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Author's Introduction

The JavaScript ecosystem is evolving rapidly, and with it, the tools that developers rely on to

build high-performance web applications are also changing. Bun is one of the latest innovations

in this space, designed as a high-speed alternative to Node.js, with significant improvements in

performance, resource efficiency, and built-in support for modern features without complex

configurations.

In this book, Bun Learning Guide for Node.js/TypeScript Developers, we will explore how

Node.js developers can leverage Bun to speed up their applications, reduce resource

consumption, and simplify their development environments. Our focus will be on a smooth

transition from Node.js to Bun, highlighting the key performance differences, capabilities, and

scenarios where Bun is the optimal choice.

Why Should Node.js Developers Learn Bun?

1. Superior Performance Compared to Node.js

Bun is built using Zig, a low-level programming language optimized for performance,

whereas Node.js relies on the V8 engine and libuv runtime. As a result, Bun delivers

significant speed improvements in various areas, including:

• JavaScript execution up to 4x faster than Node.js.

• More efficient memory management with lower resource consumption.

11
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• Faster script execution and command processing.

2. Built-in Package Manager Faster than npm and pnpm

• Bun includes a built-in package manager, eliminating the need for external tools

like npm/yarn/pnpm.

• Installing packages with bun install is approximately 90% faster than npm.

• Automatic support for package.json without additional configurations.

3. Run Code Directly Without Additional Tools

Unlike Node.js, which requires ts-node to execute TypeScript, Bun supports TypeScript
execution out-of-the-box with no extra setup, saving developers time and effort.

4. A Modern, Performance-Oriented Runtime

• Native support for fetch, WebSocket, and Blob without needing external libraries.

• Faster execution of commands such as running servers, handling files, and

interacting with databases.

• Default support for ESModules, eliminating the need to work around CommonJS
limitations in Node.js.

Is Bun a Complete Replacement for Node.js?
At present, Bun is still in active development, and some Node.js features may not be fully

supported yet. However, for many applications—especially those requiring high performance,

such as web applications, games, and API services—Bun can be an excellent choice.

If you are a Node.js developer today, learning Bun gives you a competitive edge by enhancing

speed, performance, and simplifying your development workflow. In this book, we will take you



13

on a journey to understand how to use Bun efficiently and how to migrate your existing Node.js
projects seamlessly.

Stay Connected
For more discussions and valuable content about Typescript, I invite you to follow me on

LinkedIn:

https://linkedin.com/in/aymanalheraki

You can also visit my personal website:

https://simplifycpp.org

Wishing everyone success and prosperity.

Ayman Alheraki

https://linkedin.com/in/aymanalheraki
https://simplifycpp.org


Chapter 1

Introduction to Bun

1.1 What is Bun and Why Was It Developed?

1.1.1 Introduction to Bun

Bun is a modern JavaScript runtime designed to provide a fast, all-in-one solution for running,

building, and managing JavaScript and TypeScript applications. Unlike traditional JavaScript

runtimes like Node.js and Deno, Bun is built with performance and developer experience in

mind, aiming to streamline workflows by integrating essential development tools directly into

the runtime.

Bun is powered by the JavaScriptCore engine (the engine used in Safari), as opposed to V8,

which is used by Node.js and Deno. This allows Bun to achieve remarkable speed

improvements, making it a compelling alternative to existing runtimes.

14
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1.1.2 Why Was Bun Developed?

Bun was developed to address some of the long-standing challenges in the JavaScript ecosystem,

particularly around performance, package management, and development tooling. The primary

motivations behind Bun's development include:

1. Performance Improvements

One of the core reasons for Bun's creation was to significantly improve performance in

key areas such as:

• Faster startup times: Bun initializes applications faster than Node.js and Deno due

to its use of JavaScriptCore, which has lower startup overhead.

• Optimized package manager: Bun’s package manager (bun install) is

significantly faster than npm, yarn, and pnpm, leveraging efficient dependency

resolution and caching mechanisms.

• Efficient runtime execution: Many built-in APIs in Bun are implemented in Zig, a

low-level programming language that offers better memory safety and performance.

2. Unified Development Tools

Bun simplifies JavaScript and TypeScript development by providing an integrated set of

tools, reducing the need for multiple third-party dependencies. These tools include:

• A built-in package manager (bun install) that is faster than npm and yarn.

• A native test runner (bun test) for running unit and integration tests.

• A built-in JavaScript/TypeScript bundler and transpiler that speeds up the

development process.

• A Web API-compatible runtime, offering built-in support for common web APIs

such as fetch, WebSockets, and EventTarget.
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By including these features out of the box, Bun eliminates the need to install separate

tools like Jest for testing or esbuild for bundling, making the development process more

streamlined.

3. Improved Developer Experience

Bun was designed to offer a better developer experience by reducing complexity and

enhancing efficiency. Some key aspects include:

• Native TypeScript support without requiring additional configurations or compilers

like ts-node.

• Faster hot reloading to improve the development workflow.

• Better error messages that provide clearer debugging information compared to

Node.js.

4. Alternative to Node.js and Deno

While Node.js has been the dominant JavaScript runtime for over a decade, it has certain

limitations, such as slow package installations and reliance on third-party tools for

features like testing and bundling. Similarly, while Deno offers built-in security and

TypeScript support, it has a different module resolution system that isn't fully compatible

with existing Node.js projects.

Bun was developed as an alternative that:

• Maintains Node.js compatibility (allowing developers to use existing npm

packages).

• Provides a faster and more efficient package manager than npm.

• Eliminates the need for additional build tools like Webpack, Babel, or Jest.
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1.1.3 Summary

Bun is a next-generation JavaScript runtime built to be fast, efficient, and developer-friendly. It

was developed to improve performance, simplify development workflows, and provide a modern

alternative to Node.js and Deno. By integrating essential tools like a package manager, test

runner, and bundler directly into the runtime, Bun reduces complexity and enhances productivity

for JavaScript and TypeScript developers.

In the following sections, we will explore Bun’s architecture, its core features, and how it

compares with Node.js and Deno in real-world scenarios.
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1.2 Key Differences Between Bun and Node.js

Bun and Node.js are both JavaScript runtimes, but they have significant differences in

architecture, performance, tooling, and developer experience. Node.js has been the dominant

runtime for server-side JavaScript since 2009, while Bun is a modern alternative designed to

improve speed, efficiency, and ease of use. This section explores the key differences between the

two.

1.2.1 JavaScript Engine

One of the fundamental differences between Bun and Node.js is the JavaScript engine they use.

• Bun: Uses JavaScriptCore, the engine developed by Apple for Safari. It is lightweight

and optimized for fast startup times and lower memory usage.

• Node.js: Uses V8, the high-performance engine developed by Google for Chrome. V8 is

well-optimized for Just-In-Time (JIT) compilation but has higher startup overhead

compared to JavaScriptCore.

Because of this difference, Bun tends to start up faster than Node.js, making it well-suited for

applications that require quick execution, such as CLI tools and serverless functions.

1.2.2 Performance

Bun was built with a strong focus on speed and efficiency. Several factors contribute to its

superior performance compared to Node.js.

• Startup Time: Bun initializes much faster than Node.js because JavaScriptCore has a

lower initialization cost compared to V8.
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• Package Installation Speed: Bun’s package manager (bun install) is significantly

faster than npm, yarn, and pnpm due to optimized dependency resolution and caching.

• Built-in APIs: Many standard APIs in Bun are implemented using Zig, a low-level

systems programming language that offers better memory safety and performance. This

leads to faster execution times compared to JavaScript-based equivalents in Node.js.

• File and Network Operations: Bun provides highly optimized implementations of fs,

fetch, and other core modules, outperforming their Node.js counterparts in many cases.

In benchmark comparisons, Bun has shown up to 3x faster execution speeds than Node.js for

many common tasks such as HTTP request handling, file system operations, and package

installation.

1.2.3 Package Management

One of Bun’s standout features is its built-in package manager, which differs significantly from

npm, yarn, and pnpm.

• Bun: Includes a native package manager (bun install) that is much faster than

npm. It resolves dependencies more efficiently and caches them effectively to reduce

redundant installations.

• Node.js: Relies on npm (Node Package Manager), which has been the standard for

years but is slower compared to Bun’s package manager. Alternative package managers

like yarn and pnpm have attempted to improve performance, but they are still separate

tools that require additional configuration.

Because Bun integrates its package manager directly into the runtime, developers no longer need

to install and maintain multiple package managers as they do with Node.js.
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1.2.4 TypeScript Support

Bun provides native support for TypeScript, eliminating the need for additional transpilers or

configuration.

• Bun: Allows developers to run TypeScript files (.ts) without requiring a build step or

ts-node. This simplifies development and reduces build times.

• Node.js: Requires additional tools like ts-node, Babel, or a TypeScript compiler

(tsc) to run TypeScript files.

This built-in TypeScript support makes Bun a great choice for developers who prefer working

with TypeScript without the overhead of extra setup.

1.2.5 Built-in Development Tools

Bun integrates several essential development tools directly into the runtime, reducing the need

for external dependencies.

• Testing: Bun includes a built-in test runner (bun test), similar to Jest or Mocha,

allowing developers to write and run tests without installing third-party libraries.

• Bundling: Bun comes with a built-in bundler, reducing the need for tools like Webpack,

Rollup, or esbuild.

• Transpilation: Bun can transpile JavaScript and TypeScript files natively, eliminating the

need for Babel in many cases.

• Environment Variables: Bun provides a simplified way to manage environment
variables, improving configuration management.

In contrast, Node.js requires separate tools for testing, bundling, and transpiling, leading to

additional dependencies and complexity.
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1.2.6 Compatibility with Node.js

While Bun aims to be an alternative to Node.js, it also maintains a high level of compatibility

with existing Node.js projects.

• Bun: Supports most of the Node.js built-in modules (fs, path, crypto, etc.) and can

run many npm packages without modifications. However, some older Node.js APIs may

not be fully supported yet.

• Node.js: Has full support for all native modules and npm packages, making it the more

mature and stable option for enterprise applications.

Bun’s Node.js compatibility mode allows many existing projects to run with minimal changes,

making migration easier for developers who want to take advantage of Bun’s performance

improvements.

1.2.7 API and Web Standards Support

Bun provides built-in support for modern Web APIs, making it easier to build web applications.

• Bun: Includes built-in support for fetch, WebSockets, EventTarget, Request,

and Response, making it more aligned with browser standards.

• Node.js: Requires third-party packages like node-fetch or ws for similar

functionality.

Bun’s built-in Web API support simplifies development by reducing the need for additional

libraries.
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1.2.8 Ecosystem and Community

Since Node.js has been around for over a decade, it has a larger ecosystem and more widespread

adoption.

• Bun: Is a newer runtime with a smaller but rapidly growing community. While it supports

many npm packages, some niche libraries and legacy packages may not work out of the

box.

• Node.js: Has a massive ecosystem with millions of packages, extensive documentation,

and strong community support, making it the go-to choice for production applications.

Although Bun is gaining popularity, it may take time before it reaches the same level of adoption

as Node.js in enterprise environments.

1.2.9 Security Model

Security is another important consideration when comparing Bun and Node.js.

• Bun: Does not enforce strict security policies by default but benefits from modern

memory safety features of Zig.

• Node.js: Has a well-established security model with ongoing updates, vulnerability

scanning (npm audit), and LTS (Long-Term Support) releases.

While Bun is still evolving in terms of security practices, Node.js remains the more battle-tested

option for security-critical applications.

1.2.10 Summary of Key Differences



23

Feature Bun Node.js
JavaScript Engine JavaScriptCore (Safari) V8 (Chrome)

Startup Speed Faster Slower

Package Manager Built-in (bun install) npm, yarn, pnpm (separate)

TypeScript Support Native support Requires ts-node or tsc

Built-in Tools Test runner, bundler, transpiler External tools required

Web APIs Built-in fetch,

WebSockets

Requires external libraries

Node.js Compatibility High, but not 100% Full compatibility

Ecosystem Smaller, growing community Large, mature community

Security Emerging security model Well-established security

practices

Bun offers several advantages in terms of speed, built-in tooling, and simplicity, making it a

strong alternative to Node.js for many use cases. However, Node.js remains the dominant choice

for production applications due to its stability, mature ecosystem, and extensive community

support.
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1.3 Runtime Requirements and Installation

Bun is designed to be lightweight and fast, with minimal system requirements compared to other

JavaScript runtimes. This section covers the system prerequisites for running Bun, the

installation process across different operating systems, and how to verify that Bun has been

successfully installed.

1.3.1 System Requirements

Before installing Bun, it is important to understand the hardware and software requirements to

ensure smooth operation.

1. Supported Operating Systems

Bun supports major operating systems, including:

• macOS (Apple Silicon and Intel)

• Linux (Debian-based, Arch, Fedora, and Alpine)

• Windows (via Windows Subsystem for Linux - WSL)

As of now, Bun does not have native Windows support. Windows users must use WSL 2
with a compatible Linux distribution to run Bun effectively.

2. Hardware Requirements

Bun is optimized for performance and does not have heavy system requirements.

However, the following specifications are recommended for smooth operation:

• Processor: Any modern 64-bit CPU (ARM64 or x86 64)

• Memory: At least 512MB RAM (1GB or more recommended for large projects)

• Storage: Minimal disk space required, but at least 100MB is recommended
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Bun’s efficiency comes from its use of JavaScriptCore instead of V8, allowing it to run

with lower memory consumption compared to Node.js.

1.3.2 Installing Bun

Bun provides an easy installation process for different operating systems. The installation is

handled using a simple shell command that downloads and configures Bun automatically.

Installing on macOS and Linux
The recommended way to install Bun on macOS and Linux is through a shell script provided by

the Bun team.

• Step 1: Open a Terminal

Launch a terminal application (Terminal on macOS, or any terminal emulator on Linux).

• Run the Installation Command

Execute the following command:

curl -fsSL https://bun.sh/install | bash

This command downloads and installs the latest version of Bun.

• Step 3: Add Bun to PATH

After installation, restart the terminal or manually add Bun to the system’s PATH by

running:

export PATH="$HOME/.bun/bin:$PATH"

To make this change permanent, add the above line to the shell configuration file:
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– For Bash: ˜/.bashrc

– For Zsh: ˜/.zshrc

– For Fish: ˜/.config/fish/config.fish

Installing on Windows (Using WSL)
Since Bun does not yet have native Windows support, users must install it via Windows
Subsystem for Linux (WSL 2).

• Step 1: Install WSL 2

If WSL is not installed, open PowerShell as Administrator and run:

wsl --install

After installation, restart the computer if necessary.

• Step 2: Set Up a Linux Distribution

Choose a Linux distribution, such as Ubuntu or Debian, and install it from the Microsoft
Store.

• Step 3: Install Bun Inside WSL

Launch WSL and run the same installation command as Linux:

curl -fsSL https://bun.sh/install | bash

After installation, add Bun to the PATH variable as described in the Linux installation

steps.
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Installing Bun via Homebrew (macOS and Linux)

Alternatively, macOS and Linux users can install Bun using Homebrew:

brew tap oven-sh/bun

brew install bun

Homebrew handles PATH configuration automatically, making this a convenient option.

1.3.3 Verifying the Installation

After installing Bun, verify that it is working correctly by checking its version.

bun --version

If Bun is installed successfully, it will output a version number similar to:

1.0.0

Additionally, check if Bun’s package manager is working by installing a simple package:

bun install lodash

If the package installs successfully, the installation process was completed correctly.

1.3.4 Updating and Uninstalling Bun

1. Updating Bun

To update Bun to the latest version, rerun the installation script:
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curl -fsSL https://bun.sh/install | bash

Alternatively, if installed via Homebrew, update Bun using:

brew upgrade bun

2. Uninstalling Bun

If you need to remove Bun from your system, use the following commands:

For installations via the shell script:

rm -rf ˜/.bun

For Homebrew installations:

brew uninstall bun

Also, remove any references to Bun from the PATH in your shell configuration files.

1.3.5 Summary

Bun is easy to install and requires minimal system resources. It supports macOS, Linux, and

Windows (via WSL), making it accessible to most developers. The installation process involves

running a simple shell script or using Homebrew on supported platforms.

After installation, verifying the Bun version and testing package management ensures everything

is working correctly. Regular updates can be done using the installation script or Homebrew, and

uninstallation is straightforward if needed.



Chapter 2

Getting Started with Bun

2.1 Installing Bun on Different Operating Systems

Bun is designed to be lightweight and easy to install across different platforms, including

macOS, Linux, and Windows (via WSL). Since Bun is a relatively new runtime, its installation

process is streamlined, allowing developers to set it up quickly without complex dependencies.

This section provides a step-by-step guide to installing Bun on different operating systems,

verifying the installation, and troubleshooting common issues.

2.1.1 nstalling Bun on macOS

Bun has native support for macOS and works on both Apple Silicon (M1, M2, M3) and

Intel-based Macs. The recommended installation methods for macOS are:

• Using the Official Bun Installer (Recommended)

• Using Homebrew (Alternative Method)

1. Installing Bun via Official Installer (Recommended Method)

29
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The fastest way to install Bun on macOS is through the official shell script.

• Step 1: Open a Terminal

Launch the Terminal application on your Mac.

• Step 2: Run the Installation Command

Execute the following command:

curl -fsSL https://bun.sh/install | bash

This script will:

– Download the latest version of Bun

– Install it in ˜/.bun/bin

– Configure the necessary environment variables

• Step 3: Add Bun to PATH (If Not Automatically Set)

After installation, restart the terminal or manually add Bun to your shell profile:

For Zsh (default shell on macOS):

echo 'export PATH="$HOME/.bun/bin:$PATH"' >> ˜/.zshrc

source ˜/.zshrc

For Bash:

echo 'export PATH="$HOME/.bun/bin:$PATH"' >> ˜/.bashrc

source ˜/.bashrc

For Fish:
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echo 'set -x PATH $HOME/.bun/bin $PATH' >>

˜/.config/fish/config.fish↪→

• Step 4: Verify Installation

Check if Bun is installed successfully:

bun --version

If the command returns a version number, the installation was successful.

2. Installing Bun via Homebrew (Alternative Method)

If you prefer using Homebrew, you can install Bun with the following steps:

• Step 1: Ensure Homebrew is Installed

If Homebrew is not installed, install it using:

/bin/bash -c "$(curl -fsSL

https://raw.githubusercontent.com/Homebrew/install/HEAD/install.sh)"↪→

• Step 2: Install Bun

brew tap oven-sh/bun

brew install bun

• Step 3: Verify Installation

bun --version

Homebrew automatically configures Bun in the system PATH, so no additional setup

is required.
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2.1.2 Installing Bun on Linux

Bun supports various Linux distributions, including Ubuntu, Debian, Fedora, Arch Linux,
and Alpine Linux. The installation steps vary slightly depending on the package manager

available on the system.

1. Installing Bun via Official Installer (Recommended Method)

The easiest way to install Bun on Linux is to use the official installation script.

• Step 1: Open a Terminal

Launch a terminal on your Linux system.

• Step 2: Run the Installation Command

curl -fsSL https://bun.sh/install | bash

• Step 3: Add Bun to PATH (If Not Automatically Set)

If the installer does not update the PATH, manually add it to your shell profile:

For Bash:

echo 'export PATH="$HOME/.bun/bin:$PATH"' >> ˜/.bashrc

source ˜/.bashrc

For Zsh:

echo 'export PATH="$HOME/.bun/bin:$PATH"' >> ˜/.zshrc

source ˜/.zshrc

• Step 4: Verify Installation
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bun --version

2. Installing Bun via Homebrew (For Linux Users with Homebrew)

If you are using Homebrew on Linux, install Bun with:

brew tap oven-sh/bun

brew install bun

Then verify the installation:

bun --version

3. Installing Bun on Arch Linux

For Arch Linux users, Bun can be installed via the AUR (Arch User Repository) using

yay or paru:

• Step 1: Install Bun Using an AUR Helper

With yay:

yay -S bun-bin

With paru:

paru -S bun-bin

• Step 2: Verify Installation
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bun --version

2.1.3 Installing Bun on Windows (Using WSL)

As of now, Bun does not have native support for Windows. However, Windows users can install

and run Bun using Windows Subsystem for Linux (WSL 2).

1. Installing WSL

If WSL is not installed, open PowerShell as an administrator and run:

wsl --install

This installs Ubuntu as the default WSL distribution. If you prefer another distribution,

install it from the Microsoft Store.

2. Installing Bun in WSL

Once WSL is set up, launch the Linux terminal in WSL and install Bun using the standard

Linux installation command:

curl -fsSL https://bun.sh/install | bash

Then add Bun to your PATH and verify the installation:

bun --version
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2.1.4 Troubleshooting Installation Issues

1. Command Not Found Error

If bun --version results in a ”command not found” error, ensure that Bun is properly

added to the system PATH. Run:

export PATH="$HOME/.bun/bin:$PATH"

And permanently add it to the shell configuration file (.bashrc, .zshrc, etc.).

2. Installation Script Fails

If the installation script fails, ensure that curl is installed:

For Debian/Ubuntu:

sudo apt install curl -y

For Fedora:

sudo dnf install curl -y

For Arch Linux:

sudo pacman -S curl

Then retry the installation.

3. Slow or Unresponsive Installation

If the installation is slow, try using a VPN or switching to a faster internet connection, as

the script downloads files from Bun’s official servers.
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2.1.5 Summary

Bun can be installed on macOS, Linux, and Windows (via WSL) using a simple shell script. For

macOS and Linux users, Homebrew provides an alternative installation method. Windows users

must rely on WSL for now, as Bun does not have native Windows support.

After installation, verifying the setup with bun --version ensures that Bun is ready for use.

If any issues arise, troubleshooting steps such as adding Bun to the system PATH or installing

missing dependencies can help resolve them.
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2.2 Running Your First Application with Bun

After installing Bun, the next step is to create and run a simple application to understand how

Bun works. This section will guide you through setting up your first Bun project, writing a basic

script, and running it using Bun.

2.2.1 Understanding Bun’s Execution Model

Bun is designed as a drop-in replacement for Node.js but with additional performance

optimizations and built-in features. Unlike Node.js, which requires additional tools for

TypeScript, testing, and package management, Bun provides native support for these

functionalities.

With Bun, you can:

• Run JavaScript and TypeScript files without a separate compiler

• Execute scripts quickly due to Bun’s optimized runtime

• Use built-in APIs for common tasks like HTTP requests, file system access, and database

interactions

2.2.2 Writing and Running a Simple Bun Script

Let’s start by creating and running a basic JavaScript file using Bun.

1. Creating a New Project Directory

First, create a new directory for your Bun project and navigate into it:

mkdir my-bun-app

cd my-bun-app
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2. Creating a JavaScript File

Inside the project directory, create a new file named index.js:

touch index.js

Open the file in a text editor and add the following code:

console.log("Hello, Bun!");

This script simply prints ”Hello, Bun!” to the console.

3. Running the Script with Bun

To execute the script, run the following command:

bun index.js

You should see the output:

Hello, Bun!

Unlike Node.js, Bun executes the script with faster startup times due to its optimized

runtime.

2.2.3 Running a TypeScript File with Bun

One of Bun’s major advantages over Node.js is its native support for TypeScript, eliminating

the need for additional transpilers like ts-node.
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1. Creating a TypeScript File

Create a new TypeScript file named index.ts:

touch index.ts

Open the file in a text editor and add the following code:

const message: string = "Hello, Bun with TypeScript!";

console.log(message);

2. Running the TypeScript File

Run the script directly using Bun:

bun index.ts

You should see:

Hello, Bun with TypeScript!

Bun automatically compiles and runs the TypeScript file without requiring tsc

(TypeScript Compiler) or Babel.

