3 Prospects of new features in future versions of Angular
 

    

     

      

      	 

       

         Change 

       

 

      	 

       

         Description 

       

 

      	 

       

         Version 

       

 

     
 

     

     

      

      	  Zoneless applications 

 

      	  Zone.js has been a required part of Angular since its very conception. However, it increases the bundle size and is not very efficient for change detection. With the new reactive primitive, the Angular team is exploring possibilities for allowing completely zone-free apps. They are possible currently with some adjustments as an experimental API but are not there by default. 

 

      	  v18 

 

     
 

      

      	  Alternative component authoring formats 

 

      	  As previously discussed, some building blocks (like route guards and resolvers) that have only been possible with classes previously are now available (and preferable) to be authored as functions. It is possible that the Angular team might also allow for functional pipes, directives, and even components, or maybe even a completely different authoring format. 

 

      	  Unknown 

 

     
 

      

      	  Partial hydration and resumability 

 

      	  We will discuss full-app hydration in chapter 9, as full hydration is already a stable part of the framework; however, the core team will also explore partial hydration of pages in SSR and application resumability. 

 

      	  Possibly v19 

 

     
 

      

      	  A let keyword for templates 

 

      	  This new keyword will allow developers to declare variables inside templates, simplifying the addition of complex logic to templates. These variables will only be available inside templates. 

 

      	  Possibly v18.1 

 

     
 

     

   
 

  
 

   

   The second question is of no less importance. The following is a list of things that we can treat as very stable, and that won’t change in any significant way:
 

  
 

   

   	 DI mechanisms —While some minor improvements to DI will be present in the future (like being able to provide an InjectionToken at the root of the app), the DI framework itself has passed the test of time and remains one of the most beloved features for Angular developers. 
 

   	 Previous component authoring formats —While functional components might be a possibility, class-based components are not going anywhere, at least in the foreseeable future. 
 

   	 RxJS support —While Angular introduced a new reactive primitive, we will see in this book how integration with RxJS will become even smoother, and even if some developers might opt to use less RxJS in favor of signals, the core tenet of working well with RxJS will remain. 
 

   	 Routing —After the introduction of the functional guards and other minor improvements, no significant changes are planned to the Angular routing. 
 

   	 HTTP client, animations, and other optional tools —These tools are some parts of the framework that have definitely stood the test of time. 
 

  
 

   

   The future of Angular looks very bright, but to understand and be better prepared for it, we need to examine its present state.
 

  
 

   

   
1.4.6 The learning process
 

  
 

   

   As we saw, each chapter of this book will revolve around one (or more) new concepts and will explore their real-life applications. In this context, each chapter will be loosely structured according to the paradigm we set out earlier: exploring a topic and the theory behind the changes, applying it with code examples, and then challenging the reader to code. All the solutions will be included in the GitHub repository, but I recommend they be implemented manually to increase the reader’s skill proficiency.
 

  
 

   

   I hope that this process will be both entertaining and informative and that the abundance of practical coding will help cement your knowledge of Angular. So, starting here, we begin our deep dive to explore each new feature one by one while building our modern Angular application.
 

  
 

   

   Summary
 

  
 

   

   	 Angular has a rich history and keeps evolving. 
 

   	 The community has identified a number of outstanding problems with the framework. 
 

   	 The core team constantly proposes and implements new approaches to address those problems. 
 

   	 A huge set of new concepts has already arrived, such as new dependency injection, standalone building blocks, signals, type-safe forms, functional building blocks, and more. 
 

   	 New projects are now created using a standalone approach. 
 

  


 

   

   
2 A standalone future

 

  
 

   

   This chapter covers
 

    

    	Using Angular components, directives, and pipes without NgModules
 

    	Structuring applications without NgModules
 

    	Routing and lazy-loading of standalone components
 

    	Migrating existing applications to standalone
 

   
 

  
 

   

   In the previous chapter, we learned about recent developments in Angular and laid out a learning plan for this book. We also created a project and already encountered standalone components. Now it is the time to explore one of the new capabilities of modern Angular, building applications without NgModules, colloquially known as standalones, and understand both the benefits and shortcomings of this approach. To do so, we first need to examine the reasons why teams are making a switch away from NgModules in a more profound way.
 

  
 

   

   
2.1 Why abandon NgModules?
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