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CHAPTER 1

Getting Ready

Angular taps into some of the best aspects of server-side development and uses them to enhance HTML
in the browser, creating a foundation that makes building rich applications simpler and easier. Angular
applications are built around a design pattern called Model-View-Controller (MVC), which places an
emphasis on creating applications that are

e  Extendable: It is easy to figure out how even a complex Angular app works once you
understand the basics—and that means you can easily enhance applications to
create new and useful features for your users.

e  Maintainable: Angular apps are easy to debug and fix, which means that long-term
maintenance is simplified.

e  Testable: Angular has good support for unit and end-to-end testing, meaning that
you can find and fix defects before your users do.

e  Standardized: Angular builds on the innate capabilities of the web browser without
getting in your way, allowing you to create standards-compliant web apps that
take advantage of the latest features (such as HTML5 APIs) and popular tools and
frameworks.

Angular is an open source JavaScript library that is sponsored and maintained by Google. It has been
used in some of the largest and most complex web apps around. In this book, I show you everything you
need to know to get the benefits of Angular in your own projects.

What Do You Need to Know?

Before reading this book, you should be familiar with the basics of web development, have an understanding
of how HTML and CSS work, and, ideally, have a working knowledge of JavaScript. If you are a little hazy on
some of these details, I provide refreshers for the HTML, CSS, and JavaScript I use in this book in Chapters 4, 5,
and 6. You won't find a comprehensive reference for HTML elements and CSS properties, though. There just
isn’t the space in a book about Angular to cover all of HTML. If you need a complete reference for HTML and
CSS, then I suggest another of my books, The Definitive Guide to HTMLS5, also published by Apress.

What Is the Structure of This Book?

This book is split into three parts, each of which covers a set of related topics.

© Adam Freeman 2017 1
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Part 1: Getting Ready

Part 1 of this book provides the information you need to get ready for the rest of the book. It includes this
chapter and primers/refreshers for key technologies, including HTML, CSS, and TypeScript, which is a
superset of JavaScript. I also show you how to build your first Angular application and take you through the
process of building a more realistic application, called SportsStore.

Part 2: Working with Angular

Part 2 of this book takes you through the building blocks provided by Angular for creating applications,
working through each of them in turn. Angular includes a lot of built-in functionality, which I describe in
depth, and provides endless customization options, all of which I demonstrate.

Part 3: Advanced Angular Features

Part 3 of this book explains how advanced features can be used to create more complex and scalable
applications. I introduce the Reactive Extensions package, which underpins a lot of the functionality
provided by Angular and is used directly by advanced features. I demonstrate how to make asynchronous
HTTP requests in an Angular application, how to use URL routing to navigate around an application, and
how to animate HTML elements when the state of the application changes.

Are There Lots of Examples?

There are loads of examples. The best way to learn Angular is by example, and I have packed as many of
them as I can into this book. To maximize the number of examples in this book, I have adopted a simple
convention to avoid listing the contents of files over and over again. The first time I use a file in a chapter, I'll
list the complete contents, just as I have in Listing 1-1. I include the name of the file in the listing’s header
and the folder in which you should create it. When I make changes to the code, I show the altered statements
in bold.

Listing 1-1. A Complete Example Document

import { NgModule } from "@angular/core";

import { BrowserModule } from "@angular/platform-browser";

import { ProductComponent } from "./component”;

import { FormsModule, ReactiveFormsModule } from "@angular/forms";
import { PaAttrDirective } from "./attr.directive";

@NgModule({
imports: [BrowserModule, FormsModule, ReactiveFormsModule],
declarations: [ProductComponent, PaAttrDirective],
bootstrap: [ProductComponent]

1
export class AppModule { }

This listing is taken from Chapter 15. Don’t worry about what it does; just be aware that the first time
I use afile in each chapter there will be complete listing, similar to the one shown in Listing 1-1. For the
second and subsequent examples, I just show you the elements that change, to create a partial listing. You
can spot a partial listing because it starts and ends with ellipsis (..), as shown in Listing 1-2.
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Listing 1-2. A Partial Listing

<table class="table table-sm table-bordered table-striped">
<tr><th></th><th>Name</th><th>Category</th><th>Price</th></tr>
<tr *ngFor="let item of getProducts(); let i = index"
[pa-attr]="getProducts().length < 6 ? 'bg-success' : 'bg-warning'">
<td>{{i + 1}}</td>
<td>{{item.name}}</td>
<td [pa-attr]="item.category == 'Soccer' ? 'bg-info' : null"»
{{item.category}}
</td>
<td [pa-attr]="'bg-info'">{{item.price}}</td>
</tr>
</table>

Listing 1-2 is a later listing from Chapter 15. You can see that just the body element, and its content,
is shown and that I have highlighted a number of statements. This is how I draw your attention to the part
of the example that shows the feature or technique I am describing. In a partial listing like this, only those
parts shown have changed from the full listing earlier in the chapter. In some cases, I need to make changes
to different parts of the same file, in which case I simply omit some elements or statements for brevity, as
shown in Listing 1-3.

Listing 1-3. Omitting Statements for Brevity

import { ApplicationRef, Component } from "@angular/core";
import { Model } from "./repository.model";

import { Product } from "./product.model";

import { ProductFormGroup } from "./form.model";

@Component ({
selector: "app",
templateUrl: "app/template.html”
1)
export class ProductComponent {
model: Model = new Model();
form: ProductFormGroup = new ProductFormGroup();

// ...other members omitted for brevity...

showTable: boolean = true;

This convention lets me pack in more examples, but it does mean it can be hard to locate a specific
technique. To this end, all of the chapters in which I describe Angular features in Parts 2 and 3 begin with a

summary table that describes the techniques contained in the chapter and the listings that demonstrate how
they are used.
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Where Can You Get the Example Code?

You can download the example projects for all the chapters in this book from www.apress.com. The
download is available without charge and includes all of the supporting resources that are required to
re-create the examples without having to type them in. You don’t have to download the code, but it is the
easiest way of experimenting with the examples and cutting and pasting it into your own projects.

How Do You Set Up Your Development Environment?

Chapter 2 introduces Angular by creating a simple application, and, as part of that process, I tell you how to
create a development environment for working with Angular.

Contacting the Author

If you have problems making the examples in this chapter work or if you find a problem in the book, then
you can email me at adam@adam-freeman.com and I will try my best to help.

Summary

In this chapter, I outlined the content and structure of this book. The best way to learn Angular development
is by example, so in the next chapter, I jump right in and show you how to set up your development
environment and use it to create your first Angular application.
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CHAPTER 2

Your First Angular App

The best way to get started with Angular is to dive in and create a web application. In this chapter, I show
you how to set up your development environment and take you through the process of creating a basic
application, starting with a static mock-up of the functionality and applying Angular features to create a
dynamic web application, albeit a simple one. In Chapters 7-10, I show you how to create a more complex
and realistic Angular application, but for now a simple example will suffice to demonstrate the major
components of an Angular app and set the scene for the other chapters in this part of the book.

Don’t worry if you don’t follow everything that happens in this chapter. Angular has a steep learning
curve, so the purpose of this chapter is just to introduce the basic flow of Angular development and give
you a sense of how things fit together. It won't all make sense right now, but by the time you have finished
reading this book, you will understand every step I take in this chapter and much more besides.

Preparing the Development Environment

There is some preparation required for Angular development. In the sections that follow, I explain how to get
set up and ready to create your first project. There is wide support for Angular in popular development tools,
and you can pick your favorites.

Installing Node.js

Many of the tools used for Angular development rely on Node.js—also known as Node—which was created
in 2009 as a simple and efficient runtime for server-side applications written in JavaScript. Node.js is based
on the JavaScript engine used in the Chrome browser and provides an API for executing JavaScript code
outside of the browser environment.

Node.js has enjoyed success as an application server, but for this book it is interesting because it has
provided the foundation for a new generation of cross-platform development and build tools. Some smart
design decisions by the Node.js team and the cross-platform support provided by the Chrome JavaScript
runtime have created an opportunity that has been seized upon by enthusiastic tool writers. In short, Node.
js has become an essential tool for web application development.

Itis important that you download the same version of Node.js that I use throughout this book. Although
Node.js is relatively stable, there are still breaking API changes from time to time that they may stop the
examples I include in the chapters from working.

The version I have used is the 6.10.1, which is the current Long Term Support release at the time of
writing. There may be a later version available by the time you read this but you should stick to the 6.10.1
release for the examples in this book. A complete set of 6.10.1 releases, with installers for Windows and Mac
OS and binary packages for other platforms, is available at https://nodejs.org/dist/v6.10.1.
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When you install Node.js, make sure you select the installer option to add the Node.js executables to the
path. When installation is complete, run the following command:

node -v
If the installation has gone as it should, then you will see the following version number displayed:
V6.10.1

The Node.js installed includes the Node Package Manager (NPM), which is used to manage the
packages in a project. Run the following command to ensure that NPM is working:

npm -v
If everything is working as it should, then you will see the following version number:

3.10.10

Installing the angular-cli Package

The angular-cli package has become the standard way to create and manage Angular projects during
development. In the original version of this book, I demonstrated how to set up an Angular project from
scratch, which is a lengthy and error-prone process that is simplified by angular-cli. To install angular-cli
open a new command prompt and run the following command:

npm install --global @angular/cli@1.0.0
If you are using Linux or macQOS, you may need to use sudo, like this:

npm install --global @angular/cli@1.0.0

Installing Git

The Git revision control tool is required to manage some of the packages required for Angular development.
If you are using Windows or macOS, then download and run the installer from https://git-scm.com/
downloads. (On macOS, you may have to change your security settings in order to open the installer, which
has not been signed by the developers).

Git is already installed on most Linux distributions. If you want to install the latest version, then consult
the installation instructions for your distribution at https://git-scm.com/download/1linux. As an example,
for Ubuntu, which is the Linux distribution I use, I used the following command:

sudo apt-get install git
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Once you have completed the installation, open a new command prompt and run the following
command to check that Git is installed and available:

git --version

This command prints out the version of the Git package that has been installed. At the time of writing,
the latest version of Git for Windows is 2.12.0, the latest version of Git for macOS is 2.10.1 and the latest
version of Git for Linux is 2.7.4.

Installing an Editor

Angular development can be done with any programmer’s editor, from which there is an endless number

to choose from. Some editors have enhanced support for working with Angular, including highlighting

key terms and good tool integration. If you don’t already have a preferred editor for web application
development, then Table 2-1 describes some popular options for you to consider. I don’t rely on any specific
editor for this book, and you should use whichever editor you are comfortable working with.

Table 2-1. Popular Angular-Enabled Editors

Name Description

Sublime Text Sublime Text is a commercial cross-platform editor that has packages to support most
programming languages, frameworks, and platforms. See www. sublimetext.com for
details.

Atom Atom is a free, open source, cross-platform editor that has a particular emphasis on
customization and extensibility. See atom. io for details.

Brackets Brackets is a free open source editor developed by Adobe. See brackets.io for details.

WebStorm WebStorm is a paid-for cross-platform editor that integrates many tools so that you don'’t

have to use the command line during development. See waw. jetbrains.com/webstorm
for details.

Visual Studio Visual Studio Code is a free, open source, cross-platform editor from Microsoft, with an
Code emphasis on extensibility. See code.visualstudio.com for details.

When choosing an editor, one of the most important considerations is the ability to filter the content of
the project so that you can focus on a subset of the files. There can be a lot of files in an Angular project and
many of the files have similar names, so being able to find and edit the right file is essential. Editors make
this focus possible in different ways, either by presenting a list of the files that are open for editing or by
providing the ability to exclude files with specific extensions.

Note If you are a Visual Studio user (the full Visual Studio project, rather than Visual Studio Code) then the
process for working with Angular projects is more complicated, especially if you want to add Angular to an ASP.
NET Core MVC project. | plan to prepare a separate update for using Angular in Visual Studio, which you will be
able to download for free from the GitHub repository for this book.
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Installing a Browser

The final choice to make is the browser that you will use to check your work during development. All the
current-generation browsers have good developer support and work well with Angular. I have used Google
Chrome throughout this book, and this is the browser I recommend you use as well.

Creating and Preparing the Project

Once you have Node.js, angular-cli, an editor, and a browser, you have enough of a foundation to start the
development process.