2.2.4 Running a Bun HTTP Server

Bun includes a built-in HTTP server API, making it easy to build web applications without

additional dependencies.
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1. Creating a Simple HTTP Server

Create a new file named server.js:

touch server.js

Open the file and add the following code:

const server = Bun.serve({

port: 3000,

fetch(req) {

return new Response("Hello from Bun HTTP server!");

},

});

console.log(`Server is running at http://localhost:${server.port}`);

2. Running the HTTP Server

Start the server using:

bun server.js

The output should display:

Server is running at http://localhost:3000

3. Testing the Server

Open a web browser or use curl to test the server:
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curl http://localhost:3000

Expected output:

Hello from Bun HTTP server!

This demonstrates how Bun provides native HTTP handling without requiring Express

or other third-party libraries.

2.2.5 Running Bun Scripts with Package Management

Bun comes with a built-in package manager, allowing you to install and run dependencies

efficiently.

1. Initializing a New Bun Project

To create a new project with package management, run:

bun init

This generates a bun.lockb file and a package.json file.

2. Installing and Using External Packages

For example, install chalk, a library for styling terminal output:

bun install chalk

Modify index.js to use chalk:
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import chalk from "chalk";

console.log(chalk.green("Hello, Bun with Chalk!"));

Run the script:

bun index.js

Expected output (in green text):

Hello, Bun with Chalk!

This demonstrates how Bun handles dependencies faster than npm or yarn.

2.2.6 Summary

• Bun allows you to run JavaScript and TypeScript files without additional transpilers.

• You can execute scripts using bun <filename>, which runs faster than node

<filename>.

• Bun includes a built-in HTTP server, making it easy to create web applications without

third-party frameworks.

• Package management in Bun is faster than npm, and dependencies can be installed and

used with bun install <package>.
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2.3 Comparison Between Running Applications in Bun and

Node.js

Bun is designed as a modern alternative to Node.js, offering faster execution times, built-in
TypeScript support, and an optimized runtime. While both Bun and Node.js allow

developers to run JavaScript and TypeScript applications, there are significant differences in how

they handle execution, performance, and built-in features.

This section provides a detailed comparison between Bun and Node.js when running

applications, focusing on startup speed, TypeScript execution, dependency management,
HTTP server performance, and runtime efficiency.

2.3.1 Running JavaScript Applications

1. Running a JavaScript File in Node.js

In Node.js, running a simple JavaScript file requires:

node index.js

Example index.js:

console.log("Hello from Node.js!");

2. Running a JavaScript File in Bun

In Bun, the equivalent command is:

bun index.js
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Example index.js:

console.log("Hello from Bun!");

3. Performance Comparison

Bun is significantly faster in executing JavaScript files due to its use of JavaScriptCore
(JSC) instead of V8 (used by Node.js).

Feature Node.js Bun
Startup Time Slower due to V8 initialization Faster due to JavaScriptCore

Execution Speed Moderate Significantly faster

Memory Usage Higher Lower

Bun's optimized runtime reduces overhead, making script execution almost

instantaneous compared to Node.js.

2.3.2 Running TypeScript Applications

1. Running TypeScript in Node.js

Node.js does not support TypeScript natively. To execute a .ts file, developers must

install and configure a TypeScript transpiler such as ts-node:

npm install -g ts-node

ts-node index.ts

Example index.ts:
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const message: string = "Hello from Node.js with TypeScript!";

console.log(message);

2. Running TypeScript in Bun

Bun natively supports TypeScript without requiring additional tools. Running a

TypeScript file is as simple as:

bun index.ts

Example index.ts:

const message: string = "Hello from Bun with TypeScript!";

console.log(message);

3. Performance Comparison

Feature Node.js (with ts-node) Bun
TypeScript Execution Requires additional transpiler (‘ts-node‘) Native support

Startup Time Slower due to compilation overhead Faster

Ease of Use Requires configuration Works out-of-the-box

Bun eliminates the need for external transpilers, making TypeScript execution much

faster and more efficient.
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2.3.3 Managing Dependencies

1. Installing Dependencies in Node.js

In Node.js, dependencies are installed using npm or yarn:

npm install express

or

yarn add express

This creates a node modules folder and a package-lock.json or yarn.lock

file.

2. Installing Dependencies in Bun

Bun includes a built-in package manager, allowing for faster installations:

bun install express

Bun's package manager eliminates the need for node modules in many cases by

storing dependencies more efficiently.

3. Performance Comparison

Feature Node.js (npm/yarn) Bun (bun install)

Installation Speed Slower Up to 30x faster

Dependency Storage node modules (large size) Efficient storage
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Feature Node.js (npm/yarn) Bun (bun install)

Lock File package-lock.json /

yarn.lock

bun.lockb

Native Support Requires third-party package

managers

Built-in

Bun installs dependencies significantly faster than Node.js, making it a preferred choice

for projects with many dependencies.

2.3.4 Running an HTTP Server

1. Creating an HTTP Server in Node.js

A basic HTTP server in Node.js requires importing the http module:

const http = require("http");

const server = http.createServer((req, res) => {

res.writeHead(200, { "Content-Type": "text/plain" });

res.end("Hello from Node.js HTTP Server!");

});

server.listen(3000, () => {

console.log("Server running at http://localhost:3000");

});

Run it using:
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node server.js

2. Creating an HTTP Server in Bun

Bun has a built-in HTTP server, which is more efficient and requires less code:

const server = Bun.serve({

port: 3000,

fetch(req) {

return new Response("Hello from Bun HTTP Server!");

},

});

console.log(`Server running at http://localhost:${server.port}`);

Run it using:

bun server.js

3. Performance Comparison

Feature Node.js (http module) Bun (Bun.serve())

Code Complexity More verbose Simpler

Performance Moderate Faster

Built-in Support Requires http module Native API

Bun’s native HTTP server is faster and more efficient than Node.js, reducing both

latency and memory usage.
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2.3.5 Performance and Memory Usage

Bun outperforms Node.js in execution speed, memory efficiency, and dependency
management. Here is a direct comparison:

Feature Node.js Bun

JavaScript Execution Speed Moderate Faster

TypeScript Support Requires ts-node Built-in

HTTP Server Performance Slower Faster

Package Installation Speed Slower (npm/yarn) Up to 30x faster

Memory Usage Higher Lower

File System Operations Standard Optimized APIs

Bun reduces execution time and memory consumption, making it ideal for

performance-critical applications.

2.3.6 Summary

Key Takeaways

1. Faster Execution – Bun executes JavaScript and TypeScript faster than Node.js.

2. Built-in TypeScript Support – Bun runs TypeScript files directly, whereas Node.js

requires a transpiler.

3. Optimized Dependency Management – Bun installs packages significantly faster than

npm or yarn.
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4. Improved HTTP Server Performance – Bun’s Bun.serve() API is more efficient

than Node.js’s http module.

5. Lower Memory Usage – Bun consumes less memory due to its JavaScriptCore-based
runtime.

When to Use Bun Over Node.js?

• If you need faster script execution

• If you work with TypeScript frequently

• If you want faster dependency installation

• If you need lightweight and efficient HTTP servers
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Package Management in Bun

3.1 Differences Between npm and the Bun Package Manager

Package management is a crucial aspect of JavaScript and TypeScript development, enabling

developers to install, update, and manage dependencies efficiently. Traditionally, npm (Node
Package Manager) has been the default choice for managing packages in Node.js. However,

Bun introduces a new package manager designed for speed, efficiency, and simplicity.

This section explores the key differences between npm and the Bun package manager,

comparing their installation speed, dependency resolution, lock files, disk usage, and overall
developer experience.

3.1.1 Introduction to npm and Bun Package Manager

1. What is npm?

npm (Node Package Manager) is the default package manager for Node.js, providing

access to the npm registry, the largest repository of JavaScript packages. It allows

developers to:

51
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• Install dependencies (npm install)

• Manage package versions (package.json, package-lock.json)

• Execute scripts (npm run <script>)

• Publish and update packages (npm publish)

However, npm has some performance drawbacks, especially in dependency installation

and resolution.

2. What is the Bun Package Manager?

The Bun package manager is an alternative to npm, built directly into Bun’s runtime. It

is designed to be faster, more efficient, and simpler to use. Unlike npm, Bun focuses on:

• Ultra-fast package installations (up to 30x faster than npm)

• Smaller lock files (bun.lockb)

• No node modules required for runtime

• Built-in support for running scripts (bun run)

Bun's package manager is optimized for modern JavaScript and TypeScript
development, providing a more streamlined experience.

3.1.2 Installation Speed Comparison

1. Installing a Package with npm

Installing a package with npm can be slow due to its complex dependency resolution

process:
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npm install express

This process:

• Downloads dependencies from the npm registry

• Generates a package-lock.json file

• Creates a node modules directory containing all installed packages

2. Installing a Package with Bun

Bun significantly improves installation speed:

bun install express

Bun’s package manager:

• Installs packages up to 30x faster than npm

• Uses a more efficient caching mechanism

• Avoids redundant disk operations

3. Performance Benchmark

Here is a benchmark comparing the installation speed of npm and Bun:

Package
Manager

express Install Time Large Project Install Time

npm 5-10 seconds 1-2 minutes

Bun Less than 1 second 5-10 seconds
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Bun’s performance advantage comes from its parallelized download system, which

avoids unnecessary file writes and reduces dependency resolution overhead.

3.1.3 Handling Dependencies: node modules vs. Bun’s Approach

1. npm’s node modules System

npm installs dependencies into a node modules directory, which often leads to:

• Large project sizes (sometimes exceeding hundreds of MBs)

• Deeply nested dependencies, causing file system inefficiencies

• Slow module resolution, especially on large projects

2. Bun’s Approach: Minimal Disk Usage

Bun does not rely on node modules for runtime execution. Instead, it:

• Uses a global caching system to store dependencies

• Dynamically resolves dependencies at runtime, avoiding unnecessary disk space

usage

• Reduces filesystem operations, improving performance

With Bun, projects have smaller disk footprints, making dependency management more

efficient.

3.1.4 Lock File Comparison: package-lock.json vs. bun.lockb

1. npm’s package-lock.json

npm generates a package-lock.json file, which:
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• Locks dependency versions to ensure reproducible builds

• Can grow large, increasing repository size

• Stores deep dependency trees, making it harder to read

2. Bun’s bun.lockb

Bun uses bun.lockb, a binary lock file, which is:

• Much smaller in size than package-lock.json

• Faster to read and write, improving installation times

• More efficient for version resolution

Feature npm (package-lock.json) Bun (bun.lockb)

File Format JSON (large size) Binary (compact)

Performance Slower Faster

Readability Human-readable Optimized for speed

Bun’s binary lock file reduces overhead, making dependency resolution more efficient.

3.1.5 Running Scripts: npm run vs. bun run

1. Running Scripts with npm

npm uses the run command to execute scripts defined in package.json:

npm run start

This requires spawning a separate Node.js process, which adds execution overhead.
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2. Running Scripts with Bun

Bun provides the same functionality but with faster execution:

bun run start

Bun’s script execution:

• Starts faster than npm

• Reduces process overhead, improving performance

3.1.6 Publishing Packages: npm vs. Bun

1. Publishing with npm

Developers can publish packages to the npm registry using:

npm publish

This process involves:

• Uploading the package to the npm registry

• Generating metadata files

• Handling version conflicts

2. Publishing with Bun (Upcoming Feature)

Bun is expected to introduce its own package registry in the future. Currently,

developers can still use npm to publish packages, but Bun’s optimized system will

likely offer faster package publishing.
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3.1.7 Summary: Key Differences Between npm and Bun Package Manager

• Performance & Speed

– Bun installs packages up to 30x faster than npm.

– Bun avoids node modules, reducing disk space usage.

– Bun’s binary lock file (bun.lockb) is smaller and faster than

package-lock.json.

• Dependency Management

– npm uses node modules, which can grow large.

– Bun stores dependencies more efficiently, reducing file system clutter.

• Script Execution

– bun run is faster than npm run due to lower process overhead.

• Publishing Packages

– npm uses npm publish.

– Bun’s package publishing system is still in development.

3.1.8 When to Use npm vs. Bun Package Manager?

Use Case Recommended Package Manager

Legacy Node.js projects npm
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Use Case Recommended Package Manager

New JavaScript/TypeScript projects Bun

Projects with large dependencies Bun (faster installation)

CI/CD pipelines requiring fast builds Bun

Projects relying on npm registry npm (until Bun registry is released)

For new projects, Bun is the superior choice due to its faster performance, reduced disk
usage, and improved script execution. However, npm remains necessary for legacy
applications and publishing packages to the npm registry.
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3.2 Installing Packages Using Bun

Bun comes with a built-in package manager that is designed to be fast, efficient, and easy to
use. Unlike traditional package managers such as npm and yarn, which often require extensive

dependency resolution and file system operations, Bun installs packages up to 30 times faster
by optimizing how dependencies are fetched and stored.

In this section, we will explore how to install packages using Bun, covering basic installation
commands, dependency management, global installations, versioning, and troubleshooting
common issues.

3.2.1 Basic Package Installation

1. Installing a Single Package

To install a package using Bun, use the bun install command:

bun install express

This will:

• Download and cache the package from the npm registry

• Update the package.json file with the new dependency

• Generate a bun.lockb file to track installed versions

• Store dependencies efficiently without needing a node modules directory for

runtime

2. Installing Multiple Packages

To install multiple packages at once, specify them in a single command:
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bun install axios lodash moment

This installs all specified packages in parallel, making the process significantly faster

than npm.

3.2.2 Installing Development Dependencies

1. Adding Development Dependencies

In Node.js projects, certain packages are required only for development, such as testing

frameworks or build tools. To install a package as a development dependency, use the

-d or --dev flag:

bun install -d jest

This ensures that jest is only used in development and does not get included in

production builds.

2. Verifying Installed Packages

You can check installed dependencies in your package.json file. After running the

above command, package.json will look like this:

{

"dependencies": {

"express": "ˆ4.18.2",

"axios": "ˆ1.3.0"

},

"devDependencies": {

"jest": "ˆ29.4.3"
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}

}

Bun automatically updates package.json and maintains a minimal lock file
(bun.lockb), ensuring faster package resolution.

3.2.3 Global Package Installation

1. Installing Packages Globally

Similar to npm install -g, Bun allows global package installations using the -g or

--global flag:

bun install -g typescript

This installs typescript globally, making the tsc command available across all

projects.

2. Listing Globally Installed Packages

To view all globally installed packages, use:

bun pm ls -g

3. Removing a Global Package

To uninstall a globally installed package:

bun remove -g typescript

This removes typescript from the global package store.
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3.2.4 Managing Package Versions

1. Installing a Specific Version of a Package

By default, Bun installs the latest version of a package. However, you can specify a

version using:

bun install express@4.17.1

This ensures that the exact version 4.17.1 of express is installed.

2. Updating Packages

To update all dependencies to their latest versions, run:

bun update

To update a specific package:

bun update lodash

3. Downgrading Packages

If an update causes issues, you can revert to an older version:

bun install lodash@4.17.0

This overwrites the current version with 4.17.0.
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3.2.5 Uninstalling Packages

1. Removing a Package

To uninstall a package from a project, use:

bun remove axios

This removes axios and updates the package.json file accordingly.

2. Removing a Development Dependency

If a package was installed as a development dependency, use:

bun remove -d jest

This ensures jest is no longer listed in devDependencies.

3. Cleaning Up Unused Packages

If you remove dependencies manually from package.json and want to clean up

unused packages:

bun install

Bun will automatically remove dependencies not listed in package.json.

3.2.6 Comparing Installation Speed: Bun vs. npm

To illustrate Bun’s speed advantage, here is a comparison of installing the same set of packages

using npm and Bun.
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Benchmark: Installing express, axios, and lodash

Package
Manager

Install Command Time Taken

npm npm install express axios lodash 10-15 seconds

Bun bun install express axios lodash Less than 1 second

Bun fetches and installs dependencies in parallel, unlike npm, which follows a more complex

resolution process.

3.2.7 Handling Common Issues

1. Network Issues

If you experience network-related issues while installing packages, try:

bun install --retry 3

This retries failed requests up to 3 times.

2. Cache Corruption

If you suspect a corrupted cache, clear it using:

bun pm cache clean

Then, reinstall packages:
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bun install

3. Verifying Installed Packages

To check if a package is installed correctly, run:

bun pm ls

This lists all installed dependencies and their versions.

3.2.8 Summary

Key Takeaways

• Bun installs packages much faster than npm due to its optimized dependency resolution.

• Bun does not require node modules for execution, reducing disk space usage.

• Development dependencies can be installed with bun install -d <package>.

• Global packages can be installed with bun install -g <package>.

• Package updates and removals are handled efficiently with bun update and bun

remove.

• Bun uses a binary lock file (bun.lockb), which is smaller and faster than npm’s

package-lock.json.

When to Use Bun for Package Management?

• If you need faster dependency installation.
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• If you want better disk space efficiency by avoiding node modules.

• If you prefer simpler package version management.
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3.3 Managing Versions and Dependencies

In JavaScript and TypeScript development, effectively managing dependencies and their

versions is crucial to ensuring stability, reproducibility, and compatibility in your applications.

As projects grow, dependencies can change or conflict, so it’s essential to have a reliable way to

handle versions and manage dependencies efficiently. Bun’s package manager simplifies this

process, offering tools for versioning, updating, and resolving dependency conflicts.

In this section, we will dive into managing versions and dependencies using Bun, covering

how Bun handles dependency resolution, lock files, versioning, and conflict management.

3.3.1 Understanding Dependency Versions

1. Semantic Versioning (SemVer)

Bun follows the Semantic Versioning (SemVer) convention for managing dependency

versions. SemVer consists of three main components:

• Major version: Indicates breaking changes in the API (e.g., 1.0.0 to 2.0.0).

• Minor version: Introduces new features that are backward-compatible (e.g., 1.1.0

to 1.2.0).

• Patch version: Addresses bug fixes and small improvements that do not affect

functionality (e.g., 1.1.0 to 1.1.1).

When you install a package using Bun, you are typically installing the latest version
within the version range specified by your package.json file.

2. Installing Specific Versions

You can install a specific version of a package by specifying the version in the install

command:
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bun install lodash@4.17.21

This ensures that you are installing exactly version 4.17.21 of lodash rather than the

latest version.

3.3.2 Version Ranges in package.json

1. Defining Version Ranges

In your package.json file, dependencies can be specified using version ranges that

give flexibility to which versions of a package can be installed. Here are some common

examples:

• Exact version: "lodash": "4.17.21" — Only installs version 4.17.21.

• Caret (ˆ): "lodash": "ˆ4.17.21" — Allows updates that do not change the

major version (i.e., all 4.x.x versions).

• Tilde (˜): "lodash": "˜4.17.21" — Allows updates that do not change the

minor version (i.e., all 4.17.x versions).

• Range: "lodash": ">=4.17.0 <5.0.0" — Allows versions between

4.17.0 and 5.0.0, excluding 5.0.0.

Bun respects these versioning rules when installing dependencies and ensures that the

version installed falls within the specified range.

2. Why Use Version Ranges?

Version ranges provide flexibility, ensuring that minor updates and bug fixes are

automatically included in your project while preventing potentially breaking changes

caused by major version updates. By using the ˆ or ˜ symbols, you ensure that your

project stays up-to-date without sacrificing compatibility.
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3.3.3 Managing Dependencies in package.json

Bun manages dependencies through the package.json file, similar to npm and yarn. This

file includes two primary sections for dependencies:

1. Regular Dependencies

These are packages that are necessary for your project to run in both development and

production environments. They are listed under the "dependencies" section in

package.json. For example:

{

"dependencies": {

"express": "ˆ4.18.2",

"axios": "ˆ1.3.0"

}

}

To add a dependency, use the following command:

bun install express

This will add express to the "dependencies" section.

2. Development Dependencies

Development dependencies are packages required only for development tasks like testing,

transpiling, or bundling. They are listed under the "devDependencies" section in

package.json. For example:
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{

"devDependencies": {

"jest": "ˆ29.4.3"

}

}

To add a development dependency, use the -d flag:

bun install -d jest

This will add jest to the "devDependencies" section.

3.3.4 Updating Dependencies

1. Updating a Specific Dependency

To update a single dependency to the latest compatible version, run:

bun update lodash

This will update lodash to the most recent version allowed by the version range

specified in package.json. Bun handles the update process efficiently and ensures

that only necessary dependencies are updated.

2. Updating All Dependencies

To update all dependencies in your project to their latest compatible versions, use the

following command:
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bun update

Bun will scan your package.json file and update all dependencies listed under

"dependencies" and "devDependencies" according to the version ranges

defined in the file.

3. Updating to a Specific Version

If you want to update a package to a specific version, use:

bun install lodash@4.17.21

This ensures that lodash is updated to version 4.17.21, regardless of any version ranges.

3.3.5 Dependency Conflicts and Resolution

1. Understanding Dependency Conflicts

When multiple packages depend on different versions of the same package, dependency
conflicts can arise. For example, one package may require lodash@4.17.21, while

another may need lodash@4.18.0. This can lead to inconsistent behavior if different

versions are used across the project.

Bun aims to resolve conflicts by ensuring that the best-fit version of each package is

selected based on the version constraints defined in the package.json files of all

dependencies. It uses a more efficient and deterministic algorithm than npm, which

reduces the likelihood of version mismatches.

2. Handling Conflicts in Bun

Bun’s approach to resolving dependency conflicts ensures that the most appropriate

version of a package is chosen without causing issues. If conflicts occur, you can review
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the output in the terminal when running commands like bun install or bun

update, which will show you potential conflicts and give you the opportunity to

manually adjust version ranges or update dependencies.

To resolve a conflict, you may need to:

• Update the conflicting packages to a compatible version.

• Manually adjust version ranges in package.json.

• Use a different version range to avoid conflicts.

3. Dependency Deduplication

Bun attempts to deduplicate dependencies by ensuring that the same version of a

package is used across all dependencies. This reduces the overall project size and prevents

multiple copies of the same package from being installed.

3.3.6 Lock Files: bun.lockb

1. Role of Lock Files

Lock files are crucial for ensuring consistent installs across different environments (e.g.,

development, testing, and production). Bun uses a binary lock file (bun.lockb) to

track the exact versions of dependencies that are installed. This file:

• Guarantees that the same versions of dependencies are installed every time the

project is set up, regardless of who is installing.

• Helps speed up installs by storing resolved dependency versions.

• Minimizes conflicts by locking specific versions of dependencies.

2. Managing the Lock File
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When you install or update dependencies with Bun, the bun.lockb file is automatically

created or updated. This file is version-controlled and should be committed to your

project’s source control to maintain consistent installs across all developers and CI/CD

environments.

You can regenerate the lock file by running:

bun install

This will re-synchronize the lock file with the current state of package.json

dependencies.

3.3.7 Removing Dependencies

1. Removing a Regular Dependency

To remove a dependency from your project, run:

bun remove express

This will uninstall express and update both the package.json and bun.lockb

files.

2. Removing a Development Dependency

To remove a development dependency, use the -d flag:

bun remove -d jest

This removes jest from the "devDependencies" section of package.json and

updates the lock file.
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3.3.8 Summary

Key Takeaways

• Bun supports semantic versioning and ensures that dependencies are installed according

to defined version ranges.

• Version ranges provide flexibility, allowing your project to stay up-to-date while

maintaining compatibility with existing code.

• Bun manages dependencies through the package.json file, which tracks both regular

and development dependencies.

• Updating dependencies is easy with bun update or specific version updates.

• Dependency conflicts are resolved efficiently by Bun, with an emphasis on reducing

duplication and maintaining compatibility.

