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    Overview
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  Elixir bindings for the Rust ratatui terminal UI library, via Rustler NIFs.

  Build rich terminal UIs in Elixir with ratatui's layout engine, widget library, and styling system together with the BEAM superpowers.
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Features
	25 built-in widgets — Paragraph, Block, List, Table, Gauge, BarChart, Chart, Canvas, Calendar, Tabs, TextInput, Textarea, Markdown, Image, BigText, CodeBlock, Viewport3D, and more
	Constraint-based layout — percentages, lengths, ratios, min/max, and fill constraints, with flex alignment and spacing
	Rich styling — named, RGB, and 256-indexed colors, text modifiers, per-span rich text, and a semantic theme palette
	Two runtimes — LiveView-style callbacks or an Elm-style reducer with commands and subscriptions, both OTP-supervised
	Transport-agnostic apps — the same module serves a local terminal, SSH clients, or remote BEAM nodes over Erlang distribution
	Non-terminal rendering — expose the rendered cell buffer to Phoenix LiveView, embedded framebuffers, and screenshot tools
	Images in the terminal — PNG / JPEG / GIF / WebP rendered via Kitty, Sixel, iTerm2, or halfblocks, adapting to the terminal at hand
	3D rendering — software-rasterized or ray-traced scenes (Viewport3D) with meshes, lights, materials, a movable camera, and a scene-graph for articulated models, blitted into true-color cells
	Syntax-highlighted code and big text — CodeBlock with curated themes; oversized 8×8 pixel text for titles and banners
	Full event handling — non-blocking keyboard, mouse, resize, focus, and bracketed-paste events
	Focus management — a declarative focus ring with Tab cycling and mouse hit-testing for multi-panel apps
	Custom widgets in pure Elixir — compose primitives into reusable widgets via a protocol, no Rust required
	First-class testing — headless backend and event injection for CI-friendly assertions
	Observability built in — :telemetry events across runtime, render, and transports
	Precompiled NIFs — no Rust toolchain needed; event polling runs on the DirtyIo scheduler and never blocks the BEAM

Installation
Add ex_ratatui to the dependencies in mix.exs:
def deps do
  [
    {:ex_ratatui, "~> 0.11"}
  ]
end
Then fetch and compile:
mix deps.get && mix compile

A precompiled NIF binary for the host platform is downloaded automatically. The native library itself is loaded lazily on first use, so compiling a project that depends on ex_ratatui does not require the NIF to be loaded into the compiler VM.
Prerequisites
	Elixir 1.17+

Precompiled NIF binaries are available for Linux (x86_64, aarch64, armv6/hf, riscv64), macOS (x86_64, aarch64), and Windows (x86_64). No Rust toolchain needed.
To compile from source instead, install the Rust toolchain and set:
export EX_RATATUI_BUILD=true

Quick Start
alias ExRatatui.Layout.Rect
alias ExRatatui.Style
alias ExRatatui.Widgets.{Block, Paragraph}

ExRatatui.run(fn terminal ->
  {w, h} = ExRatatui.terminal_size()

  paragraph = %Paragraph{
    text: "Hello from ExRatatui!\n\nPress any key to exit.",
    style: %Style{fg: :green, modifiers: [:bold]},
    alignment: :center,
    block: %Block{
      title: " Hello World ",
      borders: [:all],
      border_type: :rounded,
      border_style: %Style{fg: :cyan}
    }
  }

  ExRatatui.draw(terminal, [{paragraph, %Rect{x: 0, y: 0, width: w, height: h}}])

  # Wait for a keypress, then exit
  ExRatatui.poll_event(60_000)
end)
Try the examples catalog for more — every widget has a focused, copyable demo, e.g. mix run examples/basics/hello_world.exs.
New here? The Getting Started guide builds a supervised todo app from mix new to a working TUI.
Runtimes and Transports
ExRatatui offers two ways to structure a supervised app and several ways to serve it — every combination works, and switching transport doesn't change the app module.
	Runtimes: the Callback Runtime (LiveView-style mount/render/handle_event, the default) and the Reducer Runtime (Elm-style single update/2 with first-class commands and subscriptions). The callback guide has a side-by-side comparison.
	Transports: local terminal (the default), SSH, Erlang distribution, custom transports, and non-terminal surfaces. The Transports guide has the canonical feature matrix.

Guides
	Guide	Description
	Getting Started	Walk-through from mix new to a supervised TUI — the place to start
	Building UIs	Widgets, layout, styles, rich text, and events — everything for render/2
	Custom Widgets	Compose primitives into reusable widgets via the ExRatatui.Widget protocol
	Images	Image rendering across terminals and transports — protocols, resizing, telemetry
	3D Rendering	Lit 3D scenes with Viewport3D — meshes, camera, render modes, and pipelines
	Paste and Clipboard	Bracketed paste behaviour, batch-insert helpers, and an OSC 52 copy snippet
	Callback Runtime	OTP-supervised apps with mount, render, handle_event, and handle_info callbacks
	Reducer Runtime	Elm-style apps with init, update, subscriptions, commands, and runtime inspection
	State Machine Patterns	Multi-screen apps, modals, and conditional UI without the tangle
	Transports	Canonical feature matrix — what works where across Local / Session / SSH / Distributed / CellSession
	Running TUIs over SSH	Serve any app as a remote TUI over SSH, standalone or under nerves_ssh
	Running TUIs over Erlang Distribution	Drive a TUI from a remote BEAM node with zero NIF on the app side
	Custom Transports	Plug in a custom transport (TCP, Livebook, WebSocket) via the ExRatatui.Transport behaviour
	Rendering to Non-Terminal Surfaces	Use ExRatatui.CellSession to expose the rendered cell buffer to LiveView, framebuffers, screenshot tools, and other non-ANSI consumers
	Architecture	The NIF bridge and the per-transport process trees
	Testing	Headless backend, test_mode, inject_event, and assertion patterns
	Debugging	Runtime.snapshot, tracing, buffer inspection, and common errors
	Performance	Render-loop tuning, render?: false, large trees, async effects
	Telemetry	:telemetry events for runtime, render, transport, and session — logging, metrics, OpenTelemetry
	Widgets Cheatsheet	One-page reference with every struct and its key fields

How It Works
ExRatatui bridges Elixir and Rust through Rustler NIFs: widget structs are encoded across the NIF boundary and decoded into ratatui types for rendering, while terminal events are polled on BEAM's DirtyIo scheduler so nothing blocks Elixir processes. Every transport builds on the same supervised Server process, with full session isolation per connected client.
The Architecture guide has the full picture — the NIF bridge and the per-transport process trees.
Ecosystem
	kino_ex_ratatui — Run TUIs inside Livebook notebooks.
	phoenix_ex_ratatui — Run TUIs in the browser within Phoenix LiveView.

Built with ExRatatui
	ash_tui — Interactive terminal explorer for Ash domains, resources, attributes, actions, and more.
	bb_tui — Terminal-based dashboard for Beam Bots robots.
	switchyard — Full-featured reducer runtime workbench exercising command batching, async effects, subscription reconciliation, runtime snapshots, distributed attach, and row-scrolled WidgetList.
	nerves_ex_ratatui_example — Example Nerves project with two TUIs (system monitor and LED control) on embedded hardware, reachable over SSH subsystems and Erlang distribution.
	phoenix_ex_ratatui_example — Example Phoenix project with a TUI served over SSH and Erlang distribution alongside a public LiveView chat room, sharing PubSub between the browser and the terminal.
	... yours? Open a PR! Plenty of ideas to explore in awesome-ratatui.

Contributing
Contributions are welcome! See CONTRIBUTING.md for development setup and PR guidelines.
Acknowledgements
ExRatatui is undeniably inspired by ratatui. Having such a great terminal UI library in Rust was the motivation to bring the same experience to the Elixir world and combine the best of both worlds. Special thanks to the great community behind ratatui.
The ExRatatui logo adapts the ratatui logo designed by Pavel Fomchenkov, with the Elixir drop and ex_ratatui wordmark added by Malena Merlina.
License
MIT — see LICENSE for details.


  

    ExRatatui Usage Rules

ExRatatui is Elixir bindings for the Rust ratatui terminal UI library, via Rustler NIFs. It builds rich terminal UIs that run on the BEAM's DirtyIo scheduler, so rendering never blocks application processes.
It is not the Rust ratatui API and not bubbletea. Widgets are plain Elixir structs (pure view descriptors), assembled each frame and handed to a draw/render function. There are no stateful widget objects that update in place.
Choosing a runtime
Pick the runtime before writing any code — this is the single most important decision and the easiest to get wrong.
	Use	When	Shape
	ExRatatui.run/2	Scripts, one-shots, examples, throwaway demos	A closure that draws and polls events itself
	use ExRatatui.App	Supervised interactive apps (the default)	LiveView-style mount/1, render/2, handle_event/2, handle_info/2
	use ExRatatui.App, runtime: :reducer	Apps wanting pure transitions, declarative timers, and managed side effects	init/1, update/2, render/2, subscriptions/1 + Command/Subscription

	The callback runtime is the default and fits most apps. Reach for the reducer runtime when modeling the app as (msg, state) -> state with Command-driven effects and Subscription-driven timers is worth the structure.
	Both App runtimes are supervised: add {MyApp.TUI, opts} to a supervision tree. Never hand-roll the loop with run/2 for a long-lived interactive app.

Core API shape
Canonical entry points for a raw run/2 loop — match these signatures exactly, do not invent Rust- or bubbletea-shaped calls:
# fun receives a terminal reference; terminal is restored on exit, even on raise
ExRatatui.run(fn terminal ->
  {width, height} = ExRatatui.terminal_size()

  # draw/2 takes a LIST of {widget_struct, %Rect{}} tuples — a bare widget draws nothing
  ExRatatui.draw(terminal, [
    {%ExRatatui.Widgets.Paragraph{text: "hi"},
     %ExRatatui.Layout.Rect{x: 0, y: 0, width: width, height: height}}
  ])

  ExRatatui.poll_event(60_000)
end, mouse_capture: false, focus_events: false)
	run/2 — run(fun, opts \\ []). fun is arity-1, receiving a terminal reference. Opts: :mouse_capture and :focus_events, both default false on the local transport — opt in explicitly when needed.
	draw/2 — draw(terminal, [{widget, %Rect{}}, ...]). The rect, in absolute 0-based cell coordinates, says where to paint.
	poll_event/1 — poll_event(timeout_ms \\ 250). Returns an ExRatatui.Event.* struct, nil on timeout, or {:error, reason}.
	terminal_size/0 — returns {width, height} (a tuple, not a Rect).
	Layout.split/4 — split(area, direction, constraints, opts \\ []). Returns a list of %Rect{} (one per constraint). Direction is :horizontal | :vertical; constraints are {:percentage, n}, {:length, n}, {:min, n}, {:max, n}, {:ratio, num, den}, {:fill, weight}.

	%ExRatatui.Layout.Rect{x: 0, y: 0, width: 0, height: 0} — placement is explicit; widgets do not auto-resize to the terminal.

In an App, render/2 receives (state, %ExRatatui.Frame{width:, height:}) and returns the full [{widget, %Rect{}}] list for the whole screen — describe the entire frame every time, never a partial delta. The runtime diffs cells.
Widget index
All widgets are structs under ExRatatui.Widgets.* (a few have a companion data module under ExRatatui.*). Knowing what exists prevents reinventing it.
Text and containers
	Paragraph — wrapped/aligned text with an optional block frame
	Block — borders, titles (top/bottom, per-title alignment via Block.Title)
	Clear — clears a region (use under popups/overlays)

Lists and tables
	List — selectable item list
	Table — rows, columns, header, selection
	WidgetList — vertically stacked, scrollable list of primitive widgets

Progress and activity
	Gauge — ratio bar with label
	LineGauge — single-line ratio bar
	Sparkline — compact inline trend line
	Throbber — animated spinner

Charts and drawing
	BarChart — bars (Bar, BarGroup data modules)
	Chart — line/scatter datasets (Chart.Axis, Chart.Dataset)
	Canvas — freeform drawing (Circle, Label, Line, Map, Points, Rectangle)

Navigation and selection
	Tabs — horizontal tab bar
	Scrollbar — scroll position indicator
	Calendar — month grid
	Checkbox — toggle
	Popup — modal/overlay container
	SlashCommands — command palette (SlashCommands.Command)

Input (stateful — NIF-backed)
	TextInput — single-line editor; drive via ExRatatui.text_input_* helpers
	Textarea — multi-line editor; drive via ExRatatui.textarea_* helpers

Rich / special
	Markdown — rendered Markdown
	Image — image rendering (ExRatatui.Image decodes; Kitty/Sixel/iTerm2/halfblocks)
	BigText — oversized 8x8 pixel text (ExRatatui.BigText)
	CodeBlock — syntax-highlighted code (ExRatatui.CodeBlock)

App-level helpers (not widgets)
	ExRatatui.Focus — focus ring for multi-panel apps. handle_key/2 consumes Tab/Shift+Tab and returns {focus, key_or_nil} (nil = consumed); register rects to get click-to-focus via handle_mouse/2; style with focused?/2. Pure data, no process — do not hand-roll focus tracking.
	ExRatatui.Theme — semantic color palette (eleven slots) with default/0 / light/0 constructors and border_style/2 / text_style/2 / selection_style/1 helpers. Pure data threaded through render code — no globals, no automatic widget injection.
	ExRatatui.CellSession — render to a cell buffer instead of ANSI bytes (Phoenix LiveView, framebuffers, screenshots). Reach for it before parsing ANSI out of a Session.

Compose custom composite widgets in pure Elixir via the ExRatatui.Widget protocol — no Rust required. See the Custom Widgets guide.
Anti-patterns and gotchas
Highest-value rules. The guides hold the full set; these are the ones agents get wrong most.
	Key event fields are lowercase strings, never atoms — wrong values compile and silently never match. The shape is %Event.Key{code: "up", kind: "press", modifiers: ["ctrl"]}. Character keys are their string value ("a", "1", " "); special keys include "enter", "esc", "tab", "back_tab", "backspace", "up" / "down" / "left" / "right", "page_up" / "page_down", "f1".."f12" — full table in ExRatatui.Event.Key. Mouse events use string kind / button the same way (%Event.Mouse{kind: "down", button: "left", x: 0, y: 0}).
	Never call draw/2 with a bare widget — pass [{widget, %Rect{}}, ...]. A widget without a rect paints nothing.
	Never treat a widget as stateful — rebuild the struct each frame. Widgets are immutable view descriptors, not objects that mutate in place.
	Never return a partial scene from render/2 — return the whole screen. The runtime diffs cells; the job is to describe the full frame.
	Never create TextInput/Textarea state in render/2 — create it once in mount/1/init/1 and keep the ref in state. Recreating it each render drops cursor position and typed text.
	Never do I/O, HTTP, sorting, or large allocations in render/2. It runs up to ~60fps; derive once in the transition callback and store the result in state.
	Never make a blocking call in handle_event/2/update/2. Use ExRatatui.Command.async/2 (reducer) or Task.Supervisor.async_nolink/2 (callback). A blocking call freezes the whole UI.
	Always include a catch-all handle_event(_event, state) / update(_msg, state) returning {:noreply, state}. Unmatched events otherwise crash the app.
	Never IO.inspect/IO.puts/dbg to stdout while in raw mode — it garbles the display. Log to a file via Logger, or use Runtime.snapshot/1.
	Reducer update/2 receives {:event, event} and {:info, msg}, never bare structs. All input is routed through one update/2.
	commands: and render?: runtime opts are designed for the reducer runtime. They execute under the callback runtime too (command results land in handle_info/2), but idiomatic callback apps use Process.send_after/3 or a supervised Task.
	Never serve a TUI to remote users over the :local transport — use transport: :ssh or :distributed. :local grabs the host tty and fails with terminal_init_failed where there is no TTY.
	Never background or pipe stdin into a mix run/iex TUI example. With no TTY it exits immediately or raises terminal_init_failed; run it in a real terminal emulator.
	In tests, always pass test_mode: {w, h} and name: nil, and drive input with ExRatatui.Runtime.inject_event/2. test_mode disables live TTY polling so async: true tests do not race; named apps collide across parallel tests.

Going deeper
Full walkthroughs and the complete gotcha set live in the guides (hexdocs):
	Getting started — https://hexdocs.pm/ex_ratatui/getting_started.html
	Building UIs — https://hexdocs.pm/ex_ratatui/building_uis.html
	Callback runtime — https://hexdocs.pm/ex_ratatui/callback_runtime.html
	Reducer runtime — https://hexdocs.pm/ex_ratatui/reducer_runtime.html
	Custom widgets — https://hexdocs.pm/ex_ratatui/custom_widgets.html
	State machine patterns — https://hexdocs.pm/ex_ratatui/state_machines.html
	Testing — https://hexdocs.pm/ex_ratatui/testing.html
	Debugging — https://hexdocs.pm/ex_ratatui/debugging.html
	Performance — https://hexdocs.pm/ex_ratatui/performance.html
	Telemetry — https://hexdocs.pm/ex_ratatui/telemetry.html
	Transports — https://hexdocs.pm/ex_ratatui/transports.html
	Running over SSH — https://hexdocs.pm/ex_ratatui/ssh_transport.html
	Running over Erlang distribution — https://hexdocs.pm/ex_ratatui/distributed_transport.html
	Custom transports — https://hexdocs.pm/ex_ratatui/custom_transports.html
	Rendering to non-terminal surfaces (CellSession) — https://hexdocs.pm/ex_ratatui/cell_session.html
	Images — https://hexdocs.pm/ex_ratatui/images.html
	Paste and clipboard — https://hexdocs.pm/ex_ratatui/paste_and_clipboard.html
	Widgets cheatsheet — https://hexdocs.pm/ex_ratatui/widgets.html



  

    Contributing to ExRatatui

Thanks for your interest in contributing!
ExRatatui is a Rust NIF project, so contributions touch both Elixir and Rust code.
This guide will help you get set up.
Setup
	Clone the repo:

git clone https://github.com/mcass19/ex_ratatui.git
cd ex_ratatui

	Install dependencies:

	Elixir 1.17+ and Erlang/OTP 26+
	Rust toolchain via rustup

	Fetch deps and compile from source:

mix deps.get
export EX_RATATUI_BUILD=true
mix compile

The EX_RATATUI_BUILD=true env var tells the library to compile the Rust NIF from source instead of downloading a precompiled binary.
Running Tests
# Elixir tests (includes doctests)
mix test

# Elixir tests with coverage report
mix test --cover

# Rust
mix rust.check

Note: CI enforces 100% test coverage on the Elixir side (NIF modules are
excluded). If you add new public functions or branches, make sure to add
corresponding tests. Run mix test --cover locally to check before pushing.

