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Chapter 1. Project Setup


A Note for Early Release Readers

With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.

This will be the 1st chapter of the final book.

If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at sevans@oreilly.com.



You want to get started with TypeScript, fantastic! The big question is: How do you start? There are many ways how you can integrate TypeScript into your projects, and they all are slightly different depending on your project’s needs. Just as JavaScript runs on many runtimes, there are plenty of ways to configure TypeScript so it meets your target’s needs.

This chapter covers all the possibilities of introducing TypeScript to your project, as an extension next to JavaScript that gives you basic auto-completion and error indication, up to full-fledge setups for full-stack applications on Node.js and the browser.

Since JavaScript tooling is a field with endless possibilities — some say that a new JavaScript build chain is released every week, almost as much as new frameworks — this chapter focuses more on things you can do with the TypeScript compiler alone and without any extra tool.

TypeScript offers everything you need for your transpilation needs, except the ability to create minified and optimized bundles for web distribution. Bundlers like ESBuild or Webpack take care of this task. Also, there are setups that include other transpilers like Babel.js which can play along nicely with TypeScript. Bundlers and other transpilers are not in the scope of this chapter. Refer to their documentation for the inclusion of TypeScript, and use the knowledge in this chapter to get the right configuration setup.

With TypeScript being a project with more than a decade worth of history, it carries some remains from older times, that for the sake of compatibility TypeScript can’t just get rid of. Therefore, this chapter will spotlight modern JavaScript syntax and recent developments in web standards. If you still need to target Internet Explorer 8 or Node.js 10, then first: I’m sorry, these platforms are really hard to develop for. And second: You will be able to put together the pieces for older platforms with the knowledge from this chapter and the official TypeScript documentation.


1.1 Type-checking JavaScript


Problem

You want to get basic type-checking for JavaScript with the lowest amount of effort possible.




Solution

Add a single-line comment with @ts-check at the beginning of every JavaScript file you want to type-check. With the right editors, you already get red squiggly lines whenever TypeScript encounters things that don’t quite add up.




Discussion

TypeScript has been designed as a superset of JavaScript, and every valid JavaScript is also valid TypeScript. This means that TypeScript is also really good at figuring out potential errors in regular JavaScript code.

We can make use of this if we don’t want to have a full-blown TypeScript setup but want some basic hints and type-checks to ease our development workflow.

A good pre-requisite if you only want to type-check JavaScript is a good editor or integrated development environment (IDE). An editor that goes really well with TypeScript is Visual Studio Code. Visual Studio Code — or VSCode for short — was the first major project to utilize TypeScript, even far before TypeScript’s release.

A lot of people recommend VSCode if you want to write JavaScript or TypeScript. But really, every editor is great as long as it features TypeScript support. And nowadays most of them do.

With Visual Studio Code we get one very important thing for type-checking JavaScript: Red squiggly lines when something doesn’t quite add up, as you can see in Figure 1-1. This is probably the lowest barrier to entry.


[image: vscode error]
Figure 1-1. Red squiggly lines in code editors: First-level feedback if something in your code doesn’t add up.



TypeScript’s type system has different levels of strictness when working with a codebase.

First, the type system will try to infer types from JavaScript code through usage. If you have a line like this in your code:

let a_number = 1000;

TypeScript will correctly infer number as the type of a_number.

One difficulty with JavaScript is that types are dynamic. Bindings via let, var, or const can change type based on usage. Take a look at the following example:

let a_number = 1000;

if (Math.random() < 0.5) {
  a_number = "Hello, World!"
}

console.log(a_number * 10);

We assign a number to a_number and change the binding to a string if the condition in the next line evaluates to true. This wouldn’t be that much of a problem if we wouldn’t try to multiply a_number on the last line. In approximately 50% of all cases, this example will produce unwanted behavior.

TypeScript can help us here. With the addition of a single-line comment with @ts-check at the very top of our JavaScript file, TypeScript activates the next strictness level: Type-checking JavaScript files based on the type information available in the JavaScript file.

In our example, TypeScript will figure out that we try to assign a string to a binding that TypeScript has inferred to be a number. We will get an error in our editor.

// @ts-check
let a_number = 1000;

if (Math.random() < 0.5) {
  a_number = "Hello, World!"
// ^-- Type 'string' is not assignable to type 'number'.ts(2322)
}

console.log(a_number * 10);

Now we can start to fix our code, TypeScript will guide us.

Type inference for JavaScript goes a long way. In the following example, TypeScript infers types by looking at operations like multiplication and addition, as well as default values.

function addVAT(price, vat = 0.2) {
  return price * (1 + vat)
}

The function addVat takes two arguments. The second argument is optional, as it has been set to a default value of 0.2. TypeScript will tell you if you try to pass a value that doesn’t work.

addVAT(1000, "a string")
//           ^-- Argument of type 'string' is not assignable
//               to parameter of type 'number'.ts(2345)

Also, since we use multiplication and addition operations within the function body, TypeScript understands that we will return a number from this function.

addVAT(1000).toUpperCase()
//           ^-- Property 'toUpperCase' does not
//               exist on type 'number'.ts(2339)

There are situations where you need more than type-inference. In JavaScript files, you can annotate function arguments and bindings through JSDoc type annotations. TypeScript will pick up your annotations and uses them as types for the type system.

/** @type {number} */
let amount;

amount = '12';
//       ^-- Argument of type 'string' is not assignable
//           to parameter of type 'number'.ts(2345)

/**
 * Adds VAT to a price
 *
 * @param {number} price The price without VAT
 * @param {number} vat The VAT [0-1]
 *
 * @returns {number}
 */
function addVAT(price, vat = 0.2) {
  return price * (1 + vat)
}

JSDoc also allows you to define new, complex types for objects.

/**
 * @typedef {Object} Article
 * @property {number} price
 * @property {number} vat
 * @property {string} string
 * @property {boolean=} sold
 */

/**
 * Now we can use Article as a proper type
 * @param {[Article]} articles
 */
function totalAmount(articles) {
  return articles.reduce((total, article) => {
    return total + addVAT(article)
  }, 0)
}

The syntax might feel a bit clunky, though, we will find better ways to annotate objects in Recipe 1.3.

Given that you have a JavaScript codebase that is well documented via JSDoc, adding a single line on top of or files will give you already a really good understanding if something goes wrong in your code.






1.2 Installing TypeScript


Problem

Red squigglies in the editor are not enough, you want to have command line feedback, status codes, configuration, and options to type-check JavaScript and compile TypeScript.




Solution

Install TypeScript via Node’s primary package repository: NPM




Discussion

TypeScript is written in TypeScript, compiled to JavaScript, and uses the Node.js JavaScript runtime as its primary execution environment.1. So even if you’re not writing a Node.js app, the tooling for your JavaScript applications will run on Node.

So, make sure you get Node.js from the official website and get familiar with its command line tools.

For a new project, make sure you initialize your project’s folder with a fresh package.json. This file contains all the information for Node and its package manager NPM to figure out your project’s contents. Generate a new package.json file with default contents in your project’s folder with the NPM command line tool.

$ npm init -y

Note

Throughout this book, we will see commands that should be executed in your terminal. For the sake of convenience, we decided to show these commands as they would appear on BASH or similar shells that are available for Linux, macOS, or the Windows subsystem for Linux. The leading $ sign is a convention to indicate a command but is not meant to write by you. Note that all commands also work on the regular Windows command line interface as well as PowerShell.



npm is Node’s package manager. It comes with a CLI, a registry, and other tools that allow you to install dependencies. Once you initialized your package.json, install TypeScript from NPM. We install it as a development dependency, meaning that TypeScript won’t be included if you intend to publish your project as a library to NPM itself.

$ npm install -D typescript

There is a way to globally install TypeScript so you have the TypeScript compiler available everywhere, but I’d strongly suggest installing TypeScript separately per project. Depending on how frequently you visit your projects, you will end up with different TypeScript versions that are in sync with your project’s code. Installing (and updating) TypeScript globally might break projects you haven’t touched in a while.

Note

If you install front-end dependencies via NPM, you will need an additional tool to make sure that your code also runs in your browser: A bundler. TypeScript doesn’t include a bundler that works with the supported module systems, so you need to make sure that you have the proper tooling set up. Tools like Webpack are common, and so is ESBuild. All tools are designed to execute TypeScript as well. Or you can go full native, as described in Recipe 1.8



Now that TypeScript is installed, initialize a new TypeScript project. Use NPX for that, it allows you to execute a command line utility that you installed relatively to your project.

With

$ npm tsc --init

you can run your project’s local version of the TypeScript compiler, and pass the "init"` flag to create a new tsconfig.json.

The tsconfig.json is the main configuration file for your TypeScript project. It contains all the configuration needed TypeScript understands how to interpret your code, how to make types available for dependencies, and if you need to turn certain features on or off.

Per default, TypeScript sets these options for you:

{
  "compilerOptions": {
    "target": "es2016",
    "module": "commonjs",
    "esModuleInterop": true,
    "forceConsistentCasingInFileNames": true,
    "strict": true,
    "skipLibCheck": true
  }
}

Let’s look at them in detail.

target is es2016, which means that if you run the TypeScript compiler, it will compile your TypeScript files to an ECMAScript 2016 compatible syntax. Depending on your supported browsers or environments, you can either set that to something more recent (ECMAScript versions are nowadays named after the year of release), or something almost ancient. Like es5 for people who have to support very old Internet Explorer versions. We all hope you don’t have to.

module is commonjs. This allows you to write ECMAScript module syntax, but instead of carrying this syntax over to the output, TypeScript will compile it to the CommonJS format. This means that a

import { name } from "./my-module"

console.log(name)
//...

becomes a

const my_module_1 = require("./my-module");
console.log(my_module_1.name);

once you compile. CommonJS was the module system for Node.js and has become very common because of Node’s popularity. Node.js since has adopted ECMAScript modules as well, something that we tackle in Recipe 1.9.

esModuleInterop makes sure that modules that aren’t ECMAScript modules are aligned to the standard once imported. forceConsistentCasingInFileNames helps people who have case-sensitive file systems cooperating with folks who have case insensitive file systems. And skipLibCheck assumes that your installed type definition files (more on that later) have no errors. So your compiler won’t check them and will become a little faster.

One of the most interesting features is TypeScript’s strict mode. If set to true, TypeScript will behave differently in certain areas. It’s the way for the TypeScript team to define their view on how the type system should behave.

If TypeScript introduces a breaking change because their view on the type system changes, it will get incorporated in strict mode. This ultimately means that your code might break if you update TypeScript and always run in strict mode.

To give you time to adapt to changes, TypeScript also allows you to turn certain strict mode features on or off feature by feature.

Additionally to the default settings, I strongly recommend setting two more:

{
  "compilerOptions": {
    //...
    "rootDir": "./src",
    "outDir": "./dist"
  }
}

You tell TypeScript to pick up source files from an src folder and put the compiled files into a dist folder. This setup allows you to separate your built files from the ones you author. You will have to create the src folder, of course, the dist folder will be created after you compile.

Oh, compilation. Once you have your project set up, create an index.ts file in src.

console.log("Hello World")

The .ts extension indicates it’s a TypeScript file. Now run

$ npx tsc

in your command line and see the compiler at work.






1.3 Keeping Types on the Side


Problem

You want to write regular JavaScript with no extra build-step, but still get some editor support and proper type information for your functions. But you don’t want to define your complex object types with JSDoc like shown in Recipe 1.1.




Solution

Keep type definition files “on the side” and run the TypeScript compiler in the “check JavaScript” mode.




Discussion

Gradual adoption has always been a dedicated goal for TypeScript. With this technique, which I dubbed “types on the side”, you are able to write TypeScript syntax for object types and advanced features like generics and conditional types (see Chapter 5) instead of clunky JSDoc comments, but still write JavaScript for your actual app.

Somewhere in your project, maybe in a @types folder, create a type definition file. Its ending is .d.ts, and as opposed to regular .ts files, its purpose is to hold declarations, no actual code.

This is where you can write your interfaces, type aliases, and complex types.

// @types/person.d.ts

// An interface for objects of this shape
export interface Person {
  name: string,
  age: number
}

// An interface that extends the original one
// this is tough to write with JSDoc comments alone.
export interface Student extends Person {
  semester: number
}

Note that you export the interfaces from the declaration files. This is so you can import them in your JavaScript files.

// index.js
/** @typedef { import ("../@types/person").Person } Person */

The comment on the very first line tells TypeScript to import the Person type from @types/person, and make it available under the name Person.

Now you can use this identifier to annotate function parameters or objects just like you would with primitive types like string.

// index.js, continued

/**
 * @param {Person} person
 */
function printPerson(person) {
  console.log(person.name);
}

To make sure that you get editor feedback, you still need to set @ts-check at the beginning of your JavaScript files as described in Recipe 1.1. Or, you can configure your project to always check JavaScript.

Open tsconfig.json and set the checkJs flag to true. This will pick up all the JavaScript files from your src folder and give you constant feedback on type errors in your editor. You are also able to run npx tsc to see if you have errors in your command line.

If you don’t want TypeScript to transpile your JavaScript files to older versions of JavaScript, make sure you set noEmit to true.

{
  "compilerOptions": {
    "checkJs": true,
    "noEmit": true,
  }
}

With that, TypeScript will have a look at your source files, and will give you all the type information you need, but won’t touch your code.

This technique is also known to scale. Prominent JavaScript libraries like Preact work like this and are able to provide fantastic tooling for their users as well as their contributors.






1.4 Migrating a Project to TypeScript


Problem

You want to get the full benefits of TypeScript for your project, but you need to migrate an entire code-base.




Solution

Rename your modules file by file form *.js to *.ts. Make use of several compiler options and features that help you iron out errors.




Discussion

The benefit of having TypeScript files instead of JavaScript files with types is that you get to have your types and implementations in one file, which gives you better editor support, access to more TypeScritp features, and increases compatibility with other tools.

However, just renaming all files from .js to .ts will result most likely in one thing: Tons and tons of errors. This is why you should go file by file, and gradually increase type safety as you go along.

The biggest problem when migrating is that you’re suddenly dealing with a TypeScript project, not with JavaScript anymore. But still, lots of your modules will be JavaScript, and with no type information, they will fail the type checking step.

Make it easier for you and for TypeScript if you turn off type checking for JavaScript, but allow for TypeScript modules to load and refer to JavaScript files.

{
  "compilerOptions": {
    "checkJs": false,
    "allowJS": true
  }
}

Should you run npx tsc now, you will see that TypeScript picks up all JavaScript and TypeScript files in your source folder and creates respective JavaScript files in your destination folder. TypeScript will also transpile your code to be compatible with the specified target version.

If you are working with dependencies a lot, you will see that some of them don’t come with type information. This will also produce TypeScript errors.

import _ from "lodash"
//            ^- Could not find a declaration
//               file for module 'lodash'.

Install third-party type definitions to get rid of this error. See Recipe 1.5

Once you migrate file by file, you might realize that you won’t be able to get all typings for one file right in one go. There are dependencies, and you will quickly go down the rabbit hole of having too many files to adjust before you can tackle the one that you actually need.

You can always decide to just live with the error. By default, TypeScript sets the compiler option noEmitOnError to false.

{
  "compilerOptions": {
    "noEmitOnError": false
  }
}

This means that no matter how many errors you have in your project, TypeScript will generate result files, trying not to block you. This might be a setting you want to turn on after you finished migrating.

In strict mode, TypeScript’s feature flag noImplicitAny is set to true. This flag will make sure that you don’t forget to assign a type to a variable, constant, or function parameter. Even if it’s just any.

function printPerson(person: any) {
  // This doesn't make sense, but is ok with any
  console.log(person.gobbleydegook);
}

// This also doesn't make sense, but any allows it
printPerson(123);

Any is the catch-all type in TypeScript. Every value is compatible with any, and any allows you to access every property or call every method. Any effectively turns off type-checking, giving you some room to breathe during your migration process.

Alternatively, you can annotate your parameters with unknown. This also allows you to pass everything to a function, but won’t allow you to do anything with it until you make sure you know more about the type.

You can also decide to ignore errors by adding a @ts-ignore comment before the line you want to exclude from type checking. A `@ts-nocheck comment at the beginning of your file turns off type checking entirely for this particular module.

A comment directive that is fantastic for migration is @ts-expect-error. It works like @ts-ignore as it will swallow errors from the type-checking progress, but will produce red squiggly lines if there is no type error to be found.

function printPerson(person: Person) {
  console.log(person.name);
}

// This error will be swallowed
// @ts-expect-error
printPerson(123);


function printNumber(nr: number) {
  console.log(nr);
}

// v- Unused '@ts-expect-error' directive.ts(2578)
// @ts-expect-error
printNumber(123);

The great thing about this technique is that you flip responsibilities. Usually, you would have to make sure that you pass in the right values to a function, now you can make sure that the function is able to handle the right input.

All possibilities to get rid of errors throughout your migration process have one thing in common: They’re explicit. You need to explicitly set @ts-expect-error comments, annotate function parameters as any, or ignore files entirely from type checking. With that, you can always search for those escape hatches during the migration process, and make sure that over time, you got entirely rid of them.






1.5 Loading Types from Definitely Typed


Problem

You rely on a dependency that hasn’t been written in TypeScript and therefore lacks typings.




Solution

Install community-maintained type definitions from Definitely Typed.




Discussion

Definitely Typed is one of the biggest and most active repositories on GitHub, and collects high-quality TypeScript type definitions developed and maintained by the community.

The number of maintained type definitions is close to 10.000, and there is rarely a JavaScript library not available.

All type definitions are linted, checked, and deployed to the Node.js package registry NPM under the @types namespace. NPM has an indicator on each package’s information site that shows if Definitely Typed type definitions are available, as you can see in Figure 1-2.


[image: react]
Figure 1-2. The NPM site for React shows a DT logo right next to the package name. This indicates available type definitions from Definitely Typed.



A click on this logo leads you to the actual site for type definitions. If a package has first-party type definitions already available, it shows a small TS logo right next to the package name, as shown in Figure 1-3.


[image: types react]
Figure 1-3. Type Definitions for React from Definitely Typed



To install e.g. typings for the popular JavaScript framework React, you install the @types/react package to your local dependencies.

# Installing React
$ npm install --save react

# Installing Type Definitions
$ npm install --save @types/react

By default, TypeScript will pick up any type definitions it can find that are in visible @types folders relative to your project’s root folder. It will also pick up all type definitions from node_modules/@types, this is where NPM installs e.g. @types/react.

This is because the typeRoots compiler option in tsconfig.json is set to @types and ./node_modules/@types. Should you have the need to override this setting, please make sure to include the original folders if you still want to pick up type definitions from Definitely Typed.

{
  "compilerOptions": {
    "typeRoots": ["./typings", "./node_modules/@types"]
  }
}

Note that by just installing type definitions into node_modules/@types, TypeScript will load them during compilation. This means that if some types declare globals, TypeScript will pick them up.

You might want to explicitly specify which packages should be allowed to contribute to the global scope by specifying them in the types setting in your compiler options.

{
  "compilerOptions": {
    "types": ["node", "jest"]
  }
}

Note that this setting will only affect the contributions to the global scope. If you load node modules via import statements, TypeScript still will pick up the correct types from @types:

// If `@types/lodash` is installed, we get proper
// type defintions for this NPM package
import _ from "lodash"

const result = _.flattenDeep([1, [2, [3, [4]], 5]]);

We will revisit this setting in Recipe 1.7.






1.6 Setting up A Full-stack Project


Problem

You want to write a full-stack application targeting Node.js and the browser, with shared dependencies.




Solution

Create two tsconfig files for each front-end and back-end, and load shared dependencies as composites.




Discussion

Node.js and the browser both run JavaScript, but they have a very different understanding of what developers should do with the environment. Node.js is meant for servers, command line tools, and everything that runs without a UI — headless. It has its own set of APIs and standard library. This little script starts an HTTP server.

const http = require('http'); // 1

const hostname = '127.0.0.1';
const port = process.env.PORT || 3000; // 2

const server = http.createServer((req, res) => {
  res.statusCode = 200;
  res.setHeader('Content-Type', 'text/plain');
  res.end('Hello World');
});

server.listen(port, hostname, () => {
  console.log(`Server running at http://${hostname}:${port}/`); // 3
});

While it’s without a doubt JavaScript, there are some things unique to Node.js.


	
"http" is a built-in Node.js module for everything related to HTTP. It is loaded via require, which is an indicator for Node’s module system called CommonJS. There are other ways to load modules in Node.js nowadays as we see in Recipe 1.9, but CommonJS has been the most common as of recent.



	
The process object is a global object containing information on environment variables and the current Node.js process in general. This is also unique to Node.js



	
The console and its functions are available in almost every JavaScript runtime, but what it does in Node is different from what it does in the browser. In Node, it prints on STDOUT, in the browser, it will print a line to the development tools.





There are of course many more unique APIs for Node.js. But the same goes for JavaScript in the browser.

import { msg } from `./msg.js`; // 1

document.querySelector('button')?.addEventListener("click", () => { // 2
  console.log(msg); // 3
})


	
After years without a way to load modules, ECMAScript modules have found their way into JavaScript and the browsers. This line loads an object from another JavaScript module. This runs in the browser natively, and is a second module system for Node.js (see Recipe 1.9).



	
JavaScript in the browser is meant to interact with UI events. The document object and the idea of a querySelector that points to elements in the DOM are unique to the browser. So is adding an event listener and listening on “click” events. You don’t have this in Node.js.



	
And again, console. It has the same API as in Node.js, but the result is a bit different.





The differences are so big, that it’s hard to create one TypeScript project that handles both. If you are writing a full-stack application, you need to create two TypeScript configuration files that deal with each part of your stack.

Let’s work on the back-end first. Let’s assume you want to write an Express.js server in Node.js (Express is a popular server framework for Node). First, you create a new NPM project as shown in Recipe 1.1. Then, install Express as a dependency

$ npm install --save express

And install type definitions for Node.js and Express from Definitely Typed.