Creating the Project

To create the project, select a convenient location and use a command prompt to fun the following
command to create a new project called todo.

ng new todo

The ng command is provided by the angular-cli package and ng new starts a new project. The
installation process will create folder called todo that contains all of the configuration files that are needed
to start Angular development, some placeholder files to start development and the NPM packages required
for developing, running and deploying Angular applications. (There are a large number of NPM packages,
which means that project creation can take a while).

Creating the Package File

NPM uses a file called package.json to get a list of the software packages that are required for a project.

A project.jsonfile is created by angular-cli as part of the project setup, but it only contains the basic
packages required for Angular development. The example application in this chapter requires the Bootstrap
CSS package, which is not part of the basic package set. Edit the project. json file in the todo folder to add
the Bootstrap package as shown in Listing 2-1.

Caution By the time you read this, later versions of at least some of the packages shown in Listing 2-1 will
have been released. It is important that you use the specific versions shown in the listing to get the expected
results from the examples in this chapter and in the rest of the book. If you have problems with the examples in
this chapter or any subsequent chapter, then try using the source code that accompanies this book that can be
downloaded from apress. com. If you are really stuck, then e-mail me at adam@adam-freeman. com, and | will try
to help you.
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Listing 2-1. Adding Bootstrap to the package.json File in the todo Folder

{

"name": "todo",
"version": "0.0.0",
"license": "MIT",
"scripts": {

"ng": "ng",
"start": "ng serve",
"build": "ng build",
"test": "ng test",
"lint": "ng lint",
e2e": "ng e2e"

"private": true,

"dependencies": {

"@angular/common": "~4.0.0",
"@angular/compiler": ""4.0.0",
"@angular/core": ""4.0.0",
"@angular/forms": "~4.0.0",
"@angular/http": ""4.0.0",
"@angular/platform-browser": "~4.0.0",
"@angular/platform-browser-dynamic": "~4.0.0",
"@angular/router": ""4.0.0",
"core-js": ""2.4.1",

"rxjs": "~5.1.0",

"zone.js": "*0.8.4",

"bootstrap”: "4.0.0-alpha.g"

b

"devDependencies": {

"@angular/cli": "1.0.0",
"@angular/compiler-cli": "~4.0.0",
"@types/jasmine": "2.5.38",
"@types/node": "~6.0.60",

"codelyzer": "~2.0.0",

"jasmine-core": "~2.5.2",
"jasmine-spec-reporter": "~3.2.0",
"karma": "~1.4.1",
"karma-chrome-launcher": "~2.0.0",
"karma-cli": "~1.0.1",

"karma-jasmine": "~1.1.0",
"karma-jasmine-html-reporter": "~0.2.2",
"karma-coverage-istanbul-reporter": "~0.2.0",
"protractor": "~5.1.0",

"ts-node": "~2.0.0",

"tslint": "~4.5.0",

"typescript": "~2.2.0"

YOUR FIRST ANGULAR APP



CHAPTER 2 © YOUR FIRST ANGULAR APP

The package. json file lists the packages required to get started with Angular development and some
commands to use them. I describe the project configuration in detail in Chapter 11, but for now, it is enough
to understand what each section of the package. json file is for, as described in Table 2-2.

Table 2-2. The package.json Sections

Name Description

scripts This is a list of scripts that can be run from the command line. The scripts section in
the listing defines the commands that are used to compile the source code and run the
development HTTP server.

dependencies This is a list of NPM packages that the web application relies on to run. Each package
is specified with a version number. The dependencies section in the listing contains
the core Angular packages, libraries that Angular depends on, and the Bootstrap CSS
library that I use to style HTML content in this book.

devDependencies Thisis alist of NPM packages that are relied on for development but that are not
required by the application once it has been deployed. This section contains packages
that will compile TypeScript files, provide a development HTTP server, and perform
testing.

Installing the NPM Package

To process the package. json file to download and install the Bootstrap package that it specifies, run the
following command inside the todo folder:

npm install

You will see some warnings as NPM grumbles about the packages it processes, but there should be no
errors reported.

Starting the Server

The project tools and basic structure are in place, so it is time to test that everything is working. Run the
following command from the todo folder:

ng serve --port 3000 --open

This command starts the development HTTP server that angular-cli has installed and configured to
work with the Angular development tools. The initial startup process take a moment to prepare the project,
and will generate output similar to this:

** NG Live Development Server is running on http://localhost:3000 **

Hash: b8843310528d229c2540

Time: 11251ms

chunk {0} polyfills.bundle.js, polyfills.bundle.js.map (polyfills) 158 kB {4} [initial]
[rendered]

chunk {1} main.bundle.js, main.bundle.js.map (main) 3.69 kB {3} [initial] [rendered]

chunk {2} styles.bundle.js, styles.bundle.js.map (styles) 9.77 kB {4} [initial] [rendered]
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chunk {3} vendor.bundle.js, vendor.bundle.js.map (vendor) 2.37 MB [initial] [rendered]
chunk {4} inline.bundle.js, inline.bundle.js.map (inline) 0 bytes [entry] [rendered]
webpack: Compiled successfully.

Don’t worry if you see slightly different output, just as long as you see the “compiled successfully”
message once the preparations are complete. After a few seconds, a new browser window will start, and you
will see the output shown in Figure 2-1, which shows that the project startup has been successful and that
the placeholder content created by angular-cli is being used.

Y Todo x
C @ localhost:3 Y

app works!

Figure 2-1. The placeholder HTML content

Editing the HTML File

Even though angular-cli has added some placeholder content, I am going to strip everything back and
start with an HTML placeholder that contains static content, which I will later enhance using Angular. Edit
the index.html file in the todo/szc folder to replace the contents with those shown in Listing 2-2.

Listing 2-2. The Contents of the index.html File in the todo/src Folder

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
</head>
<body class="m-a-1">

<h3 class="bg-primary p-a-1">Adam's To Do List</h3>

<div class="m-t-1 m-b-1">

<input class="form-control" />

<button class="btn btn-primary m-t-1">Add</button>
</div>

<table class="table table-striped table-bordered">
<thead>
<tr>
<th>Description</th>
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<th>Done</th>
</tr>
</thead>
<tbody>
<tr><td>Buy Flowers</td><td>No</td></tr>
<tr><td>Get Shoes</td><td>No</td></tr>
<tr><td>Collect Tickets</td><td>Yes</td></tr>
<tr><td>Call Joe</td><td>No</td></tr>
</tbody>
</table>
</body>
</html>

The angular-cli development HTTP server adds a fragment of JavaScript to the HTML content it
delivers to the browser. The JavaScript opens a connection back to the server and waits for a signal to reload
the page, which is sent when the server detects a change in any of the files in the todo directory. As soon
as you save the index.html file, the server will detect the change and send the signal, and the browser will
reload, reflecting the new content as shown in Figure 2-2.

) ToDo x
C | @ localhost:3000 w| ¢

Adam's To Do List

Add

Description Done
Buy Flowers No
Get Shoes No
Collect Tickets Yes
Call Joe No

Figure 2-2. Editing the contents of the HTML file
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Tip When you are making changes to a series of files, there may be times when the browser won’t be
able to load and execute the example application, especially in later chapters where the examples are more
complex. For the most part, the development HTTP server will trigger a reload in the browser and everything will
be fine, but if it gets stuck, just click the browser’s reload button or navigate to http://localhost:3000 to get
going again.

The HTML elements in the index.html file show how the simple Angular application I create in this
chapter will look. The key elements are a banner with the user’s name, an input element and an Add button
that add a new to-do item to the list, and a table that contains all the to-do items and indicates whether they
have been completed.

Throughout this book, I use the excellent Bootstrap CSS framework to style HTML content. Bootstrap is
applied by assigning elements to classes, like this:

<h3 class="bg-primary p-a-1">Adam's To Do List</h3>

This h3 element has been assigned to two classes. The bg-primary class sets the background color of
the element to the primary color of the current Bootstrap theme. I am using the default theme, for which the
primary color is dark blue and there are other themed colors available, including bg-secondary, bg-info,
and bg-danger. The p-a-1 class adds a fixed amount of padding to all edges of the element, ensuring that the
text has some space around it.

In the next section, I'll remove the HTML from the file, cut it up into smaller pieces, and use it to create
a simple Angular application.

USING THE BOOTSTRAP PRE-RELEASE

Throughout this book, | use a pre-release version of the Bootstrap CSS framework. As | write this, the
Bootstrap team is in the process of developing Bootstrap version 4 and has made several early releases.
These releases have been labeled as “alpha,” but the quality is high and they are stable enough for use
in the examples in this book.

Given the choice of writing this book using the soon-to-be-obsolete Bootstrap 3 and a pre-release
version of Bootstrap 4, | decided to use the new version even though some of the class names that are
used to style HTML elements are likely to change before the final release. This means you must use
the same version of Bootstrap to get the expected results from the examples, just like the rest of the
packages listed in the package. json file in Listing 2-1.

Adding Angular Features to the Project

The static HTML in the index. html file acts as a placeholder for the basic application. The user should be able
to see the list of to-do items, check off items that are complete, and create new items. In the sections that follow,
I'add some basic Angular features to the project to bring the to-do application to life. To keep the application
simple, I assume that there is only one user and that I don’t have to worry about preserving the state of the
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data in the application, which means that changes to the to-do list will be lost if the browser window is closed
or reloaded. (Later examples, including the SportsStore application developed in Chapters 7-10, demonstrate
persistent data storage.)

Preparing the HTML File

The first step toward adding Angular to the application is to prepare the index.html file, as shown in
Listing 2-3.

Listing 2-3. Preparing for Angular in the index.html File

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
</head>
<body class="m-a-1">
<todo-app>Angular placeholder</todo-app>
</body>
</html>

This listing replaces the content of the body element and replace it with a todo-app element. There is
no todo-app element in the HTML specification and the browser will ignore it when parsing the HTML file,
but this element will be the entry point into the world of Angular and will be replaced with my application
content. When you save the index.html file, the browser will reload the file and show the placeholder
message, as shown in Figure 2-3.

)y ToDo X

C | ® localhost:: w| 3

Angular placeholder

Figure 2-3. Preparing the HTML file

Tip If you followed the examples in the original edition of this book, you may be wondering why | have
not added any script elements to the HTML file to incorporate the Angular functionality. The project set up by
angular-cli uses a tool called Web Pack, which generates the JavaScript files for the project automatically
and injects them automatically into the HTML files sent to the bowser by the development HTTP server.
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Creating a Data Model

When I created the static mock-up of the application, the data was distributed across all the HTML elements.
The user’s name is contained in the header, like this:

<h3 class="bg-primary p-a-1">Adam's To Do List</h3>
and the details of the to-do items are contained within td elements in the table, like this:
<tr><td>Buy Flowers</td><td>No</td></tr>

The next task is to pull all the data together to create a data model. Separating the data from the way it is
presented to the user is one of the key ideas in the MVC pattern, as I explain in Chapter 3.

Tip | am simplifying here. The model can also contain the logic required to create, load, store, and modify
data objects. In an Angular app, this logic is often at the server and is accessed by a web service. See Chapter 3
for further details and Chapter 24 for examples.

Angular applications are typically written in TypeScript. I introduce TypeScript in Chapter 6 and explain
how it works and why it is useful. TypeScript is a superscript of JavaScript, but one of its main advantages
is that it lets you write code using the latest JavaScript language specification with features that are not
yet supported in all of the browsers that can run Angular applications. One of the packages that angular-
cli added to the project in the previous section was the TypeScript compiler, which is set up to generate
browser-friendly JavaScript files automatically when a change to a TypeScript file is detected.

To create a data model for the application, I added a file called model. ts to the todo/src/app folder
(TypeScript files have the .ts extension) and added the code shown in Listing 2-4.

Listing 2-4. The Contents of the model.ts File in the todo/src/app Folder

var model = {
user: "Adam",
items: [{ action: "Buy Flowers", done: false },
{ action: "Get Shoes", done: false },
{ action: "Collect Tickets", done: true },
{ action: "Call Joe", done: false }]

};

One of the most important features of TypeScript is that you can just write “normal” JavaScript code as
though you were targeting the browser directly. In the Listing, I used the JavaScript object literal syntax to
assign a value to a global variable called model. The data model object has a user property that provides the
name of the application’s user and an items property, which is set to an array of objects with action and
done properties, each of which represents a task in the to-do list.
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Tip Unlike the project configuration that | used for earlier versions of Angular, the setup created by
angular-cli only compiles the files that are required to deliver the application to the browser. That means that
the model. ts file won’t be compiled until it is integrated into the Angular functionality for the application later in
the chapter.