Distribution tests
Full cross-node integration tests for the Erlang distribution transport are tagged :distributed and excluded by default (they require the test node to be distributed). To run them:
# Run only distributed tests
elixir --sname test -S mix test --only distributed

# Run all tests (unit + distributed)
elixir --sname test -S mix test --include distributed

Regression tests
The :slow tag is reserved for heavyweight regression tests such as isolated parallel cold-compile checks that would otherwise dominate local test time.
# Run only slow tests
mix test --only slow

# Include slow tests alongside the default suite
mix test --include slow

Branching and Commits
	Branch from main for all work.
	Keep commits focused and atomic — one logical change per commit.
	Prefix commit subjects with a type: feat:, fix:, docs:, test:, refactor:, chore:.

Pull Requests
Before submitting a PR, make sure the following pass:
mix format --check-formatted
mix compile --warnings-as-errors
mix credo --strict
mix dialyzer
mix test --cover
mix rust.check

PR Guidelines
	Each PR should stay focused on a single feature or fix.
	Follow the existing code style and patterns in the codebase.
	Make sure CI passes before requesting review.

Documentation Expectations
	Every new public function should include both a @doc and a @spec. Prefer runnable ## Examples — doctests count toward the 100% coverage bar.
	Every new public module should have a @moduledoc describing its purpose.
	New widgets need three things:	A @moduledoc with field descriptions and at least one usage example.
	An entry in the Building UIs guide.
	An entry in the widgets cheatsheet.


	Any new feature or changed behaviour should have a CHANGELOG entry under [Unreleased], grouped under Added / Changed / Fixed / Removed per Keep a Changelog.
	Breaking changes should include a "Migration" note in the CHANGELOG entry that explains what callers need to change.
	If a feature introduces a guide-worthy topic, add or update a guide in guides/ and update the README accordingly.
	Run mix docs locally and skim the output — broken links and missing extras entries are easy to miss.

Testing Expectations
	Widgets — add a widget-level test using the headless backend (ExRatatui.init_test_terminal/2). See Testing.
	Runtime / app behaviour — add an app-level test under test_mode, driving the runtime with ExRatatui.Runtime.inject_event/2 and asserting on snapshots or emitted messages.
	Transports — if your change touches SSH or Erlang distribution, extend the tagged suites (:distributed, :slow).
	Coverage is enforced at 100% on the Elixir side (NIFs excluded). Run mix test --cover before pushing.



  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog, and this project adheres to Semantic Versioning.
Unreleased
0.11.1 - 2026-06-24
Fixed
	Dropped keystrokes under fast typing on the :local transport. crossterm (in the NIF) reads the controlling terminal directly, but the BEAM keeps its own reader on the same device — the OTP 26+ prim_tty reader process (:user_drv_reader) that backs iex, elixir script.exs, mix run, and shell-attached releases. Two readers on one terminal means the kernel splits keystroke bytes between them, so under sustained input some bytes were swallowed before reaching the app (more readily on macOS). ExRatatui.run/2 and the local ExRatatui.App server now park that reader for the duration of a session — using prim_tty's own SIGTSTP disable/enable handoff, the same mechanism the shell uses on Ctrl-Z — so crossterm owns input exclusively, then resume it on teardown so the shell returns intact (termios stays raw throughout; nothing is left in cooked mode). The handoff is a no-op when there is no such reader (older OTP, a release booted with -noinput, or piped stdin) and on the session/SSH/distributed transports, which never share a local terminal. Opt out with config :ex_ratatui, detach_local_input: false.

0.11.0 - 2026-06-16
Added
	Project logo. New logo assets under assets/ (logo mark and logo_letters wordmark, each as SVG/PNG/JPG). The README header is now centered — logotype, then description, then badges — and the logo mark appears next to the project name in the hexdocs sidebar (via the ex_doc :logo option, which ships assets/logo.png in the Hex package).

	3D rendering with ExRatatui.Widgets.Viewport3D. A new pure-data widget renders lit 3D scenes — built-in cube/sphere/plane/cylinder primitives and custom meshes, Phong materials, ambient/directional/point lights, and a perspective camera — using a software rasterizer or CPU ray tracer, blitted into true-color cells via half-block, supersampled-braille, or ASCII modes. Scene types live under ExRatatui.ThreeD.* (Scene, Object, Mesh, Material, Light, Camera, Transform), with pure Camera.orbit/3 and Camera.zoom/2 helpers. Built on the vendored ratatui-3d renderer; the GPU pipeline is intentionally not exposed. Requires a true-color terminal. See the 3D Rendering guide and the examples/widgets/viewport3d_*.exs examples.

	Scene-graph for articulated models. ExRatatui.ThreeD.Node composes a tree of local transforms and flattens to the flat Scene (flatten/1, to_scene/2), backed by ExRatatui.ThreeD.Transform.compose/2. Keep intermediate frames rigid and scale only leaf visuals, and every baked object stays a single Transform. See examples/widgets/viewport3d_articulated.exs.

	Pixel-graphics rendering for Viewport3D. render_mode now also accepts terminal image protocols — :auto (the new default), :kitty, :sixel, :iterm2 — rendering the scene as a true-resolution image (crisp, non-blocky) on capable terminals (Ghostty/WezTerm/Kitty), and automatically falling back to :braille over CellSession/Livebook, distributed/SSH without passthrough, or unsupported terminals. The cell-blit modes (:half_block, :braille, :ascii) remain available. Reuses the same protocol stack as ExRatatui.Image.


0.10.2 - 2026-06-12
Added
	Per-widget example isolates — every built-in widget now has a focused, copyable demo. New standalone examples under examples/widgets/ cover the widgets that previously only appeared inside large multi-tab or app examples: barchart, sparkline, chart, calendar, canvas, checkbox, gauge, line_gauge, scrollbar, tabs, list, markdown, popup, widget_list, slash_commands, textarea, and clear. Each is a short, single-purpose script so a widget can be lifted out without untangling it from a larger app.

	Two guide companions under examples/observability/. telemetry.exs attaches a :telemetry handler to the runtime's own render/event :stop spans and renders the live event counts — a runnable counterpart to the Telemetry guide. state_machine.exs demonstrates the screen-as-data dispatch and modal-overlay patterns from the State Machine Patterns guide (a :screen atom names the active state; an :overlay field intercepts input for a confirm-quit Popup). throbber.exs runs on the reducer runtime, driving its animation from a Subscription.interval.

	Examples catalog published to hexdocs. examples/README.md is now an ExDoc extra titled Examples, grouped by folder with a "Start here" on-ramp, so the catalog is reachable from the published docs and not just GitHub.

	usage-rules.md ships in the Hex package (and as a docs extra) for downstream AI-agent context.

	Architecture guide. New guides/internals/architecture.md documents the NIF bridge (encode/decode pipeline, DirtyIo event polling, ResourceArc terminal state, layout on the Rust side) and the per-transport process trees — content previously squeezed into the README's "How It Works" section, now a first-class hexdocs page. The Callback Runtime guide gained a "Callback or Reducer?" comparison table (moved from the README) that the Reducer guide links to.

	Elixir 1.20 compatibility — 1.20 compiler warnings are resolved and 1.20 is part of the CI matrix.


Changed
	README rewritten around a scannable feature list. The ~22-bullet Features section (several of them paragraph-length, with API signatures inline) is now 14 one-line **capability** — description bullets in the style of Oban's README; every dropped detail already lives in a guide or the cheatsheet. The "Choosing a Runtime" and "Choosing a Transport" tables moved to the guides (the runtime table to Callback or Reducer?, the transport story to the Transports matrix), replaced by a short "Runtimes and Transports" section that links them. "How It Works" shrank to a two-sentence summary pointing at the new Architecture guide. The standalone Examples section is gone (Quick Start already links the catalog), and sections now follow the conventional flow: Features → Installation → Quick Start → Runtimes and Transports → Guides → How It Works → Ecosystem → Built with → Contributing.

	One documentation voice and shape. Prose across the guides, README, cheatsheet, and moduledocs no longer addresses the reader as "you" — imperative or subjectless phrasing throughout (the Getting Started tutorial keeps its conversational register). Section headings are sentence case, every guide closes with the same "Related" section, and footer links share one plain-link style.

	Guides deduplicated — each fact now lives in one place. The reducer guide defers to the callback guide for the error-handling, transports, and testing sections they shared verbatim, keeping only its deltas; intents are documented once instead of three times. The SSH and Distributed guides' shared "multiple transports" and "app_opts forwarding" sections moved into the canonical Transports guide; ssh_transport's retellings of the ExRatatui.SSH moduledoc (pty_req story, CPR walkthrough, auto_host_key ×3) collapsed to the user-facing facts. Building UIs' 530-line per-widget catalog — a near-1:1 duplicate of the cheatsheet — is now a purpose-grouped index plus the pattern-teaching subsections (stateful inputs, overlays, WidgetList scrolling, slash commands); its constraint table gained the missing {:fill, weight} and split/4 opts. The telemetry event catalog is canonical in ExRatatui.Telemetry's moduledoc (which gained the image/code_block spans) with the guide keeping the narrative. Rot-prone internals dropped throughout: Rust enum names and upstream symbols in the images guide, NIF tuple shapes, hardcoded source line references, hardware-dependent timings, version-specific migration notes.

	Guides reorganized into grouped subfolders. The flat guides/ directory is now grouped into introduction/, core/, runtimes/, transports/, and internals/ (plus the existing cheatsheets/), and the hexdocs sidebar mirrors the same structure: Introduction (Getting Started, Examples), Building UIs, Runtimes, Transports, Going Deeper, and Cheatsheets replace the single flat Guides group. Page filenames are unchanged, so existing hexdocs URLs keep working; only in-repo paths moved (e.g. guides/building_uis.md → guides/core/building_uis.md).

	Examples reorganized into grouped subfolders. The flat examples/ directory is now grouped into basics/, widgets/, layout/, apps/, cell_session/, images/, and observability/. Run paths change accordingly — e.g. mix run examples/counter_app.exs is now mix run examples/basics/counter_app.exs. Notable moves and renames: the 1066-line widget_showcase.exs is retired in favor of the per-widget isolates above, chat_interface.exs → apps/chat.exs, data_table.exs → widgets/table.exs, and the Ecto task_manager/ app → apps/task_manager_db/. The full mapping is reflected in the examples catalog.

	native/ex_ratatui/Cargo.lock is committed for reproducible NIF builds from source.


Fixed
	usage-rules.md covers the silent-failure key vocabulary. The rules file now leads its gotcha list with the lowercase-string contract for Event.Key / Event.Mouse fields (code: "up", modifiers: ["ctrl"] — wrong values compile and never match), indexes ExRatatui.Focus, ExRatatui.Theme, and ExRatatui.CellSession so agents stop hand-rolling them, and corrects the same commands:/render?: reducer-only claim fixed across the other docs.

	Six modules' doc examples now run as doctests. ExRatatui.Command, ExRatatui.Subscription, ExRatatui.Image (render_size/4), ExRatatui.Widgets.BarGroup, ExRatatui.Widgets.Canvas.Map, and ExRatatui.Widgets.Canvas.Label all carried iex> examples that were never wired into the suite (Canvas.Line/Rectangle/Circle/Points were — Map and Label were an oversight). ExRatatui.Distributed's quick-start transcript dropped its iex> prompt so the side-effecting attach/2 line can never be picked up as a doctest.

	Documentation accuracy pass — every code snippet verified against the API. Roughly 25 factual errors across the guides, the cheatsheet, and the moduledocs are fixed:
	Snippets that raised or silently never matched on copy-paste: %Event.Key{modifiers: [:ctrl]} → modifiers are strings (["ctrl"]); %Event.Mouse{column:, row:} → fields are x/y with string kind/button; %Event.Resize{columns:, rows:} → width/height; Command.async(fun, :atom) → the mapper must be an arity-1 function; a Task.Supervisor.async_nolink example that sent its result to the task's own pid; the Images quick start used a nonexistent view/2 callback; Focus caller examples (guide and moduledoc) returned bare state instead of {:noreply, state}.
	Wrong claims: the runtime comparison table said tracing is reducer-only (snapshot/trace/inject work under both runtimes); commands:/render?: were documented as no-ops under the callback runtime but the server executes them for both — docs now describe the actual behaviour; the reducer guide claimed init/1 and update/2 have defaults (they're required); the debugging guide inverted :transient restart semantics; poll_event/1's doc and Event.FocusGained claimed focus reporting is default-on (it's opt-in via focus_events: true); the transports matrix wrote :iterm for :iterm2 and atom shorthand for tuple transport shapes; the distributed guide mis-ordered the attach sequence; WidgetList docs claimed only visible rows cross the NIF boundary (encoding walks all items).
	Silent-zero telemetry examples: three Telemetry.Metrics definitions pointed at event/measurement names that never fire; the default-logger doc now notes the image/code_block spans are excluded.
	Stale references: the SSH and Distributed option tables were missing image_protocol/image_font_size; the quoted server_transport contract in Custom Transports lagged the Server (and ExRatatui.Transport's typespec gained the 4-tuple :cell_session intent variant the Server already accepted); phantom file/function names (continue_init_ssh/3, test/property/, pre-reorg example paths) and three broken anchors/relative links.



0.10.1 - 2026-06-01
Added
	ExRatatui.Theme — pure-data palette struct (Layer A theming). Eleven semantic slots (:primary, :accent, :border, :border_focused, :surface, :surface_alt, :text, :text_dim, :success, :warning, :danger) each accepting the full ExRatatui.Style.color/0 shape (named atoms, {:rgb, r, g, b}, {:indexed, n}, or nil). Two starter constructors ship: default/0 (terminal-respecting; surface: nil so the same theme works on light and dark terminals) and light/0 (dark text on white surface). Three composition helpers cover the common patterns: border_style(theme, focused: true|false), text_style(theme, dim: true|false), selection_style(theme). Apps thread the theme through render code by hand — no Application.get_env magic, no automatic widget injection. Layer B (opt-in per-widget defaults at render time) is intentionally deferred.

	Bracketed paste (%ExRatatui.Event.Paste{content: binary}). ExRatatui.run/2 enables crossterm's EnableBracketedPaste on init and disables it on restore. The local terminal's poll_event/1 decodes Event::Paste(String) into a new %Event.Paste{} struct so pasted multi-line / multi-byte content arrives as one event instead of being shredded across individual keystrokes. Two batch-insert NIFs consume the payload in one shot: ExRatatui.text_input_insert_str/2 (single-line — strips every control char) and ExRatatui.textarea_insert_str/2 (multi-line — \n and \r\n become real new lines via ratatui_textarea::insert_str; lone \r is dropped). Pasting a 5,000-character URL is now one NIF call rather than 5,000. Best-effort: terminals without bracketed paste ignore the request and the per-char keystream still arrives — apps don't need a conditional path. Out of scope this release: bracketed paste decode on the byte-stream input parser used by :session / :ssh / :distributed transports — their custom VTE state machine doesn't decode CSI 200~/201~ markers yet, so apps on those transports construct %Event.Paste{} directly and feed it into their event pipeline.

	%ExRatatui.Event.FocusGained{} / %ExRatatui.Event.FocusLost{} — terminal-window focus reporting. Opt-in via ExRatatui.run(fun, focus_events: true). When enabled, crossterm emits focus events as the parent emulator window gains or loses focus; apps use them to pause expensive animations / background ticks while the user is elsewhere. Two separate payload-less structs (matching crossterm's variant shape, and avoiding any clash with the existing ExRatatui.Focus module). Off by default: enabling focus reporting leaves CSI ?1004h on the user's tty, and any window-switch queues focus bytes that leak back into unrelated stdin consumers (a plain shell or mix test started later) as ^[[I / ^[[O sequences. Same upstream caveat as bracketed paste: only the local terminal decodes these; byte-stream transports would need VTE-parser work.

	Local-terminal mouse capture is now opt-in via ExRatatui.run(fun, mouse_capture: true). When enabled, crossterm's EnableMouseCapture reports clicks / scroll / drag / move as %Event.Mouse{} from poll_event/1. Off by default because mouse-reporting mode captures the terminal's native text selection — the user can no longer select and copy text the usual way until the app exits. ExRatatui.Server.start_link (and therefore every ExRatatui.App) accepts the same :mouse_capture and :focus_events opts for the :local transport. SSH and Distributed transports decode mouse sequences unconditionally because their VTE-based input parser handles them regardless of this flag — Focus.handle_mouse/2 has always worked there.

	ExRatatui.Focus gains mouse routing. New fields and functions extend the existing keyboard focus ring with a regions: %{id => Rect} map and handle_mouse/2. Apps register hit-test regions after computing layout (typically inside a %Event.Resize{} handler) via Focus.set_region/3 or Focus.set_regions/2; Focus.handle_mouse/2 mirrors handle_key/2 shape — on a left-button-down inside a registered region, focus moves to that ID and the event is passed through so the underlying widget can still react (toggle a checkbox, place a cursor, start a drag). Every other mouse kind (right/middle click, scroll, drag, move, up) is pass-through with focus untouched. Focus.at/3 exposes the same hit-test for apps that prefer "scroll the widget under the cursor" over "scroll the focused widget". Overlapping regions resolve to the smallest by area (leaf-inside-container picks the leaf). Boundaries are half-open (x >= rx and x < rx + w) — natural for ratatui rect semantics.

	%ExRatatui.Widgets.Block.Title{} + multi-title support on Block. Four new Block fields close the most-asked ergonomics gap: :titles (list of additional titles, each a %Block.Title{content, position, alignment, style} struct OR a raw line-like value that inherits the block defaults), :title_position (:top default, :bottom), :title_alignment (:left default, :center, :right), :title_style (default %Style{} for any title without its own). Backward compatible — the existing :title field stays a single-title shortcut at the block's default position and alignment. The classic "filename | scroll %" header is title: "filename", titles: [%Block.Title{content: "[3/12]", alignment: :right}]. All title fields validated at Bridge encode with ArgumentError; entries in :titles that are neither %Block.Title{} nor line-like are rejected with a descriptive message.