$ npm install -D @types/express @types/node

Create a new folder called “server”. This is where your Node.js code goes. Instead of creating a new tsconfig.json via tsc, create a new tsconfig.json in your project’s “server” folder. This is the contents:

// server/tsocnfig.json
{
  "compilerOptions": {
    "target": "ESNext",
    "lib": ["ESNext"],
    "module": "commonjs",
    "rootDir": "./",
    "moduleResolution": "node",
    "types": ["node"],
    "outDir": "../dist/server",
    "esModuleInterop": true,
    "forceConsistentCasingInFileNames": true,
    "strict": true,
    "skipLibCheck": true
  }
}

You should already know a lot of things, but a few things stand out:


	
The module property is set to commonjs, the original Node.js module system. All import and export statements will be transpiled to their CommonJS counterpart



	
The types property is set to ["node"]. This property includes all the libraries you want to have globally available. If "node" is in the global scope, you will get type information for require, process, and other Node.js specifics that are in the global space.





To compile your server-side code, run

$ npx tsc -p server/tsocnfig.json

Now for the client.

// client/tsocnfig.json
{
  "compilerOptions": {
    "target": "ESNext",
    "lib": ["DOM", "ESNext"],
    "module": "ESNext",
    "rootDir": "./",
    "moduleResolution": "node",
    "types": [],
    "outDir": "../dist/client",
    "esModuleInterop": true,
    "forceConsistentCasingInFileNames": true,
    "strict": true,
    "skipLibCheck": true
  }
}

There are a few similarities, but again, some things stand out.


	
You add “DOM” to the lib property. This gives you type definitions for everything related to the browser. Where you needed to install Node.js typings via Definitely Typed, TypeScript ships the most recent type definitions for the browser with the compiler.



	
The types array is empty. This will remove "node" from our global typings. Since you only can install type definitions per package.json, the "node" type definitions we installed earlier would be available in the entire code base. For the client part though, you want to get rid of them.





To compile your front-end code, run

$ npx tsc -p client/tsconfig.json

Please note that you configured two distinct tsconfig.json files. Editors like Visual Studio Code pick up configuration information only for tsconfig.json files per folder. You could as well name them tsconfig.server.json and tsconfig.client.json and have them in your project’s root folder (and adjust all directory properties). tsc will use the correct configurations and throw errors if it finds some, but the editor will mostly stay silent or work with a default configuration.

Things get a bit hairier if you want to have shared dependencies. One way to achieve shared dependencies is to use project references and composite projects. This means that you extract your shared code in its own folder, but tell TypeScript that this is meant to be a dependency project of another one.

Create a shared folder on the same level as client and server. Create a tsconfig.json in shared with the following contents.

// shared/tsconfig.json
{
    "compilerOptions": {
      "composite": true,
      "target": "ESNext",
      "module": "ESNext",
      "rootDir": "../shared/",
      "moduleResolution": "Node",
      "types": [],
      "declaration": true,
      "outDir": "../dist/shared",
      "esModuleInterop": true,
      "forceConsistentCasingInFileNames": true,
      "strict": true,
      "skipLibCheck": true
    },
  }

Two things stand out again:


	
The flag composite is set to true. This allows other projects to reference this one.



	
The declaration flag is also set to true. This will generate d.ts files from your code so other projects can consume type information.





To include them in your client and server code, add this line to client/tsconfig.json and server/tsconfig.json.

// server/tsconfig.json
// client/tsconfig.json
{
  "compilerOptions": {
    // Same as before
  },
  "references": [
    { "path": "../shared/tsconfig.json" }
  ]
}

And you are all set. You can write shared dependencies and include them in your client and server code.

There is a caveat, however. This works great if you only share e.g. models and type information, but the moment you share actual functionality, you will see that the two different module systems (CommonJS in Node, ECMAScript modules in the browser) can’t be unified in one compiled file. You either create an ESNext module and can’t import it in CommonJS code, or you create CommonJS code and can’t import it in the browser.

There are two things you can do:


	
Compile to CommonJS and let a bundler take care of the module resolution work for the browser.



	
Compile to ECMAScript modules and write modern Node.js applications based on ECMAScript modules. See Recipe 1.9 for more information.





Since you start out new, I would strongly recommend the second option.






1.7 Setting Up Tests


Problem

You want to write tests, but the globals for testing frameworks interfere with your production code.




Solution

Create a separate tsconfig for development and build, and exclude all test files in the latter one.




Discussion

In the JavaScript and Node.js ecosystem, there are a lot of unit testing frameworks and test runners. They vary in detail, have different opinions, or are tailored for certain needs. Some of them you might just find prettier than others.

While test runners like Ava rely on importing modules to get the framework into scope, others provide a set of globals. Take Mocha for example.

import assert from "assert";
import { add } from "..";

describe("Adding numbers", () => {
  it("should add two numbers", () =>{
    assert.equal(add(2, 3), 5);
  })
})

assert comes from the Node.js built-in assertion library, but describe, it and many more are globals provided by Mocha. They also only exist when the Mocha CLI is running.

This provides a bit of a challenge for your type setup, as those functions are necessary to write tests, but aren’t available when you execute your actual application.

The solution is to create two different configuration files. A regular tsconfig.json for development that your editor can pick up (remember Recipe 1.6), and a separate tsconfig.build.json that you use when you want to compile your application.

The first one includes all the globals you need, including types for Mocha, the latter one makes sure no test file is included within your compilation.

Let’s go through this step by step. We look at Mocha as an example, but other test runners which provide globals (like Jest) work just the same way.

First, install Mocha and its types.

$ npm install --save-dev mocha @types/mocha @types/node

Create a new tsconfig.base.json. Since the only differences between development and build are the set of files to be included and the libraries activated, you want to have all the other compiler settings located in one file you can reuse for both. An example file for a Node.js application would look like this:

// tsconfig.base.json
{
  "compilerOptions": {
    "target": "esnext",
    "module": "commonjs",
    "esModuleInterop": true,
    "forceConsistentCasingInFileNames": true,
    "strict": true,
    "outDir": "./dist",
    "skipLibCheck": true
  }
}

The source files should be located src, test files should be located in an adjacent folder test. The setup you create in this recipe will also allow you to create files ending with .test.ts anywhere in your project.

Create a new tsconfig.json with your base development configuration. This one is used for editor feedback and for running tests with Mocha. You extend the basic settings from tsconfig.base.json, and inform TypeScript which folders to pick up for compilation.

// tsconfig.json
{
  "extends": "./tsconfig.base.json",
  "compilerOptions": {
    "types": ["node", "mocha"],
    "rootDirs": ["test", "src"]
  }
}

Note that you add types for Node and Mocha. The types property defines which globals are available, and in the development setting, you have both.

Additionally, you might find compiling your tests before executing them cumbersome. There are shortcuts to help you. For example, ts-node runs your local installation of Node.js and does an in-memory TypeScript compilation first.

$ npm install --save-dev ts-node
$ npx mocha -r ts-node/register tests/*.ts

With the development environment set up, it’s time for the build environment. Create a tsconfig.build.json. It looks similar to tsconfig.json, but you will spot the difference right away.

// tsconfig.build.json
{
  "extends": "./tsconfig.base.json",
  "compilerOptions": {
    "types": ["node"],
    "rootDirs": ["src"]
  },
  "exclude": ["**/*.test.ts", "**/test/**"]
}

Additionally to changing types and rootDirs, you also define which files to exclude from type checking and compilation. You use wild-card patterns that exclude all files ending with .test.ts and are located in test folders. Depending on your taste, you can also add .spec.ts or spec folders to this array.

Compile your project by referring to the right JSON file.

$ npx tsc -p tsconfig.build.json

You will see that in the result files (located in dist), you won’t see any test file. Also, while you still can access describe and it when editing your source files, you will get an error if you try to compile.

$ npx tsc -p tsconfig.build.json

src/index.ts:5:1 - error TS2593: Cannot find name 'describe'.
Do you need to install type definitions for a test runner?
Try `npm i --save-dev @types/jest` or `npm i --save-dev @types/mocha`
and then add 'jest' or 'mocha' to the types field in your tsconfig.