This is the most important aspect of using TypeScript: you don’t have to use the features it provides,
and you can write entire Angular applications using just the JavaScript features that are supported by all
browsers, like the code in Listing 2-4.

But part of the value of TypeScript is that it converts code that uses the latest JavaScript language
features into code that will run anywhere, even in browsers that don’t support those features. Listing 2-5
shows the data model rewritten to use JavaScript features that were added in the ECMAScript 6 standard
(known as ES6).

Listing 2-5. Using ES6 Features in the model.ts File

export class Model {
user;
items;

constructor() {
this.user = "Adam";
this.items = [new TodoItem("Buy Flowers", false),
new TodoItem("Get Shoes", false),
new TodoItem("Collect Tickets", false),
new TodoItem("Call Joe", false)]

}
}
export class TodoItem {
action;
done;
constructor(action, done) {
this.action = action;
this.done = done;
}
}

This is still standard JavaScript code, but the class keyword was introduced in a later version of the
language than most web application developers are familiar with because it is not supported by older
browsers. The class keyword is used to define types that can be instantiated with the new keyword to create
objects that have well-defined data and behavior.

Many of the features added in recent versions of the JavaScript language are syntactic sugar to help
programmers avoid some of the most common JavaScript pitfalls, such as the unusual type system. The class
keyword doesn’t change the way that JavaScript handles types; it just makes it more familiar and easier to use
for programmers experienced in other languages, such as C# or Java. I like the JavaScript type system, which
is dynamic and expressive, but I find working with classes more predictable and less error-prone, and they
simplify working with Angular, which has been designed around the latest JavaScript features.
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Tip Don’t worry if you are not familiar with the features that have been added in recent versions of the
JavaScript specification. Chapters 5 and 6 provide a primer for writing JavaScript using the features that make
Angular easier to work with, and Chapter 6 also describes some useful TypeScript-specific features.

The export keyword relates to JavaScript modules. When using modules, each TypeScript or JavaScript
file is considered to be a self-contained unit of functionality, and the export keyword is used to identity
data or types that you want to use elsewhere in the application. JavaScript modules are used to manage the
dependencies that arise between files in a project and avoid having to manually manage a complex set of
script elements in the HTML file. See Chapter 7 for details of how modules work.

Creating a Template

Ineed a way to display the data values in the model to the user. In Angular, this is done using a template,
which is a fragment of HTML that contains instructions that are performed by Angular. The angular-cli
setup for the project created a template file called app.component.html in the todo/src/app folder. I edited
this file and added the markup shown in Listing 2-6 to replace the placeholder content. The name of the file
follows the standard Angular naming conventions, which I explain later.

Listing 2-6. The Contents of the app.component.html File in the todo/src/app Folder

<h3 class="bg-primary p-a-1">{{getName()}}'s To Do List</h3>

I'll add more elements to this file shortly, but a single h3 element is enough to get started. Including a
data value in a template is done using double braces—{{ and } }—and Angular evaluates whatever you put
between the double braces to get the value to display.

The {{ and }} characters are an example of a data binding, which means that they create a relationship
between the template and a data value. Data bindings are an important Angular feature, and you will see
more examples of them in this chapter as I add features to the example application and as I describe them
in detail in Part 2. In this case, the data binding tells Angular to invoke a function called getName and use the
result as the contents of the h3 element. The getName function doesn’t exist anywhere in the application at
the moment, but I'll create it in the next section.

Creating a Component

An Angular component is responsible for managing a template and providing it with the data and logic it
needs. If that seems like a broad statement, it is because components are the parts of an Angular application
that do most of the heavy lifting. As a consequence, they can be used for all sorts of tasks.

At the moment, [ have a data model that contains a user property with the name to display, and I
have a template that displays the name by invoking a getName property. What I need is a component to
act as the bridge between them. The angular-cli setup created a placeholder component file called
app.component.ts to the todo/src/app folder, which I edited to replace the original content with the
code shown in Listing 2-7.
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Listing 2-7. The Contents of the app.component.ts File in the todo/src/app Folder

import { Component } from "@angular/core";
import { Model } from "./model";

@Component ({
selector: "todo-app",
templateUrl: "app.component.html"
9]
export class AppComponent {
model = new Model();

getName() {
return this.model.user;
}

This is still JavaScript, but it relies on features that you may not have encountered before but that
underpin Angular development. The code in the Listing can be broken into three main sections, as
described in the following sections.

Understanding the Imports

The import keyword is the counterpart to the export keyword and is used to declare a dependency on the
contents of a JavaScript module. The import keyword is used twice in Listing 2-8, as shown here:

import { Component } from "@angular/core";
import { Model } from "./model";

The first import statement is used in the Listing to load the @angular/core module, which contains
the key Angular functionality, including support for components. When working with modules, the import
statement specifies the types that are imported between curly braces. In this case, the import statement is
used to load the Component type from the module. The @angular/core module contains many classes that
have been packaged together so that the browser can load them all in a single JavaScript file.

The second import statement is used to load the Model class from a file in the project. The target for this
kind of import starts with ./, which indicates that the module is defined relative to the current file.

Notice that neither import statement includes a file extension. This is because the relationship between
the target of an import statement and the file that is loaded by the browser is managed by a module loader,
which I configure in the “Putting the Application Together” section.

Understanding the Decorator

The oddest-looking part of the code in the Listing is this:

@Component ({
selector: "todo-app",
templateUrl: "app.component.html"

1
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This is an example of a decorator, which provides metadata about a class. This is the @Component
decorator, and, as its name suggests, it tells Angular that this is a component. The decorator provides
configuration information through its properties, which in the case of @Component includes properties called
selector and templateUrl.

The selector property specifies a CSS selector that matches the HTML element to which the
component will be applied: in this case, I have specified the todo-app element, which I added to the
index.html file in Listing 2-3. When an Angular application starts, Angular scans the HTML in the current
document and looks for elements that correspond to components. It will find the todo-app element and
know that it should be placed under the control of this component.

The templateUrl property is to specify the component’s template, which is the app . component. html file
for this component. In Part 2, I describe the other properties that can be used with the @Component decorator
and the other decorators that Angular supports.

Understanding the Class

The final part of the Listing defines a class that Angular can instantiate to create the component.

export class AppComponent {
model = new Model();

getName() {
return this.model.user;
}

These statements define a class called AppComponent that has a model property and a getName function,
which provide the functionality required to support the data binding in the template from Listing 2-6.

When a new instance of the AppComponent class is created, the model property will be set to a new
instance of the Model class defined in Listing 2-5. The getName function returns the value of the user
property defined by the Model object.

Putting the Application Together

I have the three key pieces of functionality required to build a simple Angular application: a model, a
template, and a component. When you saved the change to the app.component. ts file, there was enough
functionality in place to bring the three pieces together and display the output shown in Figure 2-4.
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G ToDo X

C | @ localhost:3000 Wl

Adam's To Do List

Figure 2-4. Simple Angular functionality in the example application

One advantage of using angular-cli to create a project is that you don’t have to worry about creating
the basic files required by an Angular application. The drawback is that skipping over these files means that
you will miss out on some important details that are worth exploring.

Angular applications require a module. Through an unfortunate naming choice, there are two types of
module used in Angular development. A JavaScript module is a file that contains JavaScript functionality
that is used through the import keyword. The other type of module is an Angular module, which is used to
describe an application or a group of related features. Every application has a root module, which provides
Angular with the information that it needs to start the application.

When angular-cli set up the project, it created a file called app.module. ts, which is the conventional
file name for the root module, in the todo/src/app folder and added the code shown in Listing 2-8.

Listing 2-8. The Contents of the app.module.ts File in the todo/src/app Folder

import { BrowserModule } from '@angular/platform-browser';
import { NgModule } from '@angular/core';

import { FormsModule } from '@angular/forms';

import { HttpModule } from '@angular/http';

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

@NgModule({
declarations: [AppComponent],
imports: [BrowserModule, FormsModule, HttpModule],
providers: [],
bootstrap: [AppComponent]

1
export class AppModule { }

The purpose of the Angular module is to provide configuration information through the properties
defined by the @NgModule decorator. I explain how modules work in detail in Chapter 21, but for the
moment, it is enough to know that the decorator’s imports property tells Angular that the application
depends on features required to run an application in the browser and that the declarations and bootstrap
properties tell Angular about the components in the application and which one should be used to start the
application (there is only one component in this simple example application, which is why it is the only
value for both properties).
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Angular applications also need a bootstrap file, which contains the code required to start the application
and load the Angular module. The bootstrap file is called main.ts and it is created in the todo/src folder with
the code shown in Listing 2-9.

Listing 2-9. The Contents of the main.ts File in the todo/src Folder

import { enableProdMode } from '@angular/core';
import { platformBrowserDynamic } from '@angular/platform-browser-dynamic';

import { AppModule } from './app/app.module’;
import { environment } from './environments/environment';

if (environment.production) {
enableProdMode();
}
platformBrowserDynamic().bootstrapModule(AppModule);
Although this book focuses on applications that run in a web browser, Angular is intended to work in

arange of environments. The code statements in the bootstrap file select the platform that will be used and
load the root module, which is the entry point into the application.

Tip Calling the platformBrowserDynamic().bootstrapModule method is for browser-based applications,
which is what | focus on in this book. If you are working on different platforms, such as the lonic mobile
development framework, then you will have to use a different bootstrap method specific to the platform you are
working with. The developers of each platform that supports Angular provide details of their platform-specific
bootstrap method.

The browser executed the code in the bootstrap file, which fired up Angular, which in turn processed
the HTML document and discovered the todo-app element. The selector property used to define the
component matches the todo-app element, which allowed Angular to remove the placeholder content and
replace it with the component’s template, which was loaded automatically from the app.component.html
file. The template was parsed; the {{ and }} data binding was discovered, and the expression it contains was
evaluated, calling the getName and displaying the result shown in the figure. It may not be that impressive,
but it is a good start, and it provides a foundation on which to add more features.

Tip In any Angular project, there is a period where you have to define the main parts of the application and
plumb them together. During this period, it can feel like you are doing a lot of work for little return. This period
of initial investment will ultimately pay off, | promise. You will see a larger example of this in Chapter 7 when |
start to build a more complex and realistic Angular application; there is a lot of initial setup and configuration
required, but then the features start to quickly snap into place.
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Adding Features to the Example Application

Now that the basic structure of the application is in place, I can add the remaining features that  mocked up
with static HTML at the start of the chapter. In the sections that follow, I add the table containing the list of
to-do items and the input element and button for creating new items.

Adding the To-Do Table

Angular templates can do more than just display simple data values. I describe the full range of template
features in Part 2, but for the example application, I am going to use the feature that allows a set of HTML
elements to be added to the DOM for each object in an array. The array in this case is the set of to-do items
in the data model. To begin, Listing 2-10 adds a method to the component that provides the template with
the array of to-do items.

Listing 2-10. Adding a Method in the app.component.ts File

import { Component } from "@angular/core";
import { Model } from "./model";

@Component ({
selector: "todo-app",
templateUrl: "app.component.html"
9]
export class AppComponent {
model = new Model();

getName() {
return this.model.user;
}

getTodoItems() {
return this.model.items;
}

The getTodoItems method returns the value of the items property from the Model object. Listing 2-11
updates the component’s template to take advantage of the new method.

Listing 2-11. Displaying the To-Do Items in the app.component.html File

<h3 class="bg-primary p-a-1">{{getName()}}'s To Do List</h3>

<table class="table table-striped table-bordered"»
<thead>
<tr><th></th><th>Description</th><th>Done</th></tr>
</thead>
<tbody>
<tr *ngFor="let item of getTodoItems(); let i = index"»
<td>{{ i + 1 }}</td>
<tdy{{ item.action }}</td>
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<td [ngSwitch]="item.done">
<span *ngSwitchCase="true">Yes</span>
<span *ngSwitchDefault>No</span>
</td>
</tx>
</tbody>
</table>

The additions to the template rely on several different Angular features. The first is the *ngFor
expression, which is used to repeat a region of content for each item in an array. This is an example of a
directive, which I describe in Chapters 12-16 (directives are a big part of Angular development). The *ngFor
expression is applied to an attribute of an element, like this:

<tr *ngFor="let item of getTodoItems(); let i = index">

This expression tells Angular to treat the tr element to which it has been applied as a template that
should be repeated for every object returned by the component’s getTodoItems method. The let itempart
of the expression specifies that each object should be assigned to a variable called item, so that it can be
referred to within the template.

