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A Comprehensive Guide to Building
Reliable Web Applications with the
Functional Programming Language

Elm is a functional programming language that compiles to JavaScript and
has redefined what reliable web development looks like. With its strong type
system, The Elm Architecture, and guarantee of no runtime exceptions in
practice, Elm gives developers the confidence to build, refactor, and maintain
complex web applications without fear. This book takes you from your first line
of Elm code through advanced patterns for production applications, covering
everything from syntax and types to testing, deployment, and ecosystem
mastery. Whether you are a JavaScript developer looking for a better way,
a functional programming enthusiast seeking practical application, or an ex-
perienced Elm programmer wanting deeper understanding, this book is your
complete guide to the language that makes web development delightful again.



Introduction: Why EIm Matters

The State of Web Development

If you have spent any time building web applications in the modern era, you
know the drill. You write code that looks correct, you test it on your machine,
and then something breaks in production. Maybe a null reference error crashes
your entire application. Maybe a state update goes wrong and your Ul shows
stale data. Maybe a third-party library update silently changes an API and
nothing works anymore.

This is not an exaggeration of the problem. Web development has become
astonishingly complex. A typical modern frontend application involves dozens
of dependencies, each with their own dependency trees, version compatibil-
ities, and potential points of failure. JavaScript, the language at the center of
it all, was designed in ten days and has accumulated decades of backwards-
compatibility baggage. Even TypeScript, which adds a layer of type safety
on top, cannot fully protect you from the dynamic nature of the underlying
platform.

The result is a developer experience that many find exhausting rather
than empowering. You spend more time debugging than building. You write
defensive code to handle edge cases that should be impossible. You maintain
complex build pipelines, configuration files, and testing infrastructure just to
keep things running.

Enter EIm: A Different Approach

In March 2012, Evan Czaplicki released a programming language that would
change how many developers think about web applications. Elm was born from
his Harvard thesis, titled “Elm: Concurrent FRP for Functional GUIS.” It was
designed with a singular mission: to make web development pleasant, reliable,
and enjoyable.

Elm is a purely functional programming language that compiles to
JavaScript. Itis not a library, not a framework, and not a superset of JavaScript.
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It is its own language, with its own syntax, type system, and philosophy. And
that distinction matters enormously.

When you write Elm, you get guarantees that no JavaScript or TypeScript
project can match:

* No runtime exceptions in practice. Elm’s type system catches errors at
compile time, and its design eliminates entire categories of bugs before
they can exist.

* Friendly error messages. The Elm compiler does not just tell you that
something is wrong. It explains what went wrong, why it matters, and
how to fix it. Many developers describe Elm’s error messages as genuinely
helpful rather than cryptic.

* Safe refactoring. Because Elm enforces strong typing throughout, you
can rename a function, change a type, or restructure your code with
confidence that the compiler will catch every place that needs updating.

* Semantic versioning enforced by the compiler. Every package in the
Elm ecosystem must follow semantic versioning. The compiler prevents
breaking changes from sneaking into your project through dependency
updates.

These are not incremental improvements. They represent a fundamentally
different approach to building software, one where the language itself is
designed to prevent mistakes rather than merely detecting them after the fact.

What You Will Learn in This Book

This book is structured as a progressive journey from beginner to mastery.
Here is what each section covers:

Foundations (Chapters 1-6): We begin with Elm’s history and philosophy,
then walk through installation, syntax, the type system, functional program-
ming concepts, pattern matching, and error handling. By the end of this
section, you will understand how Elm thinks about code and be comfortable
writing basic programs.

Architecture and Ul (Chapters 7-9): The heart of Elm is The Elm Ar-
chitecture, a pattern for structuring interactive applications that has influ-

enced frameworks across the programming world. We explore Model-Update-
Subscribe in depth, learn to build user interfaces with Elm's HTML module, and
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understand how side effects are managed through commands and subscrip-
tions.

Communication (Chapters 10-12): Real applications need to talk to the out-
side world. We cover JSON encoding and decoding, HTTP requests, JavaScript
interoperability through ports and flags, WebSockets, and real-time commu-
nication patterns.