5 describe("this does not work", () => {})
  ~~~~~~~~


Found 1 error in src/index.ts:5

If you don’t like polluting your globals during development mode, you can choose a similar setup as in Recipe 1.6, but it won’t allow you to write tests adjacent to your source files.

Additionally, you can always opt for a test runner that prefers the module system.






1.8 Typing ECMAScript Modules from URLs


Problem

You want to work without bundlers and use the browser’s module loading capabilities for your app, yet you still want to have all the type information.




Solution

Set target and module in your tsconfig’s compiler options to esnext, point to your modules with a .js extension. Additionally, install types to dependencies via NPM, and use the path property in your tsconfig to tell TypeScript where to look for types.

// tsconfig.json
{
  "compilerOptions": {
    "target": "esnext",
    "module": "esnext",
    "paths": {
      "https://esm.sh/lodash@4.17.21": [
        "node_modules/@types/lodash/index.d.ts"
      ]
    }
  }
}




Discussion

Modern browser support module loading out of the box. Instead of bundling your app into a smaller set of files, you can use the raw JavaScript files directly.

CDNs2 like esm.sh, UnPKG, and others are designed to distribute node modules and JavaScript dependencies as URLs, consumable by native ECMAScript module loading.

With proper caching and state-of-the-art HTTP, ECMAScript modules become a real alternative for apps.

TypeScript has no modern bundler included, so you would need to install an extra tool anyway. But if you decide to go module first, there are a few things to consider when working with TypeScript.

What you want to achieve is to write import and export statements in TypeScript, but preserve the module loading syntax, and let the browser handle module resolution.

// File module.ts
export const obj = {
  name: 'Stefan'
}

// File index.ts
import { obj } from './module'

console.log(obj.name)

To achieve this, tell TypeScript to


	
Compile to an ECMAScript version that understands modules



	
Use the ECMAScript module syntax for module code generation





Update two properties in your tsconfig.json.

// tsconfig.json
{
  "compilerOptions": {
    "target": "esnext",
    "module": "esnext",
  }
}

module tells TypeScript how to transform import and export statements. The default converts module loading to CommonJS, as seen earlier in this chapter. Setting module to esnext will use ECMAScript module loading, and thus preserve the syntax.

target tells TypeScript the ECMAScript version you want to transpile your code to. Once a year, there’s a new ECMAScript release with new features. Setting target to esnext will always target the latest ECMAScript version.

Depending on your compatibility goals, you might want to set this property to the ECMAScript version compatible with the browsers you want to support. This is usually a version with a year (e.g. es2015, es2016, es2017, etc). ECMAScript modules work with every version from es2015 onwards. If you go for an older version, you won’t be able to load ECMAScript modules natively in the browser.

Changing these compiler options already does one important thing: It leaves the syntax intact. A problem occurs once you want to run our code.

Usually, import statements in TypeScript point to files without an extension. You write import { obj } from "./module", leaving out .ts. Once you compile, this extension s still missing. But the browser needs an extension to actually point to the respective JavaScript file.

The solution: Add a js extension, even though you are pointing to a ts file when you develop. TypeScript is smart enough to pick that up.

// index.ts

// This still loads types from 'module.ts', but keeps
// the reference intact once we compile it.
import { obj } from './module.js'

console.log(obj.name)

For your project’s modules, that’s all you need!

It gets a lot more interesting when you want to use dependencies. If you go native, you might want to load modules from a CDN, like esm.sh.

import _ from "https://esm.sh/lodash@4.17.21"
//             ^- Error 2307

const result = _.flattenDeep([1, [2, [3, [4]], 5]]);

console.log(result)

TypeScript will error with the following message: Cannot find module …​ or its corresponding type declarations.(2307)

TypeScript’s module resolution works when files are on your disk, not on some server via HTTP. To get the info we need, we have to provide TypeScript with a resolution of our own.

Even though we are loading dependencies from URLs, the type information for these dependencies lives with NPM. For lodash, you can install type information from Definitely Typed:

$ npm install -D @types/lodash

For dependencies that come with their own types, you can install the dependencies directly.

$ npm install -D preact

Once the types are installed, use the path property in your compiler options to tell TypeScript how to resolve your URL.

// tsconfig.json
{
  "compilerOptions": {
    // ...
    "paths": {
      "https://esm.sh/lodash@4.17.21": [
        "node_modules/@types/lodash/index.d.ts"
      ]
    }
  }
}

Be sure to point to the right file!

There’s also an escape hatch if you don’t want to use typings, or if you just can’t find typings. Within TypeScript, we can use any to intentionally disable type-checking. For modules, we can do something very similar: We can ignore the TypeScript error.

// @ts-ignore
import _ from "https://esm.sh/lodash@4.17.21"

ts-ignore removes the next line from type checking and can be used everywhere, where you want to ignore type errors. This effectively means that you won’t get any type information for your dependencies and you might run into errors, but it might be the ultimate solution for unmaintained, old dependencies that you just need, but won’t find any types for.






1.9 Loading Different Module Types in Node


Problem

You want to make use of ECMAScript modules in Node.js and the CommonJS interoperability feature for libraries.




Solution

Set TypeScript’s module resolution to "nodeNext" and name your files .mts or .cts.




Discussion

With the advent of Node.js, the CommonJS module system has become one of the most popular module systems in the JavaScript ecosystem and has continued to be popular for a very long time.

The idea is simple and effective: Define exports in one module, and require them in another.

// person.js
function printPerson(person) {
  console.log(person.name);
}

exports = {
    printPerson
}

// index.js
const person = require('./person');
person.printPerson({ name: "Stefan", age: 40});

This system has been a huge influence on ECMAScript modules and has also been the default for TypeScript’s module resolution and transpiler. This means that with the commonjs module setting, your import and export statements are transpiled to require and exports.

// person.ts
type Person = {
  name: string,
  age: number
}

export function printPerson(person) {
  console.log(person.name);
}

// index.ts
import * as person from "./person";
person.printPerson({ name: "Stefan", age: 40});

With ECMAScript modules stabilizing, also Node.js has started to adopt them. Even though the basics of both module systems seem to be very similar, there are some differences in the details, like handling default exports, or the fact that you can load ECMAScript modules asynchronously.

As there is no way to treat both module systems the same but with different syntax, the Node.js maintainers decided to give both systems room, and assigned different file endings to indicate the preferred module type. Table 1-1 shows the different endings, how they’re named in TypeScript, what TypeScript compiles them to, and what they can import. Thanks to the CommonJS interoperability, it’s fine to import CommonJS modules from ECMAScript modules, but not the other way around.


Table 1-1. Module endings and what they import


	Ending
	TypeScript
	Compiles to
	Can import





	.js

	.ts

	CommonJS

	.js, .cjs




	.cjs

	.cts

	CommonJS

	.js, .cjs




	.mjs

	.mts

	ES Modules

	.js, .cjs, .mjs






Library developers who publish on NPM get extra information in their package.json file to indicate the main type of a package (module or commonjs), and to point to a list of main files or fallbacks so module loaders can pick up the right file.

// package.json
{
  "name": "dependency",
  "type": "module",
  "exports": {
     ".": {
        // Entry-point for `import "dependency"` in ES Modules
        "import": "./esm/index.js",
        // Entry-point for `require("dependency") in CommonJS
        "require": "./commonjs/index.cjs",
     },
  },
  // CommonJS Fallback
  "main": "./commonjs/index.cjs",
}

In TypeScript, you mainly write ECMAScript module syntax and let the compiler decide which module format to create in the end. Now there are possibly two of them: CommonJS and ECMAScript modules.

To allow for both, you can set module resolution in your tsconfig.json to NodeNext.

{
  "compilerOptions": {
    "module": "NodeNext"
    // ...
  }
}

With that flag, TypeScript will pick up the right the modules as described in your dependencies package.json, will recognize mts and cts endings, and will follow Table 1-1 for module imports.

For you as a developer, there are differences in importing files. Since CommonJS didn’t require endings when importing, TypeScript still supports imports without endings. The example in ??? still works, if all you use is CommonJS.

Importing with file endings, just like in Recipe 1.8, allow modules to be imported in both ECMAScript modules and CommonJS modules.

// index.mts
import * as person from "./person.js"; // works in both
person.printPerson({ name: "Stefan", age: 40});

Should CommonJS interoperability not work, you can always fall back on a require statement. Add "node" as global types to your compiler options.

// tsconfig.json
{
  "compilerOptions": {
    "module": "NodeNext",
    "types": ["node"],
  }
}

Then, import with this TypeScript-specific syntax:

// index.mts
import person = require("./person.cjs");

person.printPerson({ name: "Stefan", age: 40 });

In a CommonJS module, this will be just another require call, in ECMAScript modules, this will include Node.js helper functions.

// compiled index.mts
import { createRequire as _createRequire } from "module";
const __require = _createRequire(import.meta.url);
const person = __require("./person.cjs");
person.printPerson({ name: "Stefan", age: 40 });

Note that this will reduce compatibility to non-Node.js environments like the browser, but might eventually fix interoperability issues.






1.10 Working with Deno and Dependencies


Problem

You want to use TypeScript with Deno, a modern JavaScript runtime for applications outside the browser.




Solution

That’s relatively easy, TypeScript is built-in.




Discussion

Deno is a modern JavaScript runtime created by the same people who developed Node.js in the first place. Deno is very similar to Node.js in many ways, but where it isn’t the differences are significant:


	
Deno adopts web platform standards for their main APIs, meaning that you will have it easier to port code from the browser to the server.



	
It bets heavily on security, only allowing file system or network access if you explicitly activate it.



	
Dependencies are not handled via a centralized registry, but — again adopting browser features — via URLs.





Oh, and it comes with built-in development tooling and TypeScript!

Deno is ultimately the tool with the lowest barrier if you want to try out TypeScript. No need to download any other tool (the tsc compiler is already built-in), no need for TypeScript configurations. You write .ts files and Deno handles the rest.

// main.ts
function sayHello(name: string) {
  console.log(`Hello ${name}`)
}

sayHello("Stefan")

$ deno run main.ts

Deno’s TypeScript can do everything tsc can do, and is updated with every Deno update. However, there are some differences when you want to configure it.

First, the default configuration is already slightly different in its default settings as opposed to the default configuration issued by tsc --init. Strict mode feature flags are set differently, and there’s support for React (on the server-side!) already included.

To make changes to the configuration, you should create a deno.json file in your roots folder. This will be picked up by Deno automatically unless you tell it not to. deno.json includes several configurations for the Deno runtime, including TypeScript compiler options.

{
  "compilerOptions": {
    // Your TSC compiler options
  },
  "fmt": {
    // Options for the auto-formatter
  },
  "lint": {
    // Options for the linter
  }
}

You can see more on what’s possible on the Deno website.

Also, the default libraries are different. Even though Deno supports web platform standards and has browser-compatible APIs, it needs to make some cuts because of the fact that there is no graphical user interface. That’s why some types e.g. the “DOM” library just clash with what can be provided by Deno.

Some libraries of interest are:


	
deno.ns, the default Deno namespace.



	
deno.window, the global object for Deno.



	
deno.worker, the equivalent for Web Workers in the Deno runtime.





“DOM” and subsets still are included in Deno, but not switched on by default. If your application targets both the browser and Deno, configure Deno to include all browser and Deno libraries:

// deno.json
{
  "compilerOptions": {
    "target": "esnext",
    "lib": ["dom", "dom.iterable", "dom.asynciterable", "deno.ns"]
  }
}

An example of a framework that targets both Deno and the browser is Aleph.js.

One thing that’s also different with Deno is how type information for dependencies is distributed. External dependencies in Deno are loaded via URLs from a CDN. Deno itself hosts its standard library at https://deno.land/std.

But you can also use CDNs like esm.sh or UnPKG, like in Recipe 1.8. All these CDNs distribute types by sending an X-TypeScript-Types header with the HTTP request, showing Deno was to load type declarations. This also goes for dependencies that don’t have first-party type declarations but rely on Definitely Typed.

So the moment you install your dependency, Deno will fetch not only the source files but also all the type information.

If you don’t load a dependency from a CDN, but rather have it locally, you can point to a type declaration file the moment you import the dependency

// @deno-types="./charting.d.ts"
import * as charting from "./charting.js";

or include a reference to the typings in the library itself

// charting.js
/// <reference types="./charting.d.ts" />

This reference is also called a triple-slash directive and a TypeScript feature, not a Deno feature. There are various triple-slash directives, mostly used for pre-ECMAScript module dependency systems. The docs gives a really good overview. If you stick with ECMAScript modules, you most likely won’t use them, though.






1.11 Using Pre-defined Configurations


Problem

You want to use TypeScript for a certain framework or platform, but don’t know where to start with your configuration.




Solution

Use a pre-defined configuration from tsconfig/bases and extend from.




Discussion

Just like Definitely Typed hosts community-maintained type definitions for popular libraries, tsconfig/bases hosts a set of community-maintained recommendations for TypeScript configurations you can use as a starting point for your own project. This includes frameworks like Ember.js, Svelte, or Next.js, but also JavaScript runtimes like Node.js and Deno.

The configuration files are reduced to a minimum, mostly dealing with recommended libraries, module, and target settings, and a bunch of strict mode flags that make sense for the respective environment.

For example, this is the recommended configuration for Node.js 18, with a recommended strict mode setting, and with ECMAScript modules:

{
  "$schema": "https://json.schemastore.org/tsconfig",
  "display": "Node 18 + ESM + Strictest",
  "compilerOptions": {
    "lib": [
      "es2022"
    ],
    "module": "es2022",
    "target": "es2022",
    "strict": true,
    "esModuleInterop": true,
    "skipLibCheck": true,
    "forceConsistentCasingInFileNames": true,
    "moduleResolution": "node",
    "allowUnusedLabels": false,
    "allowUnreachableCode": false,
    "exactOptionalPropertyTypes": true,
    "noFallthroughCasesInSwitch": true,
    "noImplicitOverride": true,
    "noImplicitReturns": true,
    "noPropertyAccessFromIndexSignature": true,
    "noUncheckedIndexedAccess": true,
    "noUnusedLocals": true,
    "noUnusedParameters": true,
    "importsNotUsedAsValues": "error",
    "checkJs": true
  }
}

To make use of this configuration, install it via NPM:

$ npm install --save-dev @tsconfig/node18-strictest-esm

and wire it up in your own TypeScript configuration:

{
  "extends": "@tsconfig/node18-strictest-esm/tsconfig.json",
  "compilerOptions": {
    // ...
  }
}

This will pick up all the settings from the pre-defined configuration. You can now start setting your own properties like root and out directories, and so on.





1 TypeScript also works in other JavaScript runtimes, such as Deno and the browser, but they are not intended as main targets.
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Chapter 2. Basic Types


A Note for Early Release Readers

With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.

This will be the 2nd chapter of the final book.

If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at sevans@oreilly.com.



Now that you are all set up, it’s time to write some TypeScript! Starting out should be easy, but you will very soon run into situations where you’re unsure if you’re doing the right thing. Should you use interfaces or type aliases? Should you annotate or let type inference do its magic? What about any and unknown, are they safe to use? Some people on the internet said you should never use them, so why are they part of TypeScript anyways?

All these questions will be answered in this chapter. We look at the basic types that make TypeScript and learn how an experienced TypeScript developer will make use of them. Use this as a foundation for the upcoming chapters, so you get a feeling of how the TypeScript compiler gets to its types, and how it interprets your annotations.

This is a lot about the interaction between your code, the editor, and the compiler. And about going up and down the type hierarchy, which we will see in Recipe 2.3. If you are an experienced TypeScript developer, this chapter will give you the missing foundation. If you’re just starting out, you will learn the most important techniques to go really far!


2.1 Annotating Effectively


Problem

Annotating types is cumbersome and boring.




Solution

Only annotate when you want to have your types checked.




Discussion

A type annotation is a way to explicitly tell which types to expect. You know, the stuff that was very prominent in other programming languages, where the verbosity of StringBuilder stringBuilder = new StringBuilder() makes sure that you’re really, really dealing with a StringBuilder. The opposite is type inference, where TypeScript tries to figure out the type for you.

// Type inference
let aNumber = 2;
// aNumber: number

// Type annotation
let anotherNumber: number = 3;
// anotherNumber: number

Type annotations are also the most obvious and visible syntax difference between TypeScript and JavaScript.

When you start learning TypeScript, you might want to annotate everything to express the types you’d expect. This might feel like the obvious choice but you can also use annotations sparingly and let TypeScript figure out types for you.

A type annotation is a way for you to express where contracts have to be checked. If you add a type annotation to a variable declaration, you tell the compiler to check if types match during the assignment.

type Person = {
  name: string,
  age: number
}

const me: Person = createPerson()

If createPerson returns something that isn’t compatible with Person, TypeScript will throw an error. Do this is if you really want to be sure that you’re dealing with the right type here.

Also, from that moment on, me is of type Person, and TypeScript will treat it as a Person. If there are more properties in me, e.g. a profession, TypeScript won’t allow you to access them. It’s not defined in Person.

If you add a type annotation to a function signature’s return value, you tell the compiler to check if types match the moment you return that value.

function createPerson(): Person {
  return { name: "Stefan", age: 39 }
}

If I return something that doesn’t match Person, TypeScript will throw an error. Do this if you want to be completely sure that you return the correct type. This especially comes in handy if you are working with functions that construct big objects from various sources.

If you add a type annotation to a function signature’s parameters, you tell the compiler to check if types match the moment you pass along arguments.

function printPerson(person: Person) {
  console.log(person.name, person.age)
}

printPerson(me)

This is in my opinion the most important, and unavoidable type annotation. Everything else can be inferred.

type Person = {
  name: string,
  age: number
}

// Inferred!
// return type is { name: string, age: number }
function createPerson() {
  return { name: "Stefan", age: 39 }
}

// Inferred!
// me: { name: string, age: number}
const me = createPerson()

// Annotated! You have to check if types are compatible
function printPerson(person: Person) {
  console.log(person.name, person.age)
}

// All works
printPerson(me)

You can use inferred object types at places where you expect an annotation because TypeScript has a structural type system. In a structural type system, the compiler will only take into account the members (properties) of a type, not the actual name.

Types are compatible if all members of the type to check against are available in the type of the value. We also say that the shape or structure of a type has to match.

type Person = {
  name: string,
  age: number
}

type User = {
  name: string,
  age: number,
  id: number
}

function printPerson(person: Person) {
  console.log(person.name, person.age)
}

const user: User = {
  name: "Stefan",
  age: 40,
  id: 815
}

printPerson(user) // works!

User has more properties than Person, but all properties that are in Person are also in User, and they have the same type. This is why it’s possible to pass User objects to printPerson, even though the types don’t have any explicit connection.

However, if you pass a literal, TypeScript will complain that there are excess properties that should not be there.

printPerson({
  name: "Stefan",
  age: 40,
  id: 1000
// ^- Argument of type '{ name: string; age: number; id: number; }'
//    is not assignable to parameter of type 'Person'.
//    Object literal may only specify known properties,
//    and 'id' does not exist in type 'Person'.(2345)
})

This is to make sure that you didn’t expect properties to be present in this type, and wonder yourself why changing them has no effect.

With a structural type system, you can create interesting patterns where you have carrier variables with the type inferred, and reuse the same variable in different parts of your software, with no similar connection to each other.

type Person = {
  name: string,
  age: number
}

type Studying = {
  semester: number
}

type Student = {
  id: string,
  age: number,
  semester: number
}

function createPerson() {
  return { name: "Stefan", age: 39, semester: 25, id: "XPA"}
}

function printPerson(person: Person) {
  console.log(person.name, person.age)
}

function studyForAnotherSemester(student: Studying) {
  student.semester++
}

function isLongTimeStudent(student: Student) {
  return student.age - student.semester / 2 > 30 && student.semester > 20
}

const me = createPerson()

// All work!
printPerson(me)
studyForAnotherSemester(me)
isLongTimeStudent(me)

Student, Person, and Studying have some overlap, but are unrelated to each other. createPerson returns something that is compatible with all three types. If you have annotated too much, you would need to create a lot more types and a lot more checks than necessary, without any benefit.

So annotate wherever you want to have your types checked, but at least for function arguments.






2.2 Working with any and unknown


Problem

There are two top types in TypeScript, any and unknown. Which one should you use?




Solution

Use any if you effectively want to deactivate typing, use unknown when you need to be cautious.




Discussion

Both any and unknown are top types, which means that every value is compatible with any or unknown.

const name: any = "Stefan";
const person: any = { name: "Stefan", age: 40 };
const notAvailable: any = undefined;

Since any is a type every value is compatible with, you can access any property without restriction.

const name: any = "Stefan";
// This is ok for TypeScript, but will crash in JavaScript
console.log(name.profession.experience[0].level);

any is also compatible with every sub-type, except never. This means you can narrow the set of possible values by assigning a new type.

const me: any = "Stefan";
// Good!
const name: string = me;
// Bad, but ok for the type system.
const age: number = me;

With any being so permissive, any can be a constant source of potential errors and pitfalls since you effectively deactivate type checking.

While everybody seems to agree that you shouldn’t use any in your codebases, there are some situations where any is really useful:

Migration. When you go from JavaScript to TypeScript, chances are that you already have a large codebase with a lot of implicit information on how your data structures and objects work. It might be a chore to get everything spelled out in one go. any can help you migrate to a safer codebase incrementally.

Untyped Third-party dependencies. You might have one or the other JavaScript dependency that still refuses to use TypeScript (or something similar). Or even worse: There are no up-to-date types for it. Definitely Typed is a great resource, but it’s also maintained by volunteers. It’s a formalization of something that exists in JavaScript but is not directly derived from it. There might be errors (even in such popular type definitions like React’s), or they just might not be up to date!

This is where any can help you greatly. When you know how the library works, if the documentation is good enough to get you going, and if you use it sparingly, any can be a relief instead of fighting types.

JavaScript prototyping. TypeScript works a bit differently from JavaScript and needs to make a lot of trade-offs to make sure that you don’t run into edge cases. This also means that if you write certain things that would work in JavaScript, you’d get errors in TypeScript.

type Person = {
  name: string,
  age: number
}

function printPerson(person: Person) {
  for(let key in person) {
    console.log(`${key}: ${person[key]}`)
// Element implicitly has an 'any' --^
// type because expression of type 'string'
// can't be used to index type 'Person'.
// No index signature with a parameter of type 'string'
// was found on type 'Person'.(7053)
  }
}

Find out why this is an error in Chapter 9. In cases like this, any can help you to switch off type checking for a moment because you know what you’re doing. And since you can go from every type to any, but also back to every other type, you have little, explicit unsafe blocks throughout your code where you are in charge of what’s happening.

function printPerson(person: any) {
  for(let key in person) {
    console.log(`${key}: ${person[key]}`)
  }
}

Once you know that this part of your code works, you can start adding the right types, work around TypeScript’s restrictions, and type assertions.

function printPerson(person: Person) {
  for(let key in person) {
    console.log(`${key}: ${person[key as keyof Person]}`)
  }
}

Whenever you use any, make sure you activate the noImplicitAny flag in your tsconfig.json; it is activated by default in strict mode. With that, TypeScript needs you to explicitly annotate any when you don’t have a type through inference or annotation. This helps find potentially problematic situations later on.

An alternative to any is unknown. It allows for the same values, but the things you can do with it are very different. Where any allows you to do everything, unknown allows you to do nothing. The only thing you can do is pass values around, the moment you want to call a function or make the type more specific, you need to do type checks first.

const me: unknown = "Stefan";
const name: string = me;
//    ^- Type 'unknown' is not assignable to type 'string'.(2322)
const age: number = me;
//    ^- Type 'unknown' is not assignable to type 'number'.(2322)

Type checks and control flow analysis help to do more with unknown:

function doSomething(value: unknown) {
  if(typeof value === "string") {
    // value: string
    console.log("It's a string", value.toUpperCase());
  } else if (typeof value === "number") {
    // value: number
    console.log("it's a number", value * 2)
  }
}

If your apps should work with a lot of different types, unknown is great to make sure that you can carry values throughout your code, but don’t run into any safety problems because of any’s permissiveness.






2.3 Choosing the Right Object Type


Problem

You want to allow for values that are JavaScript objects, but there are three different object types, object, Object and {}, which one should you use?




Solution

Use object for compound types like objects, functions, and arrays. {} for everything that has a value.




Discussion

TypeScript divides its types into two branches. The first branch, primitive types, include number, boolean, string, symbol, bigint, and some sub-types. The second branch is called compound types and includes everything that is a sub-type of an object and is ultimately composed of other compound types or primitive types. Figure 2-1 gives an overview.


[image: type hierarchy.drawio]
Figure 2-1. The type hierarchy in TypeScript.