The ngFor expression also keeps track of the index of the current object in the array that is being
processed, and this is assigned to a second variable called i:

<tr *ngFor="let item of getTodoItems(); let i = index">

The result is that the tr element and its contents will be duplicated and inserted into the HTML
document for each object returned by the getTodoItems method; for each iteration, the current to-do object
can be accessed through the variable called item, and the position of the object in the array can be accessed
through the variable called i.

Tip Itisimportant to remember the * character when using *ngFor. | explain what it means in Chapter 16.

Within the tr template, there are two data bindings, which can be recognized by the {{ and }}
characters, as follows:

<td>{{ i + 1 }}</td>
<td>{{ item.action }}</td>

These bindings refer to the variables that are created by the *ngFor expression. Bindings are not just
used to refer to property and method names; they can also be used to perform simple operations. You can
see an example of this in the first binding, where I sum the i variable and 1.

23


http://dx.doi.org/10.1007/978-1-4842-2307-9_12
http://dx.doi.org/10.1007/978-1-4842-2307-9_16
http://dx.doi.org/10.1007/978-1-4842-2307-9_16

CHAPTER 2 * YOUR FIRST ANGULAR APP

Tip For simple transformations, you can embed your JavaScript expressions directly in bindings like this,
but for more complex operations, Angular has a feature called pipes, which | describe in Chapter 18.

The remaining template expressions in the tr template demonstrate how content can be generated
selectively.

<td [ngSwitch]="item.done">
<span *ngSwitchCase="true">Yes</span>
<span *ngSwitchDefaultsNo</span>
</td>

The [ngSwitch] expression is a conditional statement that is used to insert different sets of elements into
the document based on a specified value, which is the item. done property in this case. Nested within the td
element are two span elements that have been annotated with *ngSwitchCase and *ngSwitchDefault and
that are equivalent to the case and default keywords of a regular JavaScript switch block. I describe ngSwitch
in detail in Chapter 13 (and what the square brackets mean in Chapter 12), but the result is that the first span
element is added to the document when the value of the item.done property is true and the second span
element is added to the document when item.done is false. The result is that the true/false value of the
item.done property is transformed into span elements containing either Yes or No. When you save the changes
to the template, the browser will reload, and the table of to-do items will be displayed, as shown in Figure 2-5.

) ToDo X

C | ® localhost:3000 ¥ :

Adam's To Do List

Description Done
1 Buy Flowers No
2 Get Shoes No
3 Collect Tickets No
4 Call Joe No

Figure 2-5. Displaying the table of to-do items
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If you use the browser’s F12 developer tools, you will be able to see the HTML content that the template
has generated. (You can’t do this looking at the page source, which just shows the HTML sent by the server
and not the changes made by Angular using the DOM AP1.)

You can see how each to-do object in the model has produced a row in the table that is populated with
the local item and i variables and how the switch expression shows Yes or No to indicate whether the task
has been completed.

<tr>
<td>2</td>
<td>Get Shoes</td>
<td><span>No</span></td>
</tr>
<tr>
<td>3</td>
<td>Collect Tickets</td>
<td><span>Yes</span></td>
</tr>

Creating a Two-Way Data Binding

At the moment, the template contains only one-way data bindings, which means they are used to display a
data value but do nothing to change it. Angular also supports two-way data bindings, which can be used to
display a data value and update it, too. Two-way bindings are used with HTML form elements, and Listing 2-12
adds a checkbox input element to the template that will let users mark a to-do item as complete.

Listing 2-12. Adding a Two-Way Binding in the app.component.html File
<h3 class="bg-primary p-a-1">{{getName()}}'s To Do List</h3>

<table class="table table-striped table-bordered">
<thead>
<tr><th></th><th>Description</th><th>Done</th></tr>
</thead>
<tbody>
<tr *ngFor="let item of getTodoItems(); let i = index">
<td>{{i + 1}}</td>
<td>{{item.action}}</td>
<td><input type="checkbox" [(ngModel)]="item.done" /></td>
<td [ngSwitch]="item.done">
<span *ngSwitchCase="true">Yes</span>
<span *ngSwitchDefault>No</span>
</td>
</tr>
</tbody>
</table>
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The ngModel template expression creates a two-way binding between a data value (the item.done
property in this case) and a form element. When you save the changes to the template, you will see a new
column that contains checkboxes appear in the table. The initial value of the checkbox is set using the
item.done property, just like a regular one-way binding, but when the user toggles the checkbox, Angular
responds by updating the specified model property.

To demonstrate how this works, I have left the column that contains the Yes/No display of the done
property value generated using the ngSwitch expression in the template. When you toggle a checkbox, the
corresponding Yes/No value changes as well, as illustrated in Figure 2-6.

[ TeDe X [ TeDo x

€ =>C localhost:3000 X € = C [ localhost:3000 97

n

Adam's To Do List

Adam’s 10 Du List

Description Done Description

1 Buy Flowers No

1 Buy Flowers Yes

2 Get Shoes No 2 Get Shoes No
o ot i PP Pl onmaindt § 8 ff I e Pl P s

Figure 2-6. Changing a model value using a two-way data binding

This reveals an important Angular feature, which is that the data model is live. This means that data
bindings—even one-way data bindings—are updated when the data model is changed. This simplifies web
application development because it means you don’t have to worry about ensuring that you display updates
when the application state changes.

Filtering To-Do ltems

The checkboxes allow the data model to be updated, and the next step is to remove to-do items once they
have been marked as done. Listing 2-13 changes the component’s getTodoItems method so that it filters out
any items that have been completed.

Listing 2-13. Filtering To-Do Items in the app.component.ts File

import { Component } from "@angular/core";
import { Model } from "./model";

@Component ({
selector: "todo-app",
templateUrl: "app.component.html"
1}
export class AppComponent {
model = new Model();

getName() {
return this.model.user;
}
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getTodoItems() {
return this.model.items.filter(item => !item.done);
}

This is an example of a lambda function, also known as a fat arrow function, which is a more concise
way of expressing a standard JavaScript function. The arrow in the lambda expressions is read as “goes to”
such as “item goes to not item.done” Lambda expressions are a recent addition to the JavaScript language
specification, and they provide an alternative to the conventional way of using functions as arguments like this:

return this.model.items.filter(function (item) { return !item.done });

Whichever way you choose to define the expression passed to the filter method, the result is that only
incomplete to-do items are displayed. Since the data model is live and changes are reflected in data bindings
immediately, checking the checkbox for an item removes it from view, as shown in Figure 2-7.

C | @ localhost:3000 C | @ localhost:3
Adam'’s To Do List Adam'’s To Do List
Description Done Description Done
1 Buy Flowers No 1 Buy Flowers No
-

2 Get Shoes — No 2 Collect Tickets No
3 Collect Tickets No 3 Call Joe No
4 Call Joe No

Figure 2-7. Filtering the to-do items

Adding To-Do Items

The next step is to build on the basic functionality to allow the user to create new to-do items and store them
in the data model. Listing 2-14 adds new elements to the component’s template.

Listing 2-14. Adding Elements in the app.component.html File

<h3 class="bg-primary p-a-1">{{getName()}}'s To Do List</h3>
<div class="m-t-1 m-b-1"»
<input class="form-control" #todoText />
<button class="btn btn-primary m-t-1" (click)="addItem(todoText.value)"»
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Add
</button>
</div>
<table class="table table-striped table-bordered">
<thead>
<tr><th></th><th>Description</th><th>Done</th></tr>
</thead>
<tbody>
<tr *ngFor="let item of getTodoItems(); let i = index">
<td>{{i + 1}}</td>
<td>{{item.action}}</td>
<td><input type="checkbox" [(ngModel)]="item.done" /></td>
<td [ngSwitch]="item.done">
<span *ngSwitchCase="true">Yes</span>
<span *ngSwitchDefault>No</span>
</td>
</tr>
</tbody>
</table>

The input element has an attribute whose name starts with the # character, which is used to define a
variable to refer to the element in the template’s data bindings. The variable is called todoText, and it is used
by the binding that has been applied to the button element.

<button class="btn btn-primary m-t-1" (click)="addItem(todoText.value)">

This is an example of an event binding, and it tells Angular to invoke a component method called
addItem, using the value property of the input element as the method argument. Listing 2-15 implements
the addItem method in the component.

Tip Don’t worry about telling the bindings apart at the moment. | explain the different types of binding that
Angular supports in Part 2 and the meaning of the different types of brackets or parentheses that each requires.
They are not as complicated as they first appear, especially once you have seen how they fit into the rest of the
Angular framework.

Listing 2-15. Adding a Method in the app.component.ts File

import { Component } from "@angular/core";
import { Model, TodoItem } from "./model";

@Component ({
selector: "todo-app",
templateUrl: "app.component.html"
H
export class AppComponent {
model = new Model();
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getName() {
return this.model.user;
}

getTodoItems() {
return this.model.items.filter(item => !item.done);
}

addItem(newItem) {
if (newItem != "") {
this.model.items.push(new TodoItem(newItem, false));
}

The import keyword can be used to import multiple classes from a module, and one of the import
statements in the Listing has been updated so that the TodoItem class can be used in the component. Within
the component class, the addItem method receives the text sent by the event binding in the template and
uses it to create a new TodoItem object and add it to the data model. The result of these changes is that you
can create new to-do items by entering text in the input element and clicking the Add button, as shown in
Figure 2-8.

mm

@ localhost:3 C | @ localhost:3000
Adam's To Do List Adam’s To Do List
Go for a run Go for a run

Add Add
Description Description Done
1 Buy Flowers 1 Buy Flowers No
2 Get Shoes 2 Get Shoes No
3 Collect Tickets 3 Collect Tickets No
4 Call Joe 4 Call Joe Mo
5 Go for a run No

Figure 2-8. Creating a to-do item
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Summary

In this chapter, I showed you how to create your first simple Angular app, moving from an HTML mock-up
of the application to a dynamic app that lets the user create new to-do items and mark existing items as
complete.

Don’t worry if not everything in this chapter makes sense. What’s important to understand at this
stage is the general shape of an Angular application, which is built around a data model, components, and
templates. If you keep these three key building blocks in mind, then you will have a context for everything
that follows. In the next chapter, I put Angular in context.
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Putting Angular in Context

In this chapter, I put Angular in context within the world of web app development and set the foundation for
the chapters that follow. The goal of Angular is to bring the tools and capabilities that have been available
only for server-side development to the web client and, in doing so, make it easier to develop, test, and
maintain rich and complex web applications.

Angular works by allowing you to extend HTML, which can seem like an odd idea until you get used
to it. Angular applications express functionality through custom elements, and a complex application can
produce an HTML document that contains a mix of standard and custom markup.

The style of development that Angular supports is derived through the use of the Model-View-Controller
(MVC) pattern, although this is sometimes referred to as Model-View- Whatever, since there are countless
variations on this pattern that can be adhered to when using Angular. I am going to focus on the standard
MVC pattern in this book since it is the most established and widely used. In the sections that follow, I explain
the characteristics of projects where Angular can deliver significant benefit (and those where better
alternatives exist), describe the MVC pattern, and describe some common pitfalls.

THIS BOOK AND THE ANGULAR RELEASE SCHEDULE

Google has adopted an aggressive release schedule for Angular, starting with Angular 2.0. This means that
there will be an ongoing stream of minor releases and a major release every six months. Minor releases
should not break any existing features and should largely contain bug fixes. The major releases will contain
substantial changes and may not offer backward compatibility. This schedule means that Angular 2.0 was
released in September 2016 and will be followed by Angular 4.0 and Angular 5.0 in March and September
2017. (There will be no Angular 3.0 and Angular 2.0 will be followed directly by Anglar 4.0)

It doesn’t seem fair or reasonable to ask readers to buy a new edition of this book every six months,
especially since the majority of Angular features are unlikely to change even in a major release. Instead,
| am going to post updates following the major releases to the GitHub repository for this book, for which
there is a link on apress. com.