Advanced Patterns (Chapters 13-15): As applications grow, new challenges
emerge. We explore state management at scale, testing strategies including
property-based testing, debugging techniques, and performance optimization
with Html.Lazy and Html.Keyed.

Ecosystem and Production (Chapters 16-18): We survey the Elm package
ecosystem, cover deployment and CI/CD integration, discuss security and
accessibility, and compare Elm with JavaScript, TypeScript, React, and other
functional languages to help you understand where Elm fits in the broader
landscape.

Who This Book Is For

This book assumes you are a programmer. You do not need to know functional
programming, but you should be comfortable with basic programming con-
cepts like variables, functions, conditionals, and data structures. If you have
experience with JavaScript, TypeScript, or any other language, you will find
the transition to ElIm smooth and rewarding.

If you are a student learning programming for the first time, Elm is an
excellent choice. Its simple syntax, clear error messages, and emphasis on
correctness make it forgiving for beginners while teaching concepts that
transfer to virtually any other language. As Evan Czaplicki promises in the
official guide: if you complete a real project in Elm, you will write better
JavaScript afterward.

If you are an experienced developer evaluating Elm for your team, the
comparison chapters will help you understand Elm’s strengths and limitations
honestly. This book does not pretend that Elm is the right tool for every
situation, and we discuss when other languages or frameworks may be more
appropriate.



Introduction: Why Elm Matters 5

How to Use This Book

Read this book from front to back for the best experience. Each chapter builds
on concepts introduced in earlier chapters, and skipping ahead may leave gaps
in your understanding. The code examples are designed to be typed out by
hand, not copy-pasted, because the act of writing Elm code yourself is where
real learning happens.

Throughout the book, you will find practical exercises at the end of key
chapters. These are optional but highly recommended if you want to solidify
your understanding. You can use the Elm online editor at elm-lang.org /try for
quick experiments, or set up a local development environment as described in
Chapter 2.

Let us begin.


https://elm-lang.org/try

Chapter 1: The Story of EIm

Origins: From Canvas to a Language

Every programming language has an origin story, and Elm’s is particularly
illuminating because it reveals so much about the language’s design philosophy.
In 2011, Evan Czaplicki was a senior student at Harvard University’s School of
Engineering and Applied Sciences. He had spent years building interactive
visualizations using HTML5 Canvas and JavaScript, and he had grown deeply
frustrated with the process.

The problem was not just that JavaScript is an error-prone language. It was
that the entire ecosystem of web development felt fundamentally broken for
the kind of work he wanted to do. Building complex, interactive user interfaces
required juggling mutable state, callback hell, DOM manipulation, and an ever-
growing stack of libraries, each solving a piece of the puzzle but introducing
new complexity in the process.

Czaplicki’s thesis advisor suggested he look into functional reactive pro-
gramming (FRP), a paradigm that treats user interactions and time-varying
values as first-class citizens in a purely functional setting. FRP had been
explored academically for years, but no one had built a practical language
around it for web development. That became Czaplicki’s thesis project.

The result was “Elm: Concurrent FRP for Functional GUIs,” submitted in
March 2012. The first release of Elm came bundled with numerous examples
and an online editor that made it easy to try the language directly in a web
browser. The compiler generated HTML, CSS, and JavaScript, and the resulting
applications ran in any modern browser without requiring plugins or special
runtimes.

What set Elm apart from the start was not just its technical approach but
its emphasis on developer experience. Czaplicki did not want to build another
academic exercise that worked in theory but was painful to use in practice. He
wanted a language that a working web developer would actually enjoy.



Chapter 1: The Story of Elm 7

Design Philosophy: Delightful Developer Experience

Elm’s design philosophy can be summarized in a single sentence: the language
should make the common case easy and the impossible case impossible. This
principle drives virtually every design decision in the language, from the type
system to the standard library to the compiler error messages.