• The bun.lockb file tracks the exact versions of installed dependencies, ensuring

consistent and reproducible builds.
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TypeScript Support in Bun

4.1 Running TypeScript Without Additional Configurations

One of the key advantages of using Bun for your JavaScript and TypeScript projects is its native
TypeScript support. Unlike traditional JavaScript runtimes that require additional

configurations, such as ts-node or setting up a TypeScript compiler, Bun allows you to run

TypeScript code directly, out of the box, without the need for extra build steps or configuration

files.

In this section, we’ll explore how to run TypeScript applications using Bun with no additional

configuration, allowing developers to quickly and efficiently start developing TypeScript

applications.

4.1.1 Native TypeScript Execution in Bun

Bun provides first-class TypeScript support, meaning that TypeScript files can be executed

directly by Bun without needing a separate build process. This eliminates the need to run a

TypeScript compiler or install tools like ts-node for executing TypeScript files.

75
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• Running TypeScript Files Directly

To run a TypeScript file, you can simply use the Bun runtime, just as you would with

JavaScript files. For example, suppose you have a file called app.ts:

// app.ts

const message: string = "Hello, Bun with TypeScript!";

console.log(message);

To run this file, use the following command:

bun app.ts

Bun automatically recognizes the .ts extension and compiles and executes the

TypeScript code without any extra configuration. The output will appear in your terminal:

Hello, Bun with TypeScript!

This simple approach to running TypeScript files directly is one of the main selling points

of Bun for developers who want to work with TypeScript without worrying about

configuration overhead.

4.1.2 Automatic TypeScript Compilation

Bun internally uses esbuild, a fast bundler and minifier, to handle the TypeScript compilation

process. This means that when you run TypeScript code, Bun compiles the TypeScript to

JavaScript automatically behind the scenes.

1. How Bun Compiles TypeScript

When you invoke a .ts file with the bun command, Bun does the following:
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• Reads the TypeScript file: It loads the .ts file, just as it would with a JavaScript

file.

• TypeScript Compilation: Bun compiles the TypeScript code to JavaScript using

esbuild, applying the same transformations as a traditional TypeScript compiler

would. However, this happens instantly as part of the execution process.

• Execution: After compilation, Bun executes the JavaScript code, producing the

output in your terminal.

2. No Need for tsconfig.json

Since Bun automatically compiles TypeScript files on the fly, there is no need to create a

tsconfig.json file for basic usage. By default, Bun handles type-checking and

TypeScript compilation in a way that works seamlessly without requiring manual

configuration.

This is particularly useful for developers who are working on small or simple projects and

want to avoid the complexities of configuring TypeScript in their workflow. For larger

projects, a tsconfig.json can still be used, but it’s optional for simple cases.

4.1.3 Compatibility with TypeScript Features

Bun supports many of the features found in TypeScript, allowing developers to take full

advantage of TypeScript’s capabilities while using Bun. This includes:

• Type Annotations: You can use TypeScript’s static type checking and annotations in your

code, which helps with maintaining type safety.

• Interfaces and Types: Define interfaces and types for your code’s structure and improve

the clarity and maintainability of your codebase.
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• Enums: You can use TypeScript's enums to define sets of named constants for improved

code readability and organization.

• Generics: TypeScript’s generics can be used to create flexible and reusable components.

• Type Inference: TypeScript’s type inference engine works with Bun to provide automatic

types where possible, without requiring explicit annotations.

While Bun executes TypeScript code efficiently, it does not currently support advanced
TypeScript features such as decorators and private class fields as fully as other TypeScript

compilers like the official TypeScript compiler (tsc). However, most common TypeScript

features such as interfaces, generics, type annotations, and enums are supported natively by Bun.

4.1.4 Benefits of Running TypeScript Without Configuration

Running TypeScript directly with Bun without requiring extra configuration or tools offers

several advantages for developers:

1. Speed

Bun’s approach to TypeScript is extremely fast. The compilation step, which would

usually involve a dedicated tool like tsc or ts-node, is optimized with esbuild to

execute quickly. The TypeScript code is compiled and executed instantly, leading to a

significant speed boost in development workflows.

2. Simplicity

By removing the need for additional configuration, such as setting up tsconfig.json,

installing ts-node, or configuring build scripts, Bun streamlines the TypeScript

workflow. Developers can start coding TypeScript applications immediately without

worrying about complex setup procedures.
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3. Reduced Tooling Overhead

With Bun, there’s no need to install and maintain external tools like ts-node, tsc, or

any bundlers. Bun acts as a one-stop solution for running TypeScript code, eliminating

the need for maintaining multiple dependencies and configurations in your project.

4. Simplified Debugging

Since TypeScript is compiled directly by Bun, debugging becomes more straightforward.

The developer does not need to worry about issues that may arise from running TypeScript

through an additional layer like ts-node, where source maps and debugging

configurations can sometimes be tricky. Bun handles it seamlessly, offering a smoother

debugging experience.

4.1.5 Using TypeScript with Bun in a Project

In larger projects, you may still need to use TypeScript in a more structured way, including

custom configurations or advanced features. While Bun doesn’t require a tsconfig.json

file for basic execution, you can still include one if needed for more complex TypeScript setups.

• Adding a tsconfig.json

Although Bun works without a tsconfig.json, you can still create one for projects

that require custom configurations. A simple tsconfig.json file might look like this:

{

"compilerOptions": {

"target": "ES2020",

"module": "ESNext",

"strict": true

},

"include": ["src/**/*.ts"]

}



80

When this configuration is present, Bun will respect it for type-checking and compilation.

However, Bun will still compile and run TypeScript without needing this file, allowing

you to pick up TypeScript syntax without any configuration overhead.

4.1.6 Type Checking and Development Workflow

Although Bun compiles TypeScript on the fly and executes it without requiring configuration,

type checking is not as stringent as it would be with the official TypeScript compiler (tsc). For

basic development, Bun will infer types, but if you need strict type checking for a

production-level project, you can run the TypeScript compiler manually:

tsc --noEmit

This runs the TypeScript compiler for type-checking without generating any JavaScript output,

which is useful when working alongside Bun for type-safe development.

4.1.7 Summary

Key Takeaways

• Bun runs TypeScript natively without any additional setup, configuration, or tools like

ts-node or tsc.

• TypeScript files are compiled and executed automatically using esbuild for fast

compilation and execution.

• For simple TypeScript projects, there is no need for a tsconfig.json file. Bun

handles type checking and compilation out of the box.
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• Bun supports common TypeScript features like type annotations, interfaces, generics,

and enums but may have limited support for advanced features like decorators and private

fields.

• No additional tooling is needed for TypeScript development, reducing overhead and

speeding up workflows.

This simplicity makes Bun an excellent choice for both quick prototyping and full-scale
TypeScript projects. As we move forward in this chapter, we will explore more advanced

TypeScript features in Bun and how to handle complex configurations, ensuring Bun can scale as

your project grows.
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4.2 Differences Between Running TypeScript in Bun and

Node.js

When developing with TypeScript, both Bun and Node.js are prominent environments that

developers may use. While Node.js has been the traditional runtime for JavaScript and

TypeScript applications, Bun introduces a new approach with improved performance and native

support for TypeScript. This section explores the key differences between running TypeScript in

Bun and Node.js, highlighting how these two environments handle TypeScript execution,

compilation, and configuration.

4.2.1 Execution Speed and Compilation

1. Bun's Fast Execution

One of the standout features of Bun is its speed. Bun is built with performance in mind,

leveraging esbuild under the hood, which is a high-performance bundler and compiler.

This gives Bun a significant advantage over Node.js when running TypeScript code.

In Bun, TypeScript files are compiled and executed on-the-fly without any intermediate

build steps. Bun uses esbuild’s just-in-time compilation to process TypeScript directly

into JavaScript before executing it. This results in near-instantaneous execution times,

even with larger codebases. For example:

bun app.ts

In contrast, Node.js requires an external tool like ts-node to run TypeScript files

directly, or it needs to go through a pre-compilation step using the TypeScript compiler

(tsc). This adds extra overhead to the development process.

2. Node.js Execution Requires Tools like ts-node or Pre-compilation
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With Node.js, running TypeScript files involves one of the following:

• Using ts-node: A package that provides the ability to run TypeScript files directly

without needing a separate build step. However, this requires installing and

configuring ts-node and the TypeScript compiler (tsc). Here’s how it typically

works:

npm install ts-node typescript

ts-node app.ts

While ts-node provides a way to run TypeScript directly, it introduces an

additional runtime overhead due to the dynamic compilation process. ts-node

compiles TypeScript to JavaScript as it is run, which can be slower compared to

Bun’s native compilation.

• Pre-compiling with tsc: TypeScript files can also be pre-compiled into JavaScript

using the official TypeScript compiler (tsc), but this requires an extra build step:

tsc app.ts

node app.js

While this approach removes the need for ts-node, it requires additional

commands and configuration, increasing the complexity of the workflow.

In summary, Bun’s native TypeScript support allows for a much faster execution of

TypeScript files compared to Node.js, which relies on third-party tools like ts-node or

pre-compiling with tsc.

4.2.2 Configuration and Setup

1. Bun's Zero Configuration for TypeScript
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Bun takes an approach of zero-configuration for TypeScript. By default, Bun is designed

to work with TypeScript without the need for configuration files or setup. You can run

TypeScript code with a single command, and Bun will automatically handle the

compilation and execution. There is no need for ts-node, tsconfig.json files, or

other configuration files for basic usage.

For example, running the following command in Bun is all that is required:

bun app.ts

This simplicity is a key feature of Bun, particularly for small projects or for developers

who want to quickly start coding without worrying about additional setup.

2. Node.js Requires Configuration

In contrast, Node.js requires a more explicit configuration process for working with

TypeScript. Developers typically need to configure tsconfig.json files for

TypeScript settings, and ts-node needs to be installed to execute TypeScript files

directly without pre-compiling them.

For instance, a typical setup in Node.js involves:

1. Installing dependencies:

npm install typescript ts-node

2. Creating a tsconfig.json file to define compiler options:

{

"compilerOptions": {

"target": "ESNext",

"module": "ESNext",



85

"strict": true

},

"include": ["src/**/*.ts"]

}

3. Running TypeScript files with ts-node:

ts-node app.ts

In a Node.js environment, additional setup and tools like ts-node or tsc are required

to execute TypeScript, making the process more complex compared to Bun’s simple

approach.

4.2.3 Performance and Efficiency

1. Bun's Optimized Performance

Bun’s performance is one of its strongest selling points. As Bun is built using esbuild, a

high-performance bundler and compiler, it benefits from extreme optimization in both

compiling and executing TypeScript code. Esbuild is designed to be blazing fast by

using Go for its implementation and highly parallelized algorithms for faster compilation.

Bun’s ability to compile TypeScript to JavaScript instantly without pre-compiling or

using external tools gives it a notable performance edge, especially in scenarios where

rapid feedback is needed.

For example, Bun runs TypeScript files without any delays:

bun app.ts
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This near-instant compilation can significantly reduce development time, especially

when working with larger projects or files.

2. Node.js and Tooling Performance

While Node.js itself is fast, the performance of TypeScript execution in Node.js is

impacted by the additional tools and compilation steps that are required, especially when

using ts-node. ts-node introduces runtime overhead due to dynamic compilation of

TypeScript files into JavaScript.

Furthermore, when using tsc for pre-compiling TypeScript into JavaScript, there is an

extra build step before execution, adding to the overall development time. This additional

build step can slow down the feedback loop, especially in large codebases.

Although Node.js with tsc or ts-node provides flexibility and robustness, it does not

match the execution speed of Bun for TypeScript projects. Bun's ability to run

TypeScript natively, without an additional compilation step, results in better performance

for developers working with TypeScript.

4.2.4 Type Checking and TypeScript Features

1. Bun and Type Checking

Bun performs type-checking on TypeScript code automatically, even without a

tsconfig.json file. However, Bun focuses more on fast compilation and execution
rather than extensive type checking. While it does handle type-checking during the

compilation process, it may not offer the same level of detail or comprehensive

diagnostics as the official TypeScript compiler (tsc).

For more complex TypeScript projects requiring strict type-checking, developers may

still choose to run the TypeScript compiler separately for a more thorough type-checking
process:
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tsc --noEmit

This allows developers to use Bun for fast development but run tsc for more in-depth

static analysis and error reporting.

2. Node.js with TypeScript and tsc

In a Node.js environment, developers rely on the official TypeScript compiler (tsc) for

type-checking and compiling TypeScript into JavaScript. When using tsc, developers

have full control over the configuration of the TypeScript project through the

tsconfig.json file, enabling strict checks, module resolution, and custom settings.

For large projects, Node.js with tsc is typically the more robust option because it

provides:

• Detailed error reporting and diagnostics during the build process.

• Full control over how TypeScript is compiled and checked.

• The ability to integrate with more sophisticated build pipelines.

While Bun does support TypeScript, it may not provide the same level of customizable
type-checking and strict type validation that tsc offers in Node.js.

4.2.5 Summary of Key Differences

Feature Bun Node.js

TypeScript
Execution

Native support, no additional

tools needed

Requires ts-node or pre-

compilation
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Feature Bun Node.js

Configuration No configuration required for

basic use

Requires tsconfig.json

and additional tools like

ts-node

Execution Speed Extremely fast, no external

build step

Slower, requires additional

steps (ts-node or tsc)

Type Checking Basic type-checking; optional

tsc for more detailed checks

Comprehensive type-

checking with tsc

Performance Optimized with esbuild for

instant compilation

Performance affected by

ts-node or tsc

TypeScript Features Supports most TypeScript

features, but some advanced

features (e.g., decorators)

may not be fully supported

Full support for TypeScript

features with tsc

Use Case Ideal for fast, lightweight

TypeScript development

without extra configuration

Better for larger projects with

complex type-checking needs

4.2.6 Conclusion

Bun and Node.js both provide TypeScript support, but they approach it in different ways. Bun

offers a simplified, fast development experience with zero configuration required, making it

ideal for quick prototyping and projects where speed is paramount. On the other hand, Node.js
with ts-node or tsc provides a more robust, configurable setup that is suited for larger

projects requiring detailed type-checking and custom configurations.
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Choosing between Bun and Node.js depends on the needs of the project. If you are looking for

speed and simplicity, Bun may be the right choice. However, if you need full control over the

build process and require advanced TypeScript features and strict type-checking, Node.js

with tsc might be more appropriate.



Chapter 5

Execution Environment and Performance
Optimization

5.1 The JavaScript Engine Used in Bun

Bun, as a modern JavaScript runtime, takes a unique approach to execution and performance

optimization by utilizing its own custom JavaScript engine. The choice of JavaScript engine is

a key factor in Bun’s performance, making it distinct from traditional runtimes like Node.js or

Deno. Understanding the engine that powers Bun and how it affects the execution of JavaScript

and TypeScript code is crucial for developers who want to leverage Bun’s full potential.

In this section, we will dive deep into the JavaScript engine used in Bun, how it contributes to

the runtime’s speed and efficiency, and the impact of this design choice on the overall

performance of applications.

90
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5.1.1 The Role of JavaScript Engines in Runtimes

Before we explore Bun’s specific choice of JavaScript engine, it’s important to understand the

role that JavaScript engines play in a runtime environment. A JavaScript engine is responsible

for executing JavaScript code within a runtime, converting the code into machine-level

instructions that the computer’s processor can understand.

Popular JavaScript engines include:

• V8 (used by Node.js and Chrome)

• SpiderMonkey (used by Firefox)

• JavaScriptCore (used by Safari)

Each engine implements the ECMAScript standard (the specification that defines JavaScript) but

with varying optimizations, performance characteristics, and internal architectures. The choice

of engine influences everything from how quickly code is executed to how well the runtime

handles concurrency, memory management, and advanced JavaScript features.

5.1.2 The JavaScript Engine Used in Bun: JavaScriptCore

Bun stands out from other JavaScript runtimes because it uses JavaScriptCore, the engine

originally developed by Apple for the Safari browser. JavaScriptCore is a fast and efficient

engine, known for its ability to execute JavaScript code quickly while keeping memory usage

low. It is the same engine that powers Safari’s JavaScript execution.

While other runtimes like Node.js use V8, Bun’s decision to use JavaScriptCore has several

implications:

• Performance Efficiency: JavaScriptCore is designed to run JavaScript with minimal

overhead. It uses a Just-In-Time (JIT) compiler that compiles JavaScript code into
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machine code at runtime, which improves execution speed, especially for frequently

executed code.

• Optimized Garbage Collection: JavaScriptCore comes with an efficient garbage

collection mechanism that ensures the runtime can handle memory allocation and

deallocation smoothly without impacting performance.

• Integration with WebKit: JavaScriptCore is tightly integrated with WebKit, the

underlying engine for Apple’s web browser. This allows Bun to be highly optimized for

browser-like environments, making it especially suitable for full-stack

JavaScript/TypeScript applications, where the code may run both in the server (Bun) and

in the browser (Safari or WebKit-based browsers).

• Why JavaScriptCore?

The decision to use JavaScriptCore in Bun is driven by the goal of maximizing execution
speed while minimizing the resource footprint. Bun is designed to be lightweight and

fast, and by using JavaScriptCore, it can take advantage of optimizations that help reduce

startup time and increase the throughput of requests in a server-side context.

In comparison to V8, which is used by Node.js, JavaScriptCore is known for its lower
memory consumption, which can be particularly advantageous for performance-sensitive

applications. Since Bun is optimized for running JavaScript and TypeScript code in a

variety of environments, JavaScriptCore provides the right balance of performance and

resource efficiency.

5.1.3 Performance Enhancements Provided by JavaScriptCore

JavaScriptCore’s architecture offers a variety of performance enhancements that make Bun stand

out in terms of speed. Here are some of the key performance characteristics of JavaScriptCore

that contribute to Bun’s impressive performance:
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1. Just-In-Time (JIT) Compilation

JavaScriptCore employs JIT compilation to improve execution speed. When code is

executed for the first time, it is interpreted directly. However, frequently executed

functions and code paths are then compiled into optimized machine code, allowing them

to run significantly faster. This dynamic compilation process optimizes execution without

sacrificing the flexibility of the runtime.

In the context of Bun, JIT compilation enables faster execution of JavaScript and

TypeScript, which is crucial for server-side applications where high throughput is

necessary.

2. Low Memory Consumption

JavaScriptCore is designed to have a low memory footprint. Unlike V8, which can be

more memory-intensive, JavaScriptCore is highly efficient in managing memory. This

feature is critical for applications that need to run on resource-constrained environments
or when handling a large number of requests simultaneously.

The garbage collection system of JavaScriptCore is also optimized to minimize the

impact on performance, as it only activates when necessary, reducing the overall overhead.

3. Optimized Garbage Collection

Efficient garbage collection (GC) is a crucial factor for any JavaScript engine, and

JavaScriptCore handles this aspect with great efficiency. It uses generational garbage
collection, which organizes objects into different generations based on their lifespan.

Younger objects, which are more likely to be discarded, are collected more frequently,

while older objects are collected less often, minimizing the impact on long-running

processes.

This approach reduces GC pauses and ensures that Bun applications can run for extended

periods without significant performance degradation. This is especially important for
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high-performance server-side applications, where long execution times and high

request volumes are common.

5.1.4 Comparison with V8 (Node.js)

To further understand how Bun’s JavaScriptCore engine compares to V8, let’s look at the key

differences in how both engines handle JavaScript execution:

Feature JavaScriptCore (Bun) V8 (Node.js)

Memory
Consumption

Lower memory footprint, optimized

for efficiency

Generally higher memory

consumption due to V8’s

architecture

Compilation Just-In-Time (JIT) compilation with

optimizations for frequently executed

code

V8 also uses JIT compilation,

but with a heavier memory

overhead

Garbage Collection Optimized, generational garbage

collection with minimal performance

hits

V8 also uses generational

garbage collection, but

GC pauses can be more

noticeable in long-running

apps

Startup Time Faster startup due to lower resource

requirements

Slower startup, especially

in large applications due to

memory overhead

Performance in High
Load

Excellent performance with lower

resource use

High performance but

potentially higher resource

consumption
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Feature JavaScriptCore (Bun) V8 (Node.js)

Integration with
WebKit

Tight integration, making it well-

suited for web-like environments

Does not have this direct

integration, as V8 is used

primarily for standalone

execution

Bun’s JavaScriptCore engine offers faster startup times and more efficient memory usage
compared to Node.js, especially when dealing with large-scale applications or environments

where resources are limited. However, V8 is a more established engine with wider support and

extensive optimizations over time, which may offer additional features in more complex or

legacy applications.

5.1.5 Advantages of JavaScriptCore in Bun

The use of JavaScriptCore in Bun offers several specific advantages for developers:

1. 1.5.1 Faster Execution in Server-Side Applications

Bun’s JavaScriptCore engine is highly optimized for server-side environments, making it

an excellent choice for high-performance web servers and microservices. The low

memory overhead and fast execution lead to quick response times even under heavy load.

This is particularly beneficial for developers building real-time applications, APIs, or

microservices that need to handle many requests simultaneously.

2. Ideal for Full-Stack Development

Since JavaScriptCore is also used in Safari and WebKit-based browsers, Bun is

optimized for full-stack JavaScript development. You can use Bun on the backend while

also taking advantage of the same engine for client-side execution in Safari or
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WebKit-based browsers. This creates a more unified development experience, as

developers can work with the same engine both on the server and in the browser.

3. Optimized for Resource-Constrained Environments

Bun’s focus on low resource consumption makes it a great option for applications that

need to run in resource-constrained environments such as edge servers, IoT devices, or

serverless platforms. Bun’s small memory footprint allows developers to run lightweight
applications with high performance, making it an attractive option for scaling

applications without incurring high infrastructure costs.

5.1.6 Conclusion

Bun’s use of JavaScriptCore as its JavaScript engine gives it a significant performance

advantage, especially in terms of execution speed and memory efficiency. The combination of

JIT compilation, optimized garbage collection, and low memory usage makes Bun a highly

efficient runtime, particularly for server-side applications and full-stack JavaScript development.

While JavaScriptCore offers notable performance benefits, its tight integration with WebKit also

ensures that Bun is an excellent choice for developers who need a seamless experience between

server-side and client-side execution. As we continue to explore Bun’s capabilities,

understanding the engine that powers it will give developers deeper insights into how to

maximize performance and take full advantage of Bun’s optimized execution environment.
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5.2 Performance Comparison Between Bun and Node.js

Performance is one of the key factors driving the adoption of new runtimes, and Bun is designed

with performance optimization at its core. Given that Node.js has long been the dominant

runtime for JavaScript and TypeScript, understanding how Bun compares in terms of

performance is crucial for developers looking to adopt or migrate to Bun. This section provides

an in-depth comparison of the performance characteristics between Bun and Node.js across

several key areas, such as startup time, execution speed, memory usage, and scalability.

5.2.1 Startup Time

1. Bun's Fast Startup

One of the standout features of Bun is its incredibly fast startup time, which is a key

reason for its appeal in performance-sensitive environments. Bun is optimized to load and

execute applications quickly, providing developers with a near-instantaneous

development experience.

This fast startup is made possible due to several factors:

• Lightweight architecture: Bun is designed to be minimalistic and efficient, with a

small footprint that reduces initialization overhead.

• Efficient JavaScript engine: The JavaScriptCore engine used in Bun is optimized

for low memory consumption and quick startup, helping Bun applications boot up

quickly.

• Zero configuration: Unlike Node.js, which often requires additional setup (e.g., for

TypeScript or dependencies), Bun's out-of-the-box readiness reduces any

unnecessary delays in starting the application.
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For example, running a simple server in Bun typically has a faster initialization time
than in Node.js. Bun skips many of the pre-compilation and configuration steps that are

inherent to Node.js, allowing the application to start up in a fraction of the time.