This is an experiment for me (and for Apress), and | don’t yet know what form those updates may
take—not least because | don’t know what the major releases of Angular will contain—but the goal is
to extend the life of this book by supplementing the examples it contains.

| am not making any promises about what the updates will be like, what form they will take, or how long | will
produce them before folding them into a new edition of this book. Please keep an open mind and check the
repository for this book when new Angular versions are released. If you have ideas about how the updates
could be improved as the experiment unfolds, then email me at adam@adam-freeman. com and let me know.

© Adam Freeman 2017 31
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Understanding Where Angular Excels

Angular isn’t the solution to every problem, and it is important to know when you should use Angular and
when you should seek an alternative.

Angular delivers the kind of functionality that used to be available only to server-side developers, but
entirely in the browser. This means Angular has a lot of work to do each time an HTML document to which
Angular has been applied is loaded—the HTML elements have to be compiled, the data bindings have to be
evaluated, components and other building blocks need to be executed, and so on, building support for the
features I described in Chapter 2 and those that I describe later in this book.

This kind of work takes time to perform, and the amount of time depends on the complexity of the
HTML document, on the associated JavaScript code, and—critically—on quality of the browser and the
processing capability of the device. You won't notice any delay when using the latest browsers on a capable
desktop machine, but old browsers on underpowered smartphones can really slow down the initial setup of
an Angular app.

The goal, therefore, is to perform this setup as infrequently as possible and deliver as much of the app as
possible to the user when it is performed. This means giving careful thought to the kind of web application
you build. In broad terms, there are two kinds of web application: round-trip and single-page.

Understanding Round-Trip and Single-Page Applications

For along time, web apps were developed to follow a round-trip model. The browser requests an initial
HTML document from the server. User interactions—such as clicking a link or submitting a form—led the
browser to request and receive a completely new HTML document. In this kind of application, the browser
is essentially a rending engine for HTML content, and all of the application logic and data resides on the
server. The browser makes a series of stateless HTTP requests that the server handles by generating HTML
documents dynamically.

Alot of current web development is still for round-trip applications, not least because they require little
from the browser, which ensures the widest possible client support. But there are some serious drawbacks to
round-trip applications: They make the user wait while the next HTML document is requested and loaded,
they require a large server-side infrastructure to process all the requests and manage all the application
state, and they require a lot of bandwidth because each HTML document has to be self-contained (leading
to a lot of the same content being included in each response from the server).

Single-page applications take a different approach. An initial HTML document is sent to the browser,
but user interactions lead to Ajax requests for small fragments of HTML or data inserted into the existing
set of elements being displayed to the user. The initial HTML document is never reloaded or replaced,
and the user can continue to interact with the existing HTML while the Ajax requests are being performed
asynchronously, even if that just means seeing a “data loading” message.

Most current apps fall somewhere between the extremes, tending to use the basic round-trip model
enhanced with JavaScript to reduce the number of complete page changes, although the emphasis is often
on reducing the number of form errors by performing client-side validation.

Angular gives the greatest return from its initial workload as an application gets closer to the single-page
model. That’s not to say you can’t use Angular with round-trip applications—you can, of course—but there
are other technologies that are simpler and better suit discrete HTML pages, either working directly with the
Document Object Model (DOM) API or using a library to simplify its use, such as jQuery. In Figure 3-1 you
can see the spectrum of web application types and where Angular delivers benefit.
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A
I e Angular
S
a -..,_'_““
DOM/jQuery .
Round-Trip » Single-Page

Figure 3-1. Angular is well-suited to single-page web apps

Angular excels in single-page applications and especially in complex round-trip applications. For
simpler projects, using the DOM API directly or a library like jQuery is generally a better choice, although
nothing prevents you from using Angular in all of your projects.

There is a gradual tendency for current web app projects to move toward the single-page application
model, and that’s the sweet spot for Angular, not just because of the initialization process but because the
benefits of using the MVC pattern (which I describe later in this chapter) really start to manifest themselves
in larger and more complex projects, which are the ones pushing toward the single-page model.

Tip This may seem like circular reasoning, but Angular and similar frameworks have arisen because
complex web applications are difficult to write and maintain. The problems these projects face led to the
development of industrial-strength tools like Angular, which then enable the next generation of complex
projects. Think of it less as circular reasoning and more of a virtuous circle.

ANGULAR AND JQUERY

Angular and jQuery take different approaches to web app development. jQuery is all about explicitly
manipulating the browser’s Document Object Model (DOM) to create an application. The approach that
Angular takes is to co-opt the browser into being the foundation for application development.

jQuery is, without any doubt, a powerful tool—and one | love to use. jQuery is robust and reliable, and you
can get results pretty much immediately. | especially like the fluid APl and the ease with which you can
extend the core jQuery library. If you want more information about jQuery, then see my book Pro jQuery,
which is published by Apress and provides detailed coverage of jQuery, jQuery Ul, and jQuery Mobile.
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But as much as | love jQuery, it isn’t the right tool for every job any more than Angular is. It can be hard
to write and manage large applications using jQuery, and thorough unit testing can be a challenge.

Angular also uses the DOM to present HTML content to users but takes an entirely different path to
building applications, focusing more on the data in the application and associating it to HTML elements
through dynamic data bindings.

The main drawback of Angular is that there is an up-front investment in development time before you
start to see results—something that is common in any MVC-based development. This initial investment
is worthwhile, however, for complex apps or those that are likely to require significant revision and
maintenance.

So, in short, use jQuery (or use the DOM API directly) for low-complexity web apps where unit testing
isn’t critical and you require immediate results. Use Angular for single-page web apps, when you have
time for careful design and planning and when you can easily control the HTML generated by the server.

Understanding the MVC Pattern

The term Model-View-Controller has been in use since the late 1970s and arose from the Smalltalk project at
Xerox PARC where it was conceived as a way to organize some early GUI applications. Some of the fine detail
of the original MVC pattern was tied to Smalltalk-specific concepts, such as screens and fools, but the broader
ideas are still applicable to applications, and they are especially well-suited to web applications.

The MVC pattern first took hold in the server-side end of web development, through toolkits like
Ruby on Rails and the ASP.NET MVC Framework. In recent years, the MVC pattern has been seen as a way
to manage the growing richness and complexity of client-side web development as well, and it is in this
environment that Angular has emerged.

The key to applying the MVC pattern is to implement the key premise of a separation of concerns, in
which the data model in the application is decoupled from the business and presentation logic. In client-
side web development, this means separating the data, the logic that operates on that data, and the HTML
elements used to display the data. The result is a client-side application that is easier to develop, maintain,
and test.

The three main building blocks are the model, the controller, and the view. In Figure 3-2, you can see the
traditional exposition of the MVC pattern as it applies to server-side development.

HTTP
Request .

=== persistence
(usually to a
relational
<@ ==" database)

—.—
Controller Model
Response = View | —————————— g

Presentation
Model

Figure 3-2. The server-side implementation of the MVC pattern
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I took this figure from my Pro ASP.NET Core MVC book, which describes Microsoft’s server-side
implementation of the MVC pattern. You can see that the expectation is that the model is obtained from a

database and that the goal of the application is to service HTTP requests from the browser. This is the basis
for round-trip web apps, which I described earlier.

Of course, Angular exists in the browser, which leads to a twist on the MVC theme, as illustrated in
Figure 3-3.

User Interaction

 J
 J

===0  persistence
Browser sually a
5 Controller Model (f’ ualy
Window ) RESTful web
DOM View == service)

A

A

A

Figure 3-3. A client-side implementation of the MVC pattern

The client-side implementation of the MVC pattern gets its data from server-side components, usually
via a RESTful web service, which I describe in Chapter 24. The goal of the controller and the view is to
operate on the data in the model in order to perform DOM manipulation so as to create and manage HTML
elements that the user can interact with. Those interactions are fed back to the controller, closing the loop to
form an interactive application.

Angular uses slightly different terminology for its building blocks, which means that the MVC model
implemented using Angular looks more like Figure 3-4.

User Interaction

A
A

F > persistence
Browser
i Component Model (usually a
Window < RESTful web
< PO Te mplate < ==  service)

Figure 3-4. The Angular implementation of the MVC pattern

The figure shows the basic mapping of Angular building blocks to the MVC pattern. To support the MVC
pattern, Angular provides a broad set of additional features, which I describe throughout the book.

Tip Using a client-side framework like Angular doesn’t preclude using a server-side MVC framework, but
you’ll find that an Angular client takes on some of the complexity that would have otherwise existed at the

server. This is generally a good thing because it offloads work from the server to the client, and that allows for
more clients to be supported with less server capacity.
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PATTERNS AND PATTERN ZEALOTS

A good pattern describes an approach to solving a problem that has worked for other people on other
projects. Patterns are recipes, rather than rules, and you will need to adapt any pattern to suit your
specific projects, just like a cook has to adapt a recipe to suit different ovens and ingredients.

The degree by which you depart from a pattern should be driven by need and experience. The time

you have spent applying a pattern to similar projects will inform your knowledge about what does and
doesn’t work for you. If you are new to a pattern or you are embarking on a new kind of project, then
you should stick as closely as possible to the pattern until you truly understand the benefits and pitfalls
that await you. Be careful not to reform your entire development effort around a pattern, however, since
wide-sweeping disruption usually causes productivity loses that undermine whatever outcome you were
hoping the pattern would give.

Patterns are flexible tools and not fixed rules, but not all developers understand the difference, and
some become pattern zealots. These are the people who spend more time talking about the pattern
than applying it to projects and consider any deviation from their interpretation of the pattern to be a
serious crime. My advice is to simply ignore this kind of person because any kind of engagement will
just suck the life out of you, and you’ll never be able to change their minds. Instead, just get on with
some work and demonstrate how a flexible application of a pattern can produce good results through
practical application and delivery.

With this in mind, you will see that | follow the broad concepts of the MVC pattern in the examples in
this book but that | adapt the pattern to demonstrate different features and techniques. And this is how
I work in my own projects—embracing the parts of patterns that provide value and setting aside those
that do not.

Understanding Models

Models—the M in MVC—contain the data that users work with. There are two broad types of model: view
models, which represent just data passed from the component to the template, and domain models, which
contain the data in a business domain, along with the operations, transformations, and rules for creating,
storing, and manipulating that data, collectively referred to as the model logic.

Tip Many developers new to the MVC pattern get confused with the idea of including logic in the data
model, believing that the goal of the MVC pattern is to separate data from logic. This is a misapprehension:
The goal of the MVC framework is to divide up an application into three functional areas, each of which may
contain both logic and data. The goal isn’t to eliminate logic from the model. Rather, it is to ensure that the
model contains logic only for creating and managing the model data.
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You can’t read a definition of the MVC pattern without tripping over the word business, which is
unfortunate because a lot of web development goes far beyond the line-of-business applications that led to
this kind of terminology. Business applications are still a big chunk of the development world, however, and
if you are writing, say, a sales accounting system, then your business domain would encompass the process
related to sales accounting and your domain model would contain the accounts data and the logic by which
accounts are created, stored, and managed. If you are creating a cat video web site, then you still have a
business domain; it is just that it might not fit within the structure of a corporation. Your domain model
would contain the cat videos and the logic that will create, store, and manipulate those videos.

Many Angular models will effectively push the logic to the server side and invoke it via a RESTful web
service because there is little support for data persistence within the browser and it is simply easier to get the
data you require over Ajax. I explain how Angular can be used with RESTful web services in Chapter 24.

Tip There are client-side persistence APIs defined as part of the HTML5 standard effort. The quality of
these standards is currently mixed, and the implementations vary in quality. The main problem, however, is that
most users still rely on browsers that don’t implement the new APIs, and this is especially true in corporate
environments, where older versions of Internet Explorer are still widely used because of problems migrating
line-of-business applications to standard versions of HTML. If you are interested in client-side persistence, then
the best place to start is the IndexedDB specification, which can be found at https://www.w3.0rg/TR/IndexedDB.

For each element in the MVC pattern, I'll describe what should and should not be included. The model
in an application built using the MVC pattern should

e  Contain the domain data

e  Contain the logic for creating, managing, and modifying the domain data (even if
that means executing remote logic via web services)

e Provide a clean API that exposes the model data and operations on it
The model should not

e  Expose details of how the model data is obtained or managed (in other words, details
of the data storage mechanism or the remote web service should not be exposed to
controllers and views)

¢  Contain logic that transforms the model based on user interaction (because this is
the component’s job)

e  Contain logic for displaying data to the user (this is the template’s job)

The benefits of ensuring that the model is isolated from the controller and views are that you can test
your logic more easily (I describe Angular unit testing in Chapter 29) and that enhancing and maintaining
the overall application is simpler and easier.