Consider the approach to null values. In JavaScript, any variable can hold
null or undefined, and accessing a property on either of those values pro-
duces a runtime error. TypeScript adds optional types (string | undefined)
but still requires manual null checks throughout your code. Elm eliminates
the problem entirely: there is no null type in ElIm. When a value might be
absent, you use the Maybe type, which forces you to explicitly handle both the
present and absent cases through pattern matching. The compiler will not let
you forget.

This philosophy extends to error messages. Most compilers tell you that
something is wrong and where it is wrong. Elm’s compiler goes further: it
explains what went wrong in plain English, suggests likely fixes, and often
provides examples of correct code. The error message catalog has been
carefully crafted over years, with each message designed to be genuinely
helpful rather than merely technically accurate.

The philosophy also shapes the language’s feature set. Elm deliberately
omits features that other functional languages have: no type classes (unlike
Haskell), no macros, no mutable state, no exceptions, no null values, no higher-
kinded types. Each omission is a deliberate choice to keep the language simple
and focused on its domain: building reliable web applications.

As Czaplicki has stated repeatedly, Elm is not trying to be the most ex-
pressive or most powerful programming language. It is trying to be the best
language for its specific purpose. This focus is both Elm’s greatest strength
and, for some developers, its primary limitation.

The Roadmap: Versions 0.1 Through 0.19

Elm has undergone significant evolution since its first release, but the version
numbers tell an interesting story about the project’s development model.

Early versions (0.1-0.16, 2012-2016): During this period, ElIm was primarily
Czaplicki’s solo project. He worked on it while employed at Prezi (starting
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in 2013) and later at NoRedInk (from 2016). Each version brought substantial
improvements to the compiler, standard library, and tooling. The language
evolved from a research prototype into a practical development tool.

Key milestones included:

* The introduction of the Elm Platform in 2015, which bundled the compiler,
package manager, REPL, and time-travel debugger into a cohesive toolkit

* The adoption of The Elm Architecture as the de facto standard for
structuring Elm applications

* The creation of the Elm Package ecosystem, enabling community contri-
butions

Version 0.17 (2016): This was a major breaking release that introduced
several foundational changes. It brought subscriptions to Elm, allowing appli-
cations to listen for external events like time ticks and WebSocket messages.
The package manager was overhauled, and error messages were significantly
improved.

Version 0.18 (2017): Another substantial release that refined the archi-
tecture further. The debugger gained import/export functionality, and the
compiler’s error messaging continued to improve. This version also saw the
Elm community grow substantially, with more packages being published and
more developers contributing to ecosystem tools.

Version 0.19 (August 21, 2018): This was the most significant breaking
change in Elm’s history and remains the current major version as of 2026.
Version 0.19 represented a complete overhaul of the compiler’s parser and code
generation pipeline. Key changes included:

* Removal of native code support, which had allowed packages to include
low-level JavaScript implementations

* A new elm.json configuration format replacing the older elm-

package.json

All standard library packages moved to version 1.0.0

* Renaming of “union types” to “custom types” for clarity

* Improved compiler error messages with better source location informa-
tion

* Support for native installers on macOS and Windows
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After 0.19, Czaplicki released two patch versions: 0.19.1 (October 2019) fo-
cused on refining the platform for beginners and experts, and 0.19.2 (July 2026)
brought compiler performance improvements to accelerate builds. Neither
patch version introduced language changes.

Community and Ecosystem Growth

Despite being primarily developed by one person, EIm has cultivated a vibrant
and supportive community. Several factors have contributed to this:

The Elm Package Registry: Launched alongside the early versions of Elm,
the package registry at package.elm-lang.org provides a curated collection
of community packages. The compiler enforces semantic versioning on all
published packages, which means dependency updates are predictable and
safe. As of 2024, the registry hosts over 2,500 packages covering everything
from HTTP clients to Ul component libraries.

Online Resources: The Elm ecosystem has produced several high-quality
learning resources. The official guide at guide.elm-lang.org is widely regarded
as one of the best programming language tutorials available. Ellie (elm-play)
provides an online editor with project persistence and third-party package
support. Elmcraft.org serves as a community-maintained hub for guides,
packages, and best practices.