	Eight additional Block border types. Beyond :plain / :rounded / :double / :thick, the widget now accepts :light_double_dashed, :heavy_double_dashed, :light_triple_dashed, :heavy_triple_dashed, :light_quadruple_dashed, :heavy_quadruple_dashed (the border line broken into 2/3/4 dash segments) and :quadrant_inside / :quadrant_outside (blocky half-cell borders drawn inside or outside the content area). Closes the upstream BorderType surface — every ratatui variant is now reachable.

	Layout :margin / :horizontal_margin / :vertical_margin opts. ExRatatui.Layout.split/4 can now inset the area before splitting — margin: 1 leaves a 1-cell border on all four sides; :horizontal_margin / :vertical_margin override per-axis. Complements the existing :spacing (gaps between segments). Validated from Elixir like the other opts.

	Style :underline_color. %ExRatatui.Style{} gains an :underline_color field — the color of the underline drawn by the :underlined modifier, distinct from :fg. nil (default) uses the foreground color. Honoured by terminals with colored-underline support (kitty, wezterm); others fall back to a plain underline.

	ExRatatui.Layout.Padding ergonomic constructors. uniform/1, symmetric/2 (horizontal, vertical), horizontal/1, vertical/1, and new/4 return the {left, right, top, bottom} tuple that Block's :padding field already accepts — %Block{padding: Padding.uniform(1)} instead of padding: {1, 1, 1, 1}. Pure functions, no struct, no runtime cost beyond building the tuple.

	ExRatatui.set_terminal_title/1. Sets the terminal window / tab title via OSC 0/2 (crossterm SetTitle). Useful for daemon TUIs, dashboards, and multi-tab terminals. Best-effort: terminals that don't honour the escape ignore it. One new NIF set_terminal_title/1.

	Layout Flex modes + Constraint::Fill + segment spacing. ExRatatui.Layout.split/4 adds two keyword opts: :flex (one of :legacy, :start, :end, :center, :space_between, :space_around) and :spacing (non-negative cells inserted between every pair of adjacent segments). New constraint shape {:fill, weight} distributes the leftover space after higher-priority constraints (Length / Percentage / Ratio / Min / Max) are satisfied — {:fill, 1} + {:fill, 2} splits the remainder 1:2. Unlocks centered popups (flex: :center), end-aligned status bars (flex: :end), evenly-spaced toolbars (flex: :space_between), growable dashboard panels ({:fill, 1} / {:fill, 2}), and gutters between segments (spacing: 2). Backward compatible: existing Layout.split/3 calls land via default opts. Both opts raise ArgumentError from Elixir on invalid values.

	List: :direction, :scroll_padding, :repeat_highlight_symbol. direction: :bottom_to_top paints the first item at the bottom of the area and grows upward — natural for chat logs, REPL history, and event streams where the newest entry pins to the bottom edge. scroll_padding keeps the selected item at least N rows from the viewport edge when the list auto-scrolls (same idea as vim's scrolloff). repeat_highlight_symbol: true repeats the highlight symbol on every wrapped row of a multi-line item instead of only the first. All three validated at Bridge encode.

	Table: :footer, :header_style, :footer_style, :column_highlight_style, :cell_highlight_style, :selected_column, :highlight_spacing. Footer renders at the bottom of the area; header / footer styles override the table's :style for those rows. column_highlight_style / cell_highlight_style paint the selected column / cell (intersection of selected row + column) — useful for spreadsheet-style navigation. :selected_column is the gating field for the column / cell styles: without it the styles never fire (ratatui's TableState::select_column/1 is the activation mechanism). Validated like :selected against the widest of widths / header / first-row column count. highlight_spacing (:always, :when_selected default — matches ratatui, :never) controls when the symbol column is reserved; :always pins column positions even when nothing is selected so the row doesn't shift on select.

	Three new examples covering the round-1 surface end-to-end:
	examples/chat_log.exs — %List{direction: :bottom_to_top} history pinned to the bottom edge, multi-line %Textarea{} composer with bracketed paste support via textarea_insert_str/2, multi-title %Block{} header with right-aligned unread count, Tab-cycled focus between log and composer.
	examples/data_table.exs — every new Table field on one screen: footer, header / footer styles, column / cell highlight styles wired to a live :selected_column, and :highlight_spacing: :always. Arrow keys move the row + column cursor.
	examples/theme_picker.exs — visual reference for every ExRatatui.Theme slot plus a live preview rendering border_style/2 (focused + unfocused), text_style/2 (default + dim), and selection_style/1 in real widgets. Press 1/2/3 to switch between default/0, light/0, and a custom Nord-ish theme.


	Numeric input validation pass on every bounded widget. Gauge and LineGauge raise ArgumentError when :ratio is outside 0.0..1.0 or not a number (integers 0 and 1 still coerce to floats — the existing "clamped automatically" moduledoc note was a lie and now matches behavior). List, Table, Tabs, WidgetList reject :selected values that are not nil or an integer in 0..length(items) - 1; empty collections get a distinct error message ("expected nil (collection is empty)"). Failures surface from Elixir with widget.field context strings instead of a downstream Rust panic. Sparkline and BarChart numeric validation was already in place — this pass closed the remaining gaps.

	test/ex_ratatui/property/widget_render_property_test.exs — per-widget property invariants. Two ExUnitProperties properties stress every stateless widget type the library ships (24 of 29 total): Bridge.encode_commands!/1 accepts arbitrary valid inputs at any rect, and CellSession.draw + take_cells produces a snapshot with exactly width × height cells. Covers Paragraph, Block, Clear, List, Table, Gauge, LineGauge, Tabs, Sparkline, BarChart, Throbber, Scrollbar, Checkbox, Calendar, Markdown, BigText, plus the stateful TextInput / Textarea / Image and composite Popup / WidgetList / Canvas / CodeBlock. Chart is intentionally excluded from the render property — upstream ratatui panics on multiple Chart input combinations (narrow axis bounds, empty datasets, :bar graph_type with sparse data, small rects after block borders) and proving "Chart never panics" isn't a guarantee the rendering layer can give. The encode property still covers Chart at any rect.

	guides/transports.md — canonical cross-transport feature matrix. Five-row transport table introduces each entry point (Local, Session, SSH, Distributed, CellSession); 14-row feature matrix covers widget rendering, every Event.* variant, image protocols + auto-probe, OSC 52 clipboard, intents, runtime opts, and telemetry — with three states (✓ supported, — not applicable, ✗ known gap) and inline notes on every gap row. Replaces the implicit assumption that the per-transport guides spell this out; they don't, and now they don't have to.

	guides/paste_and_clipboard.md. Walks through bracketed paste behaviour, the two insert_str helpers, the SSH / distributed transport caveat, and ships a short OSC 52 snippet for apps that want clipboard copy without bundling another module. OSC 52 is not built into the library — too many opinions in the ecosystem (system clipboard via arboard, OSC 52, route through a Phoenix LiveView intent). The guide is the canonical place to discover the snippet.


Changed
	Native.init_terminal arity bumped to 2 — (focus_events :: bool, mouse_capture :: bool). ExRatatui.run/1 becomes ExRatatui.run/2 accepting :focus_events and :mouse_capture opts; run/2 with no opts is equivalent to the old run/1. ExRatatui.Server.start_link (and every ExRatatui.App) accepts the same two opts for the :local transport. The init_terminal/0 form is gone — direct NIF callers (custom transports, examples) must pass both booleans explicitly.

	[:ex_ratatui, :transport, :connect] span metadata gains :focus_events and :mouse_capture for the :local transport, reflecting the boolean opts the app started with. Other transports' connect metadata is unchanged.

	ExRatatui.Widgets.Block defaults. defstruct now includes :titles, :title_position, :title_alignment, :title_style with backward-compatible defaults ([], :top, :left, nil). Apps constructing blocks with %Block{...} and only the old fields are unaffected; the doctest in Block.moduledoc shows the new shape.

	ExRatatui.Widgets.List defaults. defstruct adds :direction (:top_to_bottom), :scroll_padding (0), :repeat_highlight_symbol (false). Matches ratatui's defaults.

	ExRatatui.Widgets.Table defaults. defstruct adds :footer (nil), :column_highlight_style (nil), :cell_highlight_style (nil), :header_style (nil), :footer_style (nil), :highlight_spacing (:when_selected — matches ratatui).

	Rust-side BlockData, ListData, TableData gain Default impls. Test fixtures and Rust callers (one per widget that composes a Block) shrink to ..Default::default() — same backward-compat guarantee inside the native code as on the Elixir side.


0.10.0 - 2026-05-19
Added
	ExRatatui.Widgets.CodeBlock — syntax-highlighted source code. Display-only widget powered by syntect's bundled SyntaxSet and ThemeSet. Fields: :content, :language (any syntect token name; nil for plain text fallback), :theme (seven curated atoms — :base16_ocean_dark, :base16_ocean_light, :base16_eighties_dark, :base16_mocha_dark, :inspired_github, :solarized_dark, :solarized_light — or any raw string for custom theme sets), :line_numbers + :starting_line (right-aligned dim gutter with │ separator, width grows with the last visible line), :highlight_lines (list of ints + ranges like [3, 7..9], normalised to a sorted unique list, rendered with a theme-derived background that brightens dark themes and dims light themes by 20/256 per channel). Composes with Block, Popup, and WidgetList like every other widget. One new widget type ("code_block") on the render decoder.

	ExRatatui.CodeBlock.highlight/3 — raw highlighted lines for composite widgets. Returns [%ExRatatui.Text.Line{}] with per-token styled spans for callers building DiffViewer / Inspector-style composites without dropping a full CodeBlock in the tree. Backed by a single new NIF highlight_code/3 (scheduled on DirtyCpu) returning Vec<Vec<HighlightedSpan>> (NifMap with content, fg/bg as Option<(u8, u8, u8)>, plus bold/italic/underlined flags). ExRatatui.CodeBlock.resolve_theme/1 is the canonical theme-atom resolver used by both the widget encoder and the helper — single source of truth. ExRatatui.CodeBlock.from_native/1 is a documented conversion seam for callers using Native.highlight_code/3 directly (e.g. hot loops reusing the same theme).

	[:ex_ratatui, :code_block, :highlight] telemetry span. Each ExRatatui.CodeBlock.highlight/3 call emits start + stop via :telemetry.span/3 with language (string or nil), theme (resolved syntect name), and bytes (source byte size); the stop event adds line_count. Mirrors the [:ex_ratatui, :image, :decode] span shape.

	Shared widgets::highlighter Rust module. OnceLock-cached SyntaxSet (load_defaults_newlines) + ThemeSet (load_defaults), lines_for(code, language, theme) returning Vec<Line<'static>>, theme_bg(theme) for the emphasis-color base. The ~25-line syntect→ratatui style/color/modifier translation is inlined (MIT-attributed in the module header) because the existing syntect-tui adapter is pinned to older ratatui versions (0.28/0.29) and we're on 0.30.

	examples/code_block_demo.exs. Interactive viewer that cycles through all seven themes and five sample languages (Rust, Python, Ruby, JavaScript, JSON), toggles the line-number gutter, and toggles emphasis on lines 3..5. Status panel echoes the active config live.

	Cheatsheet entry under Text & content next to BigText, and a new "Widgets: Code" ex_doc group covering ExRatatui.CodeBlock + ExRatatui.Widgets.CodeBlock.

	Bundled Elixir syntax. native/ex_ratatui/syntaxes/Elixir.sublime-syntax is vendored from elixir-editors/elixir-sublime-syntax (MIT, copyright Po Chen — LICENSE alongside) and added to syntect's SyntaxSet at startup via into_builder() → SyntaxDefinition::load_from_str(include_str!(...)) → .add() → .build(). language: "elixir" now produces real per-token highlighting (defmodule/do/end as keywords, atoms, strings, sigils — six distinct fg colors on a typical snippet under base16-ocean.dark). Adds ~80 KB to the binary. Other BEAM languages: Erlang ships in syntect's defaults; EEx / HEEx / Surface are not yet bundled — same approach can extend to them when needed.

	Known limitation: ExRatatui.Widgets.Markdown fenced code blocks still use base16-ocean.dark — tui-markdown 0.3.7 hardcodes the syntect theme internally and does not expose it through its public API. A :code_theme knob on the Markdown widget depends on upstream cooperation and is out of scope for this release; users who need themed fenced blocks today can pre-extract the source and render via CodeBlock directly.

	ExRatatui.Widgets.BigText — oversized 8×8 pixel text for slide titles and banners. Drop-in widget backed by tui-big-text 0.8.4; each character is rasterised through the font8x8 bitmap font. ExRatatui.BigText.new/2 coerces text-like input through the shared text-coercion path (binary / %Span{} / %Line{} / %Text{} / homogeneous lists), validates :pixel_size and :alignment, and merges any outer %Text{} style underneath the widget's own. Eight pixel_size densities cover the full upstream variant set: :full (default — 1 cell per pixel, 8 rows tall), :half_height, :half_width, :quadrant, :third_height, :sextant, :quarter_height, :octant (1 row × half cols). Composes with Block, Popup, and WidgetList like every other widget. Adds one new widget type ("big_text") to the render decoder; no new NIFs.

	examples/big_text_demo.exs. Interactive viewer that cycles every pixel_size, three alignments, six colors, and four sample slide titles at runtime. Status panel echoes the active settings live. Helpful when picking a variant for a real slide deck.

	ExRatatui.Widgets.Image — image rendering across every transport. Decodes PNG / JPEG / GIF / WebP / BMP bytes and renders them through ratatui-image with Kitty, Sixel, iTerm2, or Unicode halfblocks. ExRatatui.Image.new/2 returns a stateful widget handle ({:ok, %ExRatatui.Widgets.Image{}}) or {:error, {:decode_failed, msg}}; protocol / resize mode / background are set at construction and stored on a NIF resource so re-encoding only happens when the resolved protocol or rect dimensions change. Three resize strategies: :fit (preserve aspect inside the rect), :crop (preserve aspect, fill, crop overflow), :scale (stretch to fill).

	Transport-aware protocol resolution. Each transport stamps a TransportCaps value the render path consults: CellSession forces :halfblocks (escape sequences can't survive cell diffing — Livebook / Kino apps that share model code with a real terminal just work); the local terminal can cache a Picker::from_query_stdio probe via ExRatatui.Image.auto_local_protocol/1 so :auto resolves to the detected protocol with the right font size; SSH and Distributed accept an :image_protocol opt at start time, optionally paired with :image_font_size for accurate Kitty / Sixel / iTerm2 scaling (ExRatatui.SSH.Daemon.start_link(..., image_protocol: :kitty, image_font_size: {10, 20}), ExRatatui.Distributed.attach(..., image_protocol: :kitty, image_font_size: {10, 20})). Explicit per-image protocol selections at Image.new/2 are always honored.

	Image rendering over ExRatatui.Distributed. Image widgets cross node boundaries via a snapshot path: the server runtime calls image_snapshot/1 on each %ExRatatui.Widgets.Image{state: ref} in the render tree before sending the widget list over the wire (a NIF ResourceArc can't cross nodes). The client node re-decodes the bytes into a fresh ImageResource per draw. Snapshot wire shape is {bytes, protocol, resize, background}. Costs roughly the source PNG size per frame on the wire — fine for stills, watch bandwidth for animations on large images.

	probe_image_protocol: true runtime opt for mount/1. ExRatatui.App apps can opt into auto-probing the local terminal by returning {:ok, state, probe_image_protocol: true}. The runtime calls ExRatatui.Image.auto_local_protocol/1 once after mount on the :local transport — :auto images then resolve to the detected protocol without the app needing access to the terminal reference. Skipped under test_mode. Other transports ignore the opt.

	ExRatatui.Image.render_size/4. Pure-Elixir prediction of the rendered output pixel dimensions for a given (source dims, cell area, font size, resize mode) combination. Mirrors ratatui-image's Resize::needs_resize_pixels + fit_area_proportionally byte-for-byte. Useful for status panels, layout decisions, or just understanding why :fit and :crop produce identical output when the source is smaller than the target.

	:background accepts the full ExRatatui.Style.color/0 shape. Named atoms (:red, :dark_gray, …), {:rgb, r, g, b}, {:indexed, n} xterm 256-color codes, raw {r, g, b} tuples, and nil all work. Named and indexed values are converted to RGB at the Elixir boundary via the standard ANSI palette.

	New public API surface. ExRatatui.Image.{new,dimensions,probe_terminal,auto_local_protocol,render_size}/{1,2,4}, ExRatatui.Session.{set_image_protocol,set_image_font_size}/2, ExRatatui.set_image_protocol/2. Eight new NIFs: image_new/2, image_dimensions/1, image_snapshot/1, image_probe_terminal/0, session_set_image_protocol/2, session_set_image_font_size/2, terminal_set_image_protocol/2, terminal_set_local_probe/3.

	[:ex_ratatui, :image, :decode] telemetry span. Each Image.new/2 call emits start + stop with format (sniffed from magic bytes — :png / :jpeg / :gif / :webp / :bmp / :unknown), bytes, and width / height on success. Per-render encode timing stays inside the existing [:ex_ratatui, :render, :frame] span.

	Examples. examples/image_demo.exs is an interactive viewer with runtime protocol / resize toggling and a live status panel showing rendered output dimensions; supports --ssh and --distributed flags for smoke-testing those transports end-to-end. examples/headless_image.exs renders an image through CellSession (with ANSI fg/bg per cell) for Livebook / snapshot consumers. Both accept IMAGE_PATH to skip the network fetch, default to picsum.photos, and embed a 1×1 fallback PNG for offline use.

	Images guide and cheatsheet entry. Walks through the API, the full transport / protocol resolution table, the font-size caveat for Kitty / Sixel / iTerm2 scaling, telemetry, and known v1 limitations (no GIF animation, no SVG, no streaming decode, Resize::Fit doesn't upscale).


Changed
	Rust toolchain bumped to 1.86+ to match ratatui-image 11.0.2's rust-version (edition 2024). ex_ratatui itself stays on edition 2021; precompiled binaries are unaffected — you only hit this if you build the NIF yourself with EX_RATATUI_BUILD=1.

	Binary size grows by ~1.6 MB. ratatui-image pulls in image (with PNG / JPEG / GIF / WebP / BMP decoders) and bundled Kitty / Sixel / iTerm2 encoders. No new system dependencies — chafa is feature-gated off, sixel uses pure-Rust icy_sixel.