The best domain models contain the logic for getting and storing data persistently and the logic for
create, read, update, and delete operations (known collectively as CRUD) or separate models for querying
and modifying data, known as the Command and Query Responsibility Segregation (CQRS) pattern.

This can mean the model contains the logic directly, but more often the model will contain the logic for
calling RESTful web services to invoke server-side database operations (which I demonstrate in Chapter 8
when I build a realistic Angular application and which I describe in detail in Chapter 24).
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ANGULAR VS ANGULARJS

Angular—also known as Angular 2—is the second major release of the framework originally known
as AngularJS. The original AngularJS has been widely popular but was awkward to use and required
developers to deal with some arcane and oddly implemented features that made web application
development more complex than it needed to be.

Angular, which is the topic of this book, is a complete rewrite that is easier to learn, is easier to work
with, and is much more consistent. It is still a complex framework, as the size of this book shows, but
creating web applications with Angular is a more pleasant experience than with AngularJsS.

The differences between AngularJS and Angular are so profound that | have not included any migration
details in this book. If you have an AngularJS application that you want to upgrade to Angular, then

you can use the upgrade adapter, which allows code from both versions of the framework to coexist in
the same application. See https://angular.io/docs/ts/latest/guide/upgrade.html for details.
This can ease the transition, although AngularJS and Angular are so different that my advice is to
make a clean start and switch to Angular for a ground-up rewrite. This isn’t always possible, of course,
especially for complex applications, but the process of migrating while also managing coexistence is a
difficult one to master and can lead to problems that are hard to track down and correct.

Understanding Controllers/Components

Controllers, which are known as components in Angular, are the connective tissue in an Angular web app,
acting as conduits between the data model and views. Components add business domain logic required
to present some aspect of the model and perform operations on it. A component that follows the MVC
pattern should

e  Contain the logic required to set up the initial state of the template

e  Contain the logic/behaviors required by the template to present data from the model

e Contain the logic/behaviors required to update the model based on user interaction
A component should not

e  Contain logic that manipulates the DOM (that is the job of the template)

e Contain logic that manages the persistence of data (that is the job of the model)

Understanding View Data

The domain model isn’t the only data in an Angular application. Components can create view data
(also known as view model data or view models) to simplify templates and their interactions with
the component.
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Understanding Views/Templates

Views, which are known as templates in Angular, are defined using HTML elements that are enhanced by
data bindings. It is the data bindings that make Angular so flexible, and they transform HTML elements into
the foundation for dynamic web applications. I explain the different types of data bindings that Angular
provides in detail in Part 2. Templates should

e  Contain the logic and markup required to present data to the user
Templates should not

e  Contain complex logic (this is better placed in a component or one of the other
Angular building blocks, such as directives, services, or pipes)

e Contain logic that creates, stores, or manipulates the domain model

Templates can contain logic, but it should be simple and used sparingly. Putting anything but the
simplest method calls or expressions in a template makes the overall application harder to test and maintain.

Understanding RESTful Services

The logic for domain models in Angular apps is often split between the client and the server. The server
contains the persistent store, typically a database, and contains the logic for managing it. In the case of a
SQL database, for example, the required logic would include opening connections to the database server,
executing SQL queries, and processing the results so they can be sent to the client.

You don’t want the client-side code accessing the data store directly—doing so would create a tight
coupling between the client and the data store that would complicate unit testing and make it difficult to
change the data store without also making changes to the client code as well.

By using the server to mediate access to the data store, you prevent tight coupling. The logic on the
client is responsible for getting the data to and from the server and is unaware of the details of how that data
is stored or accessed behind the scenes.

There are lots of ways of passing data between the client and the server. One of the most common is
to use Asynchronous JavaScript and XML (Ajax) requests to call server-side code, getting the server to send
JSON and making changes to data using HTML forms.

This approach can work well and is the foundation of RESTful web services, which use the nature of
HTTP requests to perform CRUD operations on data.

Note REST is a style of API rather than a well-defined specification, and there is disagreement about what
exactly makes a web service RESTful. One point of contention is that purists do not consider web services
that return JSON to be RESTful. Like any disagreement about an architectural pattern, the reasons for the
disagreement are arbitrary and dull and not at all worth worrying about. As far as | am concerned, JSON
services are RESTful, and | treat them as such in this book.

In a RESTful web service, the operation that is being requested is expressed through a combination of
the HTTP method and the URL. So, for example, imagine a URL like this one:

http://myserver.mydomain.com/people/bob
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There is no standard URL specification for a RESTful web service, but the idea is to make the URL self-
explanatory, such that it is obvious what the URL refers to. In this case, it is obvious that there is a collection
of data objects called people and that the URL refers to the specific object within that collection whose
identity is bob.

Tip Itisn’t always possible to create such self-evident URLs in a real project, but you should make a
serious effort to keep things simple and not expose the internal structure of the data store through the URL
(because this is just another kind of coupling between components). Keep your URLs as simple and clear as
possible, and keep the mappings between the URL format and the data store structure within the server.

The URL identifies the data object that I want to operate on, and the HTTP method specifies what
operation I want performed, as described in Table 3-1.

Table 3-1. The Operations Commonly Performed in Response to HTTP Methods

Method Description

GET Retrieves the data object specified by the URL

PUT Updates the data object specified by the URL

POST Creates a new data object, typically using form data values as the data fields
DELETE Deletes the data object specified by the URL

You don’t have to use the HTTP methods to perform the operations I describe in the table. A common
variation is that the POST method is often used to serve double duty and will update an object if one exists
and create one if not, meaning that the PUT method isn’t used. I describe the support that Angular provides
for Ajax and for easily working with RESTful services in Chapter 24.

IDEMPOTENT HTTP METHODS

You can implement any mapping between HTTP methods and operations on the data store, although
| recommend you stick as closely as possible to the convention | describe in the table.

If you depart from the normal approach, make sure you honor the nature of the HTTP methods as
defined in the HTTP specification. The GET method is nullipotent, which means that the operations
you perform in response to this method should only retrieve data and not modify it. A browser (or any
intermediate device, such as a proxy) expects to be able to repeatedly make a GET request without
altering the state of the server (although this doesn’t mean the state of the server won’t change
between identical GET requests because of requests from other clients).

The PUT and DELETE methods are idempotent, which means that multiple identical requests should have
the same effect as a single request. So, for example, using the DELETE method with the /people/bob
URL should delete the bob object from the people collection for the first request and then do nothing for
subsequent requests. (Again, of course, this won’t be true if another client re-creates the bob object.)
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The POST method is neither nullipotent nor idempotent, which is why a common RESTful optimization is
to handle object creation and updates. If there is no bob object, using the POST method will create one,
and subsequent POST requests to the same URL will update the object that was created.

All of this is important only if you are implementing your own RESTful web service. If you are writing

a client that consumes a RESTful service, then you just need to know what data operation each HTTP
method corresponds to. | demonstrate consuming such a service in Chapter 8 and describe the Angular
features for HTTP requests in more detail in Chapter 24.

Common Design Pitfalls

In this section, I describe the three most common design pitfalls that I encounter in Angular projects. These
are not coding errors but rather problems with the overall shape of the web app that prevent the project
team from getting the benefits that Angular and the MVC pattern can provide.

Putting the Logic in the Wrong Place

The most common problem is logic put into the wrong component such that it undermines the MVC
separation of concerns. Here are the three most common varieties of this problem:

e  Putting business logic in templates, rather than in components
e  Putting domain logic in components, rather than in the model
e  Putting data store logic in the client model when using a RESTful service

These are tricky issues because they take a while to manifest themselves as problems. The application
still runs, but it will become harder to enhance and maintain over time. In the case of the third variety, the
problem will become apparent only when the data store is changed (which rarely happens until a project is
mature and has grown beyond its initial user projections).

Tip Getting a feel for where logic should go takes some experience, but you'll spot problems earlier if you
are using unit testing because the tests you have to write to cover the logic won't fit nicely into the MVC pattern.
| describe the Angular support for unit testing in Chapter 29.

Knowing where to put logic becomes second nature as you get more experience in Angular
development, but here are the three rules:

e Template logic should prepare data only for display and never modify the model.

e Component logic should never directly create, update, or delete data from the
model.

e The templates and components should never directly access the data store.

If you keep these in mind as you develop, you'll head off the most common problems.
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Adopting the Data Store Data Format

The next problem arises when the development team builds an application that depends on the quirks of
the server-side data store. I recently worked with a project team that had built their client so that it honored
the data format quirks of their SQL database server. The problem they ran into—and the reason why I was
involved—was they needed to upgrade to a more robust database, which used different representations for
key data types.

In a well-designed Angular application that gets its data from a RESTful service, it is the job of the server
to hide the data store implementation details and present the client with data in a suitable data format that
favors simplicity in the client. Decide how the client needs to represent dates, for example, and then ensure
you use that format within the data store—and if the data store can’t support that format natively, then it is
the job of the server to perform the translation.

Just Enough Knowledge to Cause Trouble

Angular is a complex framework that can be bewildering until you get used it. There are lots of different
building blocks available, and they can be combined in different ways to achieve the similar results. This
makes Angular development flexible and means you will develop your own style of problem-solving by
creating combinations of features that suit your project and working style.

The problem this presents, however, is that becoming proficient in Angular takes time. The temptation
is to jump into creating your own projects before understanding how the different parts of Angular fit
together. You might produce something that works without really understanding why it works, and that’s a
recipe for disaster when you need to make changes. My advice is to go slow and take the time to understand
all the features that Angular provides. By all means start creating projects early, but make sure you really
understand how they work and be prepared to make changes as you find better ways of achieving the results
you require.

Summary

In this chapter, I provided some context for Angular. I described the kinds of project where it makes

sense to use Angular (and where it doesn’t), I explained how Angular supports the MVC pattern for app
development, and I gave a brief overview of REST and how it is used to express data operations over HTTP
requests. I finished the chapter by describing the three most common design problems in Angular projects.
In the next chapter, I provide a quick primer for HTML and the Bootstrap CSS framework that I use for
examples throughout this book.
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CHAPTER 4

An HTML and CSS Primer

Developers come to the world of web app development via many paths and are not always grounded in the
basic technologies that web apps rely on. In this chapter, I provide a brief primer for HTML and introduce
the Bootstrap CSS library, which I use to style the examples in this book. In Chapters 5 and 6, I introduce the
basics of JavaScript and TypeScript and give you the information you need to understand the examples in
the rest of the book. If you are an experienced developer, you can skip these primer chapters and jump right
to Chapter 7, where I use Angular to create a more complex and realistic application.

Preparing the Example Project

For this chapter, I need only a simple example project. I started by creating a folder called HtmlCssPrimer,
created a file called package. json within it, and added the content shown in Listing 4-1.