Community Events: Elm Camp, an un-conference format gathering, has
been held in Denmark (2023), the United Kingdom (2024), and the United
States (2025). The Elm Weekly newsletter, ElIm Town podcast, and Elm Radio
podcast keep the community informed about new packages, techniques, and
discussions.

Cross-Pollination: The Elm Architecture has influenced frameworks far
beyond the Elm ecosystem. Redux, the most popular state management library
for React, was directly inspired by TEA. The Model-View-Update pattern has
been adopted in F# (through Elmish), Rust (through libraries like ratatui’s
TEA support), TypeScript (through @typescript-tea/core), and many other
environments.
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Elm Today: Where It Stands

As of 2026, Elm occupies a unique position in the programming landscape. The
language is essentially feature-complete. In February 2021, Czaplicki wrote:
“If you like what you see now, that’s pretty much what Elm is going to be for
a while” This stability is both a strength and a consideration for potential
adopters.

The strengths are clear. EIm code written today will compile with the same
compiler years from now. There are no breaking changes to prepare for. The
JavaScript output remains compatible with modern browsers indefinitely. The
language has entered what community members call the “Slope of Enlight-
enment” phase of the technology hype cycle: public discussion has cooled
compared to earlier peaks, but developers who use Elm continue to be highly
productive and satisfied.

The considerations are also worth noting honestly. Elm is not receiving
new features at a rapid pace. The lack of type classes and higher-kinded
polymorphism means certain abstractions that are natural in Haskell or Scala
require more boilerplate in Elm. The package ecosystem, while high quality,
is smaller than those of JavaScript frameworks. And the language remains
primarily a frontend tool, with no official backend support (though community
projects like elm-pages and Lamdera fill some of this gap).

Czaplicki’s current focus has shifted toward Acadia, a companion server-
side language designed to improve backend workflows for Elm applications.
The long-term vision includes bringing type-safe functional programming
benefits to database interactions and full-stack development, before returning
to Elm itself for further refinements.

For developers evaluating Elm in 2026, the question is not whether the
language will change dramatically but whether its current capabilities meet
your needs. For building reliable, maintainable frontend web applications, Elm
remains one of the most effective tools available.

Summary

Elm’s story is one of focused design and deliberate simplicity. Born from a
Harvard thesis in 2012, it has evolved into a mature, stable language with a
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devoted community. Its philosophy of making mistakes impossible rather than
merely detectable drives every aspect of the language, from the type system
to the error messages to the standard library. The current version, 0.19.2,
represents a feature-complete platform that prioritizes stability over novelty.
Whether you are drawn to Elm for its technical merits or its developer experi-
ence, understanding its history and philosophy provides essential context for
everything that follows in this book.

Exercises

1. Visit the Elm online editor at elm-lang.org/try and type out the counter
example from the introduction. Experiment with changing the increment
value and adding a reset button.

2. Read Evan Czaplicki’s thesis abstract or his 2012 InfoQ talk summary to
understand the original motivation behind Elm.

3. Browse package.elm-lang.org and find three packages that interest you.
Note what problems they solve and how their API documentation is
structured.


https://elm-lang.org/try
https://package.elm-lang.org

Chapter 2: Setting Up Your
Development Environment

Installing EIm on Any Platform

Getting started with Elm is straightforward. The language provides installation
options for macOS, Windows, and Linux, as well as an npm-based approach
that works across all platforms.

macOS: Download the installer from elm-lang.org. The . pkg file walks you
through a standard installation process. After installation, open Terminal and
verify by running:

elm --version

You should see output like 0.19. 2 (or whatever version is current).

Windows: Download the Windows installer from the same page. The .exe
file provides a guided installation. After completion, open Command Prompt
or PowerShell and verify:

elm --version

The installer adds Elm to your system PATH automatically. If you do not
see the expected output, you may need to restart your terminal or check your
PATH configuration.