Fixed
	Precompiled musl NIFs now load under musl runtimes. native/ex_ratatui/.cargo/config.toml's x86_64-unknown-linux-musl and aarch64-unknown-linux-musl targets now pass -C link-arg=-static-libgcc alongside the existing target-feature=-crt-static. Without it the NIF .so linked against the build host's glibc libgcc_s.so.1 and the musl loader on the consumer side refused it. Alpine and other musl-libc deploys can now consume the precompiled artifact directly — no source rebuild required.

0.9.0 - 2026-05-7
Added
	Property-based tests for the :intents runtime opt. New test/ex_ratatui/property/intents_property_test.exs (async: true) with two properties under the 4-tuple {:cell_session, cs, cell_writer_fn, intent_writer_fn} transport tag: (1) for any mount-intent list and any sequence of handle_info-supplied batches, the writer receives every intent in concat order with no reordering, drops, or extras; (2) empty intents: [] batches never fire on the writer regardless of how many sequential empty handle_info calls a TUI makes. Complements the existing scenario unit tests in ExRatatui.Server.IntentsTest (mount-time, handle_event, handle_info, stop-with-intent, drop-without-writer, shape validation) — together they pin the full intent contract. Reuses the existing ExRatatui.Test.ServerApps.Intents fixture.

	Documented :intents runtime opt across the public surface. ExRatatui.App's moduledoc now has a dedicated Runtime opts section listing every key (:commands, :intents, :render?, :trace?) with types, defaults, scope (callback vs reducer), and the "intents from {:stop, ...} fire before the server exits" guarantee. The t:callback_opts/0 typedoc points at it; a new t:intent/0 typedoc names the opaque-term contract. The ExRatatui.App.handle_event/2 and ExRatatui.App.handle_info/2 callback typespecs now include the {:noreply | :stop, state, callback_opts} 3-tuple variants — they were always accepted by the runtime but the typespecs declared only the 2-tuple shape, hiding the feature from Dialyzer and HexDocs. Their @doc strings now point at the Runtime opts section. The Callback Runtime guide has a new Runtime opts section between handle_info/2 and Error Handling. The Reducer Runtime guide's existing Runtime Options table grew an intents: row with a follow-up Intents subsection that names the consumer-defined vocabulary contract and the transport-portability story. The Cell Sessions guide gained a Driving an ExRatatui.App over a CellSession section walking through the 3-tuple vs 4-tuple transport shapes, sample cell_writer_fn and intent_writer_fn definitions, and the lifecycle the runtime drives. End-user code is unchanged; this is documentation of the existing feature.

	ExRatatui.CellSession — non-terminal rendering primitive — sibling of ExRatatui.Session for consumers that aren't terminals (Phoenix LiveView painting <span> cells, embedded framebuffers, screenshot tools, headless tests). Backed by ratatui's TestBackend, it exposes the cell buffer directly instead of ANSI bytes. Same widget tree, input parser, and draw/2 / resize/3 / feed_input/2 / close/1 lifecycle as Session; the only API divergence is take_output/1 being replaced by take_cells/1 (full snapshot) and take_cells_diff/1 (cells that changed since the last diff call). Cells are %{row, col, symbol, fg, bg, modifiers, skip} in row-major order, with colors and modifiers using the same ExRatatui.Style vocabulary as the rest of the library. take_cells_diff/1 returns a full payload on its first call, after resize/3, and after reconstruction; otherwise only cells that differ structurally. Adds 9 NIFs, the ExRatatui.CellSession{,.Cell,.Snapshot,.Diff} modules, a Rendering to Non-Terminal Surfaces guide, and a headless cell_dump.exs example.

	:intents runtime opt + {:cell_session, cs, cell_writer_fn, intent_writer_fn} 4-tuple transport tag — ExRatatui.App callbacks can now return {:ok, state, intents: [...]} from mount/1 and {:noreply | :stop, state, intents: [...]} from handle_event/2 / handle_info/2. Intents are opaque to ex_ratatui — they're forwarded verbatim to the transport's intent_writer_fn (the optional 4th element of the cell_session transport tag) in the order they were emitted. phoenix_ex_ratatui consumes this to dispatch inter-page navigation ({:navigate, "/path"} → push_navigate, {:patch, "/path"} → push_patch, {:redirect, "/url"} → redirect); other consumers can define their own intent vocabulary. Transports that don't supply an intent writer (the existing 3-tuple cell_session shape, plus :local / :session / :distributed_server) silently drop intents — apps stay portable across transports. Intents from {:stop, state, intents: ...} transitions fire BEFORE the server exits, so a TUI can return {:stop, state, intents: [{:redirect, "/login"}]} and trust the redirect reaches the consumer before the linked-server EXIT propagates.

	{:cell_session, cell_session, cell_writer_fn} Server transport tag — ExRatatui.Server now accepts a fourth :transport shape (alongside :local, :session, and :distributed_server) that drives an ExRatatui.App against a CellSession instead of a byte-stream Session. On every render the Server calls CellSession.draw/2, then CellSession.take_cells_diff/1, then hands the resulting %CellSession.Diff{} to the user-supplied cell_writer_fn — same call shape as the byte-stream :session transport, just a different payload type. ExRatatui.Transport.start_server/1 accepts the new shape unchanged via the t:server_transport/0 union; the t:cell_writer_fn/0 type lives next to the existing t:writer_fn/0. Mount opts are augmented identically to the byte-stream path: opts[:transport] = :cell_session, opts[:width] / opts[:height] populated from CellSession.size/1. Telemetry mirrors the existing taxonomy: [:ex_ratatui, :transport, :connect] and [:ex_ratatui, :session, :lifecycle, :open] fire on init with transport: :cell_session; [:ex_ratatui, :session, :lifecycle, :close] and [:ex_ratatui, :transport, :disconnect] fire on terminate/2. Resize semantics match :session exactly — the transport must call CellSession.resize/3 before forwarding {:ex_ratatui_resize, w, h} to the Server, then the Server updates the cached size and dispatches a %Event.Resize{} to the App; the next render's diff payload after a resize is always full (prior baseline at the old area is no longer comparable).


0.8.2 - 2026-04-29
Fixed
	%Event.Resize{} now reaches handle_event/2 over byte-stream transports — when the runtime ran over a byte-stream transport (:session for SSH / Kino / custom TCP, :distributed_server for distribution), the {:ex_ratatui_resize, w, h} message synthesized by ExRatatui.Transport.ByteStream was intercepted by the Server's own handle_info/2 clause: it updated the cached width / height and re-rendered, but never dispatched a %Event.Resize{} to the App. The local-tty path delivered Resize through the polling event loop, so an App that worked when run over the real terminal would silently miss resize events the moment it was supervised over SSH, distribution, or a Livebook notebook. The Server now updates its cached size first (so the follow-up render sees the new dims) and then routes the resize through dispatch_event/2, giving the App's handle_event/2 exactly the same %Event.Resize{width: w, height: h} it would see on local tty. Apps that only had a fall-through handle_event(_, state) clause are unaffected; apps that explicitly track terminal size in their own state can now do so over every transport. The two transport tests (session_transport_test.exs, distributed_transport_test.exs) were updated to assert App delivery in addition to the re-render

0.8.1 - 2026-04-27
Added
	Telemetry instrumentation (#56) — new ExRatatui.Telemetry module emits :telemetry events across the runtime so apps can plug in logging, metrics, or OpenTelemetry tracing without forking the server. Five span events (:start / :stop / :exception) wrap the costly stages: [:ex_ratatui, :runtime, :init] around mount/1, [:ex_ratatui, :runtime, :event] around terminal-input handle_event/2, [:ex_ratatui, :runtime, :update] around info-message handle_info/2 (subscriptions, async results, user messages), [:ex_ratatui, :render, :frame] around the build+draw cycle (adds :widget_count to stop metadata), and [:ex_ratatui, :transport, :connect] around local/SSH/distributed handshakes. Four single events fire for point-in-time facts: [:ex_ratatui, :session, :lifecycle, :open] when a session-backed runtime adopts a session (carries :width / :height), [:ex_ratatui, :session, :lifecycle, :close] when it releases the session (carries :reason; fires exactly once per session even when the transport's own teardown defensively closes the same ref afterwards), [:ex_ratatui, :render, :dropped] on draw errors (with a TODO placeholder for future frame-skip backpressure), and [:ex_ratatui, :transport, :disconnect] on server teardown. Every event carries :mod and :transport in its metadata. ExRatatui.Telemetry.span/3 is a thin helper that prefixes events with :ex_ratatui and forwards start metadata to stop; execute/3 does the same for single events and auto-adds :system_time. attach_default_logger/1 / detach_default_logger/0 ship a handler that logs every event at a configurable level. New Telemetry guide walks through the full event catalogue, a Telemetry.Metrics example, and an opentelemetry_telemetry wiring snippet. Added {:telemetry, "~> 1.0"} as an explicit dependency and to extra_applications so the handler registry is available on every node (including peers in distributed tests)
	Transport behaviour — new ExRatatui.Transport module documents the protocol between the runtime server and the processes that carry I/O for a running ExRatatui.App. Declares the server_transport, writer_fn, and to_server typespecs, plus one optional child_spec/1 callback and a public start_server/1 entrypoint for custom transports to boot the runtime without depending on internal modules. ExRatatui.SSH, ExRatatui.SSH.Daemon, and ExRatatui.Distributed.Listener all adopt the behaviour. New ExRatatui.Transport.ByteStream helper packages the byte-pump pattern (forward_input/3, forward_resize/4) so any byte-oriented transport — SSH today, Kino/Livebook next, a custom TCP bridge — can plug in without reimplementing event dispatch or Resize absorption. ExRatatui.SSH now delegates to ByteStream instead of hand-rolling the loop. New Custom Transports guide walks through the contract and a working TCP example covering separation of acceptor and per-connection worker (so the listener survives across disconnects and serves concurrent clients), the alt-screen enter/leave sequences, runtime-server monitoring, and the raw-mode client requirement (stty raw -echo; nc …; stty sane) that plain TCP needs since it has no equivalent of SSH's PTY negotiation
	Property-based test pass over the recently-added surface — five new files under test/ex_ratatui/property/ covering the modules introduced by the telemetry + transport-behaviour work, plus older surface that previously lacked sweeping coverage. session_input_property_test.exs proves ExRatatui.Session.feed_input/2's byte stitchability (splitting any byte stream at any boundary, including byte-by-byte, yields the same event sequence) along with shape invariants for printable bytes, bare ESC, and arrow keys. byte_stream_property_test.exs covers ExRatatui.Transport.ByteStream.forward_input/3's contract: no %Event.Resize{} ever leaks as a regular event, every parsed event is delivered in order, and forward_resize/4 always emits an :ex_ratatui_resize notification. bridge_property_test.exs covers Bridge.encode_commands!/1's list-level contract — length / order preservation, {map, map} shape, rect coordinate passthrough, and ArgumentError on malformed entries — across structurally simple widgets (Paragraph, Block, Clear, Gauge, Throbber). text_encode_property_test.exs covers Text.Encode.to_wire_text!/to_wire_line! line/span count and content preservation, alignment serialization, and per-line agreement between the two encoders. normalize_property_test.exs covers Subscription.normalize/1 and Command.normalize/1 idempotence, leaf-count preservation across nested batches, order preservation, and refusal of garbage shapes. The exhaustive per-widget validation property suite (one shape generator per widget × known-malformed shapes raising ArgumentError, ~22 widgets) is intentionally deferred — the structural invariants above are uniform across widgets, so the next pass is a per-widget effort rather than a generic one

Changed
	Internal :ssh transport tag renamed to :session — the Server's internal transport tag always described "generic byte-stream session"; SSH just happened to be the first user. The new name makes room for other byte-stream transports (Kino, custom TCP) to share the same runtime without impersonating SSH. User-facing routing shorthand is untouched: {MyApp, transport: :ssh} still routes to SSH.Daemon. Affected surfaces: Runtime.snapshot/1 .transport now returns :session for byte-stream sessions (was :ssh); telemetry metadata %{transport: _} on [:runtime, :init], [:transport, :connect], etc. is now :session on byte-stream events; mount(opts)[:transport] is now :session for SSH apps (was :ssh). If your app branches on opts[:transport] to detect SSH specifically, switch to a different signal (you control the {MyApp, transport: :ssh} line in your own supervision tree)

0.8.0 - 2026-04-21
Added
	Chart widget — new ExRatatui.Widgets.Chart struct plus Chart.Dataset and Chart.Axis companions wrap ratatui's Chart for x/y line, scatter, and bar plots with axes, labels, legend, and multi-series support. Each %Dataset{} carries a :name (shown in the legend), a list of {x, y} numeric tuples in :data, plus its own :marker (:braille / :dot / :block / :bar / :half_block), :graph_type (:line / :scatter / :bar), and :style, so a single chart can mix line and scatter overlays. The required :x_axis / :y_axis are %Axis{} structs with :bounds ({min, max} numeric tuple), optional tick :labels (string / %Span{} / %Line{}), :title, :style, and :labels_alignment (:left / :center / :right). :legend_position accepts :top, :top_left, :top_right (default), :bottom, :bottom_left, :bottom_right, :left, :right, or nil to hide the legend entirely. :hidden_legend_constraints takes a {width_constraint, height_constraint} pair using the same shapes as ExRatatui.Layout (:length / :percentage / :ratio / :min / :max / :fill) — the legend is hidden whenever its rendered size would exceed those bounds against the chart area. :block wraps the chart in a framed Block. Missing axes, non-list :datasets, non-%Dataset{} entries, malformed data points, non-numeric coordinates, unknown markers, unknown :graph_types, unknown :legend_positions, malformed :bounds, malformed :hidden_legend_constraints, and unknown :labels_alignment values raise ArgumentError at the bridge boundary. See the widget cheatsheet for examples
	Canvas widget (#30) — new ExRatatui.Widgets.Canvas struct and six shape structs (Canvas.Line, Canvas.Rectangle, Canvas.Circle, Canvas.Points, Canvas.Map, Canvas.Label) wrap ratatui's Canvas for 2D plotting. Shapes live in a virtual coordinate space defined by :x_bounds / :y_bounds (both {min, max} tuples with min <= max) and are rasterized onto cells via :marker — :braille (default), :dot, :block, :bar, or :half_block. Rectangle draws an outline anchored at its bottom-left corner, Circle draws an outline centered on {x, y}, Points plots a list of {x, y} tuples, Map paints the world's coastlines at :low or :high resolution (pair with {-180, 180} × {-90, 90} bounds), and Label writes a styled text annotation at the given canvas-space coordinate. Every drawable shape takes a plain Color.t() rather than a Style — canvas pixels sample individual cells, so text modifiers don't apply; Label uses the color as the text foreground. :background_color fills the area, and :block wraps the canvas in a framed Block. Non-tuple bounds, inverted bounds, unknown markers, unknown map resolutions, missing required shape fields, negative width / height / radius, non-string Label.text, malformed Points.coords entries, and unknown shape structs all raise ArgumentError at the bridge boundary. See the widget cheatsheet for examples
	Calendar widget (#31) — new ExRatatui.Widgets.Calendar struct renders ratatui's Monthly calendar. :display_date is a native %Date{} that drives which month is shown and which day is highlighted. :events accepts either a list of {%Date{}, %Style{}} tuples or a %{Date => Style} map — map entries with a nil value are skipped so toggling individual days stays ergonomic. :show_month_header and :show_weekdays_header (booleans, default true) toggle the two header rows, with independent :header_style / :weekday_style overrides. Set :show_surrounding to a %Style{} to bleed the previous/next month into empty grid cells; leave it nil to hide them. :default_style paints unstyled days, and :block wraps the widget in a framed Block. Non-Date :display_date, non-boolean header toggles, and malformed event entries raise ArgumentError at the bridge boundary. See the widget cheatsheet for examples
	Sparkline widget (#27) — new ExRatatui.Widgets.Sparkline struct renders ratatui's Sparkline, a compact single-line bar chart for streaming or time-series data. :data is a list of non-negative integers with nil entries representing missing samples; set :max to a positive integer or leave nil to auto-scale. Choose a rendering style via :bar_set — :nine_levels for smooth gradients, :three_levels for low-density glyphs, or a non-empty list of strings that's proportionally mapped across ratatui's nine density slots. Direction (:left_to_right / :right_to_left), absent-value symbol and style, chart-wide :style, and :block are all configurable. Floats, negative values, non-list data, unknown bar-set atoms, and empty custom lists raise ArgumentError at the bridge boundary. See the widget cheatsheet for examples
	BarChart widget (#23) — new ExRatatui.Widgets.BarChart, ExRatatui.Widgets.Bar, and ExRatatui.Widgets.BarGroup structs render ratatui's BarChart in either :vertical or :horizontal orientation. Each %Bar{} carries a :label, non-negative integer :value, optional per-bar :style that overrides the chart-wide :bar_style, and an optional :text_value to replace the numeric readout. Chart-level fields include :data (single anonymous group of bars), :groups (list of %BarGroup{} for side-by-side clusters with shared captions), :bar_width, :bar_gap, :group_gap (cells between adjacent clusters), :bar_style, :value_style, :label_style, :max (nil auto-scales to the largest value), :direction, and :block. Set either :data or :groups. Floats, negative values, non-list :groups, non-%BarGroup{} entries, non-string group labels, and negative :group_gap raise ArgumentError at the bridge boundary. See the widget cheatsheet for examples
	Focus management (#48) — new ExRatatui.Focus struct for multi-panel apps. Declare an ordered ring of focusable IDs with Focus.new/2, route every key event through Focus.handle_key/2, and pattern-match on Focus.current/1 to dispatch. Tab / Shift+Tab / back_tab are consumed by default; :next_keys / :prev_keys accept %Event.Key{} entries to override (:kind ignored, modifiers compared as a set). Focus.focused?/2 drives border styling without Focus ever touching widget structs. Pure Elixir, no Rust changes. The new "Focus management" section in Building UIs walks through the caller pattern
	Widget protocol (#24) — new ExRatatui.Widget protocol lets you build composite widgets in pure Elixir by implementing render/2 on your own struct. The Bridge flattens custom widgets into primitive {widget, rect} tuples recursively (with a 32-level depth cap and argument validation) before encoding, so ExRatatui.draw/2 accepts primitive and custom widgets interchangeably at the top level. Custom widgets inside Popup.content / WidgetList.items are not supported yet. The public widget() type splits into primitive_widget() (built-ins, unchanged) and widget() (primitive or any struct implementing the protocol); the new Custom Widgets guide walks through the API. Protocol consolidation is now limited to :prod, so test-time defimpl blocks (and your own tests of custom widgets) work without fuss
	Rich text primitives (#26) — new ExRatatui.Text.Span and ExRatatui.Text.Line structs let text-bearing widget fields carry per-span colors and modifiers instead of a single style for the entire string. Paragraph.text, List.items, Table.rows/Table.header, Tabs.titles, and Block.title now accept any mix of String.t(), %Span{}, %Line{}, or [%Span{}]. Plain strings continue to work on every field; fields that are semantically single-line (table cells, tab titles, block titles) raise on strings containing embedded newlines. The new "Rich Text" section in Building UIs walks through the API