2. Node.js Startup Time

Node.js, while performant in its own right, tends to have a slower startup time compared

to Bun, particularly for larger applications. The reasons for this include:

• V8 engine initialization: The V8 JavaScript engine, which powers Node.js, is

generally more resource-intensive at startup. This can cause slower application boot

times, especially for applications that require many dependencies or extensive

configuration.

• Dependency resolution: Node.js tends to be slower at resolving dependencies,

particularly when working with large node modules directories. This overhead can

delay the startup time, especially in applications that are dependent on numerous
packages or complex dependency graphs.

A typical Node.js application may experience an added delay in the startup process when

dependencies are being loaded, compiled, or executed, making it less optimized for quick
startups than Bun.

5.2.2 Execution Speed

1. Bun's Execution Speed

Bun’s primary goal is to provide high-performance execution for JavaScript and

TypeScript code. This is achieved through a combination of optimizations:

• Optimized JIT compilation: Bun uses the JavaScriptCore engine, which features

Just-In-Time (JIT) compilation. This allows it to compile frequently executed code

into highly optimized machine code, significantly improving runtime performance.
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• Low memory overhead: Bun is designed to have a low memory footprint, which

means it can execute code more quickly and efficiently, especially in environments

where memory is a constraint.

• Fast TypeScript execution: Bun has native support for TypeScript, which allows it

to compile TypeScript code on-the-fly without additional tooling or build steps. This

eliminates the overhead seen in other runtimes (like Node.js with ts-node or

TypeScript pre-compilation).

As a result, Bun executes JavaScript and TypeScript code more quickly than Node.js

in many scenarios, especially when it comes to I/O-bound operations, data processing,

or serving web requests.

2. Node.js Execution Speed

Node.js is known for its non-blocking I/O model and single-threaded event loop, which

makes it well-suited for handling many concurrent requests efficiently. However, Node.js
execution speed can be impacted by the following:

• V8's performance: While the V8 engine is highly optimized, it is generally slower

than JavaScriptCore in certain areas due to higher memory consumption and more

complex JIT compilation processes.

• Dependency resolution and package loading: Node.js must load and resolve

dependencies from the node modules directory, which can become a bottleneck in

large applications. This overhead slows down the overall execution speed of

Node.js-based applications, particularly when there are large numbers of

dependencies to load.

• TypeScript execution with ts-node: Running TypeScript in Node.js requires

additional tools like ts-node or pre-compilation with tsc. This extra layer of
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tooling introduces a performance penalty, as the TypeScript files must be transpiled

before they can be executed.

While Node.js provides excellent performance in many scenarios, Bun’s execution speed
generally surpasses Node.js due to its more efficient architecture and lack of extra

overhead for TypeScript or package management.

5.2.3 Memory Usage

1. Bun’s Memory Efficiency

Bun is designed with memory efficiency in mind. It uses the JavaScriptCore engine,

which is well-known for having a low memory footprint while maintaining fast execution

speeds. This makes Bun highly scalable for applications running in environments where

memory usage needs to be minimized, such as:

• Edge servers

• Serverless environments

• Resource-constrained environments

By consuming fewer resources, Bun is able to run at scale with less hardware, which is

particularly advantageous when working with high concurrency or microservices
architectures.

2. Node.js Memory Usage

In comparison, Node.js with V8 tends to consume more memory due to the following

factors:

• Higher memory consumption of V8: The V8 engine’s memory usage is generally

higher compared to JavaScriptCore, particularly when managing large object heaps
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and garbage collection cycles. This can lead to increased memory usage in

long-running applications.

• Dependency resolution: As Node.js loads dependencies from node modules,

memory usage can increase, especially when dealing with numerous dependencies
or large package sizes.

Node.js is suitable for applications with moderate memory requirements, but in

high-performance scenarios, especially when running many concurrent instances or

handling large datasets, Bun’s lower memory consumption provides a distinct advantage.

5.2.4 Scalability and Concurrency

1. Bun’s Scalability

Bun is designed to scale efficiently, especially in scenarios where I/O-bound operations
or high concurrency are involved. Its architecture allows it to handle multiple requests
or tasks concurrently without significantly affecting performance.

• Non-blocking I/O: Like Node.js, Bun leverages an event-driven, non-blocking I/O
model that allows it to handle multiple requests concurrently with minimal overhead.

• Low resource usage: Bun’s low memory footprint means that it can run many more

instances of a service on the same hardware compared to Node.js, which is beneficial

for microservices or distributed systems.

Bun is highly efficient in scenarios where horizontal scalability is essential, such as

handling numerous API requests or serving high volumes of real-time data.

2. Node.js Scalability

Node.js is also highly scalable due to its non-blocking I/O and single-threaded event
loop, but it can face challenges in certain high-concurrency scenarios:



102

• Memory limitations: The higher memory usage of Node.js may become a limiting

factor when running applications at scale. For large applications or services that

need to handle a lot of concurrent connections, Node.js may require more hardware

resources, resulting in higher infrastructure costs.

• Cluster mode: While Node.js provides a cluster module that allows multiple

instances of the application to run on different CPU cores, this adds complexity and

introduces overhead for managing processes and load balancing.

Node.js can still scale very effectively, but Bun’s lower resource usage and faster

execution speed give it an edge when working in highly concurrent or

resource-constrained environments.

5.2.5 Performance in Real-World Scenarios

1. Benchmarks

In various benchmark tests, Bun has consistently shown superior performance in both

startup time and execution speed when compared to Node.js. For example:

• API Response Time: Bun has demonstrated faster response times in serving API

requests due to its optimized JavaScriptCore engine and the elimination of extra
build steps for TypeScript code.

• Memory Consumption: Bun has shown to be more memory-efficient, especially in

high-concurrency scenarios where Node.js applications tend to consume more

resources as the number of requests increases.

2. Real-World Use Cases

• Web Servers: Bun’s fast execution and low memory usage make it an excellent

choice for high-performance web servers or microservices, where low latency and

scalability are crucial.
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• Serverless Applications: Because of its low startup time and efficient memory
usage, Bun is well-suited for serverless platforms or edge computing, where

minimal resource usage and fast response times are critical.

• Real-Time Data Processing: For applications like real-time analytics, chat
servers, or live notifications, Bun’s performance optimizations help reduce latency

and increase throughput compared to Node.js.

5.2.6 Conclusion

While Node.js has been the go-to runtime for JavaScript and TypeScript applications for years,

Bun presents a compelling alternative for developers who require faster startup times, higher
execution speeds, and lower memory usage. With its unique architecture and the use of the

JavaScriptCore engine, Bun consistently outperforms Node.js in benchmarks and real-world

scenarios.

In conclusion, Bun is a high-performance alternative to Node.js, offering significant

advantages in areas like startup time, execution speed, and memory efficiency. For developers

working on performance-critical applications, Bun’s optimizations make it a worthwhile choice

to explore further.
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5.3 Resource Consumption Optimization

Resource consumption optimization is one of the critical aspects of any modern runtime,

especially for applications that scale dynamically or operate in resource-constrained

environments. In the world of JavaScript runtimes, Bun stands out due to its emphasis on

efficient resource utilization, providing developers with tools and optimizations that allow

them to build high-performance applications without overburdening the system.

This section will delve into how Bun optimizes its resource consumption, covering its memory

usage, CPU efficiency, and strategies for reducing overhead. We’ll explore how Bun’s design
principles and internal optimizations make it an ideal choice for developers working on

scalable, resource-sensitive applications.

5.3.1 Memory Consumption Optimization

1. Low Memory Footprint

One of the standout features of Bun is its low memory footprint, which is achieved

through several architectural choices aimed at reducing memory overhead. This makes

Bun a great choice for applications running in resource-constrained environments, such

as edge servers, mobile backends, or serverless platforms where memory resources are

limited.

Bun achieves low memory consumption in the following ways:

• Efficient Garbage Collection: Bun uses the JavaScriptCore engine for executing

JavaScript and TypeScript, which comes with an optimized garbage collection (GC)

system. The GC in JavaScriptCore is tuned to minimize the impact of memory
management on performance, reducing the time spent in memory cleanup and

preventing memory leaks. By using generational GC, JavaScriptCore only collects
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older, less likely-to-be-collected objects less frequently, allowing for better overall

performance in long-running applications.

• Optimized Object Management: Bun is efficient in managing the allocation and

deallocation of memory. It employs object pooling and other memory management

techniques that reduce the need to repeatedly allocate and deallocate memory during

program execution. This keeps memory usage low and eliminates memory

fragmentation, especially in long-running applications.

• Lazy Loading of Modules: Unlike other runtimes, Bun lazily loads modules and

dependencies when needed. This means that instead of loading all dependencies

upfront, Bun only loads the required modules dynamically as the application

progresses. This helps reduce the memory footprint since only relevant code is

loaded, avoiding the unnecessary loading of unused modules into memory.

2. Memory Management in Long-Running Processes

For applications that run over extended periods, such as web servers or microservices,

memory leaks and inefficient memory usage can cause serious performance degradation.

Bun’s efficient memory management system ensures that it remains memory-efficient
even during long-running processes. The low GC overhead ensures that the system

doesn’t experience long pauses due to garbage collection, which is critical in

high-performance applications like real-time web servers.

This is particularly advantageous when running applications at scale. Bun’s ability to

manage memory efficiently means that developers can deploy applications in

environments that may have strict memory limits, like containerized applications or

serverless functions, without experiencing significant memory bloat or degradation.

5.3.2 CPU Consumption Optimization

1. Efficient CPU Usage
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Bun is designed to make the most efficient use of CPU resources, which is crucial for

high-throughput applications like web servers, APIs, and real-time services. Several key

aspects contribute to Bun’s CPU efficiency:

• Single-threaded Event Loop: Much like Node.js, Bun uses an event-driven,
non-blocking I/O model. This model allows Bun to handle thousands of concurrent

operations on a single thread without the need to spawn multiple threads, thus

reducing CPU consumption. The event loop processes asynchronous tasks (e.g., file

I/O, network requests) without blocking the main execution thread, preventing the

CPU from being idly waiting for tasks to complete.

• Efficient Task Scheduling: Bun’s internal scheduler is optimized to allocate CPU

time only when necessary. Tasks are processed in batches and managed in a way

that ensures the CPU is used efficiently, avoiding unnecessary context switching or

idle periods. This is particularly important when handling large numbers of

simultaneous requests or processing intensive computations.

• Optimized Async I/O Operations: Bun optimizes I/O-bound operations (e.g., file

reading, HTTP requests) to minimize CPU consumption. Since many real-world

applications are I/O-heavy, Bun’s ability to handle these tasks without heavy CPU

involvement makes it ideal for handling high-concurrency applications where CPU

resources need to be distributed efficiently across multiple tasks.

2. Multithreading for Heavy Tasks

While Bun primarily uses a single-threaded event loop for lightweight tasks, it can also

efficiently offload compute-intensive tasks to separate threads. For example, during

computationally heavy operations like large-scale data processing or complex calculations,

Bun can distribute the workload across multiple CPU cores, using Web Workers or other

threading mechanisms.
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This multithreaded approach to resource-intensive tasks ensures that Bun can leverage

the full capabilities of multi-core processors, providing optimal performance in

CPU-bound workloads. This reduces the risk of CPU bottlenecks in high-load

applications.

5.3.3 Disk and I/O Optimization

1. Fast I/O Operations

For most applications, disk I/O is one of the most common causes of performance

bottlenecks. Bun optimizes disk and file system interactions in several ways:

• File System Caching: Bun implements an advanced caching layer for reading and

writing files. This means that frequently accessed files are kept in memory, avoiding

the need to repeatedly read them from disk. This significantly reduces the time spent

on disk I/O, especially in applications that rely on reading from large files or

databases.

• Efficient Module Resolution: When loading dependencies or modules, Bun uses a

fast, optimized module resolution system that minimizes the time spent searching

for and loading external code. By using faster file system access and internal
module caches, Bun can quickly resolve and load modules, which is especially

important for server-side applications where I/O operations are common.

• Asynchronous I/O: Bun uses asynchronous APIs for interacting with the file system,

allowing it to handle multiple I/O operations concurrently without blocking the event

loop. This ensures that Bun can handle high volumes of file reads and writes while

maintaining low resource consumption.

2. File System API Optimizations
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Bun includes optimizations in its File System API that allow for non-blocking, efficient

reading and writing of files. These optimizations prevent long delays caused by disk I/O,

which can occur in other runtimes like Node.js when dealing with large files or performing

multiple simultaneous reads and writes. By allowing multiple file operations to run

concurrently without blocking the main execution thread, Bun reduces the overall latency
and resource usage during file system interactions.

5.3.4 Scalability and Distributed System Optimizations

• Efficient Resource Utilization at Scale

As applications grow in complexity and scale, resource utilization becomes an even more

pressing concern. Bun is designed to scale efficiently, even in large, distributed systems

with many moving parts. Here are some key optimizations that contribute to Bun’s

scalability:

– Horizontal Scalability: Bun applications are highly optimized to run across

multiple instances on distributed systems, such as containerized environments (e.g.,

Docker, Kubernetes) or serverless platforms (e.g., AWS Lambda, Google Cloud

Functions). Its low memory and CPU consumption make it possible to run many

instances of the same application on a single machine, reducing infrastructure costs.

– Event-driven Architecture: Bun’s event-driven, non-blocking I/O model allows it

to handle high volumes of concurrent tasks without significantly increasing CPU

and memory consumption. This makes Bun particularly effective for microservices
architectures where multiple services need to communicate efficiently with each

other while keeping resource consumption low.

– Built-in Optimization for Serverless: Since Bun is optimized for low startup times

and minimal memory usage, it is particularly well-suited for serverless
architectures, where resources are allocated on-demand, and scaling occurs
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automatically. Bun ensures that resource consumption remains optimized as the

application scales up or down in response to traffic changes.

5.3.5 Conclusion

Bun is a performance-oriented runtime that focuses on optimizing resource consumption across

several critical areas, including memory usage, CPU efficiency, I/O operations, and

scalability. Its choice of JavaScriptCore engine, efficient memory management, and

optimizations for both CPU and I/O make it an excellent choice for building high-performance

applications, especially in resource-constrained environments.

By adopting strategies like lazy loading, multithreading for heavy tasks, asynchronous file
system access, and event-driven concurrency, Bun provides developers with the tools to build

applications that are not only fast but also highly efficient in their use of resources. Whether

running on a serverless platform, within edge environments, or as part of a high-concurrency
microservices architecture, Bun allows developers to ensure that their applications maintain

optimal performance without consuming unnecessary resources.

For developers focused on building scalable, efficient, and high-performance applications,

Bun’s resource consumption optimizations offer a significant advantage over other runtimes,

especially in use cases where speed and efficiency are paramount.



Chapter 6

File and Network Handling

6.1 Reading and Writing Files in Bun

When building applications, working with files is an essential task, whether you are managing

configuration files, logging data, processing user uploads, or reading and writing to databases.

Efficiently handling file operations is crucial for performance, scalability, and resource

management. Bun, being a performance-oriented JavaScript runtime, brings significant

optimizations in the way files are handled compared to other runtimes like Node.js.

This section will delve into how Bun simplifies and optimizes the process of reading and writing

files, with a focus on the APIs available, the underlying design principles, and best practices for

working with files in a Bun-powered application.

6.1.1 File System APIs in Bun

Bun offers a set of file system APIs that allow developers to interact with files in an efficient and

straightforward manner. These APIs are built on top of Web Platform APIs, specifically the

File System Access API, providing an intuitive and modern approach to file management in

110
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JavaScript.

1. Asynchronous and Non-Blocking Operations

One of the key design principles of Bun is its emphasis on non-blocking operations. The

file system APIs in Bun are fully asynchronous, meaning that file reads and writes do not

block the main execution thread. This asynchronous behavior ensures that your

application remains responsive and efficient, even when performing complex file

operations.

For instance, Bun provides async/await-based file methods that enable developers to read

and write files without freezing the application’s event loop, allowing other tasks to

proceed concurrently.

// Reading a file asynchronously

const data = await Bun.read("path/to/file.txt", "utf-8");

console.log(data);

// Writing to a file asynchronously

await Bun.write("path/to/output.txt", "Hello, Bun!", "utf-8");

This asynchronous approach significantly enhances the performance of I/O-bound

applications, as it allows file operations to occur in the background without negatively

impacting other parts of the application.

2. Synchronous Operations

While asynchronous operations are preferred for non-blocking behavior, Bun also

provides synchronous file methods for scenarios where blocking I/O is acceptable or

even necessary, such as during initialization or for tasks that must complete before

continuing the execution. These synchronous methods work similarly to the asynchronous

ones but return results directly and block the execution until the operation is complete.
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// Reading a file synchronously

const data = Bun.readSync("path/to/file.txt", "utf-8");

console.log(data);

// Writing to a file synchronously

Bun.writeSync("path/to/output.txt", "Hello, Bun!", "utf-8");

These synchronous operations can be used for tasks that do not require high concurrency,

and they provide a more straightforward approach for certain use cases, though they

should be used cautiously in performance-sensitive applications.

6.1.2 Reading Files in Bun

Reading files in Bun is highly optimized to ensure both speed and resource efficiency. Here are

the different methods and considerations for reading files:

1. Text File Reading

Bun makes it easy to read text files in various encodings, such as UTF-8, which is a

common character encoding for text-based data. By default, the read function supports

UTF-8 encoding, but other encodings can also be specified if needed.

// Reading a UTF-8 encoded text file

const content = await Bun.read("example.txt", "utf-8");

console.log(content);

The read function returns a promise that resolves with the file's content. This allows you

to use async/await or .then() for handling the asynchronous nature of file reading.

2. Binary File Reading
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For non-text files, such as images, audio, or binary data, Bun also provides the capability

to read files in binary format. Binary files can be read using the same read method, but

with the encoding parameter set to null or omitted. This will ensure that the file is read

as a Buffer rather than a string.

// Reading a binary file (e.g., image or audio)

const buffer = await Bun.read("image.png");

console.log(buffer);

The result of the read operation is a Buffer object, which is an efficient way to handle

binary data in Node.js-like environments.

3. Streamed File Reading

Bun also supports streamed file reading, which allows developers to read files piece by

piece, which is particularly useful for large files that do not need to be loaded entirely into

memory at once. Streams in Bun work similarly to Node.js streams, but Bun's

event-driven system and optimized performance provide a smoother experience for

dealing with large volumes of data.

// Example of reading a file as a stream

const fileStream = Bun.open("largeFile.txt");

for await (const chunk of fileStream) {

console.log(chunk);

}

Using streams to read large files reduces memory usage by avoiding the need to load the

entire file into memory, and it is suitable for scenarios where you are dealing with files

that may exceed the available memory.
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6.1.3 Writing Files in Bun

Writing files in Bun is similarly efficient and flexible, offering both asynchronous and

synchronous methods to meet different use cases. Bun supports a variety of file-writing

operations to ensure that files are written to disk in an optimized and non-blocking manner.

1. Writing Text Files

Writing text files is straightforward with Bun. You can write to a file asynchronously by

specifying the file path, data to write, and encoding format. If the file does not exist, Bun

will create it for you. If it exists, it will be overwritten by default, unless you specify an

option to append data.

// Writing to a text file asynchronously

await Bun.write("output.txt", "This is some text", "utf-8");

This operation is asynchronous, and Bun will write the data to the specified file in the

background. You can use await to handle the result once the write operation is

completed.

2. Writing Binary Files

Bun also supports writing binary data, such as images or files that require encoding other

than text. Just like reading binary files, writing binary data is done using the write

method without a specified encoding.

// Writing binary data (e.g., image)

const binaryData = new Uint8Array([255, 216, 255, 224]); // Example

binary data↪→

await Bun.write("image.jpg", binaryData);
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Bun’s ability to handle binary data efficiently means that you can write files of any format,

including media files, without encountering unnecessary overhead or performance issues.

3. Appending Data to Files

If you want to append data to an existing file rather than overwrite it, you can use the

write method with the append option. This allows you to add data to the end of the

file, useful for logging or data collection tasks.

// Appending text to a file

await Bun.write("log.txt", "New log entry", "utf-8", { append: true

});↪→

This feature ensures that you can manage log files, output files, or any other content that

requires incremental updates without the risk of overwriting existing data.

6.1.4 Error Handling in File Operations

Error handling is an important aspect of file management. Bun’s file system APIs propagate

errors using try/catch blocks for asynchronous operations, which helps handle any issues that

arise during file reading or writing.

For example, when reading a file, if the file does not exist or there is a permission issue, an error

will be thrown:

try {

const data = await Bun.read("nonexistent.txt", "utf-8");

console.log(data);

} catch (error) {

console.error("Error reading file:", error.message);

}
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It is essential to handle errors properly in file-based operations to ensure that your application

can recover from unexpected file system issues.

6.1.5 Conclusion

Bun provides a powerful and efficient set of file system APIs for working with files in both text
and binary formats. Its asynchronous nature ensures non-blocking I/O operations, while the

ability to handle large files through streams and efficiently manage memory resources makes it

a great choice for high-performance applications.

By supporting both synchronous and asynchronous file reading and writing, along with the

ability to append data and work with binary files, Bun offers flexibility to developers building

diverse applications. Whether you're dealing with simple text files or large binary assets, Bun’s

file handling system provides an optimized, high-performance solution for managing file

operations.

With its built-in error handling mechanisms and intuitive API design, Bun simplifies file

management tasks, making it a valuable tool for any developer working with file-based data in a

modern JavaScript runtime.
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6.2 Handling Networks and HTTP Requests

In modern web development, handling network requests and interacting with external APIs is

essential for building dynamic applications. Whether you are building a REST API server,

integrating third-party services, or simply fetching data for your application, efficient network

handling is crucial to application performance, scalability, and reliability.

In this section, we’ll explore how Bun simplifies and optimizes handling networks and HTTP

requests. We'll cover Bun’s built-in tools for HTTP request handling, making it an excellent

choice for developers who need a fast, lightweight runtime for networked applications.

6.2.1 The HTTP Client in Bun

Bun comes with an HTTP client that enables you to interact with external APIs, download

resources, and make HTTP requests to other services. Built on top of the fetch API, which is

now a standard for making network requests in JavaScript, Bun’s HTTP client is designed to be

fast, simple to use, and fully asynchronous, making it an excellent choice for both server-side

and client-side network interactions.

1. Making HTTP Requests

Bun’s HTTP client is an extension of the fetch API, which has become the modern

standard for making HTTP requests in JavaScript environments. Unlike older approaches

such as XMLHttpRequest or node-fetch (which is used in Node.js), Bun’s fetch

implementation is built with performance in mind, leveraging the JavaScriptCore
engine and optimizing the internals for faster network calls.

Making an HTTP request with Bun is as simple as calling the fetch method, which

supports all HTTP verbs like GET, POST, PUT, DELETE, and more.
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// Performing a GET request

const response = await fetch("https://api.example.com/data");

const data = await response.json();

console.log(data);

The response object returned by the fetch call is a Response object, and it supports

methods such as .json(), .text(), and .blob() for handling various types of

response bodies. For instance, the .json() method is used to parse the response as

JSON data.

// Performing a POST request with JSON payload

const postData = { key: "value" };

const response = await fetch("https://api.example.com/submit", {

method: "POST",

headers: { "Content-Type": "application/json" },

body: JSON.stringify(postData),

});

const result = await response.json();

console.log(result);

Bun’s HTTP client also supports options like timeout, redirect handling, and request
cancellation, making it versatile for many use cases.

2. Streaming Responses

For larger responses, like streaming media files or chunks of data, Bun supports

streaming the response directly, allowing the developer to process the data in chunks as it

arrives, rather than waiting for the full response to download.
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// Performing a POST request with JSON payload

const postData = { key: "value" };

const response = await fetch("https://api.example.com/submit", {

method: "POST",

headers: { "Content-Type": "application/json" },

body: JSON.stringify(postData),

});

const result = await response.json();

console.log(result);

This approach is particularly useful when dealing with large files, as it reduces the amount

of memory consumed by storing large datasets in memory all at once.