There are situations where you want to target values that are compound types. Either because you want to modify certain properties, or just want to be safe that we don’t pass any primitive values. For example Object.create creates a new object and takes its prototype as the first argument. This can only be a compound type, otherwise, your runtime JavaScript code would crash.

Object.create(2);
// Uncaught TypeError: Object prototype may only be an Object or null: 2
//    at Function.create (<anonymous>)

In TypeScript, there are three types that seem to do the same thing: The empty object type {}, the uppercase O Object interface, and the lowercase O object type. Which one do you use for compound types?

{} and Object allow for roughly the same values, which is everything but null or undefined (given that strict mode or strictNullChecks is activated).

let obj: {}; // Similar to Object
obj = 32;
obj = "Hello";
obj = true;
obj = () => { console.log("Hello") };
obj = undefined; // Error
obj = null; // Error
obj = { name: "Stefan", age: 40 };
obj = [];
obj = /.*/;

The Object interface is compatible with all values that have the Object prototype, which is every value from every primitive and compound type.

However, Object is a defined interface in TypeScript, and has some requirements for certain functions. For example, the toString method which is toString() => string and part of any non-nullish value, is part of the Object prototype. If you assign a value with a different tostring method, TypeScript will error.

let okObj: {} = {
  toString() {
    return false;
  }
}; // OK

let obj: Object = {
  toString() {
    return false;
  }
// ^-  Type 'boolean' is not assignable to type 'string'.ts(2322)
}

Object can cause some confusion due to this behavior, so in most cases, you’re good with {}.

TypeScript also has a lowercase object type. This is more the type you’re looking for, as it allows for any compound type, but no primitive types.

let obj: object;
obj = 32; // Error
obj = "Hello"; // Error
obj = true; // Error
obj = () => { console.log("Hello") };
obj = undefined;  // Error
obj = null; // Error
obj = { name: "Stefan", age: 40 };
obj = [];
obj = /.*/;

If you want a type that excludes functions, regexes, arrays, and the likes, wait for Chapter 5, where we create one on our own.






2.4 Working with Tuple Types


Problem

You are using JavaScript arrays to organize your data. The order is important, and so are the types at each position. But TypeScript’s type inference makes it really cumbersome to work with it.




Solution

Annotate with tuple types.




Discussion

Next to objects, JavaScript arrays are a popular way to organize data in a complex object. Instead of writing a typical Person object as we did in other recipes, you can store entries element by element:

const person = ["Stefan", 40]; // name and age

The benefit of using arrays over objects is that array elements don’t have property names. When you assign each element to variables using destructuring, it gets really easy to assign custom names:

// objects.js
// Using objects
const person = {
  name: "Stefan",
  age: 40
}

const { name, age } = person;

console.log(name); // Stefan
console.log(age); // 40

const { anotherName = name, anotherAge = age } = person;

console.log(anotherName); // Stefan
console.log(anotherAge); // 40

// arrays.js
// Using arrays
const person = ["Stefan", 40]; // name and age

const [name, age] = person;

console.log(name); // Stefan
console.log(age); // 40

const [anotherName, anotherAge] = person;

console.log(anotherName); // Stefan
console.log(anotherAge); // 40

For APIs where you need to assign new names constantly, using Arrays is really comfortable, as we see in Chapter 10.

When using TypeScript and relying on type inference, this pattern can cause some issues. By default, TypeScript infers the array type from an assignment like that. Arrays are open-ended collections with the same element in each position.

const person = ["Stefan", 40];
// person: (string | number)[]

So TypeScript thinks that person is an array, where each element can be either a string or a number, and it allows for plenty of elements after the original two. This means when you’re destructuring, each element is also of type string or number.

const [name, age] = person;
// name: string | number
// age: string | number

That makes a comfortable pattern in JavaScript really cumbersome in Typescript. You would need to do control flow checks to narrow down the type to the actual one, where it should be clear from the assignment that this is not necessary.

Whenever you think you need to do extra work in JavaScript just to satisfy TypeScript, there’s usually a better way. In that case, you can use tuple types to be more specific on how your array should be interpreted.

Tuple types are a sibling to array types that work on a different semantic. While arrays can be potentially endless in size and each element is of the same type (no matter how broad), tuple types have a fixed size and each element has a distinct type.

The only thing that you need to do to get tuple types is to explicitly annotate.

const person: [string, number] = ["Stefan", 40];

const [name, age] = person;
// name: string
// age: number

Fantastic! Tuple types have a fixed length, this means that the length is also encoded in the type. So assignments that go out of bounds are not possible, and TypeScript will throw an error.

person[1] = 41; // OK!
person[2] = false; // Error
//^- Type 'false' is not assignable to type 'undefined'.(2322)

TypeScript also allows you to add labels to tuple types. This is just meta information for editors and compiler feedback but allows you to be clearer about what to expect from each element.

type Person = [name: string, age: number];

This will help you and your colleagues to easier understand what to expect, just like object types.

Tuple types can also be used to annotate function arguments. This function

function hello(name: string, msg: string): void {
  // ...
}

Can also be written with tuple types.

function hello(...args: [name: string, msg: string]): {
  // ...
}

And you can be very flexible in defining it:

function h(a: string, b: string, c: string): void {
  //...
}
// equal to
function h(a: string, b: string, ...r: [string]): void {
  //...
}
// equal to
function h(a: string, ...r: [string, string]): void {
  //...
}
// equal to
function h(...r: [string, string, string]): void {
  //...
}

This is also known as rest elements, something that we have in JavaScript and that allows you to define functions with an almost limitless argument list, where the last element, the rest element sucks all excess arguments in.

When you need to collect arguments in your code, you can use a tuple before you apply them to your function.

const person: [string, number] = ["Stefan", 40];

function hello(...args: [name: string, msg: string]): {
 // ...
}

hello(...person);

Tuple types are really useful for many scenarios. We will see a lot more in Chapters 7 and 10.






2.5 Understanding Interfaces vs Type Aliases


Problem

There are two different ways in TypeScript to declare object types: Interfaces and type aliases. Which one should you use?




Solution

Use type aliases for types within your project’s boundary, and use interfaces for contracts that are meant to be consumed by others.




Discussion

Both approaches to defining object types have been subject to lots of blog articles over the years. And all of them became outdated as time progressed. Right now, there is little difference between type aliases and interfaces. And everything that was different has been gradually aligned.

Syntactically, the difference between interfaces and type aliases is nuanced.

type PersonAsType = {
  name: string;
  age: number;
  address: string[];
  greet(): string;
};

interface PersonAsInterface {
  name: string;
  age: number;
  address: string[];
  greet(): string;
}

You can use interfaces and type aliases for the same things, in the same scenarios:


	
In an implements declaration for classes



	
As a type annotation for object literals



	
For recursive type structures





There is however one important difference that can have side effects you usually don’t want to deal with: Interfaces allow for declaration merging, but type aliases don’t. Declaration merging allows for adding properties to an interface even after it has been declared.

interface Person {
  name: string;
}

interface Person {
  age: number;
}

// Person is now { name: string; age: number; }

TypeScript itself uses this technique a lot in lib.d.ts files, making it possible to just add deltas of new JavaScript APIs based on ECMAScript versions. This is a great feature if you want to extend e.g. Window, but it can fire back in other scenarios. Take this as an example:

// Some data we collect in a web form
interface FormData {
  name: string;
  age: number;
  address: string[];
}

// A function that sends this data to a back-end
function send(data: FormData) {
  console.log(data.entries()) // this compiles!
  // but crashes horrendously in runtime
}

So, where does the entries() method come from? It’s a DOM API! FormData is one of the interfaces provided by browser APIs, and there are a lot of them. They are globally available, and nothing keeps you from extending those interfaces. And you get no notification if you do.

You can of course argue about proper naming, but the problem persists for all interfaces that you make available globally, maybe from some dependency where you don’t even know they add an interface like that to the global space.

Changing this interface to a type alias immediately makes you aware of this problem:

type FormData = {
//   ^-- Duplicate identifier 'FormData'.(2300)
  name: string;
  age: number;
  address: string[];
};

Declaration merging is a fantastic feature if you are creating a library that is consumed by other parts in your project, maybe even other projects entirely written by other teams. It allows you to define an interface that describes your application but allows your users to adapt it to reality if needed. Think of a plug-in system, where loading new modules enhances functionality. Here, declaration merging is a feature you don’t want to miss.

Within your module’s boundaries, however, using type aliases prevents you from accidentally re-using or extending already declared types. Use type aliases when you don’t expect others to consume them.


Performance

Using type aliases over interfaces has sparked some discussion in the past, as interfaces have been considered much more performant in their evaluation than type aliases, even resulting in a performance recommendation on the official TypeScript wiki. This recommendation is meant to be taken with a grain of salt, though, and is as everything much more nuanced.

On creation, simple type aliases may perform faster than interfaces because interfaces are never closed and might be merged with other declarations. But interfaces may perform faster in other places because they’re known ahead of time to be object types. Ryan Canavaugh from the TypeScript team expects performance differences to be really measurable with an extraordinary amount of interfaces or type aliases to be declared (around 5000 according to this tweet).

If your TypeScript code base doesn’t perform well, it’s not because you declared too many type aliases instead of interfaces, or vice versa








2.6 Defining Function Overloads


Problem

Your function’s API is very flexible and allows for arguments of various types, where context is important. This is hard to type in just a single function signature.




Solution

Use function overloads.




Discussion

JavaScript is very flexible when it comes to function arguments. You can pass basically any parameters, of any length. As long as the function body treats the input right, you’re good. This allows for very ergonomic APIs, but it’s also very tough to type.

Think of a conceptual task runner. With a task function you define new tasks by name, and either passes a callback or pass a list of other tasks to be executed. Or both: a list of tasks that needs to be executed before the callback runs.

task("default", ["scripts", "styles"]);

task("scripts", ["lint"], () => {
    // ...
});

task("styles", () => {
    // ...
});

If you think “this looks a lot like Gulp 6 years ago”, you’re right. Its flexible API where you couldn’t do much wrong was also one of the reasons Gulp was so popular.

Typing functions like this can be a nightmare. Optional arguments, different types at the same position, this is tough to do even if you use union types1.

type CallbackFn = () => void;

function task(name: string, param2: string[] | CallbackFn, param3?: CallbackFn): void {
  //...
}

This catches all variations from the example above, but it’s also wrong, as it allows for combinations that don’t make any sense.

task("what", () => {
  console.log("Two callbacks?")
}, () => {
  console.log("That's not supported, but the types say yes!")
})

Thankfully, TypeScript has a way to solve problems like this: Function overloads. Its name hints at similar concepts from other programming languages: Defining the same, but with different behavior. The biggest difference in TypeScript, as opposed to other programming languages, is that function overloads only work on a type system level and have no effect on the actual implementation.

The idea is that you define every possible scenario as its own function signature. The last function signature is the actual implementation.

// Types for the type system
function task(name: string, dependencies: string[]): void;
function task(name: string, callback: CallbackFn): void
function task(name: string, dependencies: string[], callback: CallbackFn): void
// The actual implementation
function task(name: string, param2: string[] | CallbackFn, param3?: CallbackFn): void {
  //...
}

There are a couple of things that are important to note:

First, TypeScript only picks up the declarations before the actual implementation as possible types. If the actual implementation signature is also relevant, duplicate it.

Also, the actual implementation function signature can’t be anything. TypeScript checks if the overloads can be implemented with the implementation signature.

If you have different return types, it is your responsibility to make sure that inputs and outputs match.

function fn(input: number): number
function fn(input: string): string
function fn(input: number | string): number | string {
  if(typeof input === "number") {
    return "this also works";
  } else {
    return 1337;
  }
}

const typeSaysNumberButItsAString = fn(12);
const typeSaysStringButItsANumber = fn("Hello world");

The implementation signature usually works with a very broad type, which means you have to do a lot of checks that you would need to do in JavaScript anyways. This is good as it urges you to be extra careful.

If you need overloaded functions as their own type, to use them in annotations and assign multiple implementations, you can always create a type alias:

type TaskFn = {
  (name: string, dependencies: string[]): void;
  (name: string, callback: CallbackFn): void;
  (name: string, dependencies: string[], callback: CallbackFn): void;
}

As you can see, you only need the type system overloads, not the actual implementation definition.






2.7 Defining this Parameter Types


Problem

You are writing callback functions that make assumptions of this, but don’t know how to define this when writing the function standalone.




Solution

Define a this parameter type at the beginning of a function signature.




Discussion

If there has been one source of confusion for aspiring JavaScript developers it has to be the ever-changing nature of the this object pointer.


Sometimes when writing JavaScript, I want to shout “This is ridiculous!”. But then I never know what this refers to.

Unknown JavaScript developer



Especially if your background is a class-based object-oriented programming language, where this always refers to an instance of a class. this in JavaScript is entirely different, but not necessarily harder to understand. What’s, even more, is that TypeScript can greatly help us get more closure about this in usage.

this lives within the scope of a function, and that points to an object or value that is bound to that function. In regular objects, this is pretty straightforward.

const author = {
  name: "Stefan",
  // function shorthand
  hi() {
    console.log(this.name);
  },
};

author.hi(); // prints 'Stefan'

But functions are values in JavaScript, and can be bound to a different context, effectively changing the value of this.

const author = {
  name: "Stefan",
};

function hi() {
  console.log(this.name);
}

const pet = {
  name: "Finni",
  kind: "Cat",
};

hi.apply(pet); // prints "Finni"
hi.call(author); // prints "Stefan"

const boundHi = hi.bind(author);

boundHi(); // prints "Stefan"

It doesn’t help that the semantics of this change again if you use arrow functions instead of regular functions.

class Person {
  constructor(name) {
    this.name = name;
  }

  hi() {
    console.log(this.name);
  }

  hi_timeout() {
    setTimeout(function() {
      console.log(this.name);
    }, 0);
  }

  hi_timeout_arrow() {
    setTimeout(() => {
      console.log(this.name);
    }, 0);
  }
}

const person = new Person("Stefan")
person.hi(); // prints "Stefan"
person.hi_timeout(); // prints "undefined"
person.hi_timeout_arrow(); // prints "Stefan"

With TypeScript, we can get more information on what this is and, more importantly, what it’s supposed to be through this parameter types.

Take a look at the following example. We access a button element via DOM APIs and bind an event listener to it. Within the callback function, this is of type HTMLButtonElement, which means you can access properties like classList.

const button = document.querySelector("button");
button?.addEventListener("click", function() {
  this.classList.toggle("clicked");
});

The information on this is provided by the addEventListener function. If you extract your function in a refactoring step, you retain the functionality, but TypeScript will error, as it loses context to this.

const button = document.querySelector("button");
button.addEventListener("click", handleToggle);

function handleToggle() {
  this.classList.toggle("clicked");
// ^- 'this' implicitly has type 'any'
//     because it does not have a type annotation
}

The trick is to tell TypeScript that this is supposed to be of a specific type. You can do this by adding a parameter at the very first position in your function signature that is named this.

const button = document.querySelector("button");
button?.addEventListener("click", handleToggle);

function handleToggle(this: HTMLButtonElement) {
  this.classList.toggle("clicked");
}

This argument gets removed once compiled. TypeScript now has all the information it needs to make sure you this needs to be of type HTMLButtonElement, which also means that you get errors once we use handleToggle in a different context.

handleToggle();
// ^- The 'this' context of type 'void' is not
//    assignable to method's 'this' of type 'HTMLButtonElement'.

You can make handleToggle even more useful if you define this to be HTMLElement a super-type of HTMLButtonElement.

const button = document.querySelector("button");
button?.addEventListener("click", handleToggle);

const input = document.querySelector("input");
input?.addEventListener("click", handleToggle);

function handleToggle(this: HTMLElement) {
  this.classList.toggle("clicked");
}

When working with this parameter types, you might want to make use of two helper types that can either extract or remove this parameters from your function type.

function handleToggle(this: HTMLElement) {
  this.classList.toggle("clicked");
}

type ToggleFn = typeof handleToggle;
// (this: HTMLElement) => void

type WithoutThis = OmitThisParameter<ToggleFn>
// () = > void

type ToggleFnThis = ThisParameterType<ToggleFn>
// HTMLElement

There are more helper types when it comes to this in classes and objects. See more in Chapters 4 and 11.






2.8 Working with Symbols


Problem

You see the type symbol popping up in some error messages, but you don’t know what they mean or how you can use them.




Solution

Create symbols for object properties you want to be unique, and not iterable. They’re great for storing and accessing sensitive information.




Discussion

symbol is a primitive data type in JavaScript and TypeScript, which, amongst other things, can be used for object properties. Compared to number and string, `symbol`s have some unique features that make them stand out.

Symbols can be created using the Symbol() factory function:

const TITLE = Symbol('title')

Symbol has no constructor function. The parameter is an optional description. By calling the factory function, TITLE is assigned the unique value of this freshly created symbol. This symbol is now unique, distinguishable from all other symbols, and doesn’t clash with any other symbols that have the same description.

const ACADEMIC_TITLE = Symbol('title')
const ARTICLE_TITLE = Symbol('title')

if(ACADEMIC_TITLE === ARTICLE_TITLE) {
  // This is never true
}

The description helps you to get info on the Symbol during development time:

console.log(ACADEMIC_TITLE.description) // title
console.log(ACADEMIC_TITLE.toString()) // Symbol(title)

Symbols are great if you want to have comparable values that are exclusive and unique. For runtime switches or mode comparisons:

// A really bad logging framework
const LEVEL_INFO = Symbol('INFO')
const LEVEL_DEBUG = Symbol('DEBUG')
const LEVEL_WARN = Symbol('WARN')
const LEVEL_ERROR = Symbol('ERROR')

function log(msg, level) {
  switch(level) {
    case LEVEL_WARN:
      console.warn(msg); break
    case LEVEL_ERROR:
      console.error(msg); break;
    case LEVEL_DEBUG:
      console.log(msg);
      debugger; break;
    case LEVEL_INFO:
      console.log(msg);
  }
}

Symbols also work as property keys but are not iterable, which is great for serialization

const print = Symbol('print')

const user = {
  name: 'Stefan',
  age: 40,
  [print]: function() {
    console.log(`${this.name} is ${this.age} years old`)
  }
}

JSON.stringify(user) // { name: 'Stefan', age: 40 }
user[print]() // Stefan is 40 years old

There’s a global symbols registry that allows you to access tokens across your whole application.

Symbol.for('print') // creates a global symbol

const user = {
  name: 'Stefan',
  age: 37,
  // uses the global symbol
  [Symbol.for('print')]: function() {
    console.log(`${this.name} is ${this.age} years old`)
  }
}

The first call to Symbol.for creates a symbol, the second call uses the same symbol. If you store the symbol value in a variable and want to know the key, you can use Symbol.keyFor()

const usedSymbolKeys = []

function extendObject(obj, symbol, value) {
  //Oh, what symbol is this?
  const key = Symbol.keyFor(symbol)
  //Alright, let's better store this
  if(!usedSymbolKeys.includes(key)) {
    usedSymbolKeys.push(key)
  }
  obj[symnbol] = value
}

// now it's time to retreive them all
function printAllValues(obj) {
  usedSymbolKeys.forEach(key => {
    console.log(obj[Symbol.for(key)])
  })
}

Nifty!

TypeScript has full support for symbols, and they are prime citizens in the type system. symbol itself is a data type annotation for all possible symbols. See the extendObject function from earlier on. To allow for all symbols to extend our object, we can use the symbol type:

const sym = Symbol('foo')

function extendObject(obj: any, sym: symbol, value: any) {
  obj[sym] = value
}

extendObject({}, sym, 42) // Works with all symbols

There’s also the sub-type unique symbol. A unique symbol is closely tied to the declaration, only allowed in const declarations and references this exact symbol, and nothing else.

You can think of a nominal type in TypeScript for a very nominal value in JavaScript.

To get to the type of `unique symbol`s, you need to use the typeof operator.

const PROD: unique symbol = Symbol('Production mode')
const DEV: unique symbol = Symbol('Development mode')

function showWarning(msg: string, mode: typeof DEV | typeof PROD) {
 // ...
}

At the time of writing, the only possible nominal type is TypeScript’s structural type system.

Symbols stand at the intersection between nominal and opaque types in TypeScript and JavaScript. And are the closest things we get to nominal type checks at runtime.






2.9 Understanding Value and Type Namespaces


Problem

You find it confusing that you can use certain names as type annotations, and not others.




Solution

Learn about type and value namespaces, and which names contribute to what.




Discussion

TypeScript is a superset of JavaScript, which means it adds more things to an already existing and defined language. Over time you learn to spot which parts are JavaScript, and which parts are TypeScript.

It really helps to see TypeScript as this additional layer of types upon regular JavaScript. A thin layer of meta-information, which will be peeled off before your JavaScript code runs in one of the available runtimes. Some people even speak about TypeScript code “erasing to JavaScript” once compiled.

TypeScript being this layer on top of JavaScript also means that different syntax contributes to different layers. While a function or const creates a name in the JavaScript part, a type declaration or an interface contributes a name in the TypeScript layer.

// Collection is in TypeScript land! --> type
type Collection = Person[]

// printCollection is in JavaScript land! --> value
function printCollection(coll: Collection) {
  console.log(...coll.entries)
}

We also say that declarations contribute either a name to the type namespace or to the value namespace. Since the type layer is on top of the value layer, it’s possible to consume values in the type layer, but not vice versa. We also have explicit keywords for that.

// a value
const person = {
  name: "Stefan"
}

// a type
type Person = typeof person;

typeof creates a name available in the type layer from the value layer below.

It gets irritating when there are declaration types that create both types and values. Classes for instance can be used in the TypeScript layer as a type, as well as in JavaScript as a value.

// declaration
class Person {
  name: string

  constructor(n: string) {
    this.name = n
  }
}

// used as a value
const person = new Person("Stefan")

// used as a type
type Collection = Person[]

function printPersons(coll: Collection) {
  //...
}

And naming conventions trick you. Usually, we define classes, types, interfaces, enums, etc. with a capital first letter. And even if they may contribute values, they for sure contribute types. Well, until you write uppercase functions for your React app, as the convention dictates.

If you’re used to using names as types and values, you’re going to scratch your head if you suddenly get a good old TS2749: YourType refers to a value, but is being used as a type error.

type PersonProps = {
  name: string
}

function Person({ name }: PersonProps) {
  // ...
}

type PrintComponentProps = {
  collection: Person[],
  //          ^- 'Person' refers to a value,
  //              but is being used as a type
}

This is where TypeScript can get really confusing. What is a type, what is a value, why do we need to separate this, and why doesn’t this work like in other programming languages? Suddenly, you see yourself confronted with typeof calls or even the InstanceType helper type, because you realize that classes actually contribute two types (see Chapter 11).

Classes contribute a name to the type namespace, and since TypeScript is a structural type system, they allow values that have the same shape as an instance of a certain class. So this is allowed.

class Person {
  name: string

  constructor(n: string) {
    this.name = n;
  }
}

function printPerson(person: Person) {
  console.log(person.name);
}

printPerson(new Person("Stefan")); // ok
printPerson({ name: "Stefan" }) // also ok

However, instanceof checks, which are working entirely in the value namespace and just have implications on the type namespace, would fail, as objects with the same shape may have the same properties, but are not an actual instance of a class.

function checkPerson(person: Person) {
  return instanceof Person
}

checkPerson(new Person("Stefan")); // true
checkPerson({ name: "Stefan" }) // false

So it’s good to understand what contributes types, and what contributes value. This table, adapted from the TypeScript docs, sums it up nicely:


Table 2-1. Type and value namespaces


	Declaration type
	Type
	Value





	Class

	X

	X




	Enum

	X

	X




	Interface

	X

	



	Type Alias

	X

	



	Function

	
	X




	Variable

	
	X






If you stick with functions, interfaces (or type aliases, see Recipe 2.5), and variables at the beginning, you will get a feeling of what you can use where. If you work with classes, think about the implications a bit longer.





1 Union types are a way to combine two different types into one. We learn more about union types in Chapter 3





Chapter 3. The Type System


A Note for Early Release Readers

With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.

This will be the 3rd chapter of the final book.

If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at sevans@oreilly.com.



In the previous chapter you learned about the basic building blocks that allow you to make your JavaScript code more expressive. But if you are experienced in JavaScript, you understand that TypeScript’s fundamental types and annotations only cover a small set of its inherent flexibility.

TypeScript is supposed to make intentions in JavaScript clearer, and it wants to do so without sacrificing this flexibility, especially since it allowed developers to design fantastic APIs that are used and loved by millions. Think of TypeScript more as a way to formalize JavaScript, rather than restricting it. Enter TypeScript’s type system.

In this chapter, you will develop a mental model on how to think of types. You will learn how to define sets of values as wide or narrow as you need them to be, and how to change their scope throughout your control flow. You will also learn how to leverage a structural type system, and when to break with the rules.