Fixed
	TextInput cursor invisible at end of double-width input (#45) — when a TextInput contained CJK or other double-width characters that overflowed the widget's display width, moving the cursor to the end made it disappear. Viewport scrolling and span construction tracked positions in char counts but the widget's display width is measured in terminal cells, so wide chars consumed twice their accounted-for space and the trailing cursor span was truncated. Both the viewport adjustment and the rendered spans are now cell-aware via the unicode-width crate

Changed
	Documentation expanded. Five new guides ship in guides/: Getting Started walks mix new → supervised todo app with TextInput + List + manual focus; State Machine Patterns covers mode-atom dispatch, screen stacks, modals via Popup, multi-screen transitions, and sibling-GenServer escape hatches; Testing documents the headless backend, test_mode, Runtime.inject_event/2, and three assertion patterns (snapshot, test_pid, :sys.get_state); Debugging covers Runtime.snapshot/1, enable_trace/2 events, buffer-inspection-as-dev-tool, common errors (terminal_init_failed, garbled output, SSH -t, mix run stdin), and Rust NIF rebuilds; Performance covers the render loop, render?: false, keeping render/2 cheap, large trees, poll-interval tuning, subscription cost, async effects, and timing with :timer.tc + traces. The widgets cheatsheet was rewritten as task-grouped columns (Styles, Layout, Text, Lists, Progress, Input, Charts, Containers, Calendar) using {: .col-2} annotations for scan-ability. A new examples/README.md catalogs all 12 examples with SSH and Erlang-distribution one-liners. The top-level README dropped its Learning Path, Testing sample, and Troubleshooting sections (all absorbed by the new guides) and trimmed the Examples table to two (hello_world + counter_app), now pointing to the examples catalog. Hex sidebar reordered: onboarding → concepts → patterns → ops → cheatsheet
	Test suite expanded. New coverage: property-based invariants for Layout.split/3, style encoding, text coercion, Focus ring semantics, and decode_event/1 round-tripping key/mouse/resize tuples via stream_data; unicode and emoji rendering across CJK, combining marks, ZWJ sequences, and BMP/SMP emoji on every text-bearing widget; stress tests for 2 000-widget scenes, 1 000 redraws, and 1×1 / 500×500 terminals; cross-transport parity tests proving the same App module produces identical widget trees under local, SSH, and Erlang distribution; raw-example smoke tests for system_monitor (App-based) and chat_interface (raw ExRatatui.run/1 loop). Distributed integration now also exercises Chart, grouped BarChart, and Canvas with a Map shape to catch any future NIF-field regression across node boundaries. Coverage remains at 100% across all 55 modules
	Test layout mirrors lib/. test/ex_ratatui/widgets_test.exs was split into per-widget files under test/ex_ratatui/widgets/, one-for-one with lib/ex_ratatui/widgets/. Cross-cutting integration tests (cross-transport parity, unicode rendering, stress, focus integration, full-stack rendering) now live under test/integration/. server_runtime_test.exs was renamed to runtime_test.exs and test_backend_test.exs folded into terminal_test.exs to match the modules they cover. server_test.exs was further split by transport: SSH and distributed unit tests now live in test/ex_ratatui/server/ssh_transport_test.exs and test/ex_ratatui/server/distributed_transport_test.exs, each organized under describe blocks for lifecycle, message handling, reducer support, and helpers. Duplicated fixture apps across the three server test files were consolidated into ExRatatui.Test.ServerApps (Echo, StopOnAnyEvent, FailingMount) under test/support/, and SSH test helpers into ExRatatui.Test.SshHelper
	CI hardening. The distributed and slow jobs merged into a single extras job that runs both tag filters sequentially, saving a runner. The lint matrix now runs mix xref graph --format cycles --fail-above 0 to catch dependency cycles at CI time. Doctests added to ExRatatui.Command and ExRatatui.Subscription for the reducer side-effect helpers
	API polish. ExRatatui moduledoc now documents the error-handling convention: programmer errors raise ArgumentError, runtime/I/O failures return {:error, reason}. ExRatatui.Command.async/2 docs now enumerate the mapper's error shapes and include an example. TextInput and Textarea moduledocs note their :state references are node-local NIF resources that must not be serialized, compared, or sent across distribution. The Bridge module is hidden from HexDocs (@moduledoc false) since it's internal to the NIF boundary
	Shutdown robustness. The internal server's terminate/2 now cancels any armed subscription timers across all three transports, so pending ticks can't be delivered to a supervisor-restarted process carrying a stale mailbox

0.7.1 - 2026-04-13
Fixed
	SSH bare Esc key not detected — VTE's state machine swallows 0x1B as the start of an escape sequence, so a bare Esc press over SSH produced no event. The SSH transport now schedules a 50 ms timeout after a lone 0x1B with no follow-up bytes; if the timer fires it resets the parser and dispatches a synthetic %Event.Key{code: "esc"} press. Follow-up bytes (the normal case for multi-byte sequences like arrow keys) cancel the timer before it fires. Added Session.reset_parser/1 and its backing session_reset_parser NIF
	Distributed transport crashes on stateful widgets — TextInput and Textarea store their mutable state in NIF resource references that cannot cross BEAM node boundaries via Erlang distribution. The distributed server now snapshots stateful widget state into plain tuples before sending, and the Rust decoder reconstructs temporary resources from the snapshot on the client node. Stateless widgets are unaffected. Added text_input_snapshot and textarea_snapshot NIFs

0.7.0 - 2026-04-13
Added
	Reducer runtime for ExRatatui.App via use ExRatatui.App, runtime: :reducer. Reducer apps implement init/1, render/2, and update/2, receive terminal input as {:event, event}, mailbox messages as {:info, msg}, and can declare subscriptions with subscriptions/1
	ExRatatui.Command — reducer side-effect helpers for immediate messages, delayed messages, async work, and batched command execution
	ExRatatui.Subscription — reducer timer/subscription helpers for interval and one-shot self-messages reconciled by stable id
	ExRatatui.Runtime — runtime inspection helpers exposing snapshots, trace events, and trace enable/disable controls for supervised TUI processes
	ExRatatui.Runtime.inject_event/2 — deterministic synthetic event injection for supervised apps under test_mode
	Example: examples/reducer_counter_app.exs — simple reducer-driven counter showing update/2 and subscriptions/1

Changed
	ExRatatui.App now supports two runtime styles: the existing callback runtime and the new reducer runtime selected with runtime: :reducer
	The internal server now supports reducer runtime options for commands, render suppression, trace state, runtime snapshots, async command tracking, and subscription reconciliation
	Render-command encoding moved into a shared internal bridge, making ExRatatui.draw/2 and ExRatatui.Session.draw/2 share one validation and encoding path
	Native render-command decoding was refactored into reusable helpers in native/ex_ratatui/src/decode.rs and shared between local terminal rendering and session rendering
	Bumped ratatui-textarea Rust dependency from 0.8 to 0.9
	credo dependency restricted to :dev environment only

Fixed
	New subscriptions now store their timer reference correctly instead of keeping the {timer_ref, token} tuple in the timer_ref field, which broke timer cancellation/rearming paths in the reducer runtime
	Async command mappers are now wrapped the same way as async functions, so mapper exceptions/exits return structured error tuples and active_async_commands bookkeeping is always decremented
	The mount/1 callback contract now includes the supported {:ok, state, callback_opts} form, which keeps reducer-style startup shims aligned with Dialyzer and the runtime's actual behavior
	Invalid reducer/runtime payloads and malformed render commands now fail earlier with clearer Elixir-side or Rust-side validation errors
	Parallel cold compile crash — the NIF bridge no longer loads its NIF via @on_load during dependency compilation. Precompiled/source artifacts are still prepared at compile time, but the NIF now loads lazily on first use, which stops isolated compiler VMs from crashing under parallel cold compiles on this host
	test_mode input flake — local supervised apps and distributed attach clients no longer poll the real terminal while running headless tests, which removes ambient crossterm events from async test runs and stops spurious renders like the render?: false reducer flake
	SSH auto_host_key bootstrap — host-key generation now recreates the parent <priv_dir>/ssh/ directory immediately before writing the key, so first boot succeeds even if the app's priv tree was absent or cleaned between runs

Docs
	Extracted runtime and widget content from README into dedicated guides: guides/callback_runtime.md, guides/reducer_runtime.md, and guides/building_uis.md
	Added widget cheatsheet: guides/cheatsheets/widgets.cheatmd
	README now documents the reducer runtime, reducer example app, command/subscription helpers, and runtime inspection API
	README and ExRatatui.App docs now call out that mount/1 may return runtime opts and that WidgetList.scroll_offset is row-based with partial clipping semantics
	Expanded public moduledocs for ExRatatui.App, ExRatatui.Command, ExRatatui.Subscription, and ExRatatui.Runtime
	HexDocs module grouping now includes reducer-runtime modules
	README now notes that the native library loads lazily on first use

Tests
	Added reducer runtime coverage for commands, subscriptions, tracing, render suppression, async failure handling, and invalid runtime return values
	Added coverage for public Command, Subscription, Runtime, App, and shared bridge validation paths
	Elixir test coverage remains at 100%

0.6.2 - 2026-04-12
Added
	Distribution-attach transport — serve any ExRatatui.App to remote BEAM nodes over Erlang distribution. New transport: :distributed option on ExRatatui.App and a standalone ExRatatui.Distributed.Listener for direct supervision-tree use. Each attaching node gets its own isolated TUI session; widget lists travel as plain BEAM terms with zero NIF on the app node
	ExRatatui.Distributed — main API module with attach/3 for connecting to a remote TUI
	ExRatatui.Distributed.Listener — supervisor wrapping a DynamicSupervisor for per-attach sessions, with config stored in :persistent_term
	Distributed.Client (internal) — local rendering proxy that takes over the terminal, polls events, and forwards them to the remote server
	Server (internal) learns a transport: {:distributed_server, client_pid, width, height} init path that sends {:ex_ratatui_draw, widgets} over distribution instead of rendering locally
	Guide: guides/distributed_transport.md — architecture, quick start, options reference, testing, troubleshooting
	README "Running over Erlang Distribution" section
	examples/system_monitor.exs now supports --distributed flag for running over Erlang distribution
	:peer-based integration tests for the full cross-node roundtrip (tagged :distributed, run with elixir --sname test -S mix test --only distributed)

Changed
	test_mode now means fully headless local runtime behaviour: it disables live terminal input polling on both the server and Distributed.Client, and runtime snapshots expose whether polling is enabled

	Server event and resize handlers are now shared between :ssh and :distributed_server transports

	ExRatatui.App dispatch_start/1 routes :distributed to ExRatatui.Distributed.Listener.start_link/1

	WidgetList scroll_offset is now row-based — previously scroll_offset skipped whole items by index; it now skips rows of content. To scroll to a specific item, sum the heights of all preceding items. Items partially above the viewport are clipped at the row level, enabling smooth pixel-row scrolling for chat histories and similar variable-height lists. This is a breaking change for callers that relied on the item-index interpretation
Migration: If you set scroll_offset to an item index (e.g., scroll_offset: selected), replace it with the cumulative row height of preceding items. For example, if all items have height 3: scroll_offset: selected * 3. For variable-height items, sum their heights: scroll_offset: items |> Enum.take(selected) |> Enum.map(&elem(&1, 1)) |> Enum.sum()


Fixed
	WidgetList partial-item clipping — items straddling the top edge of the viewport are now correctly rendered via an off-screen buffer blit instead of being skipped entirely

0.6.1 - 2026-04-09
Fixed
	SSH subsystem dispatch — ssh host -s Elixir.MyApp.TUI (and ExRatatui.SSH.subsystem/1 under nerves_ssh) would hang forever instead of rendering. The channel handler was waiting for a {:ssh_cm, _, {:subsystem, ...}} message inside handle_ssh_msg/2, but OTP :ssh consumes that request internally when it matches a name in the daemon's :subsystems config — the handler only ever receives {:ssh_channel_up, ...}. ExRatatui.SSH now detects subsystem-mode dispatch (via a new subsystem: true flag baked into the init args by subsystem/1 and ExRatatui.SSH.Daemon) and synthesizes a default 80x24 session + starts the TUI server directly from {:ssh_channel_up, ...}. Shell-mode startup (via ssh_cli) is unchanged — it still waits for pty_req + shell_req as before
	SSH subsystem + -t pty_req races — when a client connects with ssh -t -s Elixir.MyApp.TUI, OTP fires ssh_channel_up first (we start an 80x24 session + server) and then delivers the client's pty_req with the real dimensions. The previous pty_req handler created a brand-new Session on every call, which left the SSH channel pointing at a session the running Server no longer rendered into. The handler now splits on session: nil vs session: %Session{} and resizes the existing session in place when one is already there, mirroring the window_change path
	SSH subsystem pty-size discovery on nerves_ssh — even with the pty_req race fixed, a subsystem TUI riding on nerves_ssh (or any :ssh.daemon that configures a default CLI handler) would stay stuck at the hardcoded 80x24 fallback instead of filling the client's real terminal. Root cause: OTP's ssh_connection:handle_cli_msg/3 hands pty_req to the daemon's default CLI handler when the channel's user pid is still undefined, and then silently orphans that CLI handler the moment the subsequent subsystem request rebinds the pid to us — so the subsystem handler never sees pty_req on those deployments, no matter how early it arrives. ExRatatui.SSH now sidesteps the whole OTP path by emitting a Cursor Position Report roundtrip (ESC[s ESC[9999;9999H ESC[6n ESC[u) on {:ssh_channel_up, ...}: the client clamps the bogus cursor position to its real pty size, responds with ESC[<row>;<col>R, the session's ANSI input parser decodes that as a %ExRatatui.Event.Resize{}, and the {:data, ...} handler resizes the session in place + notifies the running server via {:ex_ratatui_resize, w, h}. Shell-mode startup is unaffected — it still reads the dimensions straight off pty_req
	session_input.rs CPR parsing — the VTE-driven input parser now recognizes ESC[<row>;<col>R Cursor Position Report responses and emits them as NifEvent::Resize(col, row) so the SSH transport's CPR-based pty-size discovery has something to intercept. The handler runs before the simple-CSI dispatch that would otherwise silently drop any R final byte
	SSH subsystem startup — added a shell-vs-subsystem section to ExRatatui.SSH's moduledoc and the guides/ssh_transport.md guide explaining which message triggers server boot in each mode, plus a loud "always pass -t" caveat (OpenSSH doesn't allocate a PTY for subsystem invocations by default, which leaves the client's local terminal in cooked mode — keystrokes get line-buffered and echoed locally on top of the TUI)

0.6.0 - 2026-04-09
Added
	SSH transport — serve any ExRatatui.App to remote clients over OTP :ssh. New transport: :ssh option on ExRatatui.App and a standalone ExRatatui.SSH.Daemon for direct supervision-tree use. Each connected client gets its own isolated TUI session; works as a primary daemon or as a nerves_ssh subsystem via ExRatatui.SSH.subsystem/1
	ExRatatui.Session — in-memory transport-agnostic terminal session (Rust SharedWriter + Viewport::Fixed) with new/2, draw/2, take_output/1, feed_input/2, resize/3, size/1, and close/1
	ExRatatui.SSH — :ssh_server_channel implementation that drives a Session per channel, parses ANSI input via vte, and handles PTY negotiation, window_change, and alt-screen lifecycle
	ExRatatui.SSH.Daemon — GenServer wrapping :ssh.daemon/2 with port/1 and daemon_ref/1 introspection helpers
	ExRatatui.SSH.Daemon :auto_host_key option — when set, the daemon resolves the OTP application that owns :mod, ensures <priv_dir>/ssh/ exists, and generates a 2048-bit RSA host key on first boot. Subsequent boots reuse the same key. Lets Phoenix admin TUIs and similar drop the daemon straight into a supervision tree without hand-rolling host-key bootstrap
	ExRatatui.SSH.Daemon :system_dir accepts binary paths in addition to charlists; the daemon converts them before forwarding to :ssh.daemon/2
	VTE-based input parser covering arrows, function keys, SS3, CSI modifiers, Alt+letter, Ctrl+letter, and partial-sequence buffering across feeds (SSH delivers byte-at-a-time during interactive use)
	7 new session NIFs on ExRatatui.Native: session_new/2, session_close/1, session_draw/2, session_take_output/1, session_feed_input/2, session_resize/3, session_size/1
	Guide: guides/ssh_transport.md — architecture, quick start, nerves_ssh integration, options reference, host-key generation, troubleshooting
	Examples ship an SSH mode: examples/system_monitor.exs --ssh and examples/task_manager via TASK_MANAGER_SSH=1 (multiple clients share one SQLite database)
	README "Running Over SSH" section
	CI enforces 100% Elixir test coverage threshold (NIF modules excluded)
	Missing doctests for ExRatatui, Event, Event.Key, Event.Mouse, Event.Resize, and SlashCommands
	Callback documentation for all ExRatatui.App callbacks

Changed
	ExRatatui.Server learns a transport: :local | :ssh option and an alternate init/1 path that drives an injected Session + writer function instead of the local terminal

	ExRatatui.App gains a :transport option that dispatches between ExRatatui.Server start_link/1 and ExRatatui.SSH.Daemon.start_link/1

Docs
	Expanded moduledoc prose for ExRatatui, Event, and event struct modules
	Added coverage requirement note to CONTRIBUTING.md