3. Custom Headers and Authentication

Bun’s fetch API allows you to add custom headers, which is crucial when interacting with

APIs that require authentication, like OAuth tokens or API keys. Setting headers is done

through the headers option, just as with the fetch API in the browser.

// Adding headers for authentication

const response = await fetch("https://api.example.com/secure-data", {

headers: {

"Authorization": `Bearer ${yourAuthToken}`,

},

});

const data = await response.json();

console.log(data);

Additionally, you can manage cookies and session-based authentication by interacting
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with cookies directly through the fetch API or using external libraries to manage state

across requests.

6.2.2 The HTTP Server in Bun

Bun is not only capable of making HTTP requests but can also serve as an HTTP server. This

capability allows developers to build APIs, serve static files, or even create full-fledged web

applications directly with Bun, without the need for external frameworks like Express. This is a

significant advantage for developers looking for a lightweight, high-performance solution for

handling HTTP requests.

1. Setting Up an HTTP Server

To create a basic HTTP server, you can use the Bun.serve() method, which is the

central method for setting up HTTP servers. Bun’s HTTP server is optimized for high
concurrency, making it capable of handling a large number of requests with minimal

overhead.

// Creating a basic HTTP server in Bun

Bun.serve({

fetch(request) {

return new Response("Hello from Bun!");

},

port: 3000, // You can specify the port

});

The fetch method within the server handler is where you define how to process

incoming HTTP requests. This handler will receive an HTTP request object and must

return an HTTP Response object. The request object contains information such as

HTTP method, URL, headers, and body.
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You can handle different HTTP methods (GET, POST, etc.) in the server and route

requests accordingly:

Bun.serve({

fetch(request) {

if (request.method === "POST") {

return new Response("Post request received");

} else {

return new Response("GET request received");

}

},

});

2. Handling Routes and Dynamic Data

For more complex server applications, you can handle dynamic data and routes within the

Bun HTTP server. Bun allows you to parse the URL path and query parameters to create

more flexible endpoints.

Bun.serve({

fetch(request) {

return new Response(Bun.file("path/to/static/file.html"));

},

port: 3000,

});

In this example, the server will respond with a personalized greeting if the query parameter

name is provided. This approach lets you create APIs with minimal overhead and allows

for easy manipulation of request data, similar to frameworks like Express or Koa.

3. Static File Serving



122

Bun also has built-in support for serving static files, which is essential for serving assets

like images, stylesheets, or JavaScript files. You can define a directory to serve static

assets by using the static option:

Bun.serve({

fetch(request) {

if (request.headers.get("upgrade") === "websocket") {

const [client, server] = Bun.upgradeWebSocket(request);

server.send("Welcome to the WebSocket server!");

client.onmessage = (message) => {

server.send(`You said: ${message.data}`);

};

}

return new Response("Not a WebSocket request");

},

});

This approach allows you to serve HTML files, JSON, and any other type of file directly

from the file system, without the need for additional server-side processing. Bun's

file-serving capabilities are optimized for speed, reducing the time it takes to serve static

resources and improving overall response times.

6.2.3 Advanced Networking Features

1. WebSockets

Bun also supports WebSockets, making it a great choice for real-time applications, such

as chat apps, live notifications, and multiplayer games. WebSockets allow for full-duplex

communication between the server and client over a single, persistent connection, which

can be more efficient than repeatedly polling for updates.
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Bun.serve({

fetch(request) {

if (request.headers.get("upgrade") === "websocket") {

const [client, server] = Bun.upgradeWebSocket(request);

server.send("Welcome to the WebSocket server!");

client.onmessage = (message) => {

server.send(`You said: ${message.data}`);

};

}

return new Response("Not a WebSocket request");

},

});

In this example, the server upgrades the connection to a WebSocket if the request contains

the upgrade header, and the server can now send and receive messages in real time.

2. HTTP/2 Support

Bun natively supports HTTP/2, which is a significant improvement over HTTP/1.x in

terms of both speed and efficiency. HTTP/2 allows for multiplexing, header compression,

and prioritization, resulting in faster load times and better utilization of network resources,

especially when making many requests to the same server.

Bun.serve({

fetch(request) {

return new Response("Hello via HTTP/2", { headers: {

"content-type": "text/plain" } });↪→

},

httpVersion: "2",

});
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By enabling HTTP/2, Bun ensures that your application takes full advantage of the latest

networking protocols to maximize performance.

6.2.4 Conclusion

Bun’s handling of network requests and HTTP communication is designed for high
performance, offering developers a fast and efficient way to interact with external services,

serve HTTP requests, and build real-time applications.

With Bun’s implementation of the fetch API and its ability to serve HTTP requests, handle

dynamic routes, serve static files, and even support WebSockets and HTTP/2, it provides a

comprehensive solution for building both client-side and server-side networked applications.

For developers focused on building high-performance web servers, API backends, or real-time
applications, Bun’s networking features allow for low-latency communication, scalability,

and reduced resource consumption compared to other runtimes. By leveraging Bun’s powerful

built-in tools for handling HTTP requests and serving content, developers can build modern,

efficient web applications with minimal overhead and maximum speed.
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6.3 Running Servers with Bun

Building and running servers is one of the core functionalities of a modern JavaScript runtime,

and Bun provides an easy, efficient, and high-performance way to handle HTTP requests directly.

Whether you're creating an API server, handling web requests, or serving static assets, Bun

offers a lightweight and highly optimized approach for running servers, making it an excellent

choice for developers aiming to build scalable and fast applications.

In this section, we will cover how to set up and run a server using Bun, exploring Bun's

capabilities, such as serving dynamic content, routing, middleware integration, and advanced

configurations. We will also compare Bun’s server capabilities with traditional Node.js servers

to understand why Bun is a powerful alternative.

6.3.1 Introduction to Bun's HTTP Server

Bun’s HTTP server is built for speed and minimalism, making it a fantastic choice for

developers who want to quickly spin up a server without the overhead of using larger

frameworks. The server is lightweight yet powerful enough to handle production workloads. It

is designed to run at high concurrency with lower memory usage and faster response times

compared to traditional Node.js server implementations.

The core function used to start a server in Bun is Bun.serve(). This function initializes an

HTTP server, accepts a configuration object, and starts the server on a specified port. The basic

functionality is simple, but it supports a wide array of advanced options, such as middleware,

routing, and custom handling.

1. Simple HTTP Server Setup

To create a simple HTTP server using Bun, you can use the Bun.serve() method,

which handles incoming requests and sends responses.
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// Simple HTTP server in Bun

Bun.serve({

fetch(request) {

return new Response("Hello from Bun Server!");

},

port: 3000, // Specify port

});

This server listens on port 3000 and responds with the text "Hello from Bun

Server!" for all incoming requests. The fetch function within Bun.serve() acts

as the request handler, where the request object is passed and the appropriate response

is returned.

2. Basic Response Structure

Each request in the Bun server is handled by the fetch function, which must return a

Response object. The Response object can represent the server’s response, such as text,

JSON, or other content types.

Here is an example of sending a JSON response:

Bun.serve({

fetch(request) {

return new Response(

JSON.stringify({ message: "Welcome to Bun's HTTP Server!" }),

{ headers: { "Content-Type": "application/json" } }

);

},

port: 3000,

});

This code sends a JSON response along with a proper Content-Type header. Bun’s
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server responds to all HTTP methods (GET, POST, PUT, DELETE, etc.), and each request

can be handled as needed based on the method or URL path.

6.3.2 Handling Routes and Dynamic Content

For more complex use cases, you might need to handle different routes or dynamic content.
Bun’s server allows you to work with URL paths and HTTP methods easily. While Bun doesn’t

come with built-in routing like Express or other larger frameworks, routing can be handled

through simple conditional statements.

1. Basic Route Handling

You can handle different routes by checking the URL path in the incoming request. For

example, if you want to handle a route for /about and another for /contact, you can

implement it like this:

Bun.serve({

fetch(request) {

const url = new URL(request.url);

if (url.pathname === "/about") {

return new Response("This is the About page.");

} else if (url.pathname === "/contact") {

return new Response("This is the Contact page.");

} else {

return new Response("Welcome to the server!", { status: 404 });

}

},

port: 3000,

});

This implementation checks the request URL’s pathname and responds accordingly,
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providing dynamic content based on the route. You can extend this logic to handle

multiple routes, making it easy to build a RESTful API or serve different types of content

from your server.

2. Dynamic Content with URL Parameters

Bun’s server also allows you to capture dynamic parts of the URL, such as query

parameters or path segments. You can access the query string of the URL using the URL

object and use it to generate dynamic responses.

Bun.serve({

fetch(request) {

const url = new URL(request.url);

const name = url.searchParams.get("name") || "Guest";

return new Response(`Hello, ${name}!`);

},

port: 3000,

});

In this case, if you visit http://localhost:3000/?name=John, the server will

return Hello, John!. If no query parameter is provided, it defaults to ”Guest”. This is

a simple way to make your content dynamic based on input or URL parameters.

6.3.3 Middleware in Bun

Bun’s server allows for the integration of middleware, which are functions that run before

handling the main request. Middleware functions can be used to perform tasks such as logging,

authentication, or request validation before passing the request to the core handler.

1. Example of Middleware for Logging
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You can implement middleware by placing logic within the fetch function that handles

the request. For instance, a simple logging middleware can log every incoming request:

Bun.serve({

fetch(request) {

// Logging middleware

console.log(`${request.method} request to ${request.url}`);

return new Response("Request logged successfully.");

},

port: 3000,

});

In this example, the middleware logs every request's method (GET, POST, etc.) and URL

before handling the request. This is helpful for debugging or tracking requests in

production applications.

2. Authentication Middleware

Middleware can also be used to perform checks like authentication or authorization. For

example, you could implement an API key check before allowing access to sensitive

endpoints:

Bun.serve({

fetch(request) {

const apiKey = request.headers.get("Authorization");

if (apiKey !== "your-secure-api-key") {

return new Response("Unauthorized", { status: 401 });

}

return new Response("Access granted.");
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},

port: 3000,

});

In this example, requests with an invalid or missing Authorization header will be

rejected with a 401 Unauthorized status.

6.3.4 Advanced Server Configurations

While the basic server setup is simple, Bun also allows for advanced configurations, such as

serving static files, handling custom HTTP headers, or enabling HTTPS for secure

communication. These configurations allow you to create a production-ready server in a matter

of minutes.

1. Serving Static Files

To serve static assets like images, JavaScript files, or CSS, Bun allows you to serve files

from the local filesystem. This is especially useful for web applications that need to serve

assets to the browser.

Bun.serve({

fetch(request) {

return new Response(Bun.file("path/to/static/index.html"));

},

port: 3000,

});

This server setup will return the file located at path/to/static/index.html

whenever a request is made. Bun will read the file from the disk and return it as the HTTP
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response. The response is automatically set with the appropriate content type based on the

file extension (e.g., .html files return text/html).

2. Enabling HTTPS

For secure communication, Bun supports running a server over HTTPS by passing SSL

certificates into the Bun.serve() method. You can easily secure your application by

providing the appropriate certificate files.

Bun.serve({

fetch(request) {

return new Response("This is a secure server.");

},

port: 3000,

tls: {

cert: Bun.file("path/to/cert.pem"),

key: Bun.file("path/to/key.pem"),

},

});

This setup ensures that your server is capable of handling encrypted communications,

which is essential for applications handling sensitive data or operating in production

environments.

6.3.5 Comparing Bun’s Server to Node.js Servers

While Bun’s server capabilities are similar to those of Node.js servers, there are a few key

differences that make Bun a compelling choice for developers seeking speed and efficiency.

• Performance: Bun is built with a strong focus on performance, leveraging the

JavaScriptCore engine, which provides better raw performance compared to Node.js’s V8

engine in many cases.
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• Concurrency: Bun can handle a significantly higher number of concurrent requests with

lower memory consumption compared to Node.js, thanks to its optimized HTTP server

and design.

• Simplicity: Bun’s server setup is simple and minimalistic, allowing developers to get up

and running with fewer lines of code than with traditional Node.js setups. Bun focuses on

minimalism and speed rather than providing a large set of additional features, making it

ideal for developers who need lightweight, fast, and efficient solutions.

6.3.6 Conclusion

Bun’s ability to run high-performance servers is one of its standout features, offering developers

a way to quickly create HTTP servers with minimal overhead. Whether you're building an API,

serving static files, or handling WebSocket connections, Bun provides the tools needed to build

scalable, efficient, and modern server-side applications.

With support for simple HTTP servers, dynamic routing, middleware, and advanced
features like static file serving and HTTPS, Bun allows you to create production-ready

applications quickly. When compared to traditional server setups in Node.js, Bun offers

advantages in speed, resource consumption, and developer efficiency, making it an excellent

choice for modern server-side development.
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Module Support and Importing

7.1 Differences between ESModules and CommonJS in Bun

In the JavaScript ecosystem, two major module systems are used for importing and exporting

code: ESModules (ESM) and CommonJS (CJS). These systems have been widely adopted,

and understanding the differences between them is essential for writing modern JavaScript

applications. Bun, as a next-generation JavaScript runtime, provides robust support for both

module systems, but with a few key distinctions that set it apart from traditional Node.js

behavior.

This section explores the differences between ESModules and CommonJS in Bun, how Bun

handles them, and how developers can utilize these systems to build efficient and modern

applications.

7.1.1 Overview of ESModules and CommonJS

1. ESModules (ESM)

ESModules (ESM) is the official module system introduced in ECMAScript 6 (ES6). It

133



134

was designed to be standardized and universal, enabling a more consistent and efficient

way to handle modules in JavaScript. ESModules offer built-in support for static analysis,

tree shaking, and a standardized syntax for both imports and exports.

Syntax:

// Importing a named export

import { myFunction } from './myModule.js';

// Importing the default export

import myModule from './myModule.js';

// Exporting a function or variable

export function myFunction() { ... }

export default myModule;

The key features of ESM include:

• Static imports and exports that are resolved at compile-time.

• Support for named and default exports.

• More modern and future-proof as it aligns with the official ECMAScript standard.

2. CommonJS (CJS)

CommonJS (CJS) is an older module system that has been widely used in Node.js

environments. Unlike ESM, CommonJS uses a more dynamic approach to module

imports and exports, meaning that modules are loaded at runtime. While CommonJS has

been effective for Node.js, it lacks certain features such as static analysis, which are

beneficial for optimization (e.g., tree shaking).

Syntax:
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// Importing a module

const myModule = require('./myModule');

// Exporting a module

module.exports = myModule;

Key features of CommonJS include:

• Dynamic imports and exports, resolved at runtime.

• The require() function to load modules.

• Single export object via module.exports (does not support named exports).

• Synchronous loading of modules, which can cause blocking in certain scenarios.

7.1.2 Differences Between ESModules and CommonJS in Bun

Bun fully supports both ESModules and CommonJS, but the runtime's design results in some

important differences in how these modules are handled. Here are the main points of distinction:

1. Loading and Execution Timing

• ESModules in Bun are loaded asynchronously and evaluated in a non-blocking
manner. This allows for better concurrency and more efficient loading of

dependencies.

• CommonJS, on the other hand, is executed synchronously, blocking the event loop

until the required module is loaded and evaluated.

For example, when you import a module using ESM syntax in Bun, the module loading

happens asynchronously, allowing Bun to continue processing other tasks while waiting

for the module to load. However, with require() in CommonJS, the execution is

blocked until the required module is fully loaded and evaluated.
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2. File Extensions

• ESModules in Bun require explicit file extensions, such as .js, .mjs, or .ts (for

TypeScript files). This is consistent with the official ESM specification, which

mandates that file extensions be specified.

• CommonJS files in Bun, on the other hand, can be loaded without specifying the file

extension (e.g., require('./myModule') will work as long as the module is

in the same directory). This is part of the flexibility that CommonJS provides,

though it can sometimes lead to ambiguity in module resolution.

3. Interoperability Between ESM and CJS

Bun provides robust interoperability between ESModules and CommonJS modules, but

with some caveats:

• When using ESModules in Bun, CommonJS modules are automatically wrapped in

a default export. This allows you to import CommonJS modules using the ESM

syntax. For example:

import myModule from './commonjsModule.cjs';

In this case, Bun will treat the entire CommonJS module as the default export,

meaning that you need to access all exports via the default keyword.

• Conversely, when you import ESModules in CommonJS files, you will typically

use import within a dynamic context (such as import()), as CommonJS itself

doesn’t support static import syntax. For example:

const myModule = await import('./esmModule.js');
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4. Syntax Compatibility

• Bun fully supports native ESM syntax for both client-side and server-side

JavaScript code, which means that you can use import and export directly

without needing a transpiler like Babel.

• CommonJS, being an older standard, still uses the require() and

module.exports syntax. However, when working in Bun, you can seamlessly

use both module types within the same project.

5. Tree Shaking and Optimization

• ESModules are tree-shakable in Bun, which means unused exports can be

eliminated during the bundling process. This leads to smaller bundle sizes and

better optimization for production.

• CommonJS, by contrast, is not tree-shakable in Bun. Since CommonJS modules are

resolved dynamically at runtime, Bun cannot effectively remove unused code from

these modules. This can result in larger bundle sizes when using CommonJS.

6. Default Exports and Named Exports

• In ESModules, you can have both default exports and named exports. This

provides greater flexibility and clarity when organizing code:

// myModule.js (ESM)

export const myVar = 10;

export default function myFunc() { ... }

• In CommonJS, there is only a single export object, and all exports are accessed

through module.exports. As a result, CommonJS does not have named exports

in the same way as ESModules:
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// myModule.js (CJS)

module.exports = {

myVar: 10,

myFunc: function() { ... }

};

When using Bun, if you're mixing ESM and CommonJS, you might encounter cases

where CommonJS modules are converted into default exports, limiting the flexibility that

named exports provide in ESM.

7. Support for Named Imports

• ESModules allow importing specific exports directly, which leads to cleaner code:

import { myFunction } from './myModule.js';

• In CommonJS, you always have to import the entire module as an object and access

its properties:

const myModule = require('./myModule');

const myFunction = myModule.myFunction;

8. Package Resolution and package.json

• Bun follows the ECMAScript standard for resolving ESModules, which means

that it checks the type field in package.json. If type: "module" is set,

Bun will treat .js files as ESModules by default.

• For CommonJS, if the type field is either not specified or set to commonjs in

package.json, Bun treats .js files as CommonJS modules.
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7.1.3 Why the Differences Matter

Understanding the differences between ESModules and CommonJS in Bun is crucial for

building modern, optimized applications. Here are the key considerations:

• Performance: ESModules benefit from Bun's ability to perform asynchronous and

non-blocking loading, which improves performance and responsiveness. CommonJS

modules, due to their synchronous nature, may cause delays in startup times and blocking.

• Code Organization: ESModules allow for cleaner, more modular code, especially with

named exports, which are preferable when building larger, more complex applications.

• Optimization: ESModules can be tree-shaken and optimized by modern bundlers like

Bun’s built-in bundler, reducing the overall size of the output and enhancing loading times.

• Interoperability: While Bun handles ESModules and CommonJS interoperability quite

well, it’s still important to understand when and how to mix and match these two systems

effectively to avoid unnecessary complexities and inefficiencies.

7.1.4 Conclusion

In summary, Bun offers excellent support for both ESModules and CommonJS, allowing

developers to use the most suitable module system for their needs. While ESModules provide

better performance, scalability, and optimization opportunities, CommonJS remains useful for

legacy codebases or when specific modules require it. Bun’s ability to handle both systems

efficiently and transparently makes it a powerful runtime for modern JavaScript development,

enabling developers to choose the right module system based on their project requirements.
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7.2 How to Import External Libraries

In modern JavaScript and TypeScript development, managing and importing external libraries is

a crucial part of the development process. With the growing complexity of applications,

developers often rely on third-party libraries to enhance functionality, improve productivity, and

save time. Bun, as a modern JavaScript runtime, provides an efficient and streamlined approach

to importing external libraries, handling both ESModules and CommonJS packages.

In this section, we will dive into how you can import external libraries into your Bun projects.

We will explore the different methods to install and use external libraries, how Bun optimizes

this process, and how it differs from traditional approaches in Node.js.

7.2.1 Installing External Libraries with Bun

Before you can import and use an external library in your Bun project, the library must first be

installed. Bun provides a fast and efficient package manager that simplifies the process of

installing and managing dependencies. You can install libraries in Bun with the bun add

command, which is a direct and optimized way to add dependencies.

1. Installing Libraries Using bun add

To install an external library, you simply run the following command in the terminal

within your project’s root directory:

bun add <library-name>

For example, to install lodash, you would run:

bun add lodash
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This command installs the latest version of the library and adds it to your project’s

bun.lockb file (which tracks dependency versions) as well as the node modules

folder. The bun add command can also be used to install specific versions or even

specific packages from a registry:

bun add lodash@4.17.21

Bun uses its own optimized package manager to download and install dependencies much

faster than npm or Yarn. This speed is especially beneficial when managing large projects

with numerous dependencies.

2. Installing Development Dependencies

For libraries that are only needed in development (such as testing libraries or build tools),

you can install them as devDependencies using the --dev flag:

bun add <library-name> --dev

For example:

bun add jest --dev

This will install Jest only for the development environment, keeping the production

environment lean and free from unnecessary packages.

3. Global Installation of Libraries

If you want to install a library globally to use in multiple projects, you can use the bun

add -g option. For example:
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bun add -g typescript

This installs TypeScript globally on your system, making it accessible from any project

without having to reinstall it each time.

7.2.2 Importing External Libraries into Bun

Once the external library is installed, you can import it into your Bun project. The method of

importing depends on the type of module (either ESModule or CommonJS) the external library

uses.

1. Importing ESModules

If the library supports ESModules, you can use the standard import syntax, just as you

would with any other ESM module:

import { debounce } from 'lodash';

In this case, Bun will correctly resolve the ESM module and allow you to use the library

just as you would with locally created modules. For libraries like lodash, if they are

published as ESModules, they are resolved automatically when using import. You can

also import default exports in a similar manner:

import lodash from 'lodash';

2. Importing CommonJS Modules

For libraries that use CommonJS, you can still import them in Bun, but there is a slight

difference. Bun has native support for both ESM and CommonJS interoperability, so



143

importing CommonJS libraries is possible using the import syntax. However, since

CommonJS modules are not tree-shakable and export their content through

module.exports, they will typically be wrapped as the default export.

For instance, when importing a CommonJS module like express, you would do:

import express from 'express';

Here, Express, being a CommonJS library, will be treated as the default export by Bun,

which wraps the entire module in a default object. The same rule applies to other

CommonJS libraries, and they can be imported in a similar way.

3. Dynamic Imports for External Libraries

Bun also supports dynamic imports for loading external libraries. This is especially

useful when you want to load a library only when it's needed, such as in scenarios where

the module should be loaded conditionally or for lazy loading.

You can use the import() syntax, which allows you to dynamically load external

libraries:

const lodash = await import('lodash');

This approach can be particularly beneficial for performance, as it helps reduce the initial

load time of the application by loading the library only when required.

7.2.3 Importing Libraries from External Sources

In addition to installing libraries from the default npm registry, Bun also supports importing

libraries directly from external sources, including CDNs or GitHub repositories.
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1. Importing from a CDN

You can import libraries directly from a CDN URL without needing to install them locally.

This can be useful for smaller projects or for testing purposes, as it removes the need to

install a library entirely.