Linux: Download the appropriate 64-bit binary from the Elm website.
Extract it and move the elm binary to a directory in your PATH:

# Example for Ubuntu/Debian
sudo tar -xzf elm-0.19.2-1inux-x86 64.tar.gz -C /usr/local/bin
— --strip-components=1

Via npm: If you prefer to manage Elm through Node.js package manage-
ment, you can install it globally:


https://elm-lang.org
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npm install -g elm

This approach is useful for CI/CD pipelines and team environments where
you want version consistency managed through package. json. Note that the
npm package simply downloads and extracts the native binary; it does not
require Node.js at runtime.

Docker: For containerized development or CI, the community maintains
Docker images. You can pull an image and run Elm commands:

docker run --rm -v $(pwd):/app -w /app ghcr.io/elm/compiler:0.19.2 elm
< --version

The Elm Toolchain: Compiler, Reactor, Make

The Elm toolchain consists of a single executable called elm that provides
several subcommands. Understanding each one is essential for productive
development.

elm make: Thisis the primary compilation command. It takes an Elm source
file and produces either an HTML file or a JavaScript bundle:

# Compile to a standalone HTML file (default)
elm make src/Main.elm

# Compile to a JavaScript file for embedding
elm make src/Main.elm --output=main.js

# Compile with optimizations for production
elm make src/Main.elm --output=main.js --optimize

The - -optimize flag enables aggressive dead code elimination and removes
all Debug module usage. It is recommended for production builds but should
not be used during development, as it prevents the use of debugging tools.

elm reactor: This is Elm’'s development server. It starts a local web server
that compiles Elm files on the fly and serves them through a browser interface:
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# Start the reactor in the current directory
elm reactor

# Specify a port
elm reactor --port=8000

When you open http://localhost:8000 in your browser, you see a file
browser. Clicking on any .elm file compiles it and displays the result. The
reactor is invaluable for quick experiments and learning because it provides
instant feedback without manual compilation steps.

elm repl: The Read-Eval-Print Loop is an interactive console where you
can type Elm expressions and see their results immediately:

elm repl

Once in the REPL, you can evaluate expressions, define functions, and
experiment with types:

2+ 3
5 : number

Vv

\

String.length "hello"
: Int

w

> List.map (\x -> x * 2) [1, 2, 3]
[2,4,6] : List number

The REPL is excellent for exploring the standard library, testing small
functions, and understanding type inference. You can import modules with
import Html and explore their APIs interactively.

elm format: Elm comes with a built-in code formatter that enforces
consistent style across your codebase:
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# Format a single file
elm format src/Main.elm

# Format all .elm files in the current directory and subdirectories
elm format .

The formatter is opinionated and non-configurable. This is intentional: by
having one agreed-upon style, EIm developers avoid debates about indenta-
tion, brace placement, and other stylistic choices. Run elm format before
committing code, or integrate it into your editor’s save workflow.

elm install: This command adds packages to your project:

# Install a package interactively
elm install elm/http

# The compiler will show you which packages need to be added
# and ask for confirmation

The installation process updates your elm. json file with the new depen-
dency and downloads the package source code.

Editor Setup: VS Code, Emacs, Vim

A good editor setup dramatically improves your Elm development experience.
Here are configurations for the most popular editors.

Visual Studio Code: The official ElIm extension by the Elm Tooling team
provides:

* Syntax highlighting

* Go-to-definition and find-references

* Hover documentation

* Inline error messages from the compiler
* Code actions for quick fixes

* Integration with elm-format on save

Install it from the VS Code Extensions marketplace and ensure you have
Node.js installed (the extension runs as a language server using Node). Config-
ure auto-formatting in your settings:
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{
"editor.formatOnSave": true,
"[elm]": {
"editor.defaultFormatter": "elmtooling.elm-1ls-vscode"
}
}

Emacs: The eglot or lsp-mode packages work with the Elm Language
Server Protocol (LSP) server. Install elm-language-server via npm:

npm install -g @elm-tooling/elm-language-server-custom

Then configure your Emacs setup to use it as the LSP backend for Elm files.
The community also maintains elm-mode for basic syntax highlighting.