Tests
	Bumped Elixir test coverage to 100% — added server, rendering, layout, event, and widget tests
	End-to-end SSH integration test exercising :ssh.daemon/2 + :ssh.connect/3 round trip with a generated host key (mount → render bytes → keystroke roundtrip → window_change)

0.5.1 - 2026-03-25
Added
	ExRatatui.Widgets.Markdown — markdown rendering widget with syntax-highlighted code blocks, powered by tui-markdown (pulldown-cmark + syntect)
	ExRatatui.Widgets.Textarea — multiline text editor with undo/redo, cursor movement, and Emacs-style shortcuts. Second stateful widget — state lives in Rust via ResourceArc
	ExRatatui.Widgets.Throbber — loading spinner widget with 12 animation sets (braille, dots, ascii, arrow, clock, and more)
	ExRatatui.Widgets.Popup — centered modal overlay widget for dialogs, confirmations, and command palettes
	ExRatatui.Widgets.WidgetList — vertical list of heterogeneous widgets with selection and scrolling, ideal for chat message histories
	ExRatatui.Widgets.SlashCommands — slash command parsing, matching, and autocomplete popup rendering
	Textarea NIF functions: textarea_new/0, textarea_handle_key/3, textarea_get_value/1, textarea_set_value/2, textarea_cursor/1, textarea_line_count/1
	Example: chat_interface.exs — AI chat interface demonstrating Markdown, Textarea, Throbber, Popup, WidgetList, and SlashCommands

Fixed
	Replaced deprecated Padding::zero() with Padding::ZERO in Rust widget renderers
	Wired up unused style field in WidgetList render function (was #[allow(dead_code)])
	Fixed flaky Rust throbber step test — calc_step(0) uses random index, now tests with deterministic non-zero steps
	Throbber animation set test now covers all 12 sets (was 7)

0.5.0 - 2026-03-22
Added
	ExRatatui.Widgets.Tabs — a tab bar widget for switching between views, with customizable selection highlight, divider, and padding
	ExRatatui.Widgets.Scrollbar — a scrollbar widget for indicating scroll position, supporting all four orientations (vertical right/left, horizontal bottom/top)
	ExRatatui.Widgets.LineGauge — a thin single-line progress bar using line-drawing characters, with separate filled/unfilled styles
	ExRatatui.Widgets.Checkbox — a checkbox widget for boolean toggles, with customizable checked/unchecked symbols and styles
	ExRatatui.Widgets.TextInput — a single-line text input widget with cursor navigation, viewport scrolling, and placeholder support. First stateful widget — state lives in Rust via ResourceArc
	Example: widget_showcase.exs — interactive demo with tabs, progress bars, checkboxes, text input, scrollable logs, and scrollbar (replaces individual tabs_demo.exs, scrollbar_demo.exs, line_gauge_demo.exs)
	Doctests for Tabs, Scrollbar, LineGauge, and Checkbox struct modules
	Updated task_manager.exs example to use Tabs (header), LineGauge (progress), Scrollbar (task table), and TextInput (new task creation — replaces hand-rolled input buffer with proper cursor navigation, viewport scrolling, and placeholder support)
	Updated examples/task_manager/ App to use Tabs (filter bar with Tab/Shift+Tab navigation), LineGauge (replaces Gauge), Scrollbar (task table), and TextInput (replaces hand-rolled input buffer)
	Comprehensive TextInput state management tests: get/set value, cursor positioning, backspace, delete, left/right, home/end, and mid-text insertion

Fixed
	Checkbox moduledoc now correctly states that :checked_symbol and :unchecked_symbol default to nil (rendered as "[x]" / "[ ]" by the Rust backend)
	Removed redundant .padding() call in Rust tabs renderer that was always overwritten

0.4.2 - 2026-03-06
Added
	ExRatatui.Widgets.Clear — a widget that resets all cells in its area to empty (space) characters, useful for rendering overlays

Fixed
	Put back Elixir. prefix from List calls in task_manager.exs example

0.4.1 - 2026-02-23
Fixed
	init_terminal NIF now cleans up raw mode and alternate screen on partial initialization failure
	All I/O-bound NIFs (init_terminal, restore_terminal, draw_frame, terminal_size) now run on the DirtyIo scheduler to avoid blocking normal BEAM schedulers
	App.render/2 callback typespec narrowed from term() to ExRatatui.widget() for proper Dialyzer coverage
	Constraint::Ratio with denominator zero now returns an error instead of panicking
	Gauge ratio now validates the value is finite, preventing a panic on NaN input
	App.mount/1 callback typespec now includes {:error, reason} return
	ExRatatui.run/1 after block no longer masks the original exception if terminal restore also fails
	Server render errors now log the full stacktrace for easier debugging
	Added missing @impl true on fallback terminate/2 clause in the server
	ExRatatui.Frame struct defaults to width: 0, height: 0 instead of nil (typespec now matches actual usage)
	Deduplicated encode_constraint/1 — ExRatatui.Layout is now the single source of truth
	Fixed flaky poll_event tests that failed when terminal events arrived during the test run
	Event.Mouse typespec fields are now non-nullable to match actual NIF output
	Fixed system_monitor.exs to cache hostname between refreshes with Map.get_lazy/3
	Removed unnecessary Elixir. prefix from List calls in task_manager.exs example
	Added server tests for {:stop, state} from handle_info/2 and terminate/2 callback

Docs
	HexDocs "View Source" links now point to the correct version tag
	Expanded ExRatatui moduledoc with quick start, core API overview, and cross-references
	README demo GIF now uses an absolute URL so it renders on Hex.pm
	README modifiers list now shows all six supported modifiers
	Documented :test_mode option in ExRatatui.App for headless testing
	Clarified system_monitor.exs is Linux/Nerves only in README

0.4.0 - 2026-02-23
Changed
	BREAKING: Terminal state is now per-process via Rust ResourceArc instead of a global mutex	ExRatatui.run/1 closure now receives the terminal reference (1-arity)
	draw/1 is now ExRatatui.draw/2 (terminal reference as first argument)
	ExRatatui.init_test_terminal/2 returns a terminal reference instead of :ok
	get_buffer_content/0 is now ExRatatui.get_buffer_content/1
	ExRatatui.App behaviour users: no API changes


	Terminal is automatically restored when the terminal reference is garbage collected (crash safety)
	Test terminal instances are now independent, enabling async: true for rendering tests

Added
	Comprehensive API documentation: all key codes, mouse events, colors, modifiers, and App options
	Doctests for Layout, Style, Frame, all widgets, and test backend
	CONTRIBUTING.md with development setup

0.3.0 - 2026-02-23
Added
	Typespecs (@type t) for all widget, event, and frame structs
	Function specs (@spec) for all public API functions
	Dialyzer static analysis in CI

Changed
	Extracted Event.Key, Event.Mouse, Event.Resize and Layout.Rect into their own files

Fixed
	Server start_link/1 now supports name: nil to start without process registration
	App-based TUI processes hanging on macOS — the event poll loop now delegates the timeout to the NIF on the DirtyIo scheduler instead of using Process.send_after/3, which was causing the GenServer to stop processing messages

0.2.0 - 2026-02-21
Changed
	Simplified release workflow by using rustler-precompiled-action instead of manual build and packaging steps

Added
	Precompiled NIF target for riscv64gc-unknown-linux-gnu (Nerves RISC-V boards)
	System monitor example (examples/system_monitor.exs) for running on Nerves devices via SSH

0.1.1 - 2026-02-19
Changed
	Improved HexDocs module grouping: Frame moved under Layout, App under new Application group
	Added demo GIF to README

Fixed
	Changelog formatting for ex_doc compatibility

0.1.0 - 2026-02-19
Added
	Widgets: Paragraph (with alignment, wrapping, scrolling), Block (borders, titles, padding), List (selectable with highlight), Table (headers, rows, column constraints), and Gauge (progress bar)
	Layout engine: Constraint-based area splitting via ExRatatui.Layout.split/3 with support for :percentage, :length, :min, :max, and :ratio constraints
	Event polling: Non-blocking keyboard, mouse, and resize event handling on BEAM's DirtyIo scheduler
	Styling system: Named colors, RGB ({:rgb, r, g, b}), 256-color indexed ({:indexed, n}), and text modifiers (bold, italic, underlined, dim, crossed out, etc.)
	Terminal lifecycle: ExRatatui.run/1 for automatic terminal init and cleanup
	OTP App behaviour: ExRatatui.App with LiveView-inspired callbacks (mount/1, render/2, handle_event/2, handle_info/2) for building supervised TUI applications
	GenServer runtime: manages terminal lifecycle, self-scheduling event polling, and callback dispatch under OTP supervision
	Frame struct: ExRatatui.Frame carries terminal dimensions to render/2 callbacks
	Test backend: Headless TestBackend via init_test_terminal/2 and get_buffer_content/0 for CI-friendly rendering verification
	Precompiled NIFs: Via rustler_precompiled for Linux, macOS, and Windows (x86_64 and aarch64) — no Rust toolchain required
	Examples: hello_world.exs (minimal display), counter.exs (interactive key events), counter_app.exs (App-based counter), task_manager.exs (full app with all widgets), and examples/task_manager/ (supervised Ecto + SQLite CRUD app)



  

    Getting Started

This guide walks you from an empty mix new project to a supervised terminal UI you can actually use. Read it top-to-bottom the first time; come back later for the capstone module.
Every concept is introduced with runnable code. If you get stuck, compare your file against the snippets.
What you'll build
A small todo app. Type an item, press Enter to add it, move selection with ↑/↓ (or k/j), press d to delete, Tab to switch focus between the input and the list, Esc to quit.
┌────────────────────────────────────────────────────────┐
│  Todo                                                  │
├────────────────────────────────────────────────────────┤
│ › buy groceries_                                       │
├────────────────────────────────────────────────────────┤
│  walk the dog                                          │
│ ›file taxes                                            │
│  call mom                                              │
│                                                        │
└────────────────────────────────────────────────────────┘
  Tab switch · Enter add · d delete · Esc quit
Install and verify
Create a project and add the dependency:
mix new my_tui --sup
cd my_tui

Edit mix.exs:
defp deps do
  [
    {:ex_ratatui, "~> 0.11"}
  ]
end
Fetch:
mix deps.get
mix compile

A precompiled NIF for your platform downloads automatically — you don't need Rust installed. On first compile you'll see rustler_precompiled fetch the binary.
Verify it works. Create lib/hello.ex:
defmodule Hello do
  alias ExRatatui.Layout.Rect
  alias ExRatatui.Style
  alias ExRatatui.Widgets.{Block, Paragraph}

  def run do
    ExRatatui.run(fn terminal ->
      {w, h} = ExRatatui.terminal_size()

      paragraph = %Paragraph{
        text: "Hello from ExRatatui!\n\nPress any key to exit.",
        style: %Style{fg: :green, modifiers: [:bold]},
        alignment: :center,
        block: %Block{
          title: " Hello World ",
          borders: [:all],
          border_type: :rounded,
          border_style: %Style{fg: :cyan}
        }
      }

      ExRatatui.draw(terminal, [{paragraph, %Rect{x: 0, y: 0, width: w, height: h}}])
      wait_for_key()
    end)
  end

  defp wait_for_key do
    case ExRatatui.poll_event(5_000) do
      nil -> wait_for_key()
      _ -> :ok
    end
  end
end
Run it:
iex -S mix
iex> Hello.run()

You should see a rounded box with a green centered message. Press any key to return to IEx.
If instead you get terminal_init_failed, you're likely in a non-TTY shell (IDE terminal, background process, piped stdin). Run from a real terminal emulator — see the Debugging guide for more.
A note on IEx and input
iex -S mix is the quickest way to try a TUI. The IEx shell and the TUI both read the terminal, but on a :local transport ExRatatui parks the shell's reader for the duration of a run and resumes it on exit, so crossterm sees every keystroke and the shell prompt returns untouched when the TUI quits. Input-heavy apps — text entry, chat, rapid navigation — run cleanly under iex, and so do standalone scripts, mix run, releases, and the SSH / Erlang-distribution transports.
mix run -e "Hello.run()"   # one-shot, inside a project
elixir my_app.exs          # a standalone Mix.install script

See Dropped keystrokes under fast typing in the Debugging guide for the mechanism and the opt-out.
Your first render
Let's look at what that snippet actually did.
ExRatatui.run(fn terminal ->
  # ...
end)
ExRatatui.run/1 takes a function, puts the terminal into raw mode, gives you a terminal reference, and guarantees the terminal is restored when the function returns (or raises). This is the right shape for a one-shot script but not for a supervised app — we'll replace it in a minute.
{w, h} = ExRatatui.terminal_size()
Returns the current size in cells. The terminal won't automatically resize your widgets — you place them explicitly, in cell coordinates.
paragraph = %Paragraph{
  text: "Hello from ExRatatui!\n\nPress any key to exit.",
  style: %Style{fg: :green, modifiers: [:bold]},
  alignment: :center,
  block: %Block{title: " Hello World ", borders: [:all], border_type: :rounded}
}
A widget is a struct. It doesn't draw anything on its own — it's a value you hand to draw/2. Paragraph renders text; Block is a decorative wrapper most widgets accept via a :block field for a title and borders.
ExRatatui.draw(terminal, [{paragraph, %Rect{x: 0, y: 0, width: w, height: h}}])
draw/2 takes a list of {widget, rect} tuples. Each %Rect{} says where to paint the widget. You can pass many tuples — the whole frame is rendered in one go.
ExRatatui.poll_event(5_000)
Polls for a terminal event (key press, mouse, resize) with a timeout in milliseconds. Returns nil on timeout, an %Event.Key{} / %Event.Mouse{} / %Event.Resize{} (or paste / focus event) otherwise. Event polling runs on the BEAM's DirtyIo scheduler so your other processes keep running.
That's the whole "bare metal" API: size, build structs, draw, poll. For a supervised long-running app, you want the next layer.
Switch to ExRatatui.App
ExRatatui.run/1 is fine for scripts. For a real app you want supervision, test support, and transports (SSH, distribution). That's what the ExRatatui.App behaviour gives you.
Replace lib/hello.ex with:
defmodule Hello do
  use ExRatatui.App

  alias ExRatatui.Layout.Rect
  alias ExRatatui.Style
  alias ExRatatui.Widgets.{Block, Paragraph}

  @impl true
  def mount(_opts) do
    {:ok, %{}}
  end

  @impl true
  def render(_state, frame) do
    paragraph = %Paragraph{
      text: "Hello from ExRatatui!\n\nPress any key to exit.",
      style: %Style{fg: :green, modifiers: [:bold]},
      alignment: :center,
      block: %Block{
        title: " Hello World ",
        borders: [:all],
        border_type: :rounded,
        border_style: %Style{fg: :cyan}
      }
    }

    [{paragraph, %Rect{x: 0, y: 0, width: frame.width, height: frame.height}}]
  end

  @impl true
  def handle_event(%ExRatatui.Event.Key{kind: "press"}, state) do
    {:stop, state}
  end

  def handle_event(_event, state), do: {:noreply, state}
end
Three callbacks:
	mount/1 — runs once when the app starts. Returns {:ok, state}. Here the state is empty.
	render/2 — runs after every state change. Gets state and a %Frame{width:, height:} with the current terminal size. Returns [{widget, rect}, ...]. Always return the full scene — the runtime diffs cells between frames for you, but your job is to describe the whole screen.
	handle_event/2 — receives a terminal event. Returns {:noreply, new_state} to keep running or {:stop, state} to quit. Here any key press quits.

Run it:
iex -S mix
iex> {:ok, pid} = Hello.start_link(name: nil)

Under a supervisor, you'd add it like any other child:
# lib/my_tui/application.ex
children = [
  Hello
]
Same behavior as before, but now you have a proper OTP process you can test, supervise, and serve remotely. The SSH and Distribution guides serve this exact module over the network with no code changes.
State and events
A static paragraph isn't very interactive. Let's add a counter.
defmodule Hello do
  use ExRatatui.App

  alias ExRatatui.{Event, Layout}
  alias ExRatatui.Layout.Rect
  alias ExRatatui.Style
  alias ExRatatui.Widgets.{Block, Paragraph}

  @impl true
  def mount(_opts), do: {:ok, %{count: 0}}

  @impl true
  def render(state, frame) do
    area = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}

    widget = %Paragraph{
      text: "\n\n  Count: #{state.count}",
      style: %Style{fg: :white, modifiers: [:bold]},
      alignment: :center,
      block: %Block{title: " Counter ", borders: [:all], border_type: :rounded}
    }

    [{widget, area}]
  end

  @impl true
  def handle_event(%Event.Key{code: "q", kind: "press"}, state), do: {:stop, state}

  def handle_event(%Event.Key{code: code, kind: "press"}, state) when code in ["up", "k"] do
    {:noreply, %{state | count: state.count + 1}}
  end

  def handle_event(%Event.Key{code: code, kind: "press"}, state) when code in ["down", "j"] do
    {:noreply, %{state | count: state.count - 1}}
  end

  def handle_event(_, state), do: {:noreply, state}
end
Two things to notice.
Events come in handle_event clauses. An %Event.Key{} carries :code (a string like "up", "a", "enter", "esc"), :modifiers (strings too, e.g. ["ctrl"]), and :kind ("press" / "repeat" / "release"). Pattern-match on the shape you care about; fall through to a catch-all {:noreply, state} so unhandled events don't crash.
Return values control the loop:
	{:noreply, state} — update state and re-render
	{:noreply, state, opts} — same, with options like render?: false to skip the re-render (see the Performance guide)
	{:stop, state} — exit cleanly

Run it, press ↑/↓ or k/j, watch the counter. Press q to quit.
Layout
Placing everything in one giant Rect gets old fast. Layout.split/3 divides a rectangle into regions using constraints.
def render(state, frame) do
  area = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}

  [header, body, footer] = Layout.split(area, :vertical, [
    {:length, 3},
    {:min, 0},
    {:length, 1}
  ])

  header_widget = %Paragraph{
    text: "  Counter",
    style: %Style{fg: :cyan, modifiers: [:bold]},
    block: %Block{borders: [:all], border_type: :rounded}
  }

  body_widget = %Paragraph{
    text: "\n\n  Count: #{state.count}",
    alignment: :center,
    block: %Block{borders: [:all], border_type: :rounded}
  }

  footer_widget = %Paragraph{
    text: " ↑/k +1 · ↓/j -1 · q quit",
    style: %Style{fg: :dark_gray}
  }

  [{header_widget, header}, {body_widget, body}, {footer_widget, footer}]
end
Constraint types you'll use most:
	{:length, n} — exactly n cells
	{:min, n} — at least n, expand to fill remaining space
	{:percentage, n} — n% of the parent
	{:ratio, num, den} — num/den of the parent

Layout.split/3 returns a list of %Rect{} in the same order as your constraints. Chain splits to build grids — split vertically into rows, then split each row horizontally into columns. The Building UIs guide goes deep on constraints.
Styling and rich text
%Style{} carries foreground, background, and modifiers. Accepts named colors (:green), RGB ({:rgb, 255, 100, 0}), and 256-color indices ({:indexed, 42}).
%Style{fg: :red, bg: {:rgb, 30, 30, 30}, modifiers: [:bold, :underlined]}
Most widgets take a top-level :style plus part-specific fields like :highlight_style or :border_style.
Rich text lets one string carry per-segment styling. Build a %Span{} for a styled run and group them with %Line{}:
alias ExRatatui.Text.{Line, Span}

%Paragraph{
  text: Line.new([
    Span.new(" ok ", style: %Style{fg: :black, bg: :green}),
    Span.new("  Count: #{state.count}", style: %Style{modifiers: [:bold]})
  ])
}
Paragraph.text, List.items, Table cells, Tabs.titles, and Block.title all accept rich text. Plain strings keep working everywhere — you only reach for spans when you want mixed styling on one line.
Make negative counts red:
style = if state.count < 0, do: %Style{fg: :red}, else: %Style{fg: :white}

body_widget = %Paragraph{
  text: "\n\n  Count: #{state.count}",
  style: style,
  alignment: :center,
  block: %Block{borders: [:all], border_type: :rounded}
}
Capstone: a small todo app
Time to put it together. This app introduces two things you haven't seen:
	A stateful widget — TextInput owns a NIF-side editor state. You create the state once in mount/1, keep the reference in your state map, and pass it to the widget on every render.
	Focus management — two regions (input, list) want different keybindings. We track a focus: :input | :list atom and dispatch keys accordingly. For multi-panel apps with more than a couple of regions, ExRatatui.Focus gives you a proper focus ring; see Building UIs for that pattern.