This chapter marks the line between TypeScript foundations and advanced type techniques. No matter if you are an experienced TypeScript developer or just starting out, this mental model will be the baseline for everything to come.


3.1 Modeling Data with Union and Intersection Types


Problem

You have an elaborate data model you want to describe in TypeScript.




Solution

Use union and intersection types to model your data. Use literal types to define concrete variants.




Discussion

You are creating a data model for a toy shop. Each item in this toy shop has some basic properties like name, quantity, or the recommended minimum age. There are additional properties just relevant for each particular type of toy, which requires you to create several derivations.

type BoardGame = {
  name: string,
  price: number,
  quantity: number,
  minimumAge: number,
  players: number,
};

type Puzzle = {
  name: string,
  price: number,
  quantity: number,
  minimumAge: number,
  pieces: number,
};

type Doll = {
  name: string,
  price: number,
  quantity: number,
  minimumAge: number,
  material: string,
};

For the functions you create, you need a type that is representative for all toys. A super-type, that contains just the basic properties common to all toys.

type ToyBase = {
  name: string,
  price: number,
  quantity: number,
  minimumAge: number,
};

function printToy(toy: ToyBase) {
  /* ... */
}

const doll: Doll = {
  name: "Mickey Mouse",
  price: 9.99,
  quantity: 10000,
  minimumAge: 2,
  material: "plush",
};

printToy(doll); // works

This works, as you can print all dolls, board games, or puzzles with that function, but there’s one caveat: You lose the information of the original toy within printToy. You can only print common properties, not specific ones.

To tell TypeScript that the toys for printToy can be either one of those, you can create a union type.

// Union Toy
type Toy = Doll | BoardGame | Puzzle;

function printToy(toy: Toy) {
  /* ... */
}

A good way to think of a type is as a set of compatible values. For each value that you have, either annotated or not, TypeScript checks if this value is compatible to a certain type. For objects, this includes also values with more properties than defined in the type. Through inference, values with more properties are assigned a sub-type in the structural type system. And values of sub-types are also part of a particular set.

A union type is a union of sets. The number of compatible values gets broader, and there is also some overlap between types. E.g. an object that has both material and players can be compatible to both Doll and BoardGame. This is a detail to look out for, we see a method to work with that detail in Recipe 3.2.

Figure Figure 3-1 tries to visualize the concept of a union type in form of a Venn diagram. Set theory analogies work really well here.


[image: ch3 union.drawio]
Figure 3-1. Visualization of a Union Type. Each type represents a set of compatible values. A union type represents the union sets.



You can create union types everywhere, also with primitive types.

function takesNumberOrString(value: number | string) {
  /* ... */
}

takesNumberOrString(2); // ok
takesNumberOrString("Hello"); // ok

This allows you to widen the set of values as much as you like.

What you also see in the toy shop example is that there is some redundancy. The ToyBase properties are repeated over and over again. It would be much nicer if we could use ToyBase as the basis of each union part. And we can, using intersection types.

type ToyBase = {
  name: string,
  price: number,
  quantity: number,
  minimumAge: number,
};

// Intersection of ToyBase and { players: number }
type BoardGame = ToyBase & {
  players: number,
};

// Intersection of ToyBase and { pieces: number }
type Puzzle = ToyBase & {
  pieces: number,
};

// Intersection of ToyBase and { material: string }
type Doll = ToyBase & {
  material: string,
};

Just like union types, intersection types resemble their counter parts from set theory. They tell TypeScript that compatible values need to be of type A and type B. The type now accepts a narrower set of values, one that includes all properties from both types, including their subtypes. Figure 3-2 shows a visualization of an intersection type.


[image: ch3 intersection.drawio]
Figure 3-2. Visualization of an intersection type of two types. The set of possible values gets narrower.



Intersection types also work on primitive types, but are of no good use. An intersection of string & number results in never, as no value satisfies both string and number properties.

Note

Instead of type aliases and intersection types you can define your models also with interfaces. In Recipe 2.5 we talk about the differences between both, and there are just a few that you need to look out for. So a type BoardGame = ToyBase & { /* ... */ } can easily be described as interface BoardGame extends ToyBase { /* ... */ }. However, you can’t define an interface that is a union type. You can define a union of interfaces, tough.



Those are already great ways to model data within TypeScript, but we can do a little more. For TypeScript, each value is also its type. We can define a type that is just e.g. the number 1, and the only compatible value is 1.

type One = 1;
const one: One = 1; // nothing else can be assigned.

This is called a literal type, and while it doesn’t seem to be quite useful alone, it is of great use when you combine multiple literal types to a union. For the Doll type, we can e.g. explicitly set allowed values for material.

type Doll = ToyBase & {
  material: "plush" | "plastic",
};

function checkDoll(doll: Doll) {
  if (doll.material === "plush") {
    // do something with plush
  } else {
    // doll.material is "plastic", there are no other options
  }
}

This makes assignment of any other value than "plush" or "plastic" impossible, and our code much more robust.

With union types, intersection types, and literal types, it becomes much easier to define even elaborate models.






3.2 Explicitly Defining Models with Discriminated Union Types


Problem

Parts of your modelled union type have a huge overlap in their properties, so it becomes really cumbersome to distinguish them in control flow.




Solution

Add a kind property to each union part with a string literal type, and check for its contents.




Discussion

Let’s look at a data model similar to what we created in Recipe 3.1. This time, we want to define various shapes for a graphics software.

type Circle = {
  radius: number,
};

type Square = {
  x: number,
};

type Triangle = {
  x: number,
  y: number,
};

type Shape = Circle | Triangle | Square;

There are some similarities between the types, but also still enough information to differentiate between them in an area function.

function area(shape: Shape) {
  if ("radius" in shape) { // shape is Circle
    return Math.PI * shape.radius * shape.radius;
  } else if ("y" in shape) { // shape is Triangle
    return (shape.x * shape.y) / 2;
  } else { // shape is Square
    return shape.x * shape.x;
  }
}

It works, but it also comes with a few caveats. While Circle is the only type with a radius property, Triangle and Square share the x property. Since Square only consists of the x property, this makes Triangle a subtype of Square.

Given how we defined the control flow to check for the distinguishing subtype property y first, this is not an issue, but it’s just too easy to check for x alone and create a branch in the control flow that computes the area for both Triangle and Square in the same manner, which is just outright wrong.

It is also hard to extend Shape. If we look at the required properties for a rectangle, we see that it contains the same properties as Triangle.

type Rectangle = {
  x: number,
  y: number,
};

type Shape = Circle | Triangle | Square | Rectangle;

There is no clear way to differentiate between each part of a union. To make sure each part of a union is distinguishable, we need to extend our models with an identifying property, that makes absolutely clear what we are dealing with.

This can happen through the addition of a kind property. This property takes a string literal type identifying the part of the model.

TypeScript allows you to subset primitive types like string, number, bigint, and boolean to concrete values. Which means that every value is also a type. A set that consists of exactly one compatible value.

So for our model to be clearly defined, we add a kind property to each model part and set it to exact literal type identifying this part.

type Circle = {
  radius: number,
  kind: "circle",
};

type Square = {
  x: number,
  kind: "square",
};

type Triangle = {
  x: number,
  y: number,
  kind: "triangle",
};

type Shape = Circle | Triangle | Square;

Note that we don’t set kind to string, but to the exact literal type "circle" (or "square" and "triangle" respectively). This is a type, not a value, but the only compatible value is the literal string.

Adding the kind property with string literal types makes sure that there can’t be any overlap between parts of the union, as the literal types are not compatible with each other. This technique is called discriminated union types and effectively tears away each set that’s part of the union type Shape, pointing to an exact set.

This is fantastic for the area function, as we can effectively distinguish in e.g. a switch statement.

function area(shape: Shape) {
  switch(shape.kind) {
    case "circle": // shape is Circle
      return Math.PI * shape.radius * shape.radius;
    case "triangle": // shape is Triangle
      return (shape.x * shape.y) / 2;
    case "square": // shape is Square
      return shape.x * shape.x;
    default:
      throw Error("not possible");
  }
}

Not only does it become absolutely clear what we are dealing with, it is also very future proof to upcoming changes, as we are going to see in Recipe 3.3.






3.3 Exhaustiveness Checking with the Assert never Technique


Problem

Your discriminated union types change over time, adding new parts to the union. It becomes hard to track all occurrences in your code where you need to adapt to these changes.




Solution

Create exhaustiveness checks where you assert that all remaining cases can never happen with an assertNever function.




Discussion

Let’s look at the full example from Recipe 3.2.

type Circle = {
  radius: number,
  kind: "circle",
};

type Square = {
  x: number,
  kind: "square",
};

type Triangle = {
  x: number,
  y: number,
  kind: "triangle",
};

type Shape = Circle | Triangle | Square;

function area(shape: Shape) {
  switch(shape.kind) {
    case "circle": // shape is Circle
      return Math.PI * shape.radius * shape.radius;
    case "triangle": // shape is Triangle
      return (shape.x * shape.y) / 2;
    case "square": // shape is Square
      return shape.x * shape.x;
    default:
      throw Error("not possible");
  }
}

Using discriminated unions, we are able to distinguish between each part of a union. The area function uses a switch-case statement to handle each case separately. Thanks to string literal types for the kind property, there can be no overlap between types.

Once all options are exhausted, in the default case, we throw an error, indicating that we reached an invalid situation that should never occur. If our types are right throughout the codebase, this error should never be thrown.

Even the type system tells us that the default case is an impossible scenario. If we add shape in the default case and hover over it, TypeScript tells us that shape is of type never`.

function area(shape: Shape) {
  switch(shape.kind) {
    case "circle": // shape is Circle
      return Math.PI * shape.radius * shape.radius;
    case "triangle": // shape is Triangle
      return (shape.x * shape.y) / 2;
    case "square": // shape is Square
      return shape.x * shape.x;
    default:
      console.error("Shape not defined:", shape); // shape is never
      throw Error("not possible");
  }
}

never is an interesting type. It’s TypeScript bottom type, meaning that it’s at the very end of the type hierarchy. Where any and unknown include every possible value, no value is compatible to never. It’s the empty set. Which explains the name: If one of your values happens to be of type never you are in a situation that should never happen.

The type of shape in the default cases changes immediately if we extend the type Shape with e.g. a Rectangle.

type Rectangle = {
  x: number,
  y: number,
  kind: "rectangle",
};

type Shape = Circle | Triangle | Square | Rectangle;

function area(shape: Shape) {
  switch(shape.kind) {
    case "circle": // shape is Circle
      return Math.PI * shape.radius * shape.radius;
    case "triangle": // shape is Triangle
      return (shape.x * shape.y) / 2;
    case "square": // shape is Square
      return shape.x * shape.x;
    default:
      console.error("Shape not defined:", shape); // shape is Rectangle
      throw Error("not possible");
  }
}

Control flow analysis at its best: TypeScript knows at exactly every point in time what types your values have. However, this confronts us with another problem: Our code is wrong, and we don’t get any indication in the type system. Where the default case was meant to handle impossible situations, we now run into it every time we calculate the shape of a rectangle.

This is already bad in one situation, and it gets worse if you use the exhaustiveness checking pattern multiple times in your codebase. You can’t tell for sure that you didn’t miss one spot where your software will ultimately crash.

One technique to ensure that you handled all possible cases is to create a helper function that asserts that all options are exhausted. It should make sure that the only values possible are no values.

function assertNever(value: never) {
  console.error("Unknown value", value);
  throw Error("Not possible");
}

Usually, you see never as an indicator that you are in an impossible situation. Here, we use it as an explicit type annotation for a function signature. You might ask yourself: Which values are we supposed to pass? And the answer is: None! In the best case, this function will never get called.

However, if we substitute the original default case from our example with assertNever, we can make use of the type system to ensure that all possible values are compatible, even if there are no values:

function area(shape: Shape) {
  switch(shape.kind) {
    case "circle": // shape is Circle
      return Math.PI * shape.radius * shape.radius;
    case "triangle": // shape is Triangle
      return (shape.x * shape.y) / 2;
    case "square": // shape is Square
      return shape.x * shape.x;
    default: // shape is Rectangle
      assertNever(shape);
//    ^-- Error: Argument of type 'Rectangle' is not
//        assignable to parameter of type 'never'
  }
}

Great! We now get red squiggly lines whenever we forget to exhaust all options. TypeScript won’t compile this code without an error, and we can easily spot all occurences in our codebase where we need to add the Rectangle case.

function area(shape: Shape) {
  switch(shape.kind) {
    case "circle": // shape is Circle
      return Math.PI * shape.radius * shape.radius;
    case "triangle": // shape is Triangle
      return (shape.x * shape.y) / 2;
    case "square": // shape is Square
      return shape.x * shape.x;
    case "rectangle":
      return shape.x * shape.y;
    default: // shape is never
      assertNever(shape); // shape can be passed to assertNever!
  }
}

Seeing types as sets of compatible values that can get broader or narrower based on control flow leads us to techniques like assertNever, a very helpful little function that can strengthen our codebase’s quality.






3.4 Pinning Types with const Context


Problem

You can’t assign object literals to your carefully modelled discriminated union types.




Solution

Pin the type of your literals using type assertions and const context.




Discussion

In TypeScript, it’s possible to use each value as its own type. They are called literal types and allow you to subset bigger sets to just a couple of valid values.

Literal types in TypeScript are not only a nice trick to point to specific values, but an essential part of how the type system works. This becomes obvious when you assign values of primitive types to different bindings via let or const.

If we assign the same value twice, once via let and once via const, TypeScript infers two different types. With the let binding, TypeScript will infer the broader primitive type.

let name = "Stefan"; // name is string

With a const binding, TypeScript will infer the exact literal type.

const name = "Stefan"; // name is "Stefan"

Object types behave slightly different. let bindings still infer the broader set.

// person is { name: string }
let person = { name: "Stefan" };

But so do const bindings.

// person is { name: string }
const person = { name: "Stefan" };

The reasoning behind this is that in JavaScript, while the binding itself is constant, which means I can’t reassign person, the values of an object’s property can change.

// person is { name: string }
const person = { name: "Stefan" };

person.name = "Not Stefan"; // works!

This behavior is correct in the sense that it mirrors the behavior of JavaScript, but it can cause problems when we are very exact with our data models.

In the previous recipes we modelled data using union and intersection types. We used discriminated union types to distinguish between types that are too similar.

The problem is that when we use literals for our data, TypeScript will usually infer the broader set, which makes the values incompatible to the types we defined. This produces a very lengthy error message.

type Circle = {
  radius: number,
  kind: "circle",
};

type Square = {
  x: number,
  kind: "square",
};

type Triangle = {
  x: number,
  y: number,
  kind: "triangle",
};

type Shape = Circle | Triangle | Square;

function area(shape: Shape) { /* ... */ }

const circle = {
  radius: 2,
  kind: "circle",
};

area(circle);
//   ^-- Argument of type '{ radius: number; kind: string; '
//       is not assignable to parameter of type 'Shape'.
//       Type '{ radius: number; kind: string; }' is not
//       assignable to type 'Circle'.
//       Types of property 'kind' are incompatible.
//       Type 'string' is not assignable to type '"circle"'.

There are several ways to solve this problem. First, we can use explicit annotations to ensure the type. As described in Recipe 2.1, each annotation is a type check. Which means that the value on the right hand side is checked for compatibility. Since there is no inference, Typescript will look at the exact values to decide whether an object literal is compatible or not.

// Exact type
const circle: Circle = {
  radius: 2,
  kind: "circle",
};

area(circle); // Works!

// Broader set
const circle: Shape = {
  radius: 2,
  kind: "circle",
};

area(circle); // Also works!

Instead of type annotations, we can also do type assertions at the end of the assignment.

// Type assertion
const circle = {
  radius: 2,
  kind: "circle",
} as Circle;

area(circle); // Works!

But sometimes, annotations can limit us. Especially when we have to work with literals that contain more information and are used in different places with different semantics.

From the moment we annotate or assert as Circle, the binding will always be a circle, no matter which values it actually carries.

But we can be much more fine grained with assertions. Instead of asserting that the entire object is of a certain type, we can assert single properties to be of a certain type.

const circle = {
  radius: 2,
  kind: "circle" as "circle",
};

area(circle); // Works!

Another way to assert as exact values is to use const context with a as const type assertion, TypeScript locks in the value as literal type.

const circle = {
  radius: 2,
  kind: "circle" as const,
};

area(circle); // Works!

If we apply const context to the entire object, we also make sure that the values are read only and won’t be changed.

const circle = {
  radius: 2,
  kind: "circle",
} as const;

area2(circle); // Works!

circle.kind = "rectangle";
//     ^-- Cannot assign to 'kind' because
//         it is a read-only property.

const context type assertions are a very handy tool if we want to pin values to their exact literal type and keep them that way. Especially if there are a lot of object literals in your code base that are not suppose to change, but need to be consumed in various occasions, const context can help a lot!






3.5 Narrowing Types with Type Predicates


Problem

Based on certain conditions, you can assert that a value is of a narrower type than originally assigned, but TypeScript can’t narrow it work you.




Solution

Add type predicates to a helper function’s signature to indicate the impact of a boolean condition for the type system.




Discussion

With literal types and union types, TypeScript allows you to define very specific sets of values. For example, we can define a dice with six sides very easily.

type Dice = 1 | 2 | 3 | 4 | 5 | 6;

While this notation is very expressive, and the type system can tell you exactly which values are valid, it requires some work to get to this type.

Let’s imagine we have some kind of game where users are allowed to input any number. If it’s a valid number of dots, we are doing certain actions.

We write a conditional check to see if the input number is part of a set of values.

function rollDice(input: number) {
  if([1, 2, 3, 4, 5, 6].includes(input)) {
    // `input` is still `number`, even though we know it
    // should be Dice
  }
}

The problem is that even though we do a check to make sure the set of values is known, TypeScript still handles input as number. There is no way for the type system to make the connection between your check and the change in the type system.

But, you can help the type system. First, extract your check into its own helper function.

function isDice(value: number): boolean {
  return [1, 2, 3, 4, 5, 6].includes(value);
}

Note that this check returns a boolean. Either this condition is true, or it’s false. For functions that return a boolean value, we can change the return type of the function signature to a type predicate.

We tell TypeScript that if this function returns true, we know more about the value that has been passed to the function. In our case, value is of type Dice.

function isDice(value: number): value is Dice {
  return [1, 2, 3, 4, 5, 6].includes(value);
}

And with that, TypeScript gets a hint of what the actual types of your values are, allowing you to do more fine-grained operations on your values.

function rollDice(input: number) {
  if(isDice(input)) {
    // Great! `input` is now `Dice`
  } else {
    // input is still `number`
  }
}

TypeScript is restrictive and doesn’t allow any assertion with type predicates. It needs to be a type that is narrower than the original type. For example, getting a string input and asserting a subset of number as output will error.

type Dice = 1 | 2 | 3 | 4 | 5 | 6;

function isDice(value: string): value is Dice {
// Error: A type predicate's type must be assignable to
// its parameter's type. Type 'number' is not assignable to type 'string'.
  return ["1", "2", "3", "4", "5", "6"].includes(value);
}

This failsafe mechanism gives you some guarantee on the type level, but there is a caveat. It won’t check if your conditions make sense. The original check in isDice ensures that the value passed is included in an array of valid numbers.

The values in this array are up to your choosing. If you include a wrong number, TypeScript will still think value is a valid Dice, even though your check does not line up.

// Correct on a type-level
// incorrect set of values on a value-level
function isDice(value: number): value is Dice {
  return [1, 2, 3, 4, 5, 7].includes(value);
}

And this is easy to trip over. The condition in Example 3-1 is true for integer numbers, but wrong if you pass a floating point number. 3.1415 would be a valid Dice dot count!


Example 3-1. Incorrect logic for isDice for floating point numbers

// Correct on a type-level, incorrect logic
function isDice(value: number): value is Dice {
  return value >= 1 && value <= 6;
}


Actually, any condition works for TypeScript. Return true and TypeScript will think value is Dice.

function isDice(value: number): value is Dice {
  return true;
}

TypeScript puts type assertions in your hand. It is your duty to make sure those assertions are valid and sound. If you rely heavily on type assertions via type predicates, make sure that you test accordingly.






3.6 Understanding void


Problem

You know void as a concept from other programming languages, but in TypeScript it can behave a little bit differently.




Solution

Embrace void as a substitutable type for callbacks.




Discussion

You might know void from programming languages like Java or C#, where they indicate the absence of a return value. void also exists in TypeScript, and at a first glance it does the same thing: If your functions or methods aren’t returning something, the return type is void.


void in JavaScript

void also exists as an operator in JavaScript and has a very special behavior. It evaluates the expression next to it, but guarantees to return undefined.

let i = void 2; // i === undefined

What are the use cases for void. First, in ECMAScript 3 times, people were able to override undefined and giving it an actual value. void always returned the real undefined.

Second, it’s a nice way to call immediately invoked functions.

// executes immediately.
void function() {
  console.log('Hey');
}();

All without polluting the global namespace.

void function aRecursion(i) {
  if(i > 0) {
    console.log(i--);
    aRecursion(i);
  }
}(3);

console.log(typeof aRecursion) // undefined

Since void always returns undefined, and void always evaluates the expression next to it, you have a very terse way of returning from a function without returning a value, but still calling a callback for example:

// returning something else than undefined would crash the app
function middleware(nextCallback) {
  if(conditionApplies()) {
    return void nextCallback();
  }
}

Which brings me to the most important use case of void: It’s a security gate for your app. When your function is always supposed to return undefined, you can make sure that this is always the case.

button.onclick = () => void doSomething();



At a second glance, the behavior of void is a bit more nuanced, and so is its position in the type system.  void in TypeScript is a subtype of undefined. Functions in JavaScript always return something. Either a function explicitly returns a value, or it implicitly returns undefined.

function iHaveNoReturnValue(i) {
  console.log(i);
}

let check = iHaveNoReturnValue(2);
// check is undefined

If we would create a type for iHaveNoReturnValue, it would show a function type with void as return type.

function iHaveNoReturnValue(i) {
  console.log(i);
}

type Fn = typeof iHaveNoReturnValue;
// type Fn = (i: any) => void

void as type can also be used for parameters and all other declarations. The only value that can be passed is undefined:

function iTakeNoParameters(x: void): void { }

iTakeNoParameters(); // works
iTakeNoParameters(undefined); // works
iTakeNoParameters(void 2); // works

void and undefined are pretty much the same. There’s one little difference though, and this difference is significant: void as a return type can be substituted with different types, to allow for advanced callback patterns. Let’s create a fetch function for example. It’s task is to get a set of numbers and pass the results to a callback function, provided as parameter.

function fetchResults(callback: (statusCode: number, results: number[]) => void) {
  // get results from somewhere ...
  callback(200, results);
}

The callback function has two parameters in its signature — a status code and the results — and the return type is void. We can call fetchResults with callback functions that match the exact type of callback.

function normalHandler(statusCode: number, results: number[]): void {
  // do something with both parameters
}

fetchResults(normalHandler);

But if a function type specifies return type void, functions with a different, more specific, return type are also accepted.

function handler(statusCode: number): boolean {
  // evaluate the status code ...
  return true;
}

fetchResults(handler); // compiles, no problem!

The function signatures don’t match exactly, but the code still compiles. First, it’s okay to provide functions with a shorter argument list in their signature. JavaScript can call functions with excess parameters, and if they aren’t specified in the function, they’re simply ignored. No need to carry more parameters with you than you actually need.

Second, the return type is boolean, but TypeScript will still allow to pass this function along. This is special when declaring a void return type. The original caller fetchResults does not expect a return value when calling the callback. So for the type system, the return value of callback is still undefined, even though it could be something else.

As long as the type system won’t allow you to work with the return value, your code should be safe.

function fetchResults(callback: (statusCode: number, results: number[]) => void) {
  // get results from somewhere ...
  const didItWork = callback(200, results);
  // didItWork is `undefined` in the type system,
  // even though it would be a boolean with `handler`.
}

That’s why we can pass callbacks with any return type. Even if the callback returns something, this value isn’t used and goes into the void.

The power lies within the calling function. The calling function knows best what to expect from the callback function. And if the calling function doesn’t require a return value at all from the callback, anything goes!