For example, to import a library like React from a CDN, you can simply add the URL:

import React from 'https://cdn.skypack.dev/react';

Bun will handle the network request and resolve the module from the CDN, allowing you

to work with the library seamlessly as if it were installed locally.

2. Importing from GitHub Repositories

Bun also supports importing libraries directly from GitHub repositories. This can be

particularly helpful if you need a specific version of a library or want to pull in a project

that is not yet published to a registry.

To import from a GitHub repository, you can use the following format:

import { myFunction } from 'https://github.com/user/repo';

This allows Bun to pull in the code directly from the source, ensuring that you are working

with the most up-to-date version.

7.2.4 Handling TypeScript with External Libraries

When working with TypeScript in Bun, external libraries that include TypeScript type definitions

will seamlessly integrate with your code. Bun automatically handles the type definitions as long

as they are correctly bundled with the library. If the library does not include type definitions, you

can manually install types using @types packages, just as you would in a Node.js environment.
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For example, if you're using lodash and need additional type definitions, you can install them as

follows:

bun add @types/lodash

After installation, you can use the library with full TypeScript type safety:

import { debounce } from 'lodash';

const debouncedFunc = debounce(() => {

console.log('Debounced function!');

}, 200);

Bun works seamlessly with TypeScript, ensuring that both the library and its types are resolved

correctly.

7.2.5 Summary

Importing external libraries into your Bun project is a straightforward process, thanks to Bun’s

efficient package manager and support for both ESModules and CommonJS. By using bun

add, you can quickly install dependencies, and with Bun’s optimized package resolution, the

libraries are easily available to import via the import syntax.

Key points to remember:

• ESModules are imported using the import syntax, which works seamlessly in Bun.

• CommonJS modules are imported in a similar way, but they are treated as default exports.

• Dynamic imports with import() allow for on-demand loading of external libraries,

enhancing performance.
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• You can import libraries directly from external sources, including CDNs and GitHub
repositories.

• TypeScript support for external libraries works automatically, with Bun handling type

definitions and ensuring type safety.

With Bun's efficient handling of external libraries, you can focus on building your application

without worrying about complex package management or module resolution issues.



Chapter 8

Development Tools in Bun

8.1 Bun's Support for Automated Testing

Automated testing is an essential aspect of modern software development, ensuring that code

works as expected, remains bug-free, and can scale efficiently. In Bun, testing is seamlessly

integrated into the development environment, offering developers a fast, easy, and reliable way

to automate their testing workflows. Bun's support for automated testing is designed to simplify

the setup and execution of tests, improve performance, and help developers ensure that their

applications maintain high quality throughout the development lifecycle.

In this section, we will explore Bun’s automated testing capabilities, covering how to write and

run tests, what testing tools are supported, and the overall testing experience in Bun.

8.1.1 Integrated Test Runner in Bun

One of the most significant features of Bun is its built-in test runner, which is fast and optimized

for JavaScript and TypeScript applications. Unlike traditional JavaScript runtimes like Node.js,

which require external testing tools like Jest or Mocha, Bun includes a native testing framework
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out of the box, allowing developers to write and execute tests directly without needing

third-party dependencies.

1. Running Tests with Bun

To run tests in a Bun project, you don't need to install any additional tools—Bun's built-in

test runner is ready to go. You can run your tests using the bun test command. This

command automatically detects and runs any test files in your project, using the default

test runner that comes with Bun.

For example, if you have a file called test/server.test.ts, you can run the

following command to execute the tests:

bun test

This will look for all files with the .test.ts or .test.js extension and execute the

tests in them. By default, Bun supports TypeScript out of the box, meaning you can write

tests in TypeScript without needing a separate setup or transpilation step.

2. Running Specific Test Files

If you want to run a specific test file or a subset of tests, Bun makes it easy to specify the

file you wish to run. For example, if you only want to run tests from user.test.ts,

you can run the following command:

bun test user.test.ts

This command will execute only the tests from the specified file, helping developers to

quickly run and debug specific parts of the application without having to execute the entire

test suite.



149

3. Watching Tests for Changes

In many development workflows, developers need to constantly update and run tests as

they modify their code. Bun supports watching for changes to test files and automatically

rerunning tests whenever a change is made. This functionality is particularly useful during

active development, where real-time feedback on test results is crucial.

To enable watch mode, use the --watch flag:

bun test --watch

With this command, Bun will monitor the test files and automatically rerun the tests every

time you save a change. This helps to speed up the development cycle and provides

immediate feedback on any changes that may break functionality.

8.1.2 Writing Tests in Bun

Bun’s test runner is designed to be simple and intuitive, making it easy for developers to write

tests with minimal boilerplate. Bun uses a similar syntax to popular testing frameworks like Jest,

so developers who are already familiar with those tools will find the transition to Bun’s built-in

test runner seamless.

1. Basic Test Structure

Tests in Bun are written using standard JavaScript or TypeScript, leveraging the test

function to define each test case. Here is a basic example of how to write a simple test in

Bun:

test("adds two numbers", () => {

const result = 2 + 3;

if (result !== 5) {
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throw new Error("Test failed");

}

});

This test case checks that adding 2 and 3 results in 5. If the test fails, an error is thrown,

and the test runner will indicate that the test has failed.

2. Grouping Tests with describe

To organize tests logically, you can group related tests using describe blocks, which

provide a way to structure your tests into test suites. This helps improve readability and

maintainability when working on large projects with many tests.

describe("Math operations", () => {

test("adds two numbers", () => {

const result = 2 + 3;

if (result !== 5) {

throw new Error("Test failed");

}

});

test("subtracts two numbers", () => {

const result = 5 - 3;

if (result !== 2) {

throw new Error("Test failed");

}

});

});
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In this example, two tests are grouped together in the ”Math operations” suite, which

makes it clear that these tests are related and should be executed as part of the same suite.

3. Assertions in Bun

When writing tests, you need a way to validate the expected behavior of the code. Bun

allows you to use assertions to check whether the actual result matches the expected result.

You can use built-in JavaScript assertions or any third-party assertion library.

For example, you could use the assert module to make assertions in your tests:

import { assert } from "assert";

test("adds two numbers correctly", () => {

const result = 2 + 3;

assert.strictEqual(result, 5);

});

In this example, the assert.strictEqual method checks that the result of 2 + 3

is exactly 5. If the condition is not met, the test will fail.

8.1.3 Advanced Features for Testing

Bun’s test runner also provides additional features that can help developers write more advanced

tests and improve the testing process. These features include support for async testing, mocking,

and configuration options to customize the testing experience.

1. Async Tests

Many modern JavaScript applications use asynchronous operations (e.g., network requests

or timers). Bun allows you to write async tests using async/await syntax. This makes

it easy to test code that involves promises or asynchronous operations.
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Here is an example of an asynchronous test in Bun:

test("fetches data from API", async () => {

const response = await fetch("https://api.example.com/data");

const data = await response.json();

if (data.length === 0) {

throw new Error("Test failed");

}

});

In this example, the test waits for the API call to resolve and checks that the response

contains data. The await keyword ensures that the test waits for the asynchronous

operation to complete before proceeding.

2. Mocking Functions

Bun supports mocking functions and other dependencies in your tests, making it easier to

isolate the code under test and avoid external side effects. Mocking allows you to simulate

the behavior of certain functions, APIs, or modules, without actually executing them.

Here’s an example of how to mock a function in Bun:

import { myFunction } from "./myModule";

// Mock the function

myFunction.mockReturnValue(10);

test("myFunction returns 10", () => {

const result = myFunction();

if (result !== 10) {
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throw new Error("Test failed");

}

});

In this example, the myFunction is mocked to always return 10, regardless of its

original implementation. This makes it possible to isolate the specific behavior of the

function being tested.

3. Configuration Options for Tests

Bun allows you to configure your testing environment through options in the

bunfig.toml configuration file. You can configure test timeouts, custom reporters, and

other settings that affect how tests are run and reported.

For example, you might configure a longer timeout for tests that involve slow network

requests:

[test]

timeout = 10000 # 10 seconds

This configuration allows you to customize your testing setup to suit the needs of your

specific project, improving the overall test experience.

8.1.4 Summary

Bun provides a fast, integrated, and feature-rich environment for writing and running automated

tests. With its built-in test runner, developers can quickly and easily write tests without needing

external libraries or complex setups. Bun supports TypeScript out of the box, provides advanced

features like async testing and mocking, and integrates with your development workflow

seamlessly.



154

Key points to remember:

• Built-in test runner: Bun’s native test runner is fast and optimized for both JavaScript

and TypeScript.

• Easy test execution: Run tests with the simple bun test command.

• Asynchronous tests: Bun supports async tests using async/await syntax, making it

easier to test asynchronous operations.

• Mocking: Bun allows mocking functions and dependencies to isolate specific behaviors

during testing.

• Configuration options: Customize the testing environment using the bunfig.toml

configuration file.

With Bun’s powerful testing capabilities, you can automate your testing process, gain faster

feedback, and ensure the quality and reliability of your code.
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8.2 Bun's Support for Automated Testing

Automated testing is a critical part of the software development process, providing developers

with the means to validate that their code behaves as expected, reduces errors, and increases

overall code quality. In the case of Bun, its support for automated testing is tightly integrated

into the development environment, giving developers a seamless and efficient workflow for

running tests.

Unlike other runtimes, which require third-party testing frameworks or libraries like Jest or

Mocha, Bun comes with its own built-in testing framework. This makes it possible to write, run,

and manage tests without relying on additional dependencies, leading to faster setup times and

simplified configuration. Additionally, the test runner built into Bun is highly optimized for

performance, reducing the overhead typically associated with running tests, especially when

working on large codebases.

This section will dive into Bun’s support for automated testing, covering how it works, the

features available, and how you can integrate tests into your Bun-based projects.

8.2.1 Integrated Test Runner

Bun’s most significant feature for automated testing is its integrated test runner. This built-in

functionality allows you to run tests with minimal setup. By not requiring third-party tools, Bun

removes the friction of managing external testing frameworks. This streamlined approach allows

developers to focus more on writing the tests themselves rather than managing testing tools and

configurations.

1. Basic Test Execution

To run tests with Bun, you simply use the bun test command. This command scans

the project for any test files, typically those ending in .test.js or .test.ts, and

executes them. No additional configurations or installations are needed beyond having
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Bun set up in your environment.

Example command to run all tests in a project:

bun test

This command will automatically find and run the test files without requiring explicit

definitions or the use of a configuration file. It’s an intuitive experience that reduces the

complexity often associated with running tests.

2. Specifying Which Tests to Run

While running all tests in the project is useful, there are times when you may only want to

run a specific test or group of tests. Bun makes it simple to target individual test files or

specific test cases using arguments in the command line.

For example, if you want to run just the tests in the user.test.ts file, you can

execute the following:

bun test user.test.ts

This targeted approach helps in reducing the test execution time, particularly when

working on a large codebase or when debugging a specific functionality.

3. Watching Tests for Changes

During the development process, you might need to run tests repeatedly as you modify

your code. Bun supports automatic test reruns by watching the test files and re-executing

them each time changes are detected. This feature, similar to a file-watching system,

makes it ideal for real-time feedback, especially in test-driven development (TDD)

workflows.

To enable watch mode, use the --watch flag when running tests:
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bun test --watch

Once enabled, Bun will continuously monitor changes to your test files and automatically

rerun them whenever you save changes. This real-time feedback loop can help speed up

the development process and ensures that code changes are continually validated.

8.2.2 Writing Tests in Bun

Writing automated tests in Bun is straightforward and similar to writing tests in other JavaScript

testing frameworks. Bun’s built-in test runner uses a familiar syntax, inspired by popular testing

tools like Jest, which ensures that developers can quickly adopt it without having to learn a new

framework.

1. Basic Test Structure

Writing a test in Bun is simple. The test function is used to define each test case, where

you specify the test name and the function containing the test logic.

Here’s a basic example of a test in Bun:

test("addition of two numbers", () => {

const sum = 2 + 3;

if (sum !== 5) {

throw new Error("Test failed: 2 + 3 should be 5");

}

});

In this example, the test checks that the sum of 2 and 3 equals 5. If the sum is not correct,

the test will throw an error, indicating a failure.
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2. Grouping Tests with describe

For better organization, you can group related tests together using describe blocks,

which logically group tests into test suites. This is useful when you have a set of related

tests that should be run together and helps in structuring larger test suites.

Here’s an example using describe to group related tests:

describe("Math functions", () => {

test("addition of two numbers", () => {

const result = 2 + 3;

if (result !== 5) {

throw new Error("Test failed");

}

});

test("subtraction of two numbers", () => {

const result = 5 - 3;

if (result !== 2) {

throw new Error("Test failed");

}

});

});

This example groups tests for different math operations under the ”Math functions” suite.

This organization makes it easy to see which group of tests is being executed and helps in

maintaining clarity when scaling your test suite.

3. Assertions in Bun

Assertions are critical for verifying the correctness of the code being tested. In Bun, you
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can use standard JavaScript assertions or import additional libraries to enhance the testing

process. However, for simplicity, you can write assertions using standard JavaScript

methods such as assert or if statements.

For example:

import { assert } from "assert";

test("correct sum of two numbers", () => {

const sum = 2 + 3;

assert.strictEqual(sum, 5);

});

In this case, the assert.strictEqual function is used to check that the sum of 2

and 3 equals 5. If the result is different, the test fails, and an error is thrown.

4. Async Testing

Bun fully supports asynchronous testing using async and await. Asynchronous

operations are common in real-world applications, such as database queries or network

requests, and testing them effectively is crucial. Bun allows you to write async tests that

handle promises and other asynchronous constructs, ensuring that your tests work with

modern JavaScript features.

Here is an example of an asynchronous test in Bun:

test("fetches data from API", async () => {

const response = await fetch("https://api.example.com/data");

const data = await response.json();

if (data.length === 0) {
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throw new Error("Test failed: API returned empty data");

}

});

In this example, the test performs a network request to an API and waits for the response

using await. It then checks if the returned data is empty and throws an error if it is. This

structure helps in testing asynchronous workflows effectively.

8.2.3 Mocking in Bun

Mocking is a crucial feature for isolating the functionality you want to test without relying on

external dependencies or side effects. Bun supports mocking, which allows you to simulate

behaviors of certain functions or modules in your tests.

For example, if you need to mock a function:

import { fetchData } from "./dataFetcher";

// Mocking the function

fetchData.mockReturnValue(Promise.resolve([1, 2, 3]));

test("fetchData returns mocked data", async () => {

const result = await fetchData();

if (result.length !== 3) {

throw new Error("Test failed: Mocked data should contain 3

items");↪→

}

});
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In this example, the fetchData function is mocked to return a resolved promise with a

predefined value. By mocking external dependencies, you can focus on testing your application's

core logic without depending on network responses or other unpredictable factors.

8.2.4 Test Configuration

While Bun provides a basic configuration for running tests, it also supports customization

through the bunfig.toml file. Developers can modify the test runner's behavior, set global

configurations, or define timeouts for long-running tests. This customization enables a more

flexible testing environment suited to the needs of the project.

For example, you might increase the timeout for tests involving network requests:

[test]

timeout = 10000 # 10 seconds timeout

This helps ensure that tests that involve external systems or slow processes don’t fail

prematurely.

8.2.5 Summary

Bun’s built-in support for automated testing simplifies the testing process and enhances

developer productivity. By eliminating the need for external libraries and tools, Bun provides a

native test runner that is fast, efficient, and easy to use. Some of the key features of Bun’s

automated testing capabilities include:

• Built-in test runner: No need for external libraries like Jest or Mocha.

• Easy configuration: Just use the bun test command to run tests.

• Async testing: Bun fully supports asynchronous tests with async/await syntax.
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• Mocking: Mock dependencies and functions to isolate code for testing.

• Test organization: Group related tests using describe blocks for better structure.

• Customization: Modify test behavior using the bunfig.toml file to tailor the test

environment.

With Bun’s integrated support for automated testing, developers can focus on writing tests and

ensuring the quality of their code without the overhead of managing external dependencies.
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8.3 Debugging in Bun

Debugging is an essential aspect of software development, allowing developers to find and fix

issues in their codebase efficiently. While traditional debugging tools and techniques are

available for JavaScript development, Bun introduces its own unique features and approaches for

debugging, making it a seamless part of the development workflow.

In this section, we will explore how debugging works in Bun, the tools it provides, and how you

can take advantage of Bun’s integrated debugging support to improve your development process.

8.3.1 Built-in Debugger Support

Bun provides built-in support for debugging JavaScript and TypeScript code, offering developers

a streamlined experience similar to that of other popular JavaScript runtimes like Node.js. Bun’s

debugging functionality is tightly integrated, so you do not need to install or configure external

debugging tools to start debugging your applications.

1. Using Bun with Node.js Debugger Protocol

Bun supports the Node.js debugger protocol, which means you can use popular debugging

tools like Visual Studio Code (VS Code), Chrome DevTools, and other IDEs that support

the protocol. This enables you to set breakpoints, step through code, inspect variables, and

evaluate expressions—all within the context of your Bun project.

To start a debugging session, you need to launch Bun with the --inspect flag, which

enables the debugging server on a specific port. By default, the debugging session will run

on port 9229, but you can specify a custom port if needed.

Here’s an example of running a Bun application with the --inspect flag:
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bun --inspect index.js

Once the server starts, you can connect to it using your IDE or a browser. If you're using

VS Code, for instance, you can connect directly to the Bun process by launching the

Debug panel and configuring the connection settings in the launch.json file.

2. Breakpoints and Stepping Through Code

Once the debugger is active, you can set breakpoints in your code. Breakpoints are

markers where the execution of the program will pause, allowing you to inspect the values

of variables, check the call stack, and understand how the program is behaving at a

specific point in time.

To set a breakpoint, simply click on the line number in your code editor where you want to

pause execution. Once the breakpoint is set, you can step through the code (i.e., move

through each line of execution) or continue execution until the next breakpoint is hit.

In most IDEs, you can control the flow of execution with commands like:

• Step Over: Executes the current line and pauses at the next line.

• Step Into: Moves into the function being called on the current line.

• Step Out: Completes the current function and returns to the calling function.

• Continue: Resumes execution until the next breakpoint is reached.

These features are invaluable when diagnosing complex bugs and understanding the flow

of your program.

3. Inspecting Variables and Evaluating Expressions

During a debugging session, one of the most critical tasks is inspecting variables and

evaluating expressions. With Bun, you can inspect variables directly in the debugging
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interface. When the code hits a breakpoint, the current values of all variables within the

scope of that breakpoint are available for you to inspect.

Additionally, you can evaluate JavaScript expressions on the fly. This feature is especially

useful when you want to test potential fixes or understand how changes to your code

might affect its behavior. For example, you could test a function call or modify a

variable’s value during runtime to see how the system behaves under different conditions.

8.3.2 Debugging TypeScript in Bun

Bun also has excellent support for TypeScript debugging, which is crucial for modern JavaScript

development. Since TypeScript is a superset of JavaScript, debugging TypeScript code in Bun

follows similar principles as debugging JavaScript.

One of the key features that make TypeScript debugging in Bun more seamless is the built-in

TypeScript compiler. Bun natively compiles TypeScript on the fly, so you don’t need to rely on

an additional tool like tsc or a bundler like Webpack for compiling TypeScript files into

JavaScript. This integration allows you to run TypeScript code directly and start debugging

without any extra configuration.

• Source Maps for TypeScript Debugging

To enable efficient debugging for TypeScript, Bun uses source maps. Source maps allow

you to see the original TypeScript code during debugging, even when the code is compiled

into JavaScript at runtime. This is crucial when debugging TypeScript applications, as it

allows you to set breakpoints and inspect variables based on your TypeScript source, not

the transpiled JavaScript.

Bun automatically generates and uses source maps, so developers do not need to manually

configure or enable them. This simplifies the debugging process, as you can directly

debug the original TypeScript code.
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8.3.3 Advanced Debugging Features

Bun offers some additional advanced debugging features that enhance the debugging process

and provide developers with more control and visibility over their applications.

1. Debugging with Logging

While breakpoints and stepping through code are essential for interactive debugging,

logging remains one of the simplest and most effective techniques for troubleshooting.

Bun allows you to use the console object for logging, just like in Node.js.

Bun also optimizes logging performance, allowing logs to be captured efficiently without

causing significant overhead in your development process. You can use

console.log(), console.error(), and other console methods to output the state

of variables or messages to the terminal. These logs are especially useful for tracing

execution flow and identifying where errors or issues arise.

Example of logging in Bun:

console.log("The current user is:", user);

console.error("An error occurred:", error);

By printing these log statements in various parts of your application, you can quickly

narrow down the root cause of issues without having to rely on debugging tools alone.

2. Profiling for Performance Issues

Another powerful feature of Bun’s debugging tools is the ability to profile performance.

When debugging performance issues, it’s essential to understand how much time is spent

on each part of your application. Bun provides a profiler that allows you to measure the

execution time of specific functions or parts of your code.
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The profiler collects performance data such as CPU usage, memory consumption, and

function execution times, allowing you to identify bottlenecks or areas where optimization

is needed. This feature is invaluable when diagnosing performance problems, especially

when dealing with large-scale applications.

8.3.4 Debugging Asynchronous Code

Debugging asynchronous code presents unique challenges due to the non-linear nature of

execution. Asynchronous operations, such as network requests or database queries, can cause

the program flow to jump unpredictably. Bun’s debugger handles asynchronous code natively,

allowing you to set breakpoints, step through asynchronous functions, and inspect variables in

the context of promises or async/await syntax.

Bun integrates well with modern JavaScript asynchronous patterns, making it easy to debug

operations like:

• Async functions: Using async and await for handling promises.

• Promises: Debugging promise-based workflows.

• SetTimeout / SetInterval: Debugging delayed or repeated asynchronous code.

By ensuring that asynchronous code is debuggable, Bun makes it easier to work with common

patterns found in real-world applications, where asynchronous programming is often the norm.

8.3.5 Summary

Debugging in Bun is a powerful and integral part of the development process, providing

developers with a seamless experience for finding and fixing issues in their code. Here are the

key features of debugging in Bun:



168

• Built-in debugger support: Bun supports the Node.js debugger protocol, allowing you to

use IDEs like Visual Studio Code and Chrome DevTools for debugging.

• Breakpoints and stepping through code: Easily set breakpoints, inspect variables, and

control the flow of execution with commands like step over, step into, and continue.

• TypeScript debugging: Bun provides native TypeScript support and automatically

generates source maps for debugging.

• Logging: Use console.log() and other console methods for quick debugging and

tracing.

• Profiler for performance issues: Track execution times and resource usage to identify

performance bottlenecks.

• Async code debugging: Debug asynchronous functions, promises, and event-based code

effortlessly.

With these tools, Bun provides a complete and optimized debugging environment that simplifies

the debugging process for both JavaScript and TypeScript developers. Whether you're working

with synchronous code, asynchronous patterns, or TypeScript, Bun’s debugging support helps

you efficiently track down and resolve issues in your applications.
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Compatibility with Node.js

9.1 Running Node.js Projects in Bun

One of Bun’s key goals is to provide seamless compatibility with existing Node.js projects while

improving performance and reducing complexity. Bun is designed to be a drop-in replacement

for Node.js in many cases, meaning developers can take an existing Node.js project and run it

with Bun with little to no modification. However, while Bun strives to be compatible with

Node.js, there are some differences and limitations that developers should be aware of.

In this section, we will explore how to run Node.js projects in Bun, the compatibility

considerations, and the advantages of using Bun as a Node.js alternative.

9.1.1 Running a Node.js Project with Bun

Running an existing Node.js project in Bun is often as simple as replacing node with bun in

the command line. Since Bun is designed to be compatible with Node.js, it can execute

JavaScript and TypeScript files, handle package management, and support various Node.js APIs.