Create lib/todo.ex:
defmodule Todo do
  use ExRatatui.App

  alias ExRatatui.{Event, Layout, Style}
  alias ExRatatui.Layout.Rect
  alias ExRatatui.Widgets.{Block, List, Paragraph, TextInput}

  @impl true
  def mount(_opts) do
    {:ok,
     %{
       input: ExRatatui.text_input_new(),
       items: [],
       selected: 0,
       focus: :input
     }}
  end

  @impl true
  def render(state, frame) do
    area = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}

    [header, input_rect, list_rect, footer] =
      Layout.split(area, :vertical, [
        {:length, 3},
        {:length, 3},
        {:min, 0},
        {:length, 1}
      ])

    [
      {header_widget(), header},
      {input_widget(state), input_rect},
      {list_widget(state), list_rect},
      {footer_widget(), footer}
    ]
  end

  # ---- events ----------------------------------------------------------

  @impl true
  def handle_event(%Event.Key{code: "esc", kind: "press"}, state) do
    {:stop, state}
  end

  def handle_event(%Event.Key{code: "tab", kind: "press"}, state) do
    {:noreply, toggle_focus(state)}
  end

  def handle_event(%Event.Key{kind: "press"} = key, %{focus: :input} = state) do
    {:noreply, handle_input_key(state, key)}
  end

  def handle_event(%Event.Key{kind: "press"} = key, %{focus: :list} = state) do
    {:noreply, handle_list_key(state, key)}
  end

  def handle_event(_event, state), do: {:noreply, state}

  # ---- input focus -----------------------------------------------------

  defp handle_input_key(state, %Event.Key{code: "enter"}) do
    case ExRatatui.text_input_get_value(state.input) do
      "" ->
        state

      text ->
        :ok = ExRatatui.text_input_set_value(state.input, "")
        %{state | items: state.items ++ [text]}
    end
  end

  defp handle_input_key(state, %Event.Key{code: code}) do
    :ok = ExRatatui.text_input_handle_key(state.input, code)
    state
  end

  # ---- list focus ------------------------------------------------------

  defp handle_list_key(state, %Event.Key{code: code}) when code in ["up", "k"] do
    %{state | selected: max(state.selected - 1, 0)}
  end

  defp handle_list_key(state, %Event.Key{code: code}) when code in ["down", "j"] do
    max_index = max(length(state.items) - 1, 0)
    %{state | selected: min(state.selected + 1, max_index)}
  end

  defp handle_list_key(state, %Event.Key{code: "d"}) do
    items = List.delete_at(state.items, state.selected)
    %{state | items: items, selected: min(state.selected, max(length(items) - 1, 0))}
  end

  defp handle_list_key(state, _), do: state

  # ---- widgets ---------------------------------------------------------

  defp header_widget do
    %Paragraph{
      text: "  Todo",
      style: %Style{fg: :cyan, modifiers: [:bold]},
      block: %Block{borders: [:all], border_type: :rounded, border_style: %Style{fg: :dark_gray}}
    }
  end

  defp input_widget(state) do
    %TextInput{
      state: state.input,
      placeholder: "Add a todo…",
      block: %Block{
        borders: [:all],
        border_type: :rounded,
        border_style: border_style(state.focus, :input)
      }
    }
  end

  defp list_widget(state) do
    %List{
      items: state.items,
      selected: if(state.items == [], do: nil, else: state.selected),
      highlight_symbol: "› ",
      highlight_style: %Style{fg: :black, bg: :yellow, modifiers: [:bold]},
      block: %Block{
        borders: [:all],
        border_type: :rounded,
        border_style: border_style(state.focus, :list)
      }
    }
  end

  defp footer_widget do
    %Paragraph{
      text: "  Tab switch · Enter add · d delete · Esc quit",
      style: %Style{fg: :dark_gray}
    }
  end

  # ---- helpers ---------------------------------------------------------

  defp toggle_focus(%{focus: :input} = state), do: %{state | focus: :list}
  defp toggle_focus(%{focus: :list} = state), do: %{state | focus: :input}

  defp border_style(focus, id) do
    if focus == id,
      do: %Style{fg: :yellow, modifiers: [:bold]},
      else: %Style{fg: :dark_gray}
  end

end
Run it:
iex -S mix
iex> {:ok, pid} = Todo.start_link(name: nil)
iex> ref = Process.monitor(pid)
iex> receive do {:DOWN, ^ref, _, _, _} -> :ok end

Things worth highlighting:
	TextInput state is created in mount/1, never in render/2. Creating it on every render would lose the cursor and typed text between frames. The reference lives in state; the widget just reads it.
	handle_event/2 dispatches by focus. The pattern def handle_event(%Event.Key{…} = key, %{focus: :input} = state) is a clean way to split behavior without nested case.
	Guard against empty state. List.selected is set to nil when there are no items so you don't highlight row zero of an empty list. Delete clamps the new selection to the new length.
	Focus shows visually. The focused region gets a bold yellow border. This is a minimal pattern — for more panels, reach for ExRatatui.Focus.

Where to go next
You now have a working local supervised TUI with input, a list, and focus. From here, pick the guide that matches what you want to learn:
	Building UIs — full widget reference, layout deep-dive, rich text, events, ExRatatui.Focus.
	Callback Runtime — all callbacks (mount, render, handle_event, handle_info, terminate), options, lifecycle details.
	Reducer Runtime — Elm-style alternative with first-class commands, subscriptions, and runtime inspection. Good when you have async work or want structured side effects.
	Custom Widgets — compose primitives into reusable widgets via the ExRatatui.Widget protocol.
	State Machine Patterns — multi-screen apps, modals, conditional UI.
	Testing — headless test backend, inject_event, Runtime.snapshot, property-based tests.
	Debugging — Runtime.snapshot, tracing, buffer inspection, common errors.
	Performance — render?: false, poll tuning, keeping render/2 cheap.
	Running TUIs over SSH — serve this exact app to remote clients.
	Running TUIs over Erlang Distribution — drive the TUI from a different BEAM node.

Or browse the examples/ folder for more patterns — layout/focus.exs, apps/chat.exs, and apps/task_manager_db/ are good next reads.


  

    Examples

A catalog of runnable ExRatatui examples, grouped by folder. Each example stands alone, copy any one as a starting point.
Most examples run under a real terminal. The two under cell_session/ are headless: they drive ExRatatui.CellSession and print to stdout, so they never touch a tty and exit cleanly.
Some terminal examples also work over SSH (--ssh) or Erlang distribution (--distributed); the flag is noted where it applies (see the bottom of this file).
Start here
A four-step on-ramp, simplest first:
	basics/hello_world.exs — the smallest working TUI.
	basics/counter_app.exs — the typical starting point for a real app (ExRatatui.App).
	basics/reducer_counter_app.exs — the same counter on the reducer runtime.
	apps/chat.exs — a full flagship app once the basics click.

The Getting Started guide builds a todo app from scratch using the same patterns.
Basics
The runtime loop, four ways — from a raw render/poll loop to the supervised runtimes.
	Example	Run	What to see
	hello_world.exs	mix run examples/basics/hello_world.exs	Minimal ExRatatui.run/1 loop — a styled paragraph, one keypress to exit. The smallest working TUI.
	counter.exs	mix run examples/basics/counter.exs	Same loop plus key events. Up/Down keys mutate a counter; shows the render/poll cycle without ExRatatui.App.
	counter_app.exs	mix run examples/basics/counter_app.exs	The same counter, this time as a supervised ExRatatui.App with mount/1, render/2, handle_event/2. The typical starting point for real apps.
	reducer_counter_app.exs	mix run examples/basics/reducer_counter_app.exs	Counter on the reducer runtime. Demonstrates init/1 + update/2, a 1-second Subscription.interval, and render?: false for tick bookkeeping.
	echo_chat.exs	mix run examples/basics/echo_chat.exs	A raw render/poll loop that echoes typed lines into a transcript. A plain per-keystroke input buffer — the input-fidelity stress test for fast typing — that stays lossless thanks to the :local input handoff (see the Debugging guide).

Widgets
Focused, copyable demos — each centered on one widget or text feature.
	Example	Run	What to see
	table.exs	mix run examples/widgets/table.exs	Spreadsheet-style table exercising every Table field: :footer, :header_style, :footer_style, :column_highlight_style, :cell_highlight_style, :selected_column, and :highlight_spacing: :always. Arrow keys move the selected row + column; the intersection cell pops with a bright tint.
	rich_text.exs	mix run examples/widgets/rich_text.exs	Span/Line across Paragraph, List, Table, Tabs, and Block titles — per-span colors and modifiers.
	text_input_cjk.exs	mix run examples/widgets/text_input_cjk.exs	TextInput handling CJK / wide characters — cursor math with multi-column glyphs.
	big_text.exs	mix run examples/widgets/big_text.exs	Interactive BigText viewer for slide-deck titles. Cycle through all eight pixel_size variants, three alignments, six colors, and four sample headlines at runtime.
	code_block.exs	mix run examples/widgets/code_block.exs	Interactive CodeBlock viewer. Cycle through all seven syntect themes and five sample languages, toggle the line-number gutter, and toggle line-range emphasis.
	custom_widget.exs	mix run examples/widgets/custom_widget.exs	Pure-Elixir composite widgets via the ExRatatui.Widget protocol: status badge + key/value pair, no Rust.
	barchart.exs	mix run examples/widgets/barchart.exs	BarChart in three forms — vertical, horizontal, and grouped (Bar/BarGroup). Left/Right highlights a weekday bar.
	sparkline.exs	mix run examples/widgets/sparkline.exs	Sparkline over a rolling series, including nil (absent) samples rendered with absent_value_symbol. Space shifts in a new sample.
	chart.exs	mix run examples/widgets/chart.exs	Chart with two line Datasets and x/y Axis. Cycle legend position (l) and marker (m) at runtime.
	calendar.exs	mix run examples/widgets/calendar.exs	Calendar month view with styled events and a movable cursor. Arrow keys move by day/week; Space toggles an event.
	canvas.exs	mix run examples/widgets/canvas.exs	Canvas shapes (Line, Circle, Rectangle, Points) in a bounded space, plus a world map via Canvas.Map + Label. Arrow keys move a cursor point.
	checkbox.exs	mix run examples/widgets/checkbox.exs	Checkbox settings list with a moving cursor. Up/Down moves; Space toggles.
	markdown.exs	mix run examples/widgets/markdown.exs	Markdown rendering bold/italic/lists/tables and a syntax-highlighted code block. Up/Down scrolls.
	throbber.exs	mix run examples/widgets/throbber.exs	Throbber spinners, one per throbber_set, animated on the reducer runtime via a Subscription.interval tick.
	popup.exs	mix run examples/widgets/popup.exs	Popup overlaying a centered widget on the background, sized as a percentage of the area. Space toggles it.
	widget_list.exs	mix run examples/widgets/widget_list.exs	WidgetList composing heterogeneous, multi-line items (labels, paragraphs, markdown) in one scrollable column. Up/Down scrolls.
	slash_commands.exs	mix run examples/widgets/slash_commands.exs	SlashCommands autocomplete: type / to match commands, Up/Down to select, Enter/Tab to complete.
	gauge.exs	mix run examples/widgets/gauge.exs	Gauge block progress bars with percentage labels. Up/Down adjusts the top gauge.
	line_gauge.exs	mix run examples/widgets/line_gauge.exs	LineGauge single-line bars (filled_style/unfilled_style) stacked as a metrics panel. Up/Down adjusts CPU.
	scrollbar.exs	mix run examples/widgets/scrollbar.exs	Scrollbar bound to a scrollable List — its thumb tracks the selected position. Up/Down moves.
	tabs.exs	mix run examples/widgets/tabs.exs	Tabs bar selecting between content panes. Left/Right or Tab switches the active tab.
	list.exs	mix run examples/widgets/list.exs	List with a selection highlight and highlight_symbol. Up/Down moves; g/G jumps to top/bottom.
	textarea.exs	mix run examples/widgets/textarea.exs	Textarea multi-line editor with a live line/cursor status. Type to edit; Enter inserts a newline.
	clear.exs	mix run examples/widgets/clear.exs	Clear blanks a region before a hand-rolled overlay. Space toggles it to show the background bleeding through.
	viewport3d_cube.exs	mix run examples/widgets/viewport3d_cube.exs	Viewport3D rendering a single lit cube spinning in 3D, animated on the reducer runtime. Defaults to pixel graphics (:auto, terminal-probed); m cycles render mode. Requires a true-color terminal.
	viewport3d_scene.exs	mix run examples/widgets/viewport3d_scene.exs	Viewport3D multi-object scene (cube, sphere, plane) lit by all three light types, with the camera slowly orbiting. Defaults to pixel graphics (:auto, terminal-probed); m cycles render mode.
	viewport3d_controls.exs	mix run examples/widgets/viewport3d_controls.exs	Viewport3D driven live: arrows orbit, i/o zoom (Camera.orbit/zoom), m cycles render mode (pixel :auto/:kitty/:sixel/:iterm2 and cell modes), p toggles pipeline.
	viewport3d_custom_mesh.exs	mix run examples/widgets/viewport3d_custom_mesh.exs	Viewport3D rendering a custom mesh (a pyramid) built from raw vertices and indices, spinning. Defaults to pixel graphics (:auto, terminal-probed); m cycles render mode.
	viewport3d_articulated.exs	mix run examples/widgets/viewport3d_articulated.exs	Viewport3D rendering an articulated two-segment arm built from an ExRatatui.ThreeD.Node scene-graph, base rotating and elbow swinging via forward kinematics. Defaults to pixel graphics (:auto, terminal-probed); m cycles render mode.

Layout & styling
Constraint-based layout, multi-panel focus, and theming.
	Example	Run	What to see
	flex.exs	mix run examples/layout/flex.exs	Visual reference card for Layout.split/4 opts: one row per :flex mode (:start, :center, :end, :space_between, :space_around) with spacing: gutters, plus {:fill, n} weighted panels.
	focus.exs	mix run examples/layout/focus.exs	Three-panel layout with Tab-cycled focus via ExRatatui.Focus: keyboard focus (Tab/Shift+Tab), mouse click-to-focus, scroll-wheel routing, bracketed paste, terminal-window focus reporting, ExRatatui.Theme threading, and %Block.Title{} status badges. Opts into mouse_capture: true.
	theme.exs	mix run examples/layout/theme.exs	Visual reference for ExRatatui.Theme. Left: one swatch per semantic slot. Right: a live preview of border_style/2, text_style/2, and selection_style/1. Press 1/2/3 to switch between default/0, light/0, and a custom Nord-ish theme.

Apps
Flagship, end-to-end applications — the sophisticated anchors.
	Example	Run	What to see
	chat.exs	mix run examples/apps/chat.exs	AI chat UI: Markdown, Textarea, Throbber, Popup, WidgetList, SlashCommands. The most visually rich example.
	chat_log.exs	mix run examples/apps/chat_log.exs	Chat UI with List{direction: :bottom_to_top} history pinned to the bottom, a multi-line Textarea composer with bracketed paste, a multi-title Block header, Layout.Padding, set_terminal_title/1, and ExRatatui.Theme. Tab cycles focus; Alt+Enter inserts a newline.
	task_manager.exs	mix run examples/apps/task_manager.exs	Full task manager — tabs, table, scrollbar, line gauge. In-memory state; a good end-to-end reducer example.
	task_manager_db/	See the subdir README	Supervised Ecto + SQLite CRUD app. Also runs over SSH where multiple clients share one DB.
	system_monitor.exs	mix run examples/apps/system_monitor.exs	Linux system dashboard: CPU, memory, disk, network, BEAM stats. Linux/Nerves only. Also supports --ssh and --distributed (see below).

Cell session
Non-terminal rendering — drive ExRatatui.CellSession and consume the cell buffer.
	Example	Run	What to see
	cell_dump.exs	mix run examples/cell_session/cell_dump.exs	Headless. Renders a styled paragraph in a bordered block into a CellSession, then prints the buffer to stdout. Visual sanity check for the cell-extraction pipeline; starting point for non-terminal renderers (browser, framebuffer, SVG).
	headless_image.exs	mix run examples/cell_session/headless_image.exs	Headless. Fetches an image and renders it through CellSession into halfblocks (with ANSI colors), dumping the cell grid to stdout. Proves the same model code that uses Kitty graphics in a real terminal works under Livebook / Kino / snapshot tests.