TypeScript calls this feature “substitutability”. The ability to substitute one thing for another, wherever it makes sense. This might strike you odd at first. But especially when you work with libraries that you didn’t author, you will find this feature very valuable.






3.7 Dealing with Error Types in Catch Clauses


Problem

You can’t annotate explicit error types in try-catch blocks.




Solution

Annotate with any or unknown and use type predicates (see Recipe 3.5 to narrow to specific error types.




Discussion

When you are coming from languages like Java, C++, or C#, you are used to doing your error handling by throwing exceptions. And subsequently, catching them in a cascade of catch clauses. There are arguably better ways to do error handling, but this one has been around for ages and given history and influences, has also found its way into JavaScript.

“Throwing” errors and “catching” them is a valid way of error in handling in JavaScript and TypeScript, but there is a big difference when it comes to specifying your catch clauses. When you try to catch a specific error type, TypeScript will error.

Example 3-2 uses the popular data fetching library Axios to show the problem.


Example 3-2. Catching explicit error types does not work.

try {
  // something with the popular fetching library Axios, for example
} catch(e: AxiosError) {
//         ^^^^^^^^^^ Error 1196: Catch clause variable
//                    type annotation must be 'any' or
//                    'unknown' if specified.
}


There are a couple of reasons for this:


1. Any type can be thrown

In JavaScript, you are allowed to throw every expression. Of course, you can throw “exceptions” (or errors, as we call them in JavaScript), but it’s also possible to throw any other value:

throw "What a weird error"; // OK
throw 404; // OK
throw new Error("What a weird error"); // OK

Since any valid value can be thrown, the possible values to catch are already broader than your usual sub-type of Error.




2. There is only one catch clause in JavaScript

JavaScript only has one catch clause per try statement. There have been proposals for multiple catch clauses and even conditional expressions in the distant past, but they never manifested.

Instead, you should use this one catch clause and do instanceof and typeof checks, like proposed on MDN.

This example above is also the only correct way to narrow down types for catch clauses in TypeScript.

try {
  myroutine(); // There's a couple of errors thrown here
} catch (e) {
  if (e instanceof TypeError) {
    // A TypeError
  } else if (e instanceof RangeError) {
    // Handle the RangeError
  } else if (e instanceof EvalError) {
    // you guessed it: EvalError
  } else if (typeof e === "string") {
    // The error is a string
  } else if (axios.isAxiosError(e)) {
    // axios does an error check for us!
  } else {
    // everything else
    logMyErrors(e);
  }
}

Since all possible values can be thrown, and we only have one catch clause per try statement to handle them, the type range of e is exceptionally broad.




3. Any exception can happen

Since you know about every error that can happen, wouldn’t be a proper union type with all possible “throwables” work just as well? In theory, yes. In practice, there is no way to tell which types the exception will have.

Next to all your user-defined exceptions and errors, the system might throw errors when something is wrong with the memory when it encountered a type mismatch or one of your functions has been undefined. A simple function call could exceed your call stack and cause the infamous stack overflow.

The broad set of possible values, the single catch clause, and the uncertainty of errors that happen only allow two possible types for e: any and unknown.

All reasons apply if you reject a Promise. The only thing TypeScript allows you to specify is the type of a fulfilled Promise. A rejection can happen on your behalf, or through a system error:

const somePromise = () => new Promise((fulfil, reject) => {
  if (someConditionIsValid()) {
    fulfil(42);
  } else {
    reject("Oh no!");
  }
});

somePromise()
  .then(val => console.log(val)) // val is number
  .catch(e => {
    console.log(e) // e can be anything, really.
  })

It becomes clearer if you call the same promise in an async/await flow:

try {
  const z = await somePromise(); // z is number
} catch(e) {
  // same thing, e can be anything!
}

If you want to define your own errors and catch accordingly, you can either write error classes and do instance of checks, or you create helper functions that check for certain properties and tell the correct type via type predicates. Axios is again a good example for that.

function isAxiosError(payload: any): payload is AxiosError {
  return payload !== null
    && typeof payload === 'object'
    && payload.isAxiosError;
}

Error handling in JavaScript and TypeScript can be a “false friend” if you come from other programming languages with similar features. Be aware of the differences, and trust the TypeScript team and type checker to give you the correct control flow to make sure your errors are handled well enough.








3.8 Creating Exclusive Or Models with Optional never


Problem

Your model requires you to have mutually exclusive parts of a union, but your API can’t rely on the kind property to differentiate.




Solution

Use the optional never technique to exclude certain properties.




Discussion

You want to write a function that handles the result of a select operation in your application. This select operation gives you the list of possible options, as well as the list of selected options. This function can deal with calls from a select operation that produces only a single value, as well as from a select operation that results in multiple values.

Since you need to adapt to an existing API, your function should be able to handle both, and decide for the single and multiple case within the function.

Note

Of course there are better ways to model APIs, and we can talk endlessly about that. But sometimes you have to deal with existing APIs which are not that great to begin with. And TypeScript gives you techniques and methods to correctly type your data in scenarios like this.



Your model mirrors that API, as you can either pass a single value, or multiple values.

type SelectBase = {
  options: string[],
};

type SingleSelect = SelectBase & {
  value: string,
};

type MultipleSelect = SelectBase & {
  values: string[],
};

type SelectProperties = SingleSelect | MultipleSelect;

function selectCallback(params: SelectProperties) {
  if("value" in params) {
    // handle single cases
  } else if ("values" in params) {
    // handle multiple cases
  }
}

selectCallback({
  options: ["dracula", "monokai", "vscode"],
  value: "dracula",
});

selectCallback({
  options: ["dracula", "monokai", "vscode"],
  values: ["dracula", "vscode"],
});

This works as intended, but remember the structural type system features of TypeScript. Defining SingleSelect as a type contains allows also for values of all sub-types, which means that objects which have both the value property and the values property are also compatible to SingleSelect. The same goes for MultipleSelect. Nothing keeps you from using the selectCallback function with an object that contains both.

selectCallback({
  options: ["dracula", "monokai", "vscode"],
  values: ["dracula", "vscode"],
  value: "dracula",
}); // still works! Which one to choose?

The value you pass here is valid, but it doesn’t make sense in your application. You couldn’t decide whether this is a multiple select operation or a single select operation.

In cases like this we again need to separate the two sets of values just enough so our model becomes clearer. We can do this by using the _optional never`_ technique. It involves taking the properties which are exclusive to each branch of a union and adding them as optional properties of type `never to the other branches.

type SelectBase = {
  options: string[],
};

type SingleSelect = SelectBase & {
  value: string,
  values?: never,
};

type MultipleSelect = SelectBase & {
  value?: never,
  values: string[],
};

You tell TypeScript that this property is optional in this branch, and when it’s set, there is no compatible value for it. With that, all objects which contain both properties are invalid to SelectProperties.

selectCallback({
  options: ["dracula", "monokai", "vscode"],
  values: ["dracula", "vscode"],
  value: "dracula",
});
// ^ Argument of type '{ options: string[]; values: string[]; value: string; }'
//   is not assignable to parameter of type 'SelectProperties'.

The union types are separated again, without the inclusion of a kind property. This works great for models where the discriminating properties are just a few. If your model has too many distinct properties, and you can afford to add a kind property, use discriminated union types as shown in Recipe 3.2.

Shout-out to [Dan Vanderkam] who was first to call this technique “optional never” on his fantastic Effective TypeScript blog.






3.9 Effectively Using Type Assertions


Problem

Your code produces the correct results, but the types are way too wide. You know better!




Solution

Use type assertions to narrow to a smaller set using the as keyword, indicating an unsafe operation.




Discussion

Think of rolling a dice, and producing an number between 1 and 6. The JavaScript function is a one line, using the Math library. You want to work with a narrowed type, a union of 6 literal number types indicating the results. However, your operation produces a number, and number is a type too wide for your results.

type Dice = 1 | 2 | 3 | 4 | 5 | 6;

function rollDice(): Dice {
  let num = Math.floor(Math.random() * 6) + 1;
  return num;
//^ Type 'number' is not assignable to type 'Dice'.(2322)
}

Since number allows for more values than Dice, TypeScript won’t allow to narrow the type just by annotating the function signature. This only works if the type is wider, a super-type.

// All dice are numbers
function asNumber(dice: Dice): number {
  return dice;
}

Instead, just like with type predicates from Recipe 3.5, we can tell TypeScript that we know better, by asserting that the type is narrower than expected.

type Dice = 1 | 2 | 3 | 4 | 5 | 6;

function rollDice(): Dice {
  let num = Math.floor(Math.random() * 6) + 1;
  return num as Dice;
}

Just like type predicates, type assertions only work within the super-types and sub-types of an assumed type. We can either set the value to a wider super-type, or change it to a narrower sub-type. TypeScript won’t allow us to switch sets.

function asString(num: number): string {
  return num as string;
//       ^- Conversion of type 'number' to type 'string' may
//          be a mistake because neither type sufficiently
//          overlaps with the other.
//          If this was intentional, convert the expression to 'unknown' first.
}

Using the as Dice syntax is quite handy. It indicates a type change that we as developers are responsible for. Which means that if something turns out wrong, we can easily scan our code for the as keyword and find possible culprits.

Note

In everyday language people tend to call type assertions type casts. This arguably comes from similarity to actual, explicit type casts in C, Java, and the likes. A type assertion is however very different from a type cast. A type cast not only changes the set of compatible values, but changes the memory layout, and even the values themselves. Casting a floating point number to an integer will cut off the mantissa. A type assertion in TypeScript on the other hand only changes the set of compatible values. The value stays the same. It’s called a type assertion because you assert that the type is something either narrower or wider, giving more hints to the type system. So if you are in a discussion on changing types, call them assertions, not casts.



Assertions are also often used when you assemble the properties of an object. You know that the shape is going to be of e.g. Person, but you need to set the properties first.

type Person = {
  name: string,
  age: number,
};

function createDemoPerson(name: string) {
  const person = {} as Person;
  person.name = name;
  person.age = Math.floor(Math.random() * 95);
  return person;
}

A type assertion tells TypeScript that the empty object is supposed to be Person at the end. Subsequently TypeScript allows you to set properties. It’s also an unsafe operation, because you might forget setting a property, and TypeScript would not complain. Even worse: Person might change and get more properties and you get no indication at all that you are missing properties.

type Person = {
  name: string,
  age: number,
  profession: string,
};

function createDemoPerson(name: string) {
  const person = {} as Person;
  person.name = name;
  person.age = Math.floor(Math.random() * 95);
  // Where's Profession?
  return person;
}

In situations like that, it’s better to opt for a safe object creation. Nothing keeps you from annotating and making sure that you set all the required properties with the assignment.

type Person = {
  name: string,
  age: number,
};

function createDemoPerson(name: string) {
  const person: Person = {
    name,
    age: Math.floor(Math.random() * 95),
  };
  return person;
}

While type annotations are safer than type assertions, there are situations like rollDice where we have no better choice. There are also scenarios in TypeScript where we do have a choice, but might want to prefer type assertions, even if you could annotate.

When we use the fetch API for example, getting JSON data from a backend. We can call fetch and assign the results to an annotated type.

type Person = {
  name: string;
  age: number;
};

const ppl: Person[] = await fetch("/api/people").then((res) => res.json());

res.json() results in any, and everything that is any can be changed to any other type through a type annotation. There is no guarantee that the results are actually Person[]. We can write the same line differently, by asserting that the result is a Person[], narrowing any to something more concrete.

const ppl = await fetch("/api/people").then((res) => res.json()) as Person[];

For the type system, this is the same thing, but we can easily scan situations where there might be problems. What if the model in "/api/people" changes? It’s harder to spot errors if we are just looking for annotations. An assertion here is an indicator for an unsafe operation.

What really helps is to think of creating a set of models that works within your application boundaries. The moment you rely on something from the outside, like APIs, or the correct calculation of a number, type assertions can indicate crossing the boundaries.

Just like using type predicates (see Recipe 3.5), type assertions put the responsibility of a correct type in your hands. Use them wisely.






3.10 Using Index Signatures


Problem

You want to work with objects where you know the type of the values, but you don’t know all the property names upfront.




Solution

Use index signatures to define an open set of keys, but with defined value types.




Discussion

There is a style in web APIs where you get collections in form of a JavaScript object, where the property name is roughly equivalent to a unique identifier, and the values have the same shape. This style is great if you are mostly concerned about keys, as a simple Object.keys call gives you all relevant IDs, allowing you to quickly filter and index the values you are looking for.

Let’s think of a performance review across all your websites, where you gather relevant performance metrics and group them by the domain’s name.

const timings = {
  "fettblog.eu": {
    ttfb: 300,
    fcp: 1000,
    si: 1200,
    lcp: 1500,
    tti: 1100,
    tbt: 10,
  },
  "typescript-book.com": {
    ttfb: 400,
    fcp: 1100,
    si: 1100,
    lcp: 2200,
    tti: 1100,
    tbt: 0,
  },
};

If we want to find the domain with the lowest timing for a given metric, we can create a function where we loop over all keys, index each metrics entry, and compare.

function findLowestTiming(collection, metric) {
  let result = {
    domain: "",
    value: Number.MAX_VALUE,
  };
  for(const domain in collection) {
    const timing = collection[domain];
    if (timing[metric] < result.value) {
      result.domain = domain;
      result.value = timing[metric];
    }
  }
  return result.domain;
}

As we are good citizens, we want to type our function accordingly so we make sure we don’t pass any data that doesn’t match our idea of a metric collection. Typing the value for the metrics on the right hand side is pretty straightforward.

type Metrics = {
  // Time to first byte
  ttfb: number,
  // First contentful paint
  fcp: number,
  // Spped Index
  si: number,
  // Largest contentful paint
  lcp: number,
  // TIme to interactive
  tti: number,
  // Total blocking time
  tbt: number
};

Defining a shape that has a yet to be defined set of keys is more tricky, but TypeScript has a tool for that: Index signatures. We can tell TypeScript that we don’t know which property names there are, but we know they will be of type string`, and they will point to Metrics.

type MetricCollection = {
  [domain: string]: Timings
};

And that’s all we need to type findLowestTiming. We annotate collection with MetricCollection, and make sure we only pass keys of Metrics for the second parameter.

function findLowestTiming(collection: MetricCollection, key: keyof Metrics): string {
  let result = {
    domain: "",
    value: Number.MAX_VALUE,
  };
  for(const domain in collection) {
    const timing = collection[domain];
    if (timing[key] < result.value) {
      result.domain = domain;
      result.value = timing[key];
    }
  }
  return result.domain;
}

This is great, but there are some caveats. TypeScript allows you to read properties of any string, and does not do any checks if the property is actually available, so be aware!

const emptySet: MetricCollection = {};
let timing = emptySet["typescript-cookbook.com"].fcp * 2; // No type errors!

Changing your index signature type to be either Metrics or undefined is a more realistic representation. It says that you can index with all possible strings, but there might be no value, which results in a couple more safety guards but is ultimately the right choice.

type MetricCollection = {
  [domain: string]: Metrics | undefined,
};

function findLowestTiming(collection: MetricCollection, key: keyof Metrics): string {
  let result = {
    domain: "",
    value: Number.MAX_VALUE,
  };
  for(const domain in collection) {
    const timing = collection[domain]; // Metrics | undefined
    // extra check for undefined values
    if (timing && timing[key] < result.value) {
      result.domain = domain;
      result.value = timing[key];
    }
  }
  return result.domain;
}

const emptySet: MetricCollection = {};
// access with optional chaining and nullish coalescing
let timing = (emptySet["typescript-cookbook.com"]?.fcp ?? 0) * 2;

The value being either Metrics or undefined is not exactly like a missing property, but close enough and good enough for this use-case. You can read about the nuance between missing properties and undefined values in Recipe 3.11. To set the property keys optional, you tell TypeScript that domain is not the entire set of string, but a subset of string, with a so called mapped typed.

type MetricCollection = {
  [domain in string]?: Metrics
};

You can define index signatures for everything that is a valid property key: string, number or symbol, and with mapped types also everything that is a subset of those. For example, you can define a type to index only valid faces of a die.

type Throws = {
  [x in 1 | 2 | 3 | 4 | 5 | 6]: number
};

You can also add additional properties to your type. Take this ElementCollection for example, which allows you to index items via a number, but also has additional properties for get and filter functions, as well as a length property.

type ElementCollection = {
  [y: number]: HTMLElement | undefined,
  get(index: number): HTMLElement | undefined,
  length: number,
  filter(callback: (element: HTMLElement) => boolean): ElementCollection
};

If you combine your index signatures with other properties, you need to make sure that the broader set of your index signature includes the types from the concrete properties. In the previous example there is no overlap between the number index signature and the string keys of your other properties, but if you would define an index signature of strings which maps to string and want to have a count property of type number` next to it, TypeScript will error.

type StringDictionary = {
  [index: string]: string,
  count: number,
// Error: Property 'count' of type 'number' is not assignable
// to 'string' index type 'string'.(2411)
};

And it makes sense, if all string keys would point to a string, why would count point to something else. There’s ambiguity, and TypeScript won’t allow this. You would have to widen the type of your index signature to make sure that the smaller set is part of the bigger set.

type StringOrNumberDictionary = {
  [index: string]: string | number,
  count: number, // works
};

Now count subsets both the type from the index signature, as well as the type of the property’s value.

Index signatures and mapped types are a powerful tool that allow you to work with web APIs as well as data structures which allow for flexible access to elements. Something that we know and love from JavaScript, now securely typed in TypeScript.






3.11 Distinguish Missing Properties and Undefined Values


Problem

Missing properties and undefined values are not the same! You run into situations where this difference matters.




Solution

Activate exactOptionalPropertyTypes in tsconfig to enable stricter handling of optional properties.




Discussion

We have user settings in our software where we can define the user’s language and their preferred color overrides. It’s an additional theme, which means that the basic colors are already set in a "default" style. This means that the user settings for theme is optional. Either it is available, or it isn’t. We use TypeScript’s optional properties for that.

type Settings = {
  language: "en" | "de" | "fr",
  theme?: "dracula" | "monokai" | "github",
};

With strictNullChecks active, accessing theme somewhere in your code widens the number of possible values. Not only do you have the three theme overrides, but also the possibility of undefined.

function applySettings(settings: Settings) {
  // theme is "dracula" | "monokai" | "github" | undefined
  const theme = settings.theme;
}

This is great behavior, as you really want to make sure that this property is set, otherwise it could result in runtime errors. TypeScript adding undefined to the list of possible values of optional properties is good, but doesn’t entirely mirror the behavior of JavaScript. Optional properties means that this key is missing from the object, which is nuanced, yes, but important. For example, a missing key would return false in property checks.

function getTheme(settings: Settings) {
  if('theme' in settings) { // only true if the property is set!
    return settings.theme;
  }
  return 'default';
}

const settings: Settings = {
  language: "de"
};

const settingsUndefinedTheme: Settings = {
  language: "de",
  theme: undefined,
};

console.log(getTheme(settings)) // "default"
console.log(getTheme(settingsUndefinedTheme)) // undefined

Here, we get entirely different results even though the two settings objects seem similar. What’s even worse is that an undefined theme is a value which we don’t consider valid. TypeScript doesn’t lie to us, though, as it’s fully aware that a in check only tells us if the property is available. The possible return values of getTheme include undefined as well.

type Fn = typeof getTheme;
// type Fn = (settings: Settings)
//   => "dracula" | "monokai" | "github" | "default" | undefined

And there are arguably better checks to see if the correct values are here or not. With nullish coalescing the code above becomes a one-liner.

function getTheme(settings: Settings) {
  return settings.theme ?? "default";
}

type Fn = typeof getTheme;
// type Fn = (settings: Settings)
//   => "dracula" | "monokai" | "github" | "default"

Still, in-checks are valid and used by developers, and the way TypeScript interprets optional properties can cause ambiguity. Reading undefined from an optional property is correct, but setting optional properties to undefined isn’t. By switching on exactOptionalPropertyTypes, TypeScript changes this behavior.

// exactOptionalPropertyTypes is true
const settingsUndefinedTheme: Settings = {
  language: "de",
  theme: undefined,
};

// Error: Type '{ language: "de"; theme: undefined; }' is
// not assignable to type 'Settings' with 'exactOptionalPropertyTypes: true'.
// Consider adding 'undefined' to the types of the target's properties.
// Types of property 'theme' are incompatible.
// Type 'undefined' is not assignable to type
// '"dracula" | "monokai" | "github"'.(2375)

exactOptionalPropertyTypes aligns TypeScript’s behavior even more to JavaScript. This flag is however not within strict mode, you need to set it yourself if you encounter problems like this.






3.12 Working with Enums


Problem

TypeScript enums are a nice abstraction, but they seem to behave very differently compared to the rest of the type system.




Solution

Use them sparingly, prefer const enums, know their caveats, and maybe choose union types instead.




Discussion

Enums in TypeScript allow a developer to define a set of named constants, which makes it easier to document intent or create a set of distinct cases.

They’re defined using the enum keyword.

enum Direction {
  Up,
  Down,
  Left,
  Right,
};

Like classes, they contribute to the value and type namespace, which means you can use Direction when annotating types, or in your JavaScript code as values.

// used as type
function move(direction: Direction) {
  // tbd.
}

// used as value
move(Direction.Up);

They are a syntactic extension to JavaScript, which means they not only work on a type system level, but also emit JavaScript code.

var Direction;
(function (Direction) {
    Direction[Direction["Up"] = 0] = "Up";
    Direction[Direction["Down"] = 1] = "Down";
    Direction[Direction["Left"] = 2] = "Left";
    Direction[Direction["Right"] = 3] = "Right";
})(Direction || (Direction = {}));

When you define your enum as a const enum, TypeScript tries to substitute the usage with the actual values, getting rid of the emitted code.

// When having a const enum, TypeScript
// transpiles move(Direction.Up) to this:
move(0 /* Direction.Up */);

TypeScript supports both string and numeric enums, and both variants behave hugely different.

TypeScript enums are by default numeric. Which means that every variant of that enums has a numeric value assigned, starting at 0. The starting point and actual values of enum variants can be a default or user-defined.

// Default
enum Direction {
  Up, // 0
  Down, // 1
  Left, // 2
  Right, // 3
};

enum Direction {
  Up = 1,    // 1
  Down,      // 2
  Left,      // 3
  Right = 5, // 5
};

In a way, numeric enums define the same set as a union type of numbers.

type Direction = 0 | 1 | 2 | 3;

But there are significant differences. Where a union type of numbers only allows a strictly defined set of values, a numeric enum allows for every value to be assigned.

function move(direction: Direction) { /* ... */ }

move(30);// This is  ok!

The reason is that there is a use-case of implementing flags with numeric enums.

// Possible traits of a person, can be multiple
enum Traits {
  None,              // 0000
  Friendly = 1,      // 0001
  Mean     = 1 << 2, // 0010
  Funny    = 1 << 3, // 0100
  Boring   = 1 << 4, // 1000
}

// (0010 | 0100) === 0110
let aPersonsTraits = Traits.Mean | Traits.Funny;

if ((aPersonsTraits & Traits.Mean) === Traits.Mean) {
  // Person is mean, amongst other things
}

Enums provide syntactic sugar for this scenario. To make it easier for the compiler to see which values are allowed, TypeScript expands compatible values for numeric enums to the entire set of number.

Enums variants can also be initialized with strings instead of numbers, effectively creating a string enum. If you choose to write a string enum, you have to define each variant, as strings can’t be incremented.

enum Status {
  Admin = "Admin",
  User = "User",
  Moderator = "Moderator",
};

String enums are more restrictive than numeric enums. They only allow to pass actual variants of the enum rather than the entire set of strings. However, they don’t allow to pass the string equivalent.

function closeThread(threadId: number, status: Status): {
  // tbd
}

closeThread(10, "Admin");
//              ^-- Argument of type '"Admin"' is not assignable to
//                  parameter of type 'Status'


closeThread(10, Status.Admin); // This works

Other than every other type in TypeScript, string enums are nominal types. Which also means that two enums with the same set of values are not compatible with each other.

enum Roles {
  Admin = "Admin",
  User = "User",
  Moderator = "Moderator",
};

closeThread(10, Roles.Admin);
//              ^-- Argument of type 'Roles.Admin' is not
//                  assignable to parameter of type 'Status'

This can be a source of confusion and frustration, especially when values come from another source that don’t have knowledge of your enums, but the correct string values.

Use enums wisely and know what caveats they have. Enums are great for feature flags, and a set of named constants where you intentionally want people to use the data structure instead of just values.

Also try to prefer const enums wherever possible, as they can add extra size to your code-base that might be redundant. I have seen projects with more than 2000 flags in a non const enum, resulting in huge tooling overhead, compile time overhead, and subsequently runtime overhead.

Or, don’t use them at all. A simple union type gives you something that works similarly and is much more aligned with the rest of the type system.

type Status = "Admin" | "User" | "Moderator"

function closeThread(threadId: number, status: Status) {
  // tbd
}