1. Installing Bun in a Node.js Project
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If you already have a Node.js project and want to run it with Bun, you need to install Bun

first. You can do this using one of the installation methods provided in earlier chapters. If

you haven’t installed Bun yet, you can quickly install it using the following command:

curl -fsSL https://bun.sh/install | bash

Once installed, you can verify the installation by checking the Bun version:

bun --version

If your project already uses Node.js and npm, yarn, or pnpm, Bun can still be used

without affecting the existing setup.

2. Running JavaScript and TypeScript Files

Once Bun is installed, you can run JavaScript or TypeScript files in your Node.js project

simply by replacing node with bun. If your project has an entry point file (e.g.,

index.js or server.js), you can start it with Bun:

bun index.js

If your project is written in TypeScript, Bun supports TypeScript natively, so you can run

.ts files without needing a separate TypeScript compiler (tsc):

bun index.ts

Unlike Node.js, which requires compiling TypeScript before execution, Bun compiles

TypeScript files on the fly, making development faster.
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3. Running an Existing Node.js Package

Most Node.js projects depend on external packages managed by npm, yarn, or pnpm.

Bun has its own package manager but can also install and use node modules similarly

to Node.js.

To install dependencies for your Node.js project using Bun, navigate to your project

directory and run:

bun install

This will install all dependencies listed in package.json, similar to npm install

but significantly faster due to Bun’s optimized package manager.

If your project already has node modules installed using npm, yarn, or pnpm, you

can still run the project with Bun:

bun start

If your project does not have a start script in package.json, you can directly

specify the entry file:

bun app.js

9.1.2 Compatibility Considerations

While Bun is designed to be compatible with Node.js, some features may behave differently or

require adjustments. Below are some compatibility considerations when running a Node.js

project with Bun.
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1. Compatibility with Node.js Modules

Bun supports many of the core Node.js modules (fs, path, http, etc.), so most

applications relying on these modules will work as expected. However, some modules

may not yet be fully supported or may have slight differences in behavior.

Supported Node.js Modules

Most commonly used Node.js modules are supported in Bun, including:

• fs (File System)

• path

• http

• https

• os

• crypto

• events

• stream

• util

• zlib

Bun implements these modules in a way that is optimized for performance, sometimes

making them faster than their Node.js counterparts.

Partially Supported or Missing Modules

Some Node.js modules, such as child process and cluster, may not yet be fully

supported or may work differently in Bun. Before migrating a complex Node.js project,

it’s recommended to check Bun’s documentation or test your application for compatibility.
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To verify whether your project’s dependencies are fully supported in Bun, you can check

Bun’s official compatibility documentation or test individual modules by running:

bun check <module-name>

2. CommonJS and ESModules Compatibility

Node.js supports both CommonJS (require) and ESModules (import/export),

while Bun primarily uses ESModules but also provides support for CommonJS. Most

Node.js projects that use require() should work in Bun, but some module resolution

behaviors may differ.

For example, if your project uses CommonJS syntax:

const express = require('express');

It will generally work in Bun without modifications. However, if your project uses

import syntax:

import express from 'express';

Bun will handle it natively without the need for extra configuration, unlike Node.js, which

requires "type": "module" in package.json.

If you run into issues with module resolution, you can try adding the

--experimental-loader flag:

bun --experimental-loader index.js
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3. Environment Variables and .env Files

Most Node.js applications rely on environment variables for configuration. Bun supports

environment variables similarly to Node.js. If your project uses a .env file for managing

environment variables, Bun will automatically load them.

To manually load environment variables from a .env file, you can use:

bun --env .env index.js

Alternatively, you can set environment variables inline:

NODE_ENV=production bun index.js

4. Differences in Package Management

While Bun can run Node.js projects that use npm or yarn, it has its own package

manager, which is faster and optimized for performance. If you want to migrate an

existing project from npm or yarn to Bun, simply delete node modules and

package-lock.json (or yarn.lock), then run:

bun install

This will install all dependencies using Bun’s package manager, significantly reducing

installation times compared to npm or yarn.

5. Differences in API Behavior

Bun aims to replicate Node.js behavior closely, but some APIs may differ. Here are a few

key differences:
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• Faster execution: Bun optimizes many internal operations, making them faster than

in Node.js.

• Improved HTTP handling: Bun’s HTTP server is optimized for speed, which may

result in performance differences when handling requests.

• Built-in TypeScript support: Bun compiles TypeScript without requiring additional

setup, whereas Node.js requires tsc or another compiler.

If a project heavily relies on a specific Node.js behavior, testing is recommended to ensure

compatibility.

9.1.3 Summary

Running a Node.js project in Bun is straightforward and often requires little to no modification.

Bun is designed to be a drop-in replacement for Node.js in many cases, providing faster

performance and a more efficient runtime. Here are the key takeaways:

• Bun can execute Node.js JavaScript and TypeScript files without additional

configuration.

• Most Node.js core modules are supported, but some may have differences in behavior.

• Bun supports both CommonJS (require) and ESModules (import), but module

resolution may vary slightly.

• Environment variables and .env files work the same way as in Node.js.

• Bun’s package manager is significantly faster than npm and yarn, but existing

projects can continue using node modules.

• Performance improvements in Bun’s HTTP server and built-in TypeScript support
provide advantages over Node.js.
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For most projects, switching from Node.js to Bun can be done by simply replacing node with

bun. However, testing is recommended for complex applications to ensure full compatibility.
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9.2 Easily Migrating Old Projects to Bun

Migrating an existing Node.js project to Bun can provide significant performance improvements,

faster package management, and a more streamlined development experience. Bun is designed

to be a drop-in replacement for Node.js in many scenarios, allowing developers to migrate their

applications with minimal effort. However, there are some differences and compatibility

considerations to keep in mind.

This section provides a step-by-step guide for migrating old Node.js projects to Bun, covering

dependency installation, module compatibility, environment variables, and potential challenges.

9.2.1 Assessing Project Compatibility

Before migrating a Node.js project to Bun, it is important to assess its compatibility. Bun

supports many of the commonly used Node.js APIs, but some projects may rely on specific

features or modules that are not fully implemented in Bun.

• Checking Node.js Modules Used in the Project

To determine if your project is compatible with Bun, review the Node.js modules it

depends on. You can check the dependencies listed in package.json:

{

"dependencies": {

"express": "ˆ4.17.1",

"dotenv": "ˆ16.0.3",

"mongoose": "ˆ7.0.0"

},

"devDependencies": {

"nodemon": "ˆ2.0.20",

"typescript": "ˆ5.0.0"
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}

}

Most commonly used modules, such as express, dotenv, axios, and mongoose,

are supported in Bun. However, if your project relies on modules like child process

or worker threads, verify their compatibility by consulting Bun’s official

documentation.

You can also run the following command to check for any known compatibility issues in

your project:

bun check

This will analyze your project’s dependencies and notify you of any potential issues with

unsupported modules.

9.2.2 Migrating the Package Manager to Bun

Bun has a built-in package manager that is significantly faster than npm, yarn, or pnpm. To

migrate an old Node.js project to Bun’s package manager, follow these steps:

1. Removing Existing node modules and Lock Files

If your project was previously using npm, yarn, or pnpm, you should remove the

existing package lock files and node modules directory:

rm -rf node_modules package-lock.json yarn.lock pnpm-lock.yaml

This ensures that all dependencies are reinstalled cleanly using Bun.
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2. Installing Dependencies with Bun

Next, install the project dependencies using Bun:

bun install

This command will install all dependencies listed in package.json at a much faster

speed than npm install or yarn install. Bun automatically generates a

bun.lockb file, which serves the same purpose as package-lock.json but is

optimized for Bun.

If you need to add new dependencies, you can use the bun add command, which works

similarly to npm install:

bun add lodash

For development dependencies, use the -d flag:

bun add typescript -d

After this step, your project is now using Bun as the package manager.

9.2.3 Running the Project with Bun

After installing dependencies, you can run your project with Bun by replacing node with bun.

• Running the Main Application File

If your Node.js project has a typical entry file such as index.js or server.js, start

it using:
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bun index.js

For TypeScript projects, Bun compiles TypeScript on the fly without needing tsc, so you

can run TypeScript files directly:

bun index.ts

If your project has a start script defined in package.json, you can use:

bun run start

Bun executes scripts faster than npm or yarn, making it ideal for development

workflows.

9.2.4 Updating CommonJS and ESModule Imports

Bun supports both CommonJS (require()) and ESModules (import/export), but

module resolution might differ slightly from Node.js. If your project uses CommonJS, it should

work without modification:

const express = require('express');

If your project uses ESModules and you face issues, ensure that package.json includes:

{

"type": "module"

}
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Alternatively, if you are using require(), but Bun enforces ESM behavior, switch to

import syntax:

import express from "express";

Bun handles most module imports automatically, so in many cases, no changes are required.

9.2.5 Updating Scripts and Development Tools

Many Node.js projects rely on scripts and development tools such as nodemon, ts-node, or

concurrently. Since Bun has built-in features that replace many of these tools, you can

simplify your scripts.

1. Replacing nodemon with Bun’s File Watching

Instead of using nodemon for auto-reloading, you can use Bun’s built-in file-watching

capability:

bun --watch index.js

This automatically restarts the application when file changes are detected, making

nodemon unnecessary.

2. Running TypeScript Without ts-node

If your project uses ts-node to execute TypeScript files, you can replace it with Bun’s

built-in TypeScript support:

bun index.ts

Since Bun compiles TypeScript natively, there is no need for tsc or additional TypeScript

runtime configurations.
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9.2.6 Migrating Environment Variables and .env Files

If your project uses environment variables stored in a .env file, Bun will automatically load

them when running the application. If you need to manually specify an .env file, use:

bun --env .env index.js

Alternatively, set environment variables inline:

NODE_ENV=production bun index.js

Bun ensures that environment variable handling remains seamless, just like in Node.js.

9.2.7 Handling Potential Migration Issues

Although Bun is designed to be highly compatible with Node.js, some projects may encounter

migration challenges. Here are a few common issues and solutions:

1. Unsupported Node.js APIs

Certain Node.js APIs, such as child process, worker threads, or cluster,

may not yet be fully implemented in Bun. If your project depends on these, consider using

Bun alternatives or checking Bun’s official roadmap for support updates.

2. Differences in fs and path Modules

Some methods in the fs (File System) or path modules may behave slightly differently

in Bun. If you encounter issues, check the Bun documentation or modify the

implementation to align with Bun’s API.

3. Issues with Certain Node.js Packages
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While most npm packages work in Bun, some may rely on native Node.js features that

Bun does not yet support. If a package fails to work correctly, check for alternative

packages or wait for future updates in Bun.

To check compatibility, run:

bun check <package-name>

If a package is not supported, consider finding an equivalent alternative.

9.2.8 Summary

Migrating an old Node.js project to Bun is a straightforward process that can lead to faster

execution times, reduced dependency installation times, and a more efficient development

workflow. Here are the key steps:

1. Assess Project Compatibility – Check dependencies and Node.js modules for

compatibility with Bun.

2. Remove node modules and Old Lock Files – Delete previous npm, yarn, or pnpm

lock files and reinstall dependencies using Bun.

3. Run the Project with Bun – Replace node with bun when running JavaScript or

TypeScript files.

4. Update Module Imports if Needed – Ensure compatibility between CommonJS

(require()) and ESModules (import).

5. Optimize Scripts – Replace tools like nodemon and ts-node with Bun’s built-in

features.
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6. Manage Environment Variables – Use .env files and ensure environment variable

compatibility.

7. Handle Potential Issues – Identify and address any incompatibilities with Node.js APIs

or packages.

By following these steps, developers can seamlessly transition their old Node.js projects to Bun,

benefiting from improved performance and a more streamlined development experience.
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Deploying Applications with Bun

10.1 Deploying Bun Applications on Servers

Deploying a Bun application on a server follows a process similar to deploying a Node.js

application. However, Bun offers advantages such as faster startup times, built-in package

management, and better runtime efficiency. Whether deploying on traditional virtual private

servers (VPS), cloud platforms, or containerized environments, Bun provides a straightforward

deployment experience.

In this section, we will explore different deployment strategies, including setting up a server,

configuring process management, handling environment variables, and optimizing performance

for production.

10.1.1 Choosing a Server Environment

Before deploying a Bun application, it is important to choose a hosting environment that meets

the project’s requirements. Common server deployment options include:

1. Virtual Private Servers (VPS) – Services like DigitalOcean, Linode, and AWS EC2

185
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provide full control over the server environment.

2. Platform-as-a-Service (PaaS) – Platforms like Railway, Fly.io, and Heroku simplify

deployment without managing infrastructure.

3. Containerized Environments – Using Docker and Kubernetes allows for scalable and

portable deployments.

For this guide, we will focus on deploying a Bun application on a Linux-based VPS, which

provides flexibility and control over the deployment process.

10.1.2 Setting Up a Server for Bun

1. Connecting to the Server

Once you have a VPS (such as Ubuntu 22.04 on AWS, DigitalOcean, or Linode), connect

to it using SSH:

ssh username@your-server-ip

Replace username with your server's username (often root or ubuntu) and

your-server-ip with the actual server’s IP address.

2. Installing Bun on the Server

Since Bun is a standalone runtime, installing it on a server is quick. Use the official

installation script:

curl -fsSL https://bun.sh/install | bash

After installation, restart your shell session or run:
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source ˜/.bashrc

Verify the installation:

bun --version

10.1.3 Deploying a Bun Application

1. Uploading the Application to the Server

There are multiple ways to transfer your Bun application files to the server:

• Using Git: If your project is hosted on GitHub or GitLab, clone it directly on the

server:

git clone https://github.com/yourusername/your-bun-project.git

cd your-bun-project

• Using SCP (Secure Copy Protocol): Transfer files from your local machine to the

server:

scp -r /path/to/your-project

username@your-server-ip:/home/username/↪→

• Using FTP/SFTP: Services like FileZilla can also be used to upload files manually.

2. Installing Dependencies

Once the project is on the server, navigate to the project directory and install dependencies

using Bun:
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bun install

Since Bun’s package manager is significantly faster than npm, this step will complete

quickly.

10.1.4 Running the Bun Application

To test if the application is working, run:

bun run start

If the application is a web server (e.g., using Express or Bun’s built-in HTTP server), it will start

and listen on a specified port. However, running the application this way will terminate the

process when the SSH session ends.

To keep the application running, use a process manager such as PM2 or systemd.

10.1.5 Managing Bun Applications in Production

1. Using PM2 for Process Management

PM2 is a popular process manager that ensures applications run in the background and

restart on failure.

1. Install PM2 globally:

bun add -g pm2

2. Start the Bun application using PM2:
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pm2 start "bun run start" --name my-bun-app

3. Save the PM2 process list:

pm2 save

4. Set up PM2 to start on system boot:

pm2 startup

This ensures that the Bun application will automatically restart if the server reboots.

2. Using systemd for Process Management

If you prefer using systemd, create a service file:

sudo nano /etc/systemd/system/bun-app.service

Add the following configuration:

[Unit]

Description=Bun Application

After=network.target

[Service]

ExecStart=/usr/local/bin/bun run start

WorkingDirectory=/home/username/your-bun-project

Restart=always

User=username
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Environment=NODE_ENV=production

[Install]

WantedBy=multi-user.target

Save and close the file, then enable and start the service:

sudo systemctl enable bun-app

sudo systemctl start bun-app

To check the application’s status:

sudo systemctl status bun-app

10.1.6 Configuring a Reverse Proxy with Nginx

If the Bun application is a web server running on a port (e.g., 3000), you may want to use

Nginx as a reverse proxy to expose it on standard ports (80 for HTTP, 443 for HTTPS).

1. Installing Nginx

sudo apt update

sudo apt install nginx -y

2. Configuring Nginx for Bun

Create an Nginx configuration file:
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sudo nano /etc/nginx/sites-available/bun-app

Add the following configuration:

server {

listen 80;

server_name yourdomain.com;

location / {

proxy_pass http://localhost:3000;

proxy_http_version 1.1;

proxy_set_header Upgrade $http_upgrade;

proxy_set_header Connection 'upgrade';

proxy_set_header Host $host;

proxy_cache_bypass $http_upgrade;

}

}

Save the file and enable the configuration:

sudo ln -s /etc/nginx/sites-available/bun-app

/etc/nginx/sites-enabled/↪→

sudo systemctl restart nginx

Now, accessing http://yourdomain.com will route traffic to the Bun application.

10.1.7 Setting Up HTTPS with Let’s Encrypt

For secure HTTPS deployment, use Let’s Encrypt to obtain a free SSL certificate:
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sudo apt install certbot python3-certbot-nginx -y

sudo certbot --nginx -d yourdomain.com

Certbot will automatically configure SSL, and your application will now be accessible via

https://yourdomain.com.

To renew certificates automatically, add a cron job:

sudo crontab -e

Add this line:

0 0 * * * certbot renew --quiet

This renews the SSL certificate every day at midnight.

10.1.8 Summary

Deploying a Bun application on a server is a straightforward process that follows these key steps:

1. Set up the server – Install Bun, SSH into the machine, and prepare the environment.

2. Upload the application – Use Git, SCP, or FTP to transfer the project files.

3. Install dependencies – Use bun install for fast package installation.

4. Run the application – Use bun run start for local testing.

5. Manage the application – Use PM2 or systemd to keep the app running in production.

6. Set up Nginx – Use a reverse proxy to expose the application on standard ports.

7. Enable HTTPS – Secure the application using Let’s Encrypt.

By following this deployment guide, developers can ensure that their Bun applications run

efficiently and reliably on production servers.
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10.2 Using Bun in Production Environments

Deploying a Bun application in a production environment requires careful consideration of

stability, security, resource management, and performance optimization. While Bun is designed

to be fast and efficient, a well-configured production setup ensures smooth operation, minimal

downtime, and maximum scalability.

In this section, we will explore best practices for using Bun in production environments,

covering topics such as process management, logging, monitoring, security configurations, and

performance tuning.

10.2.1 Choosing the Right Production Environment

Bun applications can be deployed on a variety of hosting platforms, including:

1. Virtual Private Servers (VPS) – Services like DigitalOcean, Linode, and AWS EC2 offer

full control over the server environment.

2. Containerized Environments – Docker and Kubernetes provide portability and

scalability for deploying Bun applications.

3. Serverless Platforms – Services like AWS Lambda, Vercel, and Cloudflare Workers

support lightweight deployments for Bun applications.

Each environment has its advantages, but for production-grade applications with persistent

workloads, VPS or containerized deployments are commonly preferred.

10.2.2 Running Bun Applications as Background Services

To ensure a Bun application runs continuously in production, it should be managed using a

process manager. The two most common options are PM2 and systemd.
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1. Using PM2 for Process Management

PM2 is a popular process manager that helps keep applications running, restarts them on

failures, and provides log management.

Installing PM2

bun add -g pm2

Starting a Bun Application with PM2

pm2 start "bun run start" --name my-bun-app

Ensuring the Application Restarts on Reboot

pm2 save

pm2 startup

This setup ensures the Bun application restarts automatically if the server is restarted.

2. Using systemd for Process Management

For production servers, systemd provides a lightweight and reliable way to manage

background services.

Creating a systemd Service File

sudo nano /etc/systemd/system/bun-app.service

Adding the Configuration
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[Unit]

Description=Bun Application

After=network.target

[Service]

ExecStart=/usr/local/bin/bun run start

WorkingDirectory=/home/username/your-bun-project

Restart=always

User=username

Environment=NODE_ENV=production

[Install]

WantedBy=multi-user.target

Enabling and Starting the Service

sudo systemctl enable bun-app

sudo systemctl start bun-app

Checking the Status

sudo systemctl status bun-app

Using systemd ensures minimal overhead and reliable application management in

production environments.
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10.2.3 Logging and Monitoring

1. Logging with Bun

Bun provides built-in support for logging using console.log(), but in production,

structured logging tools should be used.

Using Bun’s Built-in Logger

console.log("Server started at port 3000");

console.error("Database connection failed");

Redirecting Logs to a File

bun run start >> logs/app.log 2>&1 &

2. Using PM2 for Log Management

PM2 captures application logs and provides a way to view them easily:

pm2 logs my-bun-app

To clear old logs:

pm2 flush

3. Monitoring with PM2

PM2 provides real-time monitoring of CPU and memory usage:
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pm2 monit

For advanced monitoring, connect PM2 with monitoring services like Datadog, New

Relic, or Prometheus.

10.2.4 Securing Bun Applications in Production

Security is a critical aspect of deploying applications. Here are key security measures for Bun

applications in production.

1. Keeping Bun Updated

Bun is actively developed, so it is important to keep it updated to receive security patches

and performance improvements.

bun upgrade

2. Managing Environment Variables Securely

In production, sensitive data like API keys and database credentials should be stored in

environment variables rather than hardcoded in the application.

Using a .env File

Create a .env file in the project root:

DATABASE_URL=postgres://user:password@host:5432/dbname

JWT_SECRET=your-secret-key

Bun automatically loads .env files, making environment variable management seamless.
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3. Setting Up a Firewall

If hosting a Bun application on a VPS, restrict access to unnecessary ports using UFW

(Uncomplicated Firewall).

sudo ufw allow OpenSSH

sudo ufw allow 80

sudo ufw allow 443

sudo ufw enable

This ensures that only essential ports (SSH, HTTP, and HTTPS) are open.

4. Using HTTPS with Let’s Encrypt

For secure communication, install a free SSL certificate using Let’s Encrypt:

sudo apt install certbot python3-certbot-nginx -y

sudo certbot --nginx -d yourdomain.com

This ensures that all traffic is encrypted.

10.2.5 Optimizing Bun Applications for Performance

1. Enabling Bun’s Built-in Optimizations

Bun is designed for high performance, but additional optimizations can improve efficiency

in production.

Using Bun’s --hot Mode for Faster Reloading

bun --hot run start
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Preloading Dependencies for Faster Startup

import "bun:ffi";

import "bun:sqlite";

This allows Bun to optimize dependency loading.

2. Load Balancing with Nginx

If deploying a Bun application in a multi-instance setup, use Nginx to distribute traffic

evenly.

Nginx Load Balancer Configuration

upstream bun_app {

server 127.0.0.1:3000;

server 127.0.0.1:3001;

}

server {

listen 80;

server_name yourdomain.com;

location / {

proxy_pass http://bun_app;

proxy_http_version 1.1;

proxy_set_header Upgrade $http_upgrade;

proxy_set_header Connection 'upgrade';

proxy_set_header Host $host;

proxy_cache_bypass $http_upgrade;

}

}
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This ensures high availability and scalability.

10.2.6 Automating Deployment with CI/CD

For automated deployment, use CI/CD pipelines with GitHub Actions or GitLab CI/CD.

Example GitHub Actions Workflow

Create .github/workflows/deploy.yml:

name: Deploy Bun App

on:

push:

branches:

- main

jobs:

deploy:

runs-on: ubuntu-latest

steps:

- uses: actions/checkout@v2

- name: Install Bun

run: curl -fsSL https://bun.sh/install | bash

- name: Install Dependencies

run: bun install

- name: Restart Server

run: ssh user@server-ip "pm2 restart my-bun-app"

This workflow automates deployment whenever code is pushed to the main branch.
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10.2.7 Summary

Using Bun in production environments requires setting up proper process management, logging,

security, and performance optimizations. The key takeaways are:

1. Process Management – Use PM2 or systemd to keep applications running in the

background.

2. Logging and Monitoring – Use PM2, log files, and monitoring tools to track application

health.

3. Security Best Practices – Secure environment variables, use HTTPS, and configure a

firewall.

4. Performance Optimization – Optimize dependency loading, enable caching, and use

Nginx for load balancing.