Vim/Neovim: Use coc.nvim or nvim-lspconfig with the Elm Language
Server. For nvim-1spconfig:

require'lspconfig'.elmls.setup{}

For formatting, use a plugin that integrates elm-format, or add an auto-
command:

autocmd BufWritePre *.elm !elm format %

Online Editors: If you do not want to set up a local environment, several
online editors work well:

* Ellie (elm-play): Supports multi-file projects and third-party packages

* Try Elm (elm-lang.org/try): Simple single-file editor for quick experi-
ments

* CodeSandbox with Elm template: Full project environment in the
browser

Creating Your First Project with elm init

Every Elm project starts with an elm. json configuration file. The elm init
command creates this file and sets up the basic project structure:
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# Create a new directory for your project
mkdir my-first-elm-app
cd my-first-elm-app

# Initialize the project
elm init

17

The elm init command asks whether you want to create an elm. json file.

Type yes and press Enter. You will see output like:

How should I describe your project? (If you have npm published things, this
— should match.)
> A beginner Elm application

Created elm.json.

The generated elm. json looks like this:

"type": "application",

"source-directories": [
"src"

1,

"elm-version": "0.19.0 <= v < 0.20.0",

"dependencies": {
"direct": {},
"indirect": {}

I

"test-dependencies": {
"direct": {},
"indirect": {}

Let us break down this file:

* type: Either "application" for apps or "package" for libraries

* source-directories: Where your .elm source files live (typically

["src"])

* elm-version: The range of Elm compiler versions compatible with this

project

» dependencies: Packages your code imports, split into direct (you import)

and indirect (transitive dependencies)
» test-dependencies: Packages used only for testing
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Running EIm Reactor for Instant Feedback

Now let us create our first Elm file and run it. Create a src directory and add
a file called Main.elm:

module Main exposing (main)

import Html exposing (Html, div, text)
main : Html msg

main =

div []
[ text "Hello from Elm!" ]

This is a complete Elm application. The module declaration defines the
module name and what it exports. The import statement brings in the Html
module. The main function produces an HTML element containing some text.

Run the reactor:

elm reactor

Open your browser to http://localhost:8000/src/Main.elm. You
should see “Hello from Elm!” rendered on the page. The reactor compiled
your code automatically and served it.

Project Structure Conventions

As your Elm projects grow, maintaining a consistent directory structure be-
comes important. Here is the conventional layout:
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my-elm-project/

F— elm.json # Project configuration

F— src/ # Source files

| F— Main.elm # Application entry point

| F— Model.elm # Type definitions for application state
| — Update.elm # Message handling and state transitions
| | view.elm # UI rendering functions

| L— Features/ # Feature-specific modules

| F— Todo.elm

| L— User.elm

— tests/ # Test files

| L— Main.elm

L— README.md # Project documentation

For larger applications, you may organize by feature rather than by concern:

src/
F— Main.elm
L— Features/

F— Todo/
| F— Model.elm

| | Update.elm
| L— view.elm
L— Dashboard/
— Model.elm
— Update.elm
L— view.elm

The Elm community generally prefers explicit module organization over
deeply nested directory structures. Keep your module names descriptive and
your imports clear.

Summary

Setting up an Elm development environment is straightforward and fast. The
single elm executable provides everything you need: compilation, a develop-
ment server, an interactive REPL, and code formatting. The official VS Code
extension delivers excellent editor integration, and the online editors provide
zero-setup alternatives for quick experiments.

The elm init command creates your project configuration, and from
there you can start writing ElIm code immediately. The reactor provides
instant feedback during development, and elm make --optimize produces
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production-ready JavaScript bundles. With this foundation in place, you are
ready to learn the language itself.

Exercises

1. Install Elm using your preferred method and verify the installation by
running elm --version.

2. Create a new project with elm init, add a src/Main.elm file that
displays your name and favorite color, and run it with elm reactor.

3. Experiment with elm repl: define a function that calculates the area of
a circle given its radius, then call it with several different values.

4. Install the Elm VS Code extension (or configure LSP for your editor) and
verify that syntax highlighting and error reporting work correctly.
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