closeThread(10, "Admin"); // All good

You get all the benefits from enums like proper tooling and type-safety without going the extra round and risking to output code that you don’t want. It also becomes clearer what you need to pass, and where to get the value from.

If you want to write your code enum-style, with an object and a named identifier, a const object with a Values helper type might just give you the desired behavior and is much closer to JavaScript. The same technique is also applicable to string unions.

const Direction = {
  Up: 0,
  Down: 1,
  Left: 2,
  Right: 3,
} as const;

// Get to the const values of Direction
type Direction = (typeof Direction)[keyof typeof Direction];

// (typeof Direction)[keyof typeof Direction] yields 0 | 1 | 2 | 3
function move(direction: Direction) {
  // tbd
}

move(30); // This breaks!

move(0); //This works!

move(Direction.Left); // This also works!

This line is particularly interesting:

// = 0 | 1 | 2 | 3
type Direction = (typeof Direction)[keyof typeof Direction];

A couple of things happen that are not that usual:


	
We declare a type with the same name as a value. This is possible because TypeScript has distinct value and type namespaces.



	
Using the typeof operator we grab the type from Direction. As Direction is in const context, we get the literal type.



	
We index the type of Direction with its own keys, leaving us to all the values on the right hand side of the object: 0, 1, 2, and 3. In short: a union type of numbers.





Using union types leave you to no surprises:


	
You know what code you end up with within the output.



	
You don’t end up with changed behavior because somebody decides to go from a string enum to a numeric enum.



	
You have type-safety where you need it.



	
And you give your colleagues and users the same conveniences that you get with enums.





But to be fair, a simple string union type does just what you need: Type-safety, auto-complete, predictable behavior.






3.13 Defining Nominal Types in a Structural Type System


Problem

Your application has several types which are aliases for the same primitive type, but with entirely different semantics. Structural typing treats them the same, but it shouldn’t!




Solution

Use wrapping classes or create an intersection of your primitive type with a literal object type, and use this to differentiate two integers.




Discussion

TypeScript’s type system is structural. This means that if two types have a similar shape, values of this type are compatible to each other.

type Person = {
  name: string,
  age: number,
};

type Student = {
  name: string,
  age: number,
};

function acceptsPerson(person: Person) {
  // tbd.
}

const student: Student = {
  name: "Hannah",
  age: 27,
};

acceptsPerson(student); // all ok

JavaScript relies a lot on object literals and TypeScript tries to infer the type or shape of those literals. A structural type system makes a lot of sense in this scenario, as values can come from anywhere and need to be compatible to interface and types definitions.

However, there are situations where you need to be more definitive with your types. For object types, we learned about techniques like discriminated unions with the kind property in Recipe 3.2, or exclusive or with “optional never” in Recipe 3.8. string enums are also nominal, as we see in Recipe 3.12.

Those measurements are good enough for object types and enums, but don’t cover the problem if you have two independent types that use the same set of values as primitive types. What if your 8-digit account number and your balance all point to the number type and you mix them up? Getting an 8-figure number on our balance sheet is a nice surprise for everybody, but might ultimately be false.

Or you need to validate user input strings and want to make sure that you only carry around the validated user input in your program, not falling back to the original, probably unsafe string.

There are ways in TypeScript to mimic nominal types within the type system to get more security in that area. The trick is also to separate the sets of possible values with distinct properties just enough to make sure the same values don’t fall into the same set.

One way to achieve this would be wrapping classes. Instead of working with the values directly, we wrap each value in a class. With a private kind property we make sure that they don’t overlap.

class Balance {
  private kind = "balance"
  value: number;

  constructor(value: number) {
    this.value = value;
  }
}

class AccountNumber {
  private kind = "account"
  value: number;

  constructor(value: number) {
    this.value = value;
  }
}

What’s interesting here is that since we use private properties, TypeScript will differentiate between the two classes already. Right now both kind properties are of type string. Even though they feature a different value, they can be changed internally. But classes work different. If private or protected members are present, TypeScript considers two types compatible if they originate from the same declaration. Otherwise, they aren’t considered compatible.

This allows us to refine this pattern with a more general approach. Instead of defining a kind member and setting it to a value, we define a _nominal member in each class declaration which is of type void. This separates both classes just enough, but keeps us from using _nominal in any way. void only allows us to set _nominal to undefined, and undefined is a falsy, so highly useless.

class Balance {
  private _nominal: void = undefined;
  value: number;

  constructor(value: number) {
    this.value = value;
  }
}

class AccountNumber {
  private _nominal: void = undefined;
  value: number;

  constructor(value: number) {
    this.value = value;
  }
}

const account = new AccountNumber(12345678);
const balance = new Balance(10000);

function acceptBalance(balance: Balance) {
  // tbd
}

acceptBalance(balance); // ok
acceptBalance(account);
// ^ Argument of type 'AccountNumber' is not
//   assignable to parameter of type 'Balance'.
//   Types have separate declarations of a
//    private property '_nominal'.(2345)

This is great, we can now differentiate between two types that would have the same set of values. The only downside to this approach is that we wrap the original type. Which means that every time we want to work with the original value, we need to unwrap it.

A different way to mimic nominal types is to intersect the primitive type with a branded object type with a kind property. This way, we retain all the operations from the original type, but we need to require type assertions to tell TypeScript that we want to use those types differently.

As we learned in Recipe 3.9, we can safely assert another type if it is a subtype or supertype of the original.

type Credits = number & { _kind: "credits" };

type AccountNumber = number & { _kind: "accountNumber" };

const account = 12345678 as AccountNumber;
let balance = 10000 as Credits;
const amount = 3000 as Credits;

function increase(balance: Credits, amount: Credits): Credits {
  return (balance + amount) as Credits;
}

balance = increase(balance, amount);
balance = increase(balance, account);
// ^ Argument of type 'AccountNumber' is not
//   assignable to parameter of type 'Credits'.
//   Type 'AccountNumber' is not assignable to type '{ _kind: "credits"; }'.
//   Types of property '_kind' are incompatible.
//   Type '"accountNumber"' is not assignable to type '"credits"'.(2345)

Also note that the addition of balance and amount still works as originally intended, but produces a number again. This is why we need to add another assertion.

const result = balance + amount; // result is number
const credits = (balance + amount) as Credits; // credits is Credits

Both approaches have their upsides and downsides, and it mostly depends on your scenario when you prefer one over the other. Also, both approaches are workarounds and techniques developed by the community with their understanding of the type system’s behavior.

There are discussions to open the type system up for nominal types on the TypeScript issue tracker on GitHub, and the possibility is constantly under investigation. One idea is be to use the unique keyword from Symbols to differentiate.

// Hypothetical code, this does not work!
type Balance = unique number;
type AccountNumber = unique number;

As time of writing, this idea — and many others — remain as a future possibility.






3.14 Enabling Loose Autocomplete for String Subsets


Problem

Your API allows for any string to be passed, but you still want to show a couple of string values for autocomplete.




Solution

Add string & {} to your union type of string literals.




Discussion

Let’s say you define an API for access to a content management system. There are pre-defined content types like post, page, asset, but developers can define their own.

You create a retrieve function with a single parameter, the content type, that allows entries to be loaded.

type Entry = {
    // tbd.
};

function retrieve(contentType: string): Entry[] {
    // tbd.
}

This works well enough, but you want to give your users a hint on the default options for content type. A possibility is to create a helper type that lists all pre-defined content types as string literals in a union with string.

type ContentType = "post" | "page" | "asset" | string;

function retrieve(content: ContentType): Entry[] {
  // tbd
}

This describes your situation very well, but comes with a downside: post, page, and  asset are subtypes of string, so putting them in a union with string effectively swallows the detailed information into the broader set.

This means that you don’t get statement completion hints via your editor, as you can see in Figure 3-3.


[image: 3 no autocomplete]
Figure 3-3. TypeScript widens ContentType to the entire set of string, thus swallowing autocomplete information



To retain autocomplete information and preserve the literal types, we need to intersect string with the empty object type {}.

type ContentType = "post" | "page" | "asset" | string & {};

The effect of this change is more subtle. It doesn’t change the number of compatible values to ContentType, but it will set TypeScript into a mode that prevents subtype reduction and preserves the literal types.

You can see the effect in Figure 3-4, where ContentType is not reduced to string, and therefore all literal values are available for statement completion in the text editor.


[image: 3 yes autocomplete]
Figure 3-4. Intersecting string with the empty object retains statement completion hints



Still, every string is a valid ContentType, it just changes the developer experience of your API and gives hints where needed.

This technique is used by popular libraries like CSSType or the Definitely Typed type definitions for React.









Chapter 4. Generics


A Note for Early Release Readers

With Early Release ebooks, you get books in their earliest form—the author’s raw and unedited content as they write—so you can take advantage of these technologies long before the official release of these titles.

This will be the 4th chapter of the final book.

If you have comments about how we might improve the content and/or examples in this book, or if you notice missing material within this chapter, please reach out to the editor at sevans@oreilly.com.



Up until now, our main goal was to take the inherent flexibility of JavaScript and find a way to formalize it through the type system. We added static types for a dynamically typed language, to communicate intent, get tooling, and catch bugs before they happen.

Some parts in JavaScript don’t really care about static types, though. E.g. an isKeyAvailableInObject function should only check if a key is available in an object, it doesn’t need to know about the concrete types. To properly formalize a function like this we can either use TypeScript’s structural type system and describe a very wide type for the price of information, or a very strict type for the price of flexibility.

But we don’t want to pay any price. We want both flexibility and information. Generics in TypeScript are just the silver bullet we need. We can describe complex relationships, formalize structure for data that has not been defined yet.

Generics, along with its gang of mapped types, type maps, type modifiers, and helper types, open us the door to meta typing, where we can create new types based on old ones, keep relationships between types intact while the newly generated types challenge our original code for possible bugs.

This is the entrance to advanced TypeScript concepts. But fear not, there shan’t be dragons, unless we define them.


4.1 Generalizing Function Signatures


Problem

You have two functions which work the same, but on different, and largely incompatible types.




Solution

Generalize their behavior using generics.




Discussion

You are writing an application that stores several language files (for e.g. subtitles) in an object. The keys are the language codes, the values are URLs. You load language files by selecting them via a language code, which comes from some API or user interface as string. To make sure the language code is correct and valid, you add an isLanguageAvailable function, that does an in check and sets the correct type using a type predicate.

type Languages = {
  de: URL;
  en: URL;
  pt: URL;
  es: URL;
  fr: URL;
  ja: URL;
};

function isLanguageAvailable(
  collection: Languages,
  lang: string
): lang is keyof Languages {
  return lang in collection;
}

function loadLanguage(collection: Languages, lang: string) {
  if (isLanguageAvailable(collection, lang)) {
    // lang is keyof Languages
    collection[lang]; // access ok!
  }
}

Same application, different scenario, entirely different file. You load media data into an HTML element. Either audio, video, or a combination with certain animations in a canvas element. All elements exist in the application already, but you need to select the right one based on some input from an API. Again, the selection comes as string, and you write an isElementAllowed function to ensure that the input is actually a valid key of your AllowedElements collection.

type AllowedElements = {
  video: HTMLVideoElement;
  audio: HTMLAudioElement;
  canvas: HTMLCanvasElement;
};

function isElementAllowed(
  collection: AllowedElements,
  elem: string
): elem is keyof AllowedElements {
  return elem in collection;
}

function selectElement(collection: AllowedElements, elem: string) {
  if (isElementAllowed(collection, elem)) {
    // elem is keyof AllowedElements
    collection[elem]; // access ok
  }
}

You don’t need to look too closely to see that both scenarios are very similar. Especially the type guard functions catch our eye. If we strip away all the type information and align the names, they are identical!

function isAvailable(obj, key) {
  return key in obj;
}

The only thing two of them exist is because of the type information we get. Not because of the input parameters, but because of the type predicates. In both scenarios we can tell more about the input parameters by asserting a concrete keyof type.

The problem is that both input types for the collection are entirely different and have no overlap. Except for the empty object, which we don’t get that many valuable information out of if we create a keyof type. keyof {} is actually never.

But there is some type information here that we can generalize. We know that the first input parameter is an object. And the second one is a property key. If this check evaluates to true, we know that the first parameter is a key of the second parameter.

To generalize this function, we can add a generic type parameter to isAvailable called Obj, put in angle brackets. This is a placeholder for an actual type, that will be substituted once isAvailable is used. We can use this generic type parameter like we would use AllowedElements or Languages, and can add a type predicate. Since Obj can be substituted for every type, key needs to include all possible property keys: string, symbol, and number.

function isAvailable<Obj>(
  obj: Obj,
  key: string | number | symbol
): key is keyof Obj {
  return key in obj;
}

function loadLanguage(collection: Languages, lang: string) {
  if (isAvailable(collection, lang)) {
    // lang is keyof Languages
    collection[lang]; // access ok!
  }
}

function selectElement(collection: AllowedElements, elem: string) {
  if (isAvailable(collection, elem)) {
    // elem is keyof AllowedElements
    collection[elem]; // access ok
  }
}

And there we have it: One function that works in both scenarios, no matter which types we substitute Obj for. Just like JavaScript works! We still get the same functionality, and we get the right type information. Index access becomes safe, without sacrificing flexibility.

The best part? We can use isAvailable just like we would use an untyped JavaScript equivalent. This is because TypeScript infers types for generic type parameters through usage. And this comes with some neat side effects. You can read more about that in Recipe 4.3.






4.2 Creating Related Function Arguments


Problem

You write functions where the second parameter is dependent on the first one.




Solution

Annotate each parameter with a generic type, and create a relationship between them through generic constraints.




Discussion

Similar to Recipe 4.1, our application stores a list of subtitles in an object of type Languages. Languages has a set of keys describing the language code, and a URL as value.

type Languages = {
  de: URL;
  en: URL;
  pt: URL;
  es: URL;
  fr: URL;
  ja: URL;
};

const languages: Languages = { /* ... */ };

There are several lists like this in our application, and we can abstract them in a type called URLList, whose index signatures allows for any string key.

type URLList = {
  [x: string]: URL;
};

URLList is a super-type of Languages: Every value of type Languages is a URLList, but not every URLList is Languages. Still, we can use URLList to write a function called fetchFile, where we load a specific entry from thist list.

function fetchFile(urls: URLList, key: string) {
  return fetch(urls[key]).then((res) => res.json());
}

const de = fetchFile(languages, "de");
const it = fetchFile(languages, "it");

The problem is that type string for key allows for way too many entries. There are e.g. no Italian subtitles defined, but fetchFile doesn’t keep us from loading "it" as language code anyway. When we load items from a specific URLList, it would be great to also know which keys we can access.

we can solve this by substituting the broader type for a generic, and setting a generic constraint to make sure we pass a sub-type of URLList. This way the function signature behaves very similar to before, but we can work with the subtituted types much better. We define a generic type parameter List which is a sub-type of URLList, and set key to keyof List.

function fetchFile<List extends URLList>(urls: List, key: keyof List) {
  return fetch(urls[key]).then((res) => res.json());
}

const de = fetchFile(languages, "de");
const it = fetchFile(languages, "it");
//                               ^
// Argument of type '"it"' is not assignable to
// parameter of type 'keyof Languages'.(2345)

The moment we call fetchFile, List will be substituted for an actual type, and we know that "it" is not part of the keys of Languages. TypeScript will show us when we made a typo, or selected elements which aren’t part of our data-types.

This also works if we aren’t only loading one key, but many. The same constraints, the same effect.

function fetchFiles<List extends URLList>(urls: List, keys: (keyof List)[]) {
  const els = keys.map((el) =>
    fetch(urls[el])
      .then((res) => res.json())
      .then((data) => [el, data])
  );
  return els;
}

const de_and_fr = fetchFiles(languages, ["de", "fr"]);
const de_and_it = fetchFiles(languages, ["de", "it"]);
//                                             ^
//  Type '"it"' is not assignable to type 'keyof Languages'.(2322)

We store the results in a tuple with the language key as first element, and the data as the second element. However, when we get the result, it’s an array of Promise`s of an `any[]. This is understandable, as fetch does not tell us anything about the data loaded, and with any being the broadest element, it just swallows keyof List.

But we know more at this stage. We know for example that [el, data] is not an array, but a tuple. There is a subtle, but important difference, as shown in Recipe 2.4. If we annotate the result with a tuple type, we get more information out of our return values.

function fetchFiles<List extends URLList>(urls: List, keys: (keyof List)[]) {
  const els = keys.map((el) =>
    fetch(urls[el])
      .then((res) => res.json())
      .then((data) => {
        const entry: [keyof List, any] = [el, data];
        return entry;
      })
  );
  return els;
}

const de_and_fr = fetchFiles(languages, ["de", "fr"]);

fetchFiles now returns an array of Promises of [keyof List, any]. So the moment we substitute List for Languages, we know that the only possible keys can be language codes.

Great, however there’s still one caveat. We know that we fetch only German and French language codes, why can we do checks for English?

for (const result of de_and_fr) {
  if (result[0] === "en") {
    // English?
  }
}

The problem is that we are dealing again with a type that is way too broad. Yes, keyof List is already a lot narrower than string, but we can substitute all keys for a smaller set as well.

We repeat the same process:


	
Create a new generic type parameter.



	
Set the broader type as constraint of the newly created generic type parameter.



	
Use the parameter in your function signature to be substituted for an actual type.





And just like that, we can also substitute keyof List with a sub-type: "de" | "fr".

function fetchFiles<List extends URLList, Keys extends keyof List>(
  urls: List,
  keys: Keys[]
) {
  const els = keys.map((el) =>
    fetch(urls[el])
      .then((res) => res.json())
      .then((data) => {
        const entry: [Keys, any] = [el, data];
        return entry;
      })
  );
  return els;
}

const de_and_fr = fetchFiles(languages, ["de", "fr"]);

What’s nice about this is that we can set relationships between generic type parameters. The second type parameter can be constrained by something from the first generic type parameter. This allows us to narrow down very specifically, until we substitute with real values. The effect? We know about possible values of our types anywhere in our code. So we won’t check for the English language if we can already say that we never requested to load English.

for (const entry of de_and_fr) {
  const result = await entry;
  if (result[0] === "en") {
    //  This condition will always return 'false' since the types
    //. '"de" | "fr"' and '"en"' have no overlap.(2367)
  }
}

One check that we didn’t get rid of is to see which language is at position 0 at all. One thing that we didn’t take into account is generic instantiation. We let type parameters be substituted for real values through usage, just like type inference. But we also could substitute them explicitly through annotations.

const de_and_ja = fetchFiles<Languages, "ja" | "de">(languages, ["de"]);

Here we see that the types tell us that there might be Japanese subtitles as well, even though we can see from usage that we only load German ones. Let this be a reminder, and get more insights in Recipe 4.4.






4.3 Getting Rid of any and unknown


Problem

Generic type parameters, any, and unknown all seem to describe very wide sets of values. When should you use what?




Solution

Use generic type parameters when you get to the actual type eventually, refer to Recipe 2.2 for the decision between any and unknown.




Discussion

When using generics, it might first seem like a substitute for any and unknown. Take an identity function. It’s only job is to return the value passed as parameter.

function identity(value: any): any {
  return value;
}

let a = identity("Hello!");
let b = identity(false);
let c = identity(2);

It takes values of every type, and the return type of it can also be anything. We can write the same function using unknown if we want to safely access properties.

function identity(value: unknown): unknown {
  return value;
}

let a = identity("Hello!");
let b = identity(false);
let c = identity(2);

We can even mix and match any and unknown, but the result is always the same: Type information is lost. The type of the return value is what we define it to be.

Now let’s write the same function with generics instead of any or unknown. It’s type annotations say that the generic type is also the return type.

function identity<T>(t: T): T {
  return t;
}

We can use this function to pass in any value and see which type TypeScript infers.

let a = identity("Hello!"); // a is string
let b = identity(2000);     // b is number
let c = identity({ a: 2 }); // c is { a: number }

Assigning to a binding with const instead of let, gives slightly different results.

const a = identity("Hello!"); // a is "Hello!"
const b = identity(2000);     // b is 2000
const c = identity({ a: 2 }); // c is { a: number }

For primitive types, TypeScript substitutes the generic type parameter with the actual type. This is a fact that we can make great use of in more advanced scenarios.

With TypeScript’s generics, there is also the possibility to annotate the generic type parameter.

const a = identity<string>("Hello!"); // a is string
const b = identity<number>(2000);     // b is number
const c = identity<{ a: 2 }>({ a: 2 }); // c is { a: 2 }

If this behavior reminds you of annotation and inference described in Recipe 3.4, you are absolutely right. It’s very similar, but with generic type parameters in functions.

When using generics without constraints, we can write functions that work with values of any type. Inside, they behave like unknown, which means we can do type guards to narrow down the type. The biggest difference is that once we use the function, we substitute our generics with real types, not losing any information on typing at all.

This allows us to be a bit more clearer with our types than just allowing everything. This pairs function takes two arguments and creates a tuple.

function pairs(a: unknown, b: unknown): [unknown, unknown] {
  return [a, b];
}

const a = pairs(1, "1"); // [unknown, unknown]

With generic type parameters, we get a nice tuple type.

function pairs<T, U>(a: T, b: U): [T, U] {
  return [a, b];
}

const b = pairs(1, "1"); // [number, string]

Using the same generic type parameter, we can make sure we only get tuples where each element is of the same type.

function pairs<T>(a: T, b: T): [T, T] {
  return [a, b];
}

const c = pairs(1, "1");
//                  ^
// Argument of type 'string' is not assignable to parameter of type 'number'.(2345)

So, should you use generics everywhere? Not necessarily. In this chapter you find many solutions which rely on getting the right type information at the right time. When you are happy enough with a wider set of values and can rely on sub-types being compatible, you don’t need to use any generic at all. If you have any and unknown in your code, think if you need to the actual type at some point in time. It might help you greatly.






4.4 Understanding Generic Instantiation


Problem

You understand how generics are substituted for real types, but sometimes errors like _”Foo is assignable to the constraint of type Bar, but could be instantiated with a different subtype of constraint Baz" confuse you.




Solution

Remember that values of a generic type can be — explicitly and implicitly — substituted with a variety of sub-types. Write sub-type friendly code.




Discussion

You create a filter logic for your application. You have different filter rules, that you can combine using "and" | "or" combinators. You can also chain regular filter rules with the outcome of combinatorial filters. You create your types based on this behavior.

type FilterRule = {
  field: string;
  operator: string;
  value: any;
};

type CombinatorialFilter = {
  combinator: "and" | "or";
  rules: FilterRule[];
};

type ChainedFilter = {
  rules: (CombinatorialFilter | FilterRule)[];
};

type Filter = CombinatorialFilter | ChainedFilter;

Now you want to write a reset function that — based on an already provided filter — resets all rules. You use type guards to distinguish between CombinatorialFilter and ChainedFilter.

function reset(filter: Filter): Filter {
  if ("combinator" in filter) {
    // filter is CombinatorialFilter
    return { combinator: "and", rules: [] };
  }
  // filter is ChainedFilter
  return { rules: [] };
}

const filter: CombinatorialFilter = { rules: [], combinator: "or" };
const resetFilter = reset(filter); // resetFilter is Filter

The behavior is what you are after, but the return type of reset is too wide. When we pass a CombinatorialFilter, we already should be sure that the reset filter is also a CombinatorialFilter. Here it’s the union type, just like our function signature indicates. But you want to make sure that if you pass a filter of a certain type, you also get the same return type. So you replace the broad union type with a generic type parameter that is constrained to Filter. The return type works as intended, but the implementation of your function throws errors.

function reset<F extends Filter>(filter: F): F {
  if ("combinator" in filter) {
    return { combinator: "and", rules: [] };
//  ^ '{ combinator: "and"; rules: never[]; }' is assignable to
//     the constraint of type 'F', but 'F' could be instantiated
//     with a different subtype of constraint 'Filter'.
  }
  return { rules: [] };
//^ '{ rules: never[]; }' is assignable to the constraint of type 'F',
//   but 'F' could be instantiated with a different subtype of
//   constraint 'Filter'.(
}

const resetFilter = reset(filter); // resetFilter is CombinatorialFilter