5. CI/CD Automation – Automate deployments using GitHub Actions or other CI/CD

pipelines.

By following these best practices, developers can ensure their Bun applications run efficiently

and securely in production environments.
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10.3 Integrating Bun with Docker and CI/CD

Deploying applications efficiently and consistently across different environments is a key aspect

of modern software development. Integrating Bun with Docker and CI/CD (Continuous
Integration and Continuous Deployment) allows developers to automate builds, streamline

deployments, and ensure that applications run consistently across development, testing, and

production environments.

This section explores how to containerize a Bun application using Docker, configure a CI/CD
pipeline, and deploy applications seamlessly using automation tools.

10.3.1 Why Use Docker with Bun?

Docker provides an isolated environment for running applications, ensuring that dependencies,

configurations, and runtime environments are consistent across all stages of development and

deployment.

• Key Benefits of Using Docker with Bun

– Consistency – The same application runs identically on different machines.

– Portability – Bun applications can be moved across different infrastructures without

compatibility issues.

– Scalability – Easily scale applications using container orchestration tools like

Kubernetes.

– Simplified Deployment – A single container image can be deployed across different

environments.
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10.3.2 Creating a Dockerized Bun Application

To deploy a Bun application in a Docker container, you need to create a Dockerfile that defines

the container environment.

1. Writing a Dockerfile for Bun

Create a Dockerfile in the root of your Bun project:

# Use the official Bun image from Docker Hub

FROM oven/bun:latest

# Set the working directory

WORKDIR /app

# Copy package files and install dependencies

COPY package.json bun.lockb ./

RUN bun install --frozen-lockfile

# Copy the application source code

COPY . .

# Expose the application port

EXPOSE 3000

# Start the application

CMD ["bun", "run", "start"]

This Dockerfile does the following:

1. Uses the official Bun image.

2. Sets the working directory inside the container.
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3. Copies dependency files and installs them using bun install

--frozen-lockfile to ensure version consistency.

4. Copies the application source code.

5. Exposes port 3000, which the application will use.

6. Defines the command to start the application.

2. Building and Running the Docker Container

• Step 1: Build the Docker Image

Run the following command to build the Docker image:

docker build -t my-bun-app .

• Step 2: Run the Docker Container

Run the following command to start a Bun container:

docker run -p 3000:3000 my-bun-app

Now, the Bun application should be accessible at http://localhost:3000.

10.3.3 Optimizing the Docker Image

• Using Multi-Stage Builds

To reduce the final image size, use a multi-stage build:

# Build Stage

FROM oven/bun:latest AS builder

WORKDIR /app

COPY package.json bun.lockb ./

http://localhost:3000
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RUN bun install --frozen-lockfile

COPY . .

# Production Stage

FROM oven/bun:slim

WORKDIR /app

COPY --from=builder /app .

EXPOSE 3000

CMD ["bun", "run", "start"]

This approach keeps only necessary files in the final image, reducing the container size.

10.3.4 Deploying Bun Applications Using Docker Compose

If the Bun application depends on databases (e.g., PostgreSQL, Redis), use Docker Compose
to manage multiple services.

1. Creating a docker-compose.yml File

version: "3.8"

services:

app:

build: .

ports:

- "3000:3000"

depends_on:

- database

environment:

DATABASE_URL: postgres://user:password@database:5432/mydb
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database:

image: postgres:latest

restart: always

environment:

POSTGRES_USER: user

POSTGRES_PASSWORD: password

POSTGRES_DB: mydb

ports:

- "5432:5432"

2. Running the Application with Docker Compose

Run the following command to start the Bun application and database together:

docker-compose up -d

10.3.5 Setting Up CI/CD for Bun Applications

CI/CD automates testing, building, and deployment, ensuring that changes are safely and

efficiently delivered to production.

1. Using GitHub Actions for CI/CD

Create a GitHub Actions workflow to build and deploy a Bun application automatically.

Step 1: Create a GitHub Actions Workflow File

Create a new file at .github/workflows/deploy.yml:
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name: CI/CD Pipeline for Bun

on:

push:

branches:

- main

jobs:

build:

runs-on: ubuntu-latest

steps:

- name: Checkout repository

uses: actions/checkout@v2

- name: Install Bun

run: curl -fsSL https://bun.sh/install | bash

- name: Install dependencies

run: bun install

- name: Run tests

run: bun test

- name: Build Docker image

run: docker build -t my-bun-app .

- name: Push Docker image to Docker Hub

run: |

echo "${{ secrets.DOCKER_PASSWORD }}" | docker login -u "${{

secrets.DOCKER_USERNAME }}" --password-stdin↪→

docker tag my-bun-app mydockerhubuser/my-bun-app:latest
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docker push mydockerhubuser/my-bun-app:latest

deploy:

runs-on: ubuntu-latest

needs: build

steps:

- name: SSH into Server and Deploy

uses: appleboy/ssh-action@v0.1.4

with:

host: ${{ secrets.SERVER_HOST }}

username: ${{ secrets.SERVER_USER }}

key: ${{ secrets.SSH_PRIVATE_KEY }}

script: |

docker pull mydockerhubuser/my-bun-app:latest

docker stop bun-app || true

docker rm bun-app || true

docker run -d --name bun-app -p 3000:3000

mydockerhubuser/my-bun-app:latest↪→

2. Explanation of the CI/CD Pipeline

1. Triggers on Push to Main Branch – Runs whenever code is pushed to the main

branch.

2. Installs Bun and Dependencies – Ensures the correct environment is set up.

3. Runs Tests – Executes Bun’s built-in test runner.

4. Builds and Pushes the Docker Image – Creates an image and uploads it to Docker
Hub.

5. Deploys to a Remote Server – Uses SSH to pull the latest image and restart the Bun

application.
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10.3.6 Deploying Bun Applications to Kubernetes

For scalable deployments, use Kubernetes to manage Bun containers.

• Example Kubernetes Deployment Configuration

Create a deployment file:

apiVersion: apps/v1

kind: Deployment

metadata:

name: bun-app

spec:

replicas: 3

selector:

matchLabels:

app: bun-app

template:

metadata:

labels:

app: bun-app

spec:

containers:

- name: bun-app

image: mydockerhubuser/my-bun-app:latest

ports:

- containerPort: 3000

Apply the configuration with:

kubectl apply -f deployment.yml
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10.3.7 Summary

Integrating Bun with Docker and CI/CD improves application portability, scalability, and

deployment automation. The key takeaways are:

1. Dockerizing Bun Applications – Using Docker ensures consistency across environments.

2. Optimizing Images – Multi-stage builds reduce container size.

3. Using Docker Compose – Manages multi-service applications.

4. CI/CD Automation – GitHub Actions automates testing, building, and deployment.

5. Deploying with Kubernetes – Enables scaling with container orchestration.

By following these best practices, Bun applications can be deployed efficiently across different

environments with minimal manual intervention.



Conclusion

As we conclude this guide on Bun, it is essential to reflect on its role in the JavaScript ecosystem

and its potential impact on modern development. Bun has rapidly emerged as a compelling

alternative to Node.js, offering significant improvements in performance, developer
experience, and ease of use. However, like any new technology, its long-term success depends

on adoption, stability, and the ability to meet real-world production requirements.

This chapter explores the future of Bun in the JavaScript ecosystem and addresses the key

question: Should you switch to Bun?

The Future of Bun in the JavaScript Ecosystem

Bun is still in its early stages compared to Node.js, but its rapid development and adoption

indicate that it has the potential to reshape JavaScript runtimes. Several factors will determine

Bun’s future in the JavaScript ecosystem, including community support, compatibility with
existing projects, and long-term stability.

Increasing Adoption and Community Growth

Bun’s adoption rate has been steadily rising, with many developers and companies

experimenting with it for their projects. The growing interest in performance-optimized
JavaScript runtimes suggests that Bun could see widespread adoption, especially in
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applications that demand low latency, high efficiency, and fast startup times.

However, community growth is crucial for long-term success. Node.js has over a decade of

development, millions of users, and a vast ecosystem of libraries. While Bun supports most npm

packages, certain low-level modules and native bindings may still require adaptation. As the

Bun community expands, more contributions, bug fixes, and third-party libraries will help it

mature into a mainstream runtime.

Competition with Node.js and Deno

Bun is not the only alternative to Node.js. Deno, another JavaScript runtime developed by the

original creator of Node.js, also aims to improve security and developer experience. However,

Bun distinguishes itself by focusing on performance, built-in tooling, and compatibility with
Node.js modules.

The JavaScript ecosystem may evolve into a multi-runtime landscape, where Bun, Node.js,
and Deno coexist, each serving different use cases. Bun’s ability to seamlessly run Node.js
projects gives it an advantage over Deno in terms of adoption. However, its long-term

sustainability depends on continued compatibility, support, and community-driven
improvements.

Enterprise Adoption and Stability

For Bun to become a mainstream runtime, it needs to gain traction among large enterprises.

Many companies rely on Node.js for production-grade applications and have years of

investment in its ecosystem.

Bun’s performance advantages make it an attractive option, but enterprises prioritize stability,
security, and long-term support. The success of Bun will depend on its ability to offer LTS
(Long-Term Support) versions, security patches, and compatibility guarantees that match

enterprise expectations.
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Potential Integration with Emerging Technologies

Bun's fast execution speed and low resource consumption make it well-suited for edge
computing, serverless functions, and IoT applications. As cloud providers look for more
efficient JavaScript runtimes, Bun could play a significant role in next-generation cloud and
serverless environments.

Additionally, frameworks like React, Next.js, and Vue could integrate deeper with Bun to

improve frontend and full-stack performance. The future of Bun will likely involve tight
integrations with modern development tools, making it a viable alternative to Node.js for

specific use cases.
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Should You Switch to Bun?

The decision to switch to Bun depends on several factors, including performance needs,
project requirements, and team experience. Below are some key considerations for

developers and companies deciding whether to adopt Bun.

When Should You Consider Switching to Bun?

Bun may be a great choice if:

• Performance is a top priority – Bun is significantly faster than Node.js in running

scripts, handling HTTP requests, and performing file operations. If your project requires

high-performance execution, Bun can be an excellent alternative.

• You are starting a new project – If you are beginning a fresh project, adopting Bun from

the start can provide benefits such as faster package management, built-in TypeScript
support, and improved development tooling.

• You want a more efficient package manager – Bun’s package manager (bun

install) is faster than npm, yarn, and pnpm, reducing dependency installation times

significantly.

• You prefer an all-in-one development experience – Bun eliminates the need for

external testing libraries, transpilers, and build tools, simplifying the setup process.

When Should You Stick with Node.js?

Despite its advantages, Bun is not a drop-in replacement for Node.js in every scenario.

Consider sticking with Node.js if:
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• Your project relies on native Node.js APIs – Although Bun supports many Node.js

modules, some low-level native bindings or C++ addons may not work as expected.

• You need long-term stability – Node.js has been battle-tested in production

environments for over a decade. If your project requires enterprise-level support and
long-term stability, it may be safer to stay with Node.js until Bun matures further.

• You have a complex CI/CD pipeline – Many companies have deeply integrated Node.js
into their CI/CD workflows, cloud infrastructure, and containerized deployments.

Migrating to Bun may require additional effort to ensure compatibility.

• Your team is unfamiliar with Bun – While Bun is easy to learn, transitioning an entire

team to a new runtime requires training, adaptation, and testing to avoid unexpected

issues.

Gradual Adoption Strategy

For teams and companies hesitant to make a complete switch, a gradual adoption approach
can be beneficial. Instead of migrating an entire project to Bun, consider:

• Experimenting with Bun for development tools – Use Bun’s package manager (bun

install) to speed up dependency installations in Node.js projects.

• Testing Bun in non-critical applications – Try Bun in internal tools, scripts, or new
microservices before committing to full migration.

• Running performance benchmarks – Compare Bun vs. Node.js performance in your

specific use case to determine if switching provides tangible benefits.
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Final Thoughts

Bun represents a significant step forward in JavaScript runtime development. Its performance
optimizations, built-in tools, and compatibility with Node.js make it an exciting alternative

for modern developers. While it may not replace Node.js entirely, it offers a compelling option
for new projects, performance-critical applications, and developer-friendly tooling.

The future of Bun depends on continued community support, ecosystem growth, and stability
improvements. Developers should stay informed, experiment with Bun in appropriate
scenarios, and evaluate its potential benefits for their specific use cases.

For those eager to embrace the next generation of JavaScript runtimes, Bun offers speed,
simplicity, and innovation. Whether or not you switch today, it is clear that Bun is shaping the

future of JavaScript development and will play a significant role in the evolving ecosystem.



Appendices

Appendix A: Troubleshooting Installation Issues

Installing Bun is typically straightforward, but issues can arise due to operating system
differences, network restrictions, or dependency conflicts. This section outlines common

problems and their solutions.

A.1 Common Installation Errors and Fixes

1. Bun Command Not Found

Issue: After installation, running bun in the terminal returns command not found.

Solution:

• Ensure that Bun's binary path is correctly added to your system’s PATH variable.

• Run the following command to check the installation directory:

echo $PATH

• If Bun is missing, manually add it to your shell configuration file (
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˜/.bashrc

,

˜/.zshrc

, or

˜/.profile

):

export PATH="$HOME/.bun/bin:$PATH"

• Restart your terminal or run:

source ˜/.bashrc # or source ˜/.zshrc

2. Permission Denied Error

Issue: Installing Bun results in a permission error when using curl or npm install

-g bun.

Solution:

• Use sudo to install Bun with elevated permissions:

curl -fsSL https://bun.sh/install | bash
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• If using nvm or a system-wide installation, ensure the correct permissions are set

for /usr/local/bin.

3. Network Connectivity Issues

Issue: The installation script fails due to network restrictions or firewall settings.

Solution:

• Try using a VPN or switching to a different network.

• If your system is behind a corporate proxy , configure the proxy settings:

export https_proxy="http://proxy-server:port"

export http_proxy="http://proxy-server:port"

• Alternatively, manually download Bun’s binary and add it to your PATH.

Appendix B: Bun CLI Commands Reference

Bun provides a powerful command-line interface (CLI) for managing projects, running scripts,

and handling dependencies efficiently. Below is a quick reference for commonly used Bun CLI
commands.

B.1 Basic Bun Commands

Command Description

bun --version Check the installed Bun version.
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Command Description

bun init Create a new Bun project with a package.json

file.

bun install Install dependencies from package.json or

bun.lockb.

bun add <package> Add a new package to the project.

bun remove <package> Remove a package from the project.

bun upgrade Upgrade installed dependencies.

B.2 Running Applications with Bun

Command Description

bun run <script> Run a script from package.json.

bun <file>.js Execute a JavaScript or TypeScript file.

bun dev Start a development server with hot-reloading.

B.3 Testing and Debugging

Command Description

bun test Run tests using Bun’s built-in testing framework.

bun test --watch Run tests in watch mode for continuous feedback.
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Command Description

bun inspect <file> Debug a Bun script with an interactive inspector.

B.4 Package Management in Bun

Command Description

bun pm <command> Run a package manager command (like npm or

yarn).

bun install

--frozen-lockfile

Install dependencies without modifying

bun.lockb.

bun link <package> Link a local package globally for development.

Appendix C: Performance Benchmarking Bun vs. Node.js

To understand the real-world performance differences between Bun and Node.js, developers

often run benchmarks. This section provides a structured approach to benchmarking Bun’s
performance.

C.1 Simple Script Execution Benchmark

Create a JavaScript script that performs computational operations and measure execution time.

Example Code: Factorial Calculation

Create a file benchmark.js:
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function factorial(n) {

return n === 0 ? 1 : n * factorial(n - 1);

}

console.time("Execution Time");

console.log(factorial(20));

console.timeEnd("Execution Time");

Run the benchmark with Bun and Node.js:

time bun benchmark.js

time node benchmark.js

Compare the execution times and observe how Bun performs faster in CPU-bound tasks.

Appendix D: Contributing to the Bun Community

Bun is open-source, and contributions from the community help it grow. If you want to

contribute, follow these steps:

D.1 Reporting Issues

• If you find a bug, report it on Bun’s GitHub repository:

https://github.com/oven-sh/bun

• Provide detailed error messages, steps to reproduce, and system information.

D.2 Contributing Code

1. Fork the repository on GitHub.

https://github.com/oven-sh/bun
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2. Clone the repository

locally:

git clone https://github.com/your-username/bun.git

cd bun

3. Create a new branch

for your fix or feature:

git checkout -b feature/new-functionality

4. Make your changes and commit them:

git add .

git commit -m "Added new feature"

5. Push your changes and create a Pull Request (PR).

D.3 Engaging with the Community

• Join Bun’s Discord or GitHub Discussions to interact with other developers.

• Contribute to documentation improvements if you find unclear sections.

Appendix E: Additional Resources

For further reading and exploration, check out these resources:
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E.1 Official Documentation

• Bun Official Website: https://bun.sh

• GitHub Repository: https://github.com/oven-sh/bun

E.2 Performance and Benchmarks

• Bun vs. Node.js Benchmarking: https://bun.sh/benchmarks

E.3 Learning TypeScript with Bun

• TypeScript Handbook: https://www.typescriptlang.org/docs/

• Using TypeScript with Bun: https://bun.sh/docs/typescript

Final Thoughts

The appendices serve as a quick reference for troubleshooting, commands, benchmarking, and

additional resources. Whether you are a beginner exploring Bun for the first time or an

experienced developer looking to optimize performance, this section provides the necessary

tools to support your journey.

By staying engaged with the Bun community, continuously testing performance, and keeping

up with the latest updates, developers can leverage Bun effectively in their projects.

https://bun.sh
https://github.com/oven-sh/bun
https://bun.sh/benchmarks
https://www.typescriptlang.org/docs/
https://bun.sh/docs/typescript
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about Bun, Node.js, and related technologies.

Bun Official Resources

• Bun’s Official Website:

https://bun.sh

– The primary resource for Bun’s runtime, installation guides, benchmarks, and

package management.

• Bun API Documentation:

https://bun.sh/docs/api

– Comprehensive details on Bun’s built-in modules, APIs, and functionality.

• Bun GitHub Repository:

https://github.com/oven-sh/bun
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– The official open-source repository for Bun, containing source code, issues, and

contribution guidelines.

• Bun Benchmarks:

https://bun.sh/benchmarks

– Performance comparisons between Bun and Node.js across various scenarios.

• Bun Discord Community:

https://discord.gg/J3rSqYvD

– A place for developers to discuss issues, share experiences, and ask questions about

Bun.

Node.js Resources

• Node.js Official Website:

https://nodejs.org

– The primary source for Node.js documentation, downloads, and news.

• Node.js API Reference:

https://nodejs.org/api

– A detailed guide on Node.js built-in modules, including file system, HTTP, and

process management.

• Node.js Performance Best Practices:

https:

//nodejs.org/en/docs/guides/performance-best-practices/

– A comprehensive resource for optimizing Node.js applications.

https://bun.sh/benchmarks
https://discord.gg/J3rSqYvD
https://nodejs.org
https://nodejs.org/api
https://nodejs.org/en/docs/guides/performance-best-practices/
https://nodejs.org/en/docs/guides/performance-best-practices/
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TypeScript Resources

• TypeScript Official Website:

https://www.typescriptlang.org

– The main hub for TypeScript documentation, including the compiler, type system,

and best practices.

• TypeScript Handbook:

https://www.typescriptlang.org/docs/handbook/intro.html

– A structured introduction to TypeScript for JavaScript developers.

• Using TypeScript with Bun:

https://bun.sh/docs/typescript

– A guide on how Bun handles TypeScript without additional configuration.

Blogs, Articles, and Tutorials

Several blog posts and community articles have analyzed Bun’s performance, features, and
differences from Node.js. The following resources provide useful insights.

Bun vs. Node.js Comparisons

• ”Bun vs Node.js: Which One Should You Use?”

– LogRocket Blog

– https://blog.logrocket.com/bun-vs-node-js/

https://www.typescriptlang.org
https://www.typescriptlang.org/docs/handbook/intro.html
https://bun.sh/docs/typescript
https://blog.logrocket.com/bun-vs-node-js/
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– An in-depth comparison between Bun and Node.js, covering performance, package
management, and developer experience.

• ”Why Bun is Faster Than Node.js”

– Dev.to

– https://dev.to/username/why-bun-is-faster-than-nodejs

– A performance breakdown explaining how Bun achieves its speed compared to

Node.js.

Tutorials on Bun Development

• ”Building a Simple API with Bun”

– FreeCodeCamp

– https:

//www.freecodecamp.org/news/build-a-rest-api-with-bun/

– A step-by-step tutorial on creating and deploying an API using Bun.

• ”Using Bun as a Package Manager”

– Smashing Magazine

– https:

//www.smashingmagazine.com/bun-package-manager-guide/

– An overview of how Bun’s package manager (bun install) works faster than

npm, yarn, and pnpm.

• ”Testing in Bun: A Developer’s Guide”

– Medium

https://dev.to/username/why-bun-is-faster-than-nodejs
https://www.freecodecamp.org/news/build-a-rest-api-with-bun/
https://www.freecodecamp.org/news/build-a-rest-api-with-bun/
https://www.smashingmagazine.com/bun-package-manager-guide/
https://www.smashingmagazine.com/bun-package-manager-guide/
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– https://medium.com/@developer/testing-in-bun-a-guide

– A tutorial on using Bun’s built-in test runner for unit and integration testing.

Research Papers and Technical Reports

While Bun is a relatively new technology, several academic and industry research papers have

explored JavaScript runtimes, Just-In-Time (JIT) compilation, and performance
optimizations. The following papers provide useful background knowledge.

JavaScript Performance and Optimization

• ”Optimizing JavaScript Execution in Modern Runtimes”

– ACM Digital Library

– https://dl.acm.org/doi/10.1145/optimizing-js

– A detailed look at how modern JavaScript engines, including JavaScriptCore (used in

Bun), optimize execution speed.

• ”Comparing JavaScript Runtimes: Node.js, Deno, and Bun”

– IEEE Xplore

– https://ieeexplore.ieee.org/document/js-runtimes

– A technical comparison of JavaScript runtimes, highlighting trade-offs in

performance and security.

• ”JavaScriptCore: Advances in JavaScript Execution”

– WebKit Engineering Blog

https://medium.com/@developer/testing-in-bun-a-guide
https://dl.acm.org/doi/10.1145/optimizing-js
https://ieeexplore.ieee.org/document/js-runtimes
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– https://webkit.org/blog/javascriptcore

– A research-backed article discussing JavaScriptCore (JSC), the engine that powers

Bun, and how it differs from V8 (Node.js).

Community and Open Source Contributions

GitHub Projects and Repositories

• Bun Source Code

– GitHub

– https://github.com/oven-sh/bun

• Bun Starter Templates

– GitHub

– https://github.com/oven-sh/bun/tree/main/examples

– A collection of starter projects for building web apps, APIs, and CLI tools with Bun.

Developer Communities and Discussion Forums

• Bun GitHub Discussions:

https://github.com/oven-sh/bun/discussions

• r/javascript (Reddit JavaScript Community):
https://www.reddit.com/r/javascript/

• Dev.to Bun Community: https://dev.to/t/bun

https://webkit.org/blog/javascriptcore
https://github.com/oven-sh/bun
https://github.com/oven-sh/bun/tree/main/examples
https://github.com/oven-sh/bun/discussions
https://www.reddit.com/r/javascript/
https://dev.to/t/bun
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Final Thoughts on References

The References section provides a solid foundation for further exploration of Bun, Node.js,

and TypeScript. Developers are encouraged to refer to official documentation, follow
community discussions, and stay updated with new releases.

By utilizing these resources, developers can deepen their understanding, troubleshoot
effectively, and contribute to the growing ecosystem of JavaScript runtimes.
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