Listing 4-1. The Contents of the package.json File in the HtmlCssPrimer Folder

{
"dependencies”: {
"bootstrap": "4.0.0-alpha.4"

b

"devDependencies": {
"lite-server": "2.2.2"

b

"scripts": {
"start": "npm run lite",
"lite": "lite-server"

}

}

Run the following command within the HtmlCssPrimer folder to download and install the NPM
packages specified in the package. json file:

npm install

Next, I created a file called index.html in the HtmlCssPrimer folder and added the content shown in
Listing 4-2.
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Listing 4-2. The Contents of the index.html File in the HtmlCssPrimer Folder

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
</head>
<body class="m-a-1">

<h3 class="bg-primary p-a-1">Adam's To Do List</h3>

<div class="m-t-1 m-b-1">

<input class="form-control" />

<button class="btn btn-primary m-t-1">Add</button>
</div>

<table class="table table-striped table-bordered">
<thead>
<tr>
<th>Description</th>
<th>Done</th>
</tr>
</thead>
<tbody>
<tr><td>Buy Flowers</td><td>No</td></tr>
<tr><td>Get Shoes</td><td>No</td></tr>
<tr><td>Collect Tickets</td><td>Yes</td></tr>
<tr><td>Call Joe</td><td>No</td></tr>
</tbody>
</table>
</body>
</html>

This is the HTML content I used in Chapter 2 to mock up the appearance of the example application.
Run the following command in the HtmlCssPrimer folder to start the development HTTP server:

npm start

A new browser tab or window will open and show the content in Figure 4-1.
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4 C [ localhost:3000 | =

Adam's To Do List

Description Done
Buy Flowers No
Get Shoes No
Collect Tickets Yes
Call Joe No

Figure 4-1. Running the example application

Understanding HTML

At the heart of HTML is the element, which tells the browser what kind of content each part of an HTML
document represents. Here is an element from the example HTML document:

<td>Buy Flowers</td>

As illustrated by Figure 4-2, this element has three parts: the start tag, the end tag, and the content.
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Start Tag Content End Tag

! | |

<td>"Buy Flowers ||</td>

Figure 4-2. The anatomy of a simple HTML element

The name of this element (also referred to as the fag name or just the fag) is td, and it tells the browser
that the content between the tags should be treated as a table cell. You start an element by placing the tag
name in angle brackets (the < and > characters) and end an element by using the tag in a similar way, except
that you also add a / character after the left-angle bracket (<). Whatever appears between the tags is the
element’s content, which can be text (such as Buy Flowers in this case) or other HTML elements.

Understanding Void Elements

The HTML specification includes elements that may not contain content. These are called void or self-closing
elements, and they are written without a separate end tag, like this:

<input />

Avoid element is defined in a single tag, and you add a / character before the last angle bracket
(the > character).

Understanding Attributes

You can provide additional information to the browser by adding attributes to your elements. Here is an
element with an attribute from the example document:

<link href="node_modules/bootstrap/dist/css/bootstrap.min.css" rel="stylesheet" />

This is a 1ink element, and it imports content into the document. There are two attributes, which I have
emphasized so they are easier to see. Attributes are always defined as part of the start tag and have a name
and a value.

The names of the two attributes in this example are href and rel. For the 1ink element, the href
attribute specifies the content to import, and the rel attribute tells the browser what kind of content it is. The
attributes on this 1ink element tell the browser to import the bootstrap.min.css file and to treat it as a style
sheet, which is a file that contains CSS styles.

Applying Attributes Without Values

Not all attributes require a value; just defining them sends a signal to the browser that you want a certain
kind of behavior associated with the element. Here is an example of an element with such an attribute (not
from the example document; I just made up this example element):
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<input class="form-control" required />

This element has two attributes. The first is class, which is assigned a value just like the previous example.
The other attribute is just the word required. This is an example of an attribute that doesn’t need a value.

Quoting Literal Values in Attributes

Angular relies on HTML element attributes to apply a lot of its functionality. Most of the time, the values of
attributes are evaluated as JavaScript expressions, such as with this element, taken from Chapter 2:

<td [ngSwitch]="item.done">

The attribute applied to the td element tells Angular to read the value of a property called done on an
object that has been assigned to a variable called item. There will be occasions when you need to provide
a specific value rather than have Angular read a value from the data model, and this requires additional
quoting to tell Angular that it is dealing with a literal value, like this:

<td [ngSwitch]=""Apples'">

The attribute value contains the string Apples, which is quoted in both single and double quotes. When
Angular evaluates the attribute value, it will see the single quotes and process the value as a literal string.

Understanding Element Content

Elements can contain text, but they can also contain other elements, like this:

<thead>
<tr>
<th>Description</th>
<th>Done</th>
</tr>
</thead>

The elements in an HTML document form a natural hierarchy. The html element contains the body
element, which contains content elements, each of which can contain other elements, and so on. In the
listing, the thead element contains tr elements that, in turn, contain th elements. Nesting elements like this
is a key concept in HTML because it imparts the significance of the outer element to those contained within.

Understanding the Document Structure

There are some key elements that define the basic structure of any HTML document: the DOCTYPE, html, head,
and body elements. Here is the relationship between these elements with the rest of the content removed:
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<!DOCTYPE html>
<html>
<head>
...head content...
</head>
<body>
...body content...
</body>
</html>

Each of these elements has a specific role to play in an HTML document. The DOCTYPE element tells
the browser that this is an HTML document and, more specifically, that this is an HTML5 document. Earlier
versions of HTML required additional information. For example, here is the DOCTYPE element for an HTML4
document:

<IDOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01//EN"
"http://www.w3.org/TR/html4/strict.dtd">

The html element denotes the region of the document that contains the HTML content. This element
always contains the other two key structural elements: head and body. As I explained at the start of the
chapter, I am not going to cover the individual HTML elements. There are too many of them, and describing
HTML5 completely took me more than 1,000 pages in my HTML book. That said, Table 4-1 provides
brief descriptions of the elements I used in the index.html file in Listing 4-2 to help you understand how
elements tell the browser what kind of content they represent.

UNDERSTANDING THE DOCUMENT OBJECT MODEL

When the browser loads and processes an HTML document, it creates the Document Object Model
(DOM). The DOM is a model in which JavaScript objects are used to represent each element in the
document, and the DOM is the mechanism by which you can programmatically engage with the content
of an HTML document.

You rarely work directly with the DOM in Angular, but it is important to understand that the browser
maintains a live model of the HTML document represented by JavaScript objects. When Angular
modifies these objects, the browser updates the content it displays to reflect the modifications. This is
one of the key foundations of web applications. If we were not able to modify the DOM, we would not be
able to create client-side web apps.
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Table 4-1. HTML Elements Used in the Example Document

Element Description

DOCTYPE Indicates the type of content in the document

body Denotes the region of the document that contains content elements

button Denotes a button; often used to submit a form to the server

div A generic element; often used to add structure to a document for presentation
purposes

h3 Denotes a header

head Denotes the region of the document that contains metadata

html Denotes the region of the document that contains HTML (which is usually the entire
document)

input Denotes a field used to gather a single data item from the user

link Imports content into the HTML document

meta Provides descriptive data about the document, such as the character encoding

table Denotes a table, used to organize content into rows and columns

tbody Denotes the body of the table (as opposed to the header or footer)

td Denotes a content cell in a table row

th Denotes a header cell in a table row

thead Denotes the header of a table

title Denotes the title of the document; used by the browser to set the title of the window
or tab

tr Denotes a row in a table

Understanding Bootstrap

HTML elements tell the browser what kind of content they represent, but they don’t provide any information
about how that content should be displayed. The information about how to display elements is provided
using Cascading Style Sheets (CSS). CSS consists of a comprehensive set of properties that can be used to
configure every aspect of an element’s appearance and a set of selectors that allow those properties to be
applied.

One of the main problems with CSS is that some browsers interpret properties slightly differently, which
can lead to variations in the way that HTML content is displayed on different devices. It can be difficult to
track down and correct these problems, and CSS frameworks have emerged to help web app developers style
their HTML content in a simple and consistent way.

One CSS framework that has gained a lot of popularity is Bootstrap, which was originally developed at
Twitter but has become a widely used open source project. Bootstrap consists of a set of CSS classes that
can be applied to elements to style them consistently and some JavaScript code that performs additional
enhancement. I use Bootstrap frequently in my own projects; it works well across browsers, and it is simple
to use. I use the Bootstrap CSS styles in this book because they let me style my examples without having to
define and then list my own custom CSS in each chapter. Bootstrap provides a lot more features than the
ones [ use and describe in this book; see http://getbootstrap.com for full details.
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USING THE BOOTSTRAP PRE-RELEASE

As | mentioned in Chapter 2, | use a pre-release version of the Bootstrap CSS framework throughout this
book. Given the choice of writing this book using the soon-to-be-obsolete Bootstrap 3 and a pre-release
version of Bootstrap 4, | decided to use the new version, even though some of the class names that are
used to style HTML elements are likely to change before the final release. This means you must use the
same version of Bootstrap to get the expected results from the examples.

I don’t want to get into too much detail about Bootstrap because it isn’t the topic of this book, but I do
want to give you enough information so you can tell which parts of an example are Angular features and
which are Bootstrap styling.

Applying Basic Bootstrap Classes

Bootstrap styles are applied via the class attribute, which is used to group together related elements. The
class attribute isn’t just used to apply CSS styles, but it is the most common use, and it underpins the way
that Bootstrap and similar frameworks operate. Here is an HTML element with a class attribute, taken from
the index. html file:

<button class="btn btn-primaxy m-t-1">Add</button>

The class attribute assigns the button element to three classes, whose names are separated by spaces:
btn, btn-primary, and m-t-1. These classes correspond to collections of styles defined by Bootstrap, as
described in Table 4-2.

Table 4-2. The Three Button Element Classes

Name Description

btn This class applies the basic styling for a button. It can be applied to buttonora
elements to provide a consistent appearance.

btn-primary This class applies a style context to provide a visual cue about the purpose of the
button. See the “Using Contextual Classes” section.

m-t-1 This class adds a gap between the top of the element and the content that surrounds it.
See the “Using Margin and Padding” section.

Using Contextual Classes

One of the main advantages of using a CSS framework like Bootstrap is to simplify the process of creating a
consistent theme throughout an application. Bootstrap defines a set of style contexts that are used to style
related elements consistently. These contexts, which are described in Table 4-3, are used in the names of the
classes that apply Bootstrap styles to elements.
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Table 4-3. The Bootstrap Style Contexts

Name Description

primary This context is used to indicate the main action or area of content.
success This context is used to indicate a successful outcome.

info This context is used to present additional information.

warning This context is used to present warnings.

danger This context is used to present serious warnings.

muted This context is used to de-emphasize content.

Bootstrap provides classes that allow the style contexts to be applied to different types of elements. Here
is the primary context applied to the h3 element, taken from the index.html file created at the start of the
chapter:

<h3 class="bg-primary p-a-1">Adam's To Do List</h3>

One of the classes that the element has been assigned to is bg-primary, which styles the background
color of an element using the style context’s color. Here is the same style context applied to a button
element:

<button class="btn btn-primaxy m-t-1">Add</button>

The btn-primary class styles a button or anchor element using the style context’s colors. Using the same
context to style different elements will ensure their appearance is consistent and complementary, as shown
in Figure 4-3, which highlights the elements to which the style context has been applied.
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m

= C | ® localhost:3000 %

Adam's To Do List

Description Done
P G R

Figure 4-3. Using style contexts for consistency

Using Margin and Padding

Bootstrap includes a set of utility classes that are used to add padding, which is space between an element’s
edge and its content, and margin, which is space between an element’s edge and the surrounding elements.
The benefit of using these classes is that they apply a consistent amount of spacing throughout the
application.

The names of these classes follow a well-defined pattern. Here is the body element from the index.html
file created at the start of the chapter, to which margin has been applied:

<body class="m-a-1">

The classes that apply margin and padding to elements follow a well-defined naming schema: first,
the letter m (for margin) or p (for padding), followed by a hyphen, followed by a letter selecting some or all
element edges (a for all edges, t for top, b for bottom, 1 for left, or r for right), then a hyphen, and, finally,
anumber indicating how much space should be applied (0 for no spacing, or 1, 2, or 3 for increasing
amounts). To help put this scheme in context, Table 4-4 lists the combinations used in the index.html file.
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Table 4-4. Sample Bootstrap Margin and Padding Classes

Name Description

p-a-1 This class applies padding to all edges of an element.

m-a-1 This class applies margin to all edges of an element.

m-t-1 This class applies margin to the top edge of an element.
m-b-1 This class applies margin to the bottom edge of an element.

Changing Element Sizes

You can change the way that some elements are styled by using a size modification class. These are specified
by combining a basic class name, a hyphen, and 1g or sm. In Listing 4-3, I have added button elements to the
index.html file, using the size modification classes that Bootstrap provides for buttons.