While you want to differentiate between two parts of a union, TypeScript thinks broader. It knows that you might pass in an object which is structurally compatible to Filter, but has more properties, and is therefore a sub-type. Which means that you can call reset with F instantiated to a sub-type, and your program would happily override all excess properties. This is wrong, and TypeScript tells you that.

const onDemandFilter = reset({
  combinator: "and",
  rules: [],
  evaluated: true,
  result: false,
});
/* filter is {
    combinator: "and";
    rules: never[];
    evaluated: boolean;
    result: boolean;
}; */

Overcome this by writing sub-type friendly code. Clone the input object (still type F), set the properties that need to be changed accordingly, and return something that is still of type F.

function reset<F extends Filter>(filter: F): F {
  const result = { ...filter }; // result is F
  result.rules = [];
  if ("combinator" in result) {
    result.combinator = "and";
  }
  return result;
}

const resetFilter = reset(filter); // resetFilter is CombinatorialFilter

Generic types can be one of many in a union, but they can also be much, much more. TypeScript’s structural type system allows you to work on a variety of sub-types, and your code needs to reflect that.

A different scenario, but with a similar outcome. You want to create a tree data structure, and write a recursive type that stores all tree items. This type can be sub-typed, so you write a createRootItem function with generic type parameter since you want to instantiate it with the correct sub-type.

type TreeItem = {
  id: string;
  children: TreeItem[];
  collapsed?: boolean;
};

function createRootItem<T extends TreeItem>(): T {
  return {
    id: "root",
    children: [],
  };
// '{ id: string; children: never[]; }' is assignable to the constraint
//   of type 'T', but 'T' could be instantiated with a different subtype
//   of constraint 'TreeItem'.(2322)
}

const root = createRootItem(); // root is TreeItem

We get a similar error as before, as we can’t possibly say that the return value will be compatible with all the sub-types. To solve this problem, get rid of the generic! We know how the return type will look like, it’s a TreeItem!

function createRootItem(): TreeItem {
  return {
    id: "root",
    children: [],
  };
}

The simplest solutions are often the better ones. But now you want to extend your software, by being able to attach children of type or sub-type TreeItem to a newly created root. We don’t add any generics yet, and are somewhat dissatisfied.

function attachToRoot(children: TreeItem[]): TreeItem {
  return {
    id: "root",
    children,
  };
}

const root = attachToRoot([]); // TreeItem

root is of type TreeItem, but we lose any information regarding the sub-typed children. Even if we add a generic type parameter just for the children, constrained to TreeItem, we don’t retain this information on the go.

function attachToRoot<T extends TreeItem>(children: T[]): TreeItem {
  return {
    id: "root",
    children,
  };
}

const root = attachToRoot([
  {
    id: "child",
    children: [],
    collapsed: false,
    marked: true,
  },
]); // root is TreeItem

When we start adding a generic type as return type, we run into the same problems as before. To solve this issue, we need to split the root item type from the children item type, by opening up TreeItem to be a generic, where we can set Children to be a sub-type of TreeItem.

Since we want to avoid any circular references, we need to set Children to a default BaseTreeItem, so we can use TreeItem both as constraint for Children and for attachToRoot.

type BaseTreeItem = {
  id: string;
  children: BaseTreeItem[];
};

type TreeItem<Children extends TreeItem = BaseTreeItem> = {
  id: string;
  children: Children[];
  collapsed?: boolean;
};

function attachToRoot<T extends TreeItem>(children: T[]): TreeItem<T> {
  return {
    id: "root",
    children,
  };
}

const root = attachToRoot([
  {
    id: "child",
    children: [],
    collapsed: false,
    marked: true,
  },
]);
/*
root is TreeItem<{
    id: string;
    children: never[];
    collapsed: false;
    marked: boolean;
}>
*/

Again, we write sub-type friendly and treat our input parameters as their own, instead of making assumptions.






4.5 Generating New Object Types


Problem

You have a type in your application that is related to your model. Every time the model changes, you need to change your types as well.




Solution

Use generic mapped types to create new object types based on the original type.




Discussion

Let’s go back to the toy shop from Recipe 3.1. Thanks to union types, intersection types, and discriminated union types, we were able to model our data quite nicely.

type ToyBase = {
  name: string;
  description: string;
  minimumAge: number;
};

type BoardGame = ToyBase & {
  kind: "boardgame";
  players: number;
};

type Puzzle = ToyBase & {
  kind: "puzzle";
  pieces: number;
};

type Doll = ToyBase & {
  kind: "doll";
  material: "plush" | "plastic";
};

type Toy = Doll | Puzzle | BoardGame;

Somewhere in our code, we need to group all toys from our model in a data structure that can be described by a type called GroupedToys. GroupedToys has a property for each category (or "kind"), and a Toy array as value. A groupToys function takes an unsorted list of toys, and groups them by kind.

type GroupedToys = {
  boardgame: Toy[];
  puzzle: Toy[];
  doll: Toy[];
};

function groupToys(toys: Toy[]): GroupedToys {
  const groups: GroupedToys = {
    boardgame: [],
    puzzle: [],
    doll: [],
  };
  for (let toy of toys) {
    groups[toy.kind].push(toy);
  }
  return groups;
}

There are already some niceties in this code. First, we use an explicit type annotation when declaring groups. This ensures that we are not forgetting any category. Also, since the keys of GroupedToys are the same as the union of "kind" types in Toy, we can easily index access groups by toy.kind.

Months and sprints pass, and we need to touch our model again. The toy shop is now selling original or maybe alternate vendors of interlocking toy bricks. We wire the new type Lego up to our Toy model.

type Lego = ToyBase & {
  kind: "lego",
  pieces: number;
  brand: string;
}

type Toy = Doll | Puzzle | BoardGame | Lego;

And since groupToys needs to deal with Lego, too. We get a nice error since GroupedToys has no clue about a "lego" kind.

function groupToys(toys: Toy[]): GroupedToys {
  const groups: GroupedToys = {
    boardgame: [],
    puzzle: [],
    doll: [],
  };
  for (let toy of toys) {
    groups[toy.kind].push(toy);
//  ^- Element implicitly has an 'any' type because expression
//     of type '"boardgame" | "puzzle" | "doll" | "lego"' can't
//     be used to index type 'GroupedToys'.
//     Property 'lego' does not exist on type 'GroupedToys'.(7053)
  }
  return groups;
}

This is desired behavior in TypeScript: Knowing when types don’t match anymore. This should draw our attention. Let’s give GroupedToys and groupToys an update.

type GroupedToys = {
  boardgame: Toy[];
  puzzle: Toy[];
  doll: Toy[];
  lego: Toy[];
};

function groupToys(toys: Toy[]): GroupedToys {
  const groups: GroupedToys = {
    boardgame: [],
    puzzle: [],
    doll: [],
    lego: [],
  };
  for (let toy of toys) {
    groups[toy.kind].push(toy);
  }
  return groups;
}

There is one big thing that should be bothersome: The task of grouping toys is always the same. No matter how much our model changes, we will always select by kind, and push into an array. We would need to maintain groups with every change, but if we change how we think about groups, we can optimize for change. First, we change the type GroupedToys to feature optional properties. Second, we initialize each group with an empty array if there hasn’t been any initialization, yet.

type GroupedToys = {
  boardgame?: Toy[];
  puzzle?: Toy[];
  doll?: Toy[];
  lego?: Toy[];
};


function groupToys(toys: Toy[]): GroupedToys {
  const groups: GroupedToys = {};
  for (let toy of toys) {
    // Initialize when not available
    groups[toy.kind] = groups[toy.kind] ?? [];
    groups[toy.kind]?.push(toy);
  }
  return groups;
}

Now we don’t need to maintain groupToys anymore. The only thing that needs maintenance is the type GroupedToys. If we look closely at GroupedToys, we see that there is an implicit relation to Toy. Each property key is part of Toy["kind"]. Let’s make this relation explicit. With a mapped type, we create a new object type based on each type in Toy["kind"].

Toy["kind"] is a union of string literals: "boardgame" | "puzzle" | "doll" | "lego". Since we have a very reduced set of strings, each element of this union will be used as its own property key. Let that sink in for a moment: We can use a type to be a property key of a newly generated type. Each property has an optional type modifier and points to a Toy[].

type GroupedToys = {
  [k in Toy["kind"]]?: Toy[];
};

Fantastic! Every time we change Toy, we immediately change Toy[]. Our code needs no change at all, we can still group by kind as we did before.

This is a pattern that we would love to generalize. Let’s create a Group type, that takes a collection and groups it by a specific selector. We want to create a generic type with two type parameters:


	
The Collection, can be anything.



	
The Selector, a key of Collection, so it can create the respective properties.





Our first attempt would be to take what we had in GroupedToys and replace the concrete types with type parameters. This creates what we need, but also causes an error.

// How to use it
type GroupedToys = Group<Toy, "kind">;

type Group<Collection, Selector extends keyof Collection> = {
  [x in Collection[Selector]]?: Collection[];
//     ^ Type 'Collection[Selector]' is not assignable
//       to type 'string | number | symbol'.
//       Type 'Collection[keyof Collection]' is not
//       assignable to type 'string | number | symbol'.
//       Type 'Collection[string] | Collection[number]
//        | Collection[symbol]' is not assignable to
//       type 'string | number | symbol'.
//       Type 'Collection[string]' is not assignable to
//       type 'string | number | symbol'.(2322)
};

TypeScript warns us that Collection[string] | Collection[number] | Collection[symbol] could result in anything, not just things that can be used as a key. That’s true, and we need to prepare for that. We have two options.

First, use a type constraint on Collection that points to Record<string, any>. Record is a utility type that generates a new object where the first parameter gives you all keys, the second parameter gives you the types.

type Record<K extends string | number | symbol, T> = { [P in K]: T; };

This elevates Collection to be a wildcard object, effectively disabling the type check from Groups. This is ok as if something would be a unusable type for a property key, TypeScript will throw it away anyway. So the final Group has two constrained type parameters.

type Group<
  Collection extends Record<string, any>,
  Selector extends keyof Collection
> = {
  [x in Collection[Selector]]: Collection[];
};

The second option that we have is to do a check for each key to see if it is a valid string key. We can use a conditional type to see if Collection[Selector] is in fact a valid type for a key. Otherwise we would remove this type by choosing never. Conditional types are their own beast, and we tackle this in Chapter 5 extensively.

type Group<Collection, Selector extends keyof Collection> = {
  [k in Collection[Selector] extends string
    ? Collection[Selector]
    : never]?: Collection[];
};

Note that we did remove the optional type modifier as well. We do this because making keys optional is not the task of grouping. We have another type for that: Partial<T>. Again a mapped type that makes every property in an object type optional.

type Partial<T> = { [P in keyof T]?: T[P] };

No matter which Group helper you create, we can now create a GroupedToys object by telling TypeScript that we want a Partial (changing everything to optional properties) of a Group of Toys by "kind".

type GroupedToys = Partial<Group<Toy, "kind">>;

Now that reads nicely.






4.6 Modifying Objects with Assertion Signatures


Problem

After a certain function execution in your code, you know that the type of a value has changed.




Solution

Use assertion signatures to change types independently of if and switch statements.




Discussion

JavaScript is a very flexible languages. Its dynamic typing features allow you to change objects at runtime, adding new properties on the fly. And developers use this. There are situations where you e.g. run over a collection of elements and need to assert certain properties. You then store a checked property and set it to true, just so you know that you passed a certain mark.

const person = {
  name: "Stefan",
  age: 27,
};

check(person); // person now has the checked property

person.checked; // this is true!

You want to mirror this behavior in the type system, otherwise you would need to constantly do extra checks if certain properties are in an object, even though you can be sure that they exist.

One way to assert that certain properties exist are, well, type assertions. We say that at a certain point in time, this property has a different type.

(person as typeof person & { checked: boolean }).checked = true;

Good, but you would need to do this type assertion over and over again, as they don’t change the original type of person. Another way to assert that certain properties are available is to create type predicates, like shown in Recipe 3.5.

function check<T>(obj: T): obj is T & { checked: true } {
  (obj as T & { checked: boolean }).checked = true;
  return true;
}

const person = {
  name: "Stefan",
  age: 27,
};

if (check(person)) {
  person.checked; // checked is true!
}

The situation is a bit different though, which makes the check function feel clumsy: You need to do an extra condition, and return true in the predicate function. This doesn’t feel right.

Thankfully, TypeScript has another technique we can leverage in situations like this: assertion signatures. Assertion signatures can change the type of a value in control flow, without the need for conditionals. They have been modelled for the Node.js assert function, which takes a condition, and if throws an error if it isn’t true. Which means that after calling assert, you might have more information than before. For example, if you call assert and check if a value has a type of string, you should know that after this assert function the value should be string.

function assert(condition: any, msg?: string): asserts condition {
  if (!condition) {
    throw new AssertionError(msg);
  }
}

function yell(str: any) {
  assert(typeof str === "string");
  // str is string
  return str.toUpperCase();
}

Please note that the function short circuits if the condition is false. It throws an error, the never case. If this function passes, you can really assert the condition.

While assertion signatures have been modelled for the Node.js assert function, you can assert any type you like. For example, you can have a function that takes any value for an addition, but you assert that the values need to be number to continue.

function assertNumber(val: any): asserts val is number {
  if (typeof val !== "number") {
    throw Error("value is not a number");
  }
}

function add(x: unknown, y: unknown): number {
  assertNumber(x); // x is number
  assertNumber(y); // y is number
  return x + y;
}

All the examples you find on assertion signatures are based after assertions and short-circuit with errors. We can take the same technique though to tell TypeScript that more properties are available. We write a function that is very similar to check in the predicate function before, but this time, we don’t need to return true. We set the property, and since objects are passed by value in JavaScript, we can assert that after calling this function whatever we pass has a property checked, which is true.

function check<T>(obj: T): asserts obj is T & { checked: true } {
  (obj as T & { checked: boolean }).checked = true;
}

const person = {
  name: "Stefan",
  age: 27,
};

check(person);

And with that we can modify a value’s type on the fly. A little known technique that can greatly help you.






4.7 Mapping Types with Type Maps


Problem

You write a factory function that based on a string identifier create an object of a specific sub-type, and there are a lot of possible sub-types.




Solution

Store all sub-types in a type map, widen with index access, and use mapped types like Partial<T>.




Discussion

Factory functions are great if you want to create variants of complex objects based on just some basic information. One scenario that you might now from browser JavaScript is the creation of elements. The document.createElement function accepts an element’s tag name, and you get an object where you can modify all necessary properties.

You want to spice this creation up with a neat factory function you call createElement. Not only does it take the element’s tag name, but it also a list of properties so you don’t need to set each property individually.

// Using create Element

// a is HTMLAnchorElement
const a = createElement("a", { href: "https://fettblog.eu" });
// b is HTMLVideoElement
const b = createElement("video", { src: "/movie.mp4", autoplay: true });
// c is HTMLElement
const c = createElement("my-element");

You want to create good types for this. There are two things you need to to take care of:


	
Making sure you only create valid HTML elements.



	
Providing a type that accepts a sub-set of an HTML element’s properties.





Let’s take care of the valid HTML elements first. There are around 140 possible HTML elements, which is a lot. Each of those elements has a tag name, which can be represented as string, and a respective prototype object in the DOM. Using the dom lib in your tsconfig.json, TypeScript has information on those prototype objects in form of types. And you can figure out all 140 element names.

A good way to provide a mapping between element tag names and prototype objects is to use a type map. A type map is a technique where you take a type alias or interface, and let keys point to the respective type variants. You can then get the correct type variant using index access of a string literal type.

type AllElements = {
  a: HTMLAnchorElement;
  div: HTMLDivElement;
  video: HTMLVideoElement;
  //... and ~140 more!
};

// HTMLAnchorElement
type A = AllElements["a"];

It really looks like accessing a JavaScript object’s properties using index access, but remember that we’re still working on a type level. Which means that index access can be broad if we intend to:

type AllElements = {
  a: HTMLAnchorElement;
  div: HTMLDivElement;
  video: HTMLVideoElement;
  //... and ~140 more!
};

// HTMLAnchorElement | HTMLDivELement
type AandDiv = AllElements["a" | "div"];

Let’s use this map to type the createElement function. We use a generic type parameter constrained to all keys of AllElements, which allows us to only pass valid HTML elements.

function createElement<T extends keyof AllElements>(tag: T): AllElements[T] {
  return document.createElement(tag as string) as AllElements[T];
}

// a is HTMLAnchorElement
const a = createElement("a");

Using generics here is really great to pin a string literal to a literal type, which we can use to index the right HTML element variant from the type map. Also note that using document.createElement requires two type assertions. One to make the set wider (T to string), one to make the set narrower (HTMLElement to AllElements[T]). Both assertions indicate that we have to deal with an API outside our control, as established in Recipe 3.9. We deal with the assertions later on.

Step 2. Now we want to provide the option to pass extra properties for said HTML elements, to set an href to an HTMLAnchorElement, etc. All properties are already in the respective HTMLElement variants, but they’re required, not optional.
We can make all properties optional with the built-in type Partial<T>. It’s a mapped type that takes all properties of a certain type and adds a type modifier.

type Partial<T> = { [P in keyof T]?: T[P] };

We extend our function with an optional argument props that is a Partial of the indexed element from AllElements. This way we know that if we pass an "a", we can only set properties that are available in HTMLAnchorElement.

function createElement<T extends keyof AllElements>(
  tag: T,
  props?: Partial<AllElements[T]>
): AllElements[T] {
  const elem = document.createElement(tag as string) as AllElements[T];
  return Object.assign(elem, props);
}

const a = createElement("a", { href: "https://fettblog.eu" });
const x = createElement("a", { src: "https://fettblog.eu" });
//                           ^--
// Argument of type '{ src: string; }' is not assignable to parameter
// of type 'Partial<HTMLAnchorElement>'.
// Object literal may only specify known properties, and 'src' does not
// exist in type 'Partial<HTMLAnchorElement>'.(2345)

Fantastic! Now it’s up to you to figure out all 140 HTML elements. Or not. Somebody already did the work and put HTMLElementTagNameMap into lib.dom.ts. So let’s use this instead.

function createElement<T extends keyof HTMLElementTagNameMap>(
  tag: T,
  props?: Partial<HTMLElementTagNameMap[T]>
): HTMLElementTagNameMap[T] {
  const elem = document.createElement(tag);
  return Object.assign(elem, props);
}

This is also the interface used by document.createElement, so there is no friction between your factory function and the built-in one. No extra assertions necessary.

There is only one caveat. You are restricted to the 140 elements provided by HTMLElementTagNameMap. What if you want to create SVG elements as well, or web components where you don’t know yet if they exist. Your factory function suddenly is too constrained for its own good.

To allow for more — as document.createElement does — we would need to add all possible strings to the mix again. HTMLElementTagNameMap is an interface. So we can use declaration merging to extend the interface with an indexed signature, where we map all remaining strings to HTMLUnknownElement.

interface HTMLElementTagNameMap {
  [x: string]: HTMLUnknownElement;
};

function createElement<T extends keyof HTMLElementTagNameMap>(
  tag: T,
  props?: Partial<HTMLElementTagNameMap[T]>
): HTMLElementTagNameMap[T] {
  const elem = document.createElement(tag);
  return Object.assign(elem, props);
}

// a is HTMLAnchorElement
const a = createElement("a", { href: "https://fettblog.eu" });
// b is HTMLUnknownElement
const b = createElement("my-element");

Now we have everything we want:
1. A great factory function to create typed HTML elements.
2. The possibility to set an elements properties with just one configuration object.
3. The flexibility to create more elements than defined.

The last is great, but what if you only want to allow for web components? Web components have a convention, they need to have a dash in their tag name. We can model this using an mapped type on a string template literal type. We learn all about string template literal types in Chapter 6. For now, they only thing you need to know is that we create a set of strings where the pattern is any string followed by a dash followed by any string. This is enough to ensure we only pass correct element names.

Mapped types only work with type aliases, not interface declarations, so we need to define an AllElements type again.

type AllElements = HTMLElementTagNameMap &
  {
    [x in `${string}-${string}`]: HTMLElement;
  };

function createElement<T extends keyof AllElements>(
  tag: T,
  props?: Partial<AllElements[T]>
): AllElements[T] {
  const elem = document.createElement(tag as string) as AllElements[T];
  return Object.assign(elem, props);
}

const a = createElement("a", { href: "https://fettblog.eu" }); // OK
const b = createElement("my-element"); // OK


const c = createElement("thisWillError");
//                      ^
// Argument of type '"thisWillError"' is not
// assignable to parameter of type '`${string}-${string}`
// | keyof HTMLElementTagNameMap'.(2345)

Fantastic. With the AllElements type we also get type assertions back, which we don’t like that much. In that case, instead of asserting, we can also use a function overload, defining two declarations: One for our users, and one for us to implement the function. You can learn more about this technique in Recipe 2.6 and Chapter 12.

function createElement<T extends keyof AllElements>(
  tag: T,
  props?: Partial<AllElements[T]>
): AllElements[T];
function createElement(tag: string, props?: Partial<HTMLElement>): HTMLElement {
  const elem = document.createElement(tag);
  return Object.assign(elem, props);
}

Now we are all set and done. We defined a type map with mapped types and index signatures, using generic type parameters to be very explicit about our intentions. A great combination of multiple tools in our TypeScript tool belt.






4.8 Using ThisType to Define this in Objects


Problem

Your app requires complex configuration objects with methods, where this has a different context depending on usage.




Solution

Use the built-in generic ThisType<T> to define the correct this.




Discussion

Frameworks like VueJS rely a lot on factory functions, where you pass a comprehensive configuration object to define initial data, computed properties, and methods for each instance. You want to create a similar behavior for components of your app. The idea is to provide a configuration object with three properties:


	
A data function. The return value is the initial data for the instance. You should not have access to any other properties from the configuration object in this function.



	
A computed property. This is for, well, computed properties; properties, which are based on the initial data. Computed properties are declared using functions. They can access initial data just like normal properties.



	
A methods property. Methods that can be called, and that can access computed properties as well as the initial data. When methods access computed properties, they access it like they would access normal properties, no need to call the function.





Looking at the configuration object in use, there are three different ways how to interpret this. In data, this doesn’t have any properties at all. In computed, each function can access the return value of data via this just like it would be part of their object. In methods, each method can access computed properties and data via this just in the same way.

const instance = create({
  data() {
    return {
      firstName: "Stefan",
      lastName: "Baumgartner",
    };
  },
  computed: {
    fullName() {
      // have access to the return object from data
      return this.firstName + " " + this.lastName;
    },
  },
  methods: {
    hi() {
      // use computed properties just like normal properties
      alert(this.fullName.toLowerCase());
    },
  },
});

This behavior is special, but not uncommon. And with a behavior like that, we definitely want to rely on good types.

Note

In this lesson we will only focus on the types, not the actual implementation, as it would outgrow this chapter’s scope.



Let’s create types for each property. We define a type Options, which we are going to refine step by step. First is the data function. data can be user-defined, so we want to specify data using a generic type parameter. The data we are looking for is specified by the return type of the data function.

type Options<Data> = {
  data(this: {})?: Data;
};

So once we specify an actual return value in the data function, the Data placeholder gets substituted with the real object’s type. Note that we also define this to point to the empty object. Which means that we don’t get access to any other property from the configuration object.

Next, we define computed. computed is an object of functions. We add another generic type parameter called Computed, and let the value of Computed be typed through usage. Here, this changes to all the properties from Data. Since we can’t set this like we do in the data function, we can use the built-in helper type ThisType and set it to the generic type parameter Data.

type Options<Data, Computed> = {
  data(this: {})?: Data;
  computed?: Computed & ThisType<Data>;
};

This allows us to access e.g this.firstName like in the example before. Last, but not least we want to specify methods. methods is again special as you are not only getting access to Data via this, but also to all methods, and to all computed properties as properties.

Computed holds all computed properties as functions. We would need their value, though. More specific, their return value. If we access fullName via property access, we expect it to be a string.

For that, we create a little helper type called MapFnToProp. It takes a type that is an object of functions, and maps it to their return values’ types. The built-in ReturnType helper type is perfect for this scenario.

// An object of functions ...
type FnObj = Record<string, () => any>;

// ... to an object of return types
type MapFnToProp<FunctionObj extends FnObj> = {
  [K in keyof FunctionObj]: ReturnType<FunctionObj[K]>;
};

We can use MapFnToProp to set ThisType for a newly added generic type parameter called Methods. We also add Data and Methods itself to the mix. The Computed generic type parameter needs a constraint to be compatible with MapFnToProp.

type Options<Data, Computed extends FnObj, Methods> = {
  data(this: {})?: Data;
  computed?: Computed & ThisType<Data>;
  methods?: Methods & ThisType<Data & MapFnToProp<Computed> & Methods>;
};

And that’s the type! We take all generic type properties and add them to the create factory function.

declare function create<Data, Computed extends FnObj, Methods>(
  options: Options<Data, Computed, Methods>
): any;

Through usage, all generic type parameters will be substituted. And the way Options is typed, we get all the autocomplete necessary to make sure we don’t run into troubles, as seen in Figure 4-1.


[image: this type autocomplete]
Figure 4-1. The methods configuration in the factory function having all the access to the correct properties.



Special thanks to the creators of Type Challenges for this beautiful example.
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