Listing 4-3. Using Button Size Modification Classes in the index.html File

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
</head>
<body class="m-a-1">

<h3 class="bg-primary p-a-1">Adam's To Do List</h3>

<div class="m-t-1 m-b-1">
<input class="form-control" />
<button class="btn btn-1g btn-primary m-t-1"sAdd</button>
<button class="btn btn-primary m-t-1">Add</button>
<button class="btn btn-sm btn-primary m-t-1">Add</buttons
</div>

<table class="table table-striped table-bordered">
<thead>
<tr>
<th>Description</th>
<th>Done</th>
</tr>
</thead>
<tbody>
<tr><td>Buy Flowers</td><td>No</td></tr>
<tr><td>Get Shoes</td><td>No</td></tr>
<tr><td>Collect Tickets</td><td>Yes</td></tr>
<tr><td>Call Joe</td><td>No</td></tr>
</tbody>
</table>
</body>
</html>
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The btn-1g class creates a large button, and the btn-sm class creates a small button. Omitting a size
class uses the default size for the element. Notice that I am able to combine a context class and a size class.
Bootstrap class modifications work together to give you complete control over how elements are styled,
creating the effect shown in Figure 4-4.

m

= C | ® localhost:3000 wl

Adam's To Do List

Description

IR DI b e it o I iiten, gt 4

Done

Figure 4-4. Changing element size

Using Bootstrap to Style Tables

Bootstrap includes support for styling table elements and their contents, which is a feature I use throughout
this book. Table 4-5 lists the key Bootstrap classes for working with tables.

Table 4-5. The Bootstrap CSS Classes for Tables

Name

Description

table
table-striped
table-inverse
table-bordered
table-hover
table-sm

Applies general styling to a table elements and its rows

Applies alternate-row striping to the rows in the table body

Applies inverted colors to the table and its rows

Applies borders to all rows and columns

Displays a different style when the mouse hovers over a row in the table

Reduces the spacing in the table to create a more compact layout

All these classes are applied directly to the table element, as shown in Listing 4-4, which highlights the
Bootstrap classes applied to the table in the index. html file.
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Listing 4-4. Using Bootstrap to Style Tables

<table class="table table-striped table-bordered">
<thead>
<tr>
<th>Description</th>
<th>Done</th>
</tr>
</thead>
<tbody>
<tr><td>Buy Flowers</td><td>No</td></tr>
<tr><td>Get Shoes</td><td>No</td></tr>
<tr><td>Collect Tickets</td><td>Yes</td></tr>
<tr><td>Call Joe</td><td>No</td></tr>
</tbody>
</table>

Tip Notice that | have used the thead element when defining the tables in Listing 4-4. Browsers will
automatically add any tr elements that are direct descendants of table elements to a tbody element if one
has not been used. You will get odd results if you rely on this behavior when working with Bootstrap because
most of the CSS classes that are applied to the table element cause styles to be added to the descendants of
the tbody element.

Using Bootstrap to Create Forms

Bootstrap includes styling for form elements, allowing them to be styled consistently with other elements
in the application. In Listing 4-5, I have expanded the form elements in the index.html file and temporarily
removed the table.

Listing 4-5. Defining Additional Form Elements in the index.html File

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
</head>
<body class="m-a-1">
<h3 class="bg-primary p-a-1">Adam's To Do List</h3>
<formy
<div class="form-group"s
<label>Task</label>
<input class="form-control” /»
</div>
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<div class="form-group"s
<labelsLocation</label>
<input class="form-control” />
</divy
<div class="form-group"s
<input type="checkbox" />
<labelyDone</label>
</divy
<button class="btn btn-primary"s>Add</button>
</formy
</body>
</html>

The basic styling for forms is achieved by applying the form-group class to a div element that contains
a label and an input element, where the input element is assigned to the form-control class. Bootstrap
styles the elements so that the 1abel is shown above the input element and the input element occupies 100
percent of the available horizontal space, as shown in Figure 4-5.

m

< C | ® localhost:3000 | @

Adam's To Do List

Task

Location

Done

Add

Figure 4-5. Styling form elements
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Using Bootstrap to Create Grids

Bootstrap provides style classes that can be used to create different kinds of grid layout, ranging from one to
twelve columns and with support for responsive layouts, where the layout of the grid changes based on the
width of the screen. Listing 4-6 replaces the content of the example HTML file to demonstrate the grid feature.

Listing 4-6. Using a Bootstrap Grid in the index.html File

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
<style>
#gridContainer {padding: 20px;}
.xrow > div { border: 1px solid lightgrey; padding: 10px;
background-color: aliceblue; marxgin: 5px 0; }
</style>
</head>
<body class="m-a-1">
<h3 class="panel-header"»
Grid Layout
</h3>

<div id="gridContainer"s

<div class="row"»
<div class="col-xs-1"»1</divy
<div class="col-xs-1"»1¢/div>
<div class="col-xs-2"»2¢/div>
<div class="col-xs-2"»2¢/divy
<div class="col-xs-6"»6</div>
</divy

<div class="ronw"»
<div class="col-xs-3"»3¢/divy
<div class="col-xs-4">4</div>
<div class="col-xs-5"»5¢/div>
</divy

<div class="ron"»
<div class="col-xs-6"»6</divy
<div class="col-xs-6"»6</div>
</divy

<div class="row"»
<div class="col-xs-11"»11</div>
<div class="col-xs-1"»1¢/divy
</divy
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<div class="row"»
<div class="col-xs-12"»12¢</div>
</divy
</divy
</body>
</html>

The Bootstrap grid layout system is simple to use. You specify a column by applying the row class to a
div element, which has the effect of setting up the grid layout for the content that the div element contains.

Each row defines 12 columns, and you specify how many columns each child element will occupy by
assigning a class whose name is col-xs followed by the number of columns. For example, the class col-xs-1
specifies that an element occupies one column, col-xs-2 specifies two columns, and so on, right through
to col-xs-12, which specifies that an element fills the entire row. In the listing, I have created a series of div
elements with the row class, each of which contains further div elements to which I have applied col-xs-*
classes. You can see the effect in the browser in Figure 4-6.

Tip Bootstrap doesn’t apply any styling to the elements within a row, which | why | have used a style
element to create a custom CSS style that sets a background color, sets up some spacing between rows, and
adds a border.

_
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Figure 4-6. Creating a Bootstrap grid layout
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Creating Responsive Grids

Responsive grids adapt their layout based on the size of the browser window. The main use for responsive
grids is to allow mobile devices and desktops to display the same content, taking advantage of whatever
screen space is available. To create a responsive grid, replace the col-* class on individual cells with one of
the classes shown in Table 4-6.

Table 4-6. The Bootstrap CSS Classes for Responsive Grids

Bootstrap Class Description

col-sm-* Grid cells are displayed horizontally when the screen width is greater than 768 pixels.

col-md-* Grid cells are displayed horizontally when the screen width is greater than 940 pixels.

col-1g-* Grid cells are displayed horizontally when the screen width is greater than 1170
pixels.

When the width of the screen is less than the class supports, the cells in the grid row are stacked
vertically rather than horizontally. Listing 4-7 demonstrates a responsive grid in the index.html file.

Listing 4-7. Creating a Responsive Grid in the bootstrap.html File

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
<style>
#gridContainer {padding: 20px;}
.row > div { border: 1px solid lightgrey; padding: 10px;
background-color: aliceblue; margin: 5px 0; }
</style>

</head>
<body class="m-a-1">

<h3 class="panel-header">
Grid Layout
</h3>
<div id="gridContainer"»
<div class="row"»
<div class="col-sm-3"»3</div>
<div class="col-sm-4">4</div>
<div class="col-sm-5"»5¢/div»
</divy

<div class="row"»
<div class="col-sm-6"»6</div>
<div class="col-sm-6"»6</div>
</divy
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<div class="row"»
<div class="col-sm-11"»11</div>
<div class="col-sm-1"»1¢/div>
</divy
</div>
</body>
</html>

Iremoved some grid rows from the previous example and replaced the col-xs* classes with col-sm-*.
The effect is that the cells in the row will be stacked horizontally when the browser window is greater than
768 pixels wide and stacked horizontally when it is smaller, as shown in Figure 4-7.

[ ToDo x [ TeDo x
&« C | @ localhost:3000 fad | & C | @ localhost:3000 b e
Grid Layout Grid Layout
3 4 5 3
6 6 4
1 ! >
6
6

Figure 4-7. Creating a responsive grid layout

Creating a Simplified Grid Layout

For most of the examples in this book that rely on the Bootstrap grid, I use a simplified approach that displays
content in a single row and requires only the number of columns to be specified, as shown in Listing 4-8.

Listing 4-8. Using a Simplified Grid Layout in the index.html File

<!DOCTYPE html>
<html>
<head>
<title>ToDo</title>
<meta charset="utf-8" />
<link href="node_modules/bootstrap/dist/css/bootstrap.min.css"
rel="stylesheet" />
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</head>
<body class="m-a-1">
<h3 class="bg-primary p-a-1">Adam's To Do List</h3>

<div class="col-xs-4"»
<formy
<div class="form-group"s
<label>Task</label>
<input class="form-control” /»
</div>
<div class="form-group"»
<labelsLocation</labels
<input class="form-control" />
</divy
<div class="form-group"s
<input type="checkbox" /»
<labelsDone</label>
</divy
<button class="btn btn-primary"sAdd</button>
</foxm>
</div>
<div class="col-xs-8"»
<table class="table table-striped table-bordered"»
<thead»
<try
<th>Description</th>
<th>Done</th>
</tx>
</thead>
<tbody>
<trs<td>Buy Flowers</tds<td>No</td></tr>
<tra<tdr>Get Shoes</td»><td>No</tdy></tr>
<trs<td>Collect Tickets</td><tdr>Yes</tdy></tr>
<try<td>Call Joe</tds><td>No</tdr</tr>
</tbody>
</table>
</divy
</body>
</html>

AN HTML AND CSS PRIMER

This listing uses the col-xs-4 and col-xs-8 classes to display two div elements side-by-side, allowing
the form and the table that displays the to-do items to be displayed horizontally, as illustrated in Figure 4-8.
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Figure 4-8. Using a simplified grid layout

Summary

In this chapter, I provided a brief overview of HTML and the Bootstrap CSS framework. You need to have

a good grasp of HTML and CSS to be truly effective in web application development, but the best way to
learn is by firsthand experience, and the descriptions and examples in this chapter will be enough to get
you started and provide just enough background information for the examples ahead. In the next chapter, I
continue the primer theme and introduce the basic features of JavaScript that I use in this book.
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JavaScript and TypeScript: Part 1/

In this chapter I provide a quick tour of the most important basic features of the JavaScript language as they
apply to Angular development. I don’t have the space to describe JavaScript completely, so I have focused
on the essentials that you'll need to get up to speed and follow the examples in this book. In Chapter 6,

I describe some of the more advanced JavaScript features that you will need and some of the additional
features provided by TypeScript.

The JavaScript language is managed through a standard process that defines new features. Modern
browsers have started to implement features from the ECMAScript 6 standard (also known as ES6), and the
process for defining ECMAScript 7 (ES7) is underway as I write this. The new standards broaden the features
available to JavaScript developers and make using JavaScript more consistent with more conventional
languages such as C# or Java.

Modern browsers update themselves, which means that a Google Chrome user, for example, is likely
to have a recent release of the browser that implements at least some of the most recent JavaScript features.
Sadly, older browsers that don’t update themselves are still in widespread use, which means you can’t rely
on modern features being available for use in your application.

There are two ways to approach this problem. The first is to use only the core JavaScript features that
you can rely on being present in the browsers that your application targets. The second is to use a compiler
that processes your JavaScript files and converts them into code that can run on older browsers. It is the
second approach that Angular takes and that I describe in this chapter. Table 5-1 summarizes this chapter.
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Table 5-1. Chapter Summary

JAVASCRIPT AND TYPESCRIPT: PART 1

Problem Solution Listing

Add JavaScript to an HTML Use the script element or a JavaScript 1-6

document module loader

Create JavaScript functionality Use JavaScript statements 7

Create groups of statements thatare ~ Use functions 8,9,12-14

executed on command

Define functions that can handle Use default or rest parameters 10-11

more or fewer arguments that

parameters

Express functions more concisely Use arrow functions 15

Store values and objects for later use  Declare variables using the let orvar 16-17
keywords

Store basic data values Use the JavaScript primitive types 18-21

Control the flow of JavaScript code Use conditional statements 22

Determine whether two objects or Use the quality and identity operators  23-24

values are the same

Explicitly convert types Use the to<type> methods 25-27

Store related objects or values Use an array 28-33

together in sequence

USING “CLASSIC” JAVASCRIPT FOR ANGULAR

You can write Angular applications using just the JavaScript features that work in older browsers,
without needing to add the additional step of using the TypeScript compiler to process files.

The problem with this approach is that it results in code that is difficult to read and difficult to manage.
There are some recent JavaScript f