Images
	Example	Run	What to see
	image_demo.exs	mix run examples/images/image_demo.exs	Interactive image renderer. Loads a photo (picsum.photos or IMAGE_PATH) and toggles protocol (auto/halfblocks/kitty/sixel/iterm2) and resize mode (fit/crop/scale) at runtime. Status panel shows live render output dimensions. Also supports --ssh and --distributed.

Observability & patterns
Runnable companions to the Telemetry and State Machine guides.
	Example	Run	What to see
	telemetry.exs	mix run examples/observability/telemetry.exs	A TUI that attaches a :telemetry handler to its own runtime/render :stop events and renders the live counts. Pairs with Telemetry.
	state_machine.exs	mix run examples/observability/state_machine.exs	Screen-as-data dispatch (:main/:settings) with a modal :overlay that intercepts input — a confirm-quit Popup. Pairs with State Machine Patterns.

Try an example over SSH
mix run --no-halt examples/apps/system_monitor.exs --ssh
# in another terminal:
ssh demo@localhost -p 2222      # password: demo

Any ExRatatui.App can be served over SSH — the example just wires up transport: :ssh with a demo password. See Running TUIs over SSH for the full story.
Try an example over Erlang Distribution
# Terminal 1 — start the app node
elixir --sname app --cookie demo -S mix run --no-halt examples/apps/system_monitor.exs --distributed

# Terminal 2 — attach from another node
iex --sname local --cookie demo -S mix
iex> ExRatatui.Distributed.attach(:"app@hostname", SystemMonitor)

The app node runs the BEAM logic; the client node owns the terminal (and the NIF). See Running TUIs over Erlang Distribution.


  

    Building UIs

This guide covers the building blocks for constructing screens in render/2: widgets, layout, styles, and events. Everything here works identically in both the Callback Runtime and Reducer Runtime.
Layout
render/2 returns a list of {widget, rect} tuples. Each %ExRatatui.Layout.Rect{} defines a rectangular area on the screen. Use ExRatatui.Layout.split/3 to divide areas into sub-regions using constraints:
alias ExRatatui.Layout
alias ExRatatui.Layout.Rect

area = %Rect{x: 0, y: 0, width: 80, height: 24}

# Three-row layout: header, body, footer
[header, body, footer] = Layout.split(area, :vertical, [
  {:length, 3},
  {:min, 0},
  {:length, 1}
])

# Split body into sidebar + main
[sidebar, main] = Layout.split(body, :horizontal, [
  {:percentage, 30},
  {:percentage, 70}
])
Constraint types
	Constraint	Description
	{:percentage, n}	Percentage of the available space (0–100)
	{:length, n}	Exact number of rows or columns
	{:min, n}	At least n rows/columns, expands to fill remaining space
	{:max, n}	At most n rows/columns
	{:ratio, num, den}	Fraction of available space (e.g., {:ratio, 1, 3} for one-third)
	{:fill, weight}	Proportional share of whatever is left after the other constraints ({:fill, 1} + {:fill, 2} splits leftover space 1:2)

split/4 also takes :flex (how excess space is distributed — centered popups, end-aligned status bars) and :spacing (gutter cells between segments) — see ExRatatui.Layout for the shapes.
Styles
Styles control foreground color, background color, and text modifiers:
alias ExRatatui.Style

# Named colors
%Style{fg: :green, bg: :black}

# RGB
%Style{fg: {:rgb, 255, 100, 0}}

# 256-color indexed
%Style{fg: {:indexed, 42}}

# Modifiers
%Style{modifiers: [:bold, :dim, :italic, :underlined, :crossed_out, :reversed]}
Named colors: :black, :red, :green, :yellow, :blue, :magenta, :cyan, :gray, :dark_gray, :light_red, :light_green, :light_yellow, :light_blue, :light_magenta, :light_cyan, :white, :reset.
Styles can be applied to most widgets via the :style field, and many widgets accept additional style fields for specific parts (e.g., highlight_style, border_style).
Rich text
Text fields on many widgets accept more than a plain string: pass a %ExRatatui.Text.Span{}, a %ExRatatui.Text.Line{}, a list of spans, or any mix — letting a single string of output carry per-span colors and modifiers.
alias ExRatatui.Text.{Line, Span}
alias ExRatatui.Style

# A single styled run
Span.new("error", style: %Style{fg: :red, modifiers: [:bold]})

# Multiple styled runs on one line
Line.new([
  Span.new(" ok ", style: %Style{fg: :green}),
  Span.new(" Build ", style: %Style{fg: :yellow, modifiers: [:bold]})
])

# Line-level overrides: a style layered over spans + per-line alignment
Line.new([Span.new("centered")], style: %Style{modifiers: [:bold]}, alignment: :center)
Widgets that accept rich text on their text-bearing fields:
	Widget	Field(s)
	Paragraph	:text
	BigText	:lines (first arg to BigText.new/2)
	List	each items entry
	Table	each cell in :rows, each :header cell
	Tabs	each :titles entry
	Block	:title (single-line only)

Accepted shapes on these fields: String.t(), %Span{}, %Line{}, or [%Span{}]. Plain strings continue to work everywhere. Fields that are semantically single-line (table cells, tab titles, block titles) raise if passed a string with embedded newlines.
Events
Terminal events are polled automatically by the runtime. In the Callback Runtime, they arrive in handle_event/2. In the Reducer Runtime, they arrive as {:event, event} in update/2.
Key events
%ExRatatui.Event.Key{
  code: "q",          # key name: "a"-"z", "up", "down", "enter", "esc", "tab", etc.
  kind: "press",      # "press", "release", or "repeat"
  modifiers: []       # list of "ctrl", "alt", "shift", "super", "hyper", "meta"
}
Mouse events
%ExRatatui.Event.Mouse{
  kind: "down",       # "down", "up", "drag", "moved", "scroll_up", "scroll_down", "scroll_left", "scroll_right"
  button: "left",     # "left", "right", "middle" ("" for moves and scrolls)
  x: 10,
  y: 5,
  modifiers: []
}
Resize events
%ExRatatui.Event.Resize{
  width: 120,
  height: 40
}
The runtime automatically re-renders on resize — there's no need to handle resize events unless the app needs to react to size changes in its state.
Widgets
Every widget is a plain struct. The Widgets Cheatsheet is the per-widget quick reference — every struct with its key fields and a copyable snippet — and each widget's moduledoc holds the full option and validation detail. One contract applies across the board: malformed fields (wrong types, negative sizes, unknown atoms) raise ArgumentError at encode time rather than rendering garbage.
	Purpose	Widgets
	Text and containers	Paragraph, Block (borders + top/bottom titles), Clear, Markdown, CodeBlock, BigText
	Lists and tables	List, Table, WidgetList
	Progress and activity	Gauge, LineGauge, Sparkline, Throbber
	Charts and drawing	BarChart (Bar / BarGroup), Chart (Chart.Axis / Chart.Dataset), Canvas (Line / Rectangle / Circle / Points / Map / Label shapes)
	Navigation and selection	Tabs, Scrollbar, Calendar, Checkbox, Popup, SlashCommands
	Input (stateful, NIF-backed)	TextInput, Textarea
	Media	Image — covered in the Images guide

The subsections below cover the patterns that need more than a struct literal. For everything else, lift the snippet from the cheatsheet.
Composing with Block
Any widget wraps itself in a framed Block via its :block field — title, borders, and border styling in one struct:
%Paragraph{
  text: "Inside a box",
  block: %Block{title: " Title ", borders: [:all], border_type: :rounded}
}
Border types: :plain, :rounded, :double, :thick.
Stateful widgets: TextInput and Textarea
Most widgets are pure view descriptors rebuilt every frame. TextInput (single-line) and Textarea (multi-line, with undo/redo and Emacs-style shortcuts) are the exception — their editor state lives in a NIF resource. Create the state once in mount/1/init/1, keep the reference in app state, and pass it to the widget on every render:
# In mount/1 or init/1 — never in render/2
state = ExRatatui.text_input_new()

# In the event handler: forward key codes (Textarea also takes modifiers)
ExRatatui.text_input_handle_key(state, key.code)
ExRatatui.textarea_handle_key(state, key.code, key.modifiers)

# Read the value any time
ExRatatui.text_input_get_value(state)

# In render/2
%TextInput{
  state: state,
  placeholder: "Type here...",
  block: %Block{title: " Search ", borders: [:all]}
}
Recreating the state in render/2 silently drops the cursor position and typed text on every frame — the most common stateful-widget mistake.
Overlays: Popup and Clear
Popup centers any widget over the parent area, clearing the background underneath — dialogs, confirmations, command palettes:
%Popup{
  content: %Paragraph{text: "Are you sure?"},
  block: %Block{title: " Confirm ", borders: [:all], border_type: :rounded},
  percent_width: 50,
  percent_height: 30
}
Clear is the lower-level building block: it resets every cell in its rect, for hand-rolled overlays drawn late in the render list.
Heterogeneous scrolling: WidgetList
WidgetList stacks widgets of different heights into a scrollable column — chat histories, log views, mixed-content feeds. Each item is a {widget, height} tuple:
%WidgetList{
  items: [
    {%Paragraph{text: "User: Hello!"}, 1},
    {%Markdown{content: "**Bot:** Hi there!\n\nHow can I help?"}, 4},
    {%Paragraph{text: "User: What is Elixir?"}, 1}
  ],
  selected: 1,
  highlight_style: %Style{fg: :yellow},
  scroll_offset: 0,
  block: %Block{title: " Chat ", borders: [:all]}
}
scroll_offset is a row offset from the top of the content, not an item index — to scroll to a specific item, sum the heights of the preceding items. Items partially above the viewport are clipped row-by-row instead of dropped.
Command palettes: SlashCommands
SlashCommands is a utility module (not a widget struct) for building a /command palette on top of Popup + List: parse/1 detects a /prefix in the input, match_commands/2 filters the registered commands, and render_autocomplete/2 builds the popup widgets to append to the render list:
case SlashCommands.parse(input_text) do
  {:command, prefix} ->
    matched = SlashCommands.match_commands(commands, prefix)
    base_widgets ++ SlashCommands.render_autocomplete(matched, area: area, selected: 0)

  :no_command ->
    base_widgets
end
See examples/apps/chat.exs for a full integration.
Focus management
Apps with multiple interactive widgets (e.g., a TextInput + List + details pane) need to track which widget "owns" the current keystroke. Rather than reinventing that bookkeeping every time, use ExRatatui.Focus:
alias ExRatatui.{Event, Focus}

# Declare the focus ring up front, e.g. in mount/1 or init/1.
state = %{
  focus: Focus.new([:search, :results, :details]),
  search: ExRatatui.text_input_new(),
  results: [...],
  selected: 0
}
Route every key event through Focus.handle_key/2 before dispatching. Tab / Shift+Tab / back_tab are consumed (focus moves, the key comes back as nil). Everything else passes through unchanged.
def handle_event(%Event.Key{} = key, state) do
  {focus, key} = Focus.handle_key(state.focus, key)
  state = %{state | focus: focus}

  case key do
    nil ->
      {:noreply, state}

    key ->
      case Focus.current(focus) do
        :search  -> {:noreply, update_search(state, key)}
        :results -> {:noreply, update_results(state, key)}
        :details -> {:noreply, update_details(state, key)}
      end
  end
end
Style the focused widget with Focus.focused?/2:
border_style =
  if Focus.focused?(focus, :search),
    do: %Style{fg: :yellow},
    else: %Style{fg: :gray}

%TextInput{
  state: state.search,
  block: %Block{borders: [:all], border_style: border_style}
}
Override the default keys with %Event.Key{} entries — e.g., to add Ctrl+Tab / Ctrl+Shift+Tab or arrow-based cycling:
Focus.new([:search, :results, :details],
  next_keys: [%Event.Key{code: "tab"}, %Event.Key{code: "right", modifiers: ["ctrl"]}],
  prev_keys: [%Event.Key{code: "back_tab"}, %Event.Key{code: "left", modifiers: ["ctrl"]}]
)
See examples/layout/focus.exs for a full three-panel demo.
Mouse routing
Focus carries a regions: %{id => Rect} map alongside the ring. Register the regions after layout (typically inside a %Event.Resize{} handler) and Focus.handle_mouse/2 will focus the panel under a left-click — passing the event through so widgets that care (cursor placement, drag start) can still react.
def handle_event(%Event.Resize{width: w, height: h}, state) do
  area = %Rect{x: 0, y: 0, width: w, height: h}
  [search_rect, body_rect] = Layout.split(area, :vertical, [{:length, 3}, {:min, 0}])
  [results_rect, details_rect] = Layout.split(body_rect, :horizontal, [
    {:percentage, 40}, {:min, 0}
  ])

  focus =
    Focus.set_regions(state.focus, %{
      search: search_rect,
      results: results_rect,
      details: details_rect
    })

  {:noreply, %{state | focus: focus}}
end

def handle_event(%Event.Mouse{} = mouse, state) do
  {focus, mouse} = Focus.handle_mouse(state.focus, mouse)
  # Left-click in a known region just moved focus; the click is still
  # in `mouse` so the widget can react (Checkbox toggle, cursor place).
  {:noreply, %{state | focus: focus}}
end
The local terminal needs mouse capture explicitly turned on — pass mouse_capture: true to ExRatatui.run/2 or as a start_link option on the :local ExRatatui.App. SSH and distributed transports decode mouse events regardless. Scroll-wheel routing is intentionally not built in; Focus.current/1 after handle_mouse/2 routes "to the focused widget", Focus.at/3 routes "to the widget under the cursor" — pick whichever fits.
Overlapping regions resolve to the smallest by area (leaf-inside-container picks the leaf). Boundaries are half-open (x >= rx and x < rx + w) — natural for ratatui rect semantics. Registering a region for an ID that isn't in the ring raises.
Theming
Most apps want consistent colors across borders, highlights, text, and status indicators without scattering literal %Style{fg: :cyan} calls everywhere. ExRatatui.Theme is a pure-data palette struct designed for exactly that — apps thread it through render code by hand, no globals, no automatic injection.
alias ExRatatui.Theme

theme = Theme.default()                 # dark-friendly; :surface nil so light and dark terminals both look right
# or  Theme.light()                     # dark text on white surface
# or  %Theme{primary: :magenta, accent: {:rgb, 245, 158, 11}, ...}
Eleven semantic slots cover the common needs:
	Slot	Purpose
	:primary	Brand color for titles and major headers
	:accent	Interactive / focused / selected elements
	:border / :border_focused	Panel border colors
	:surface / :surface_alt	Background and striped-row background
	:text / :text_dim	Body text and secondary text (hints, placeholders, disabled)
	:success / :warning / :danger	Status messages and severity indicators

Every slot accepts the full ExRatatui.Style.color/0 shape (named atoms, {:rgb, r, g, b}, {:indexed, n}, or nil).
Three helpers cover the most common patterns:
# Border styling, with a focused override.
%Block{
  borders: [:all],
  border_style: Theme.border_style(theme, focused: Focus.focused?(focus, :search))
}

# Body text and dim hint text.
%Paragraph{text: "Hello", style: Theme.text_style(theme)}
%Paragraph{text: "(empty)", style: Theme.text_style(theme, dim: true)}

# Selection inversion for List / Table / Tabs highlights.
%List{items: results, highlight_style: Theme.selection_style(theme)}
Anything more specialised — gradient-style accents, severity-tinted text — destructures the slots inline:
%Paragraph{
  text: " #{count} failures ",
  style: %Style{fg: theme.surface, bg: theme.danger, modifiers: [:bold]}
}
Theme is deliberately just pure data plus three helpers — no opt-in magic, no global configuration, nothing injected behind the scenes.
Examples
	examples/widgets/ — focused, copyable demos of individual widgets (bar chart, sparkline, chart, calendar, canvas, checkbox, table, and more)
	examples/apps/chat.exs — AI chat interface demonstrating markdown, textarea, throbber, popup, and slash commands
	examples/apps/task_manager_db/ — full CRUD app using table, tabs, scrollbar, line gauge, and block compositions
	examples/layout/focus.exs — multi-panel layout with Tab-cycled focus

Related
	Callback Runtime — OTP-style callbacks
	Reducer Runtime — Elm-style commands and subscriptions
	Running TUIs over SSH — SSH transport
	Running TUIs over Erlang Distribution — distribution transport



  

    3D Rendering

Render real 3D scenes — lit meshes, a movable camera, software rasterization or ray tracing — inside a TUI. The same model code draws into any true-color terminal, blitting pixels to cells with half blocks, supersampled half blocks, or an ASCII ramp.
Built on ratatui-3d, vendored in-tree.
True-color required
Every blit mode emits 24-bit colors. A terminal without true-color support renders the scene as muddy approximations or not at all.
Quick start
alias ExRatatui.ThreeD.{Camera, Light, Material, Mesh, Object, Scene}
alias ExRatatui.Widgets.Viewport3D

def render(_state, frame) do
  area = %ExRatatui.Layout.Rect{x: 0, y: 0, width: frame.width, height: frame.height}

  viewport = %Viewport3D{
    scene: %Scene{
      objects: [%Object{mesh: Mesh.cube(), material: %Material{color: {100, 150, 255}}}],
      lights: [
        Light.ambient({255, 255, 255}, 0.15),
        Light.directional({-1.0, -1.0, -1.0}, {255, 255, 255})
      ]
    },
    camera: %Camera{position: {3.0, 2.5, 4.0}, target: {0.0, 0.0, 0.0}}
  }

  [{viewport, area}]
end
Viewport3D is pure data, like every other widget: the scene and camera are rebuilt and rendered every frame. Animation and camera movement live in the model between frames — see the camera recipe below.
The scene
A ExRatatui.ThreeD.Scene is a flat list of objects and lights with a background:
%Scene{
  objects: [...],          # list of %Object{}
  lights: [...],           # list of %Light{}
  background: {8, 8, 16},  # {r, g, b}, channels 0-255
  sky: nil                 # optional gradient, sampled by the raytrace pipeline
}
The scene itself is flat: every object carries its own world-space transform. Hierarchies (such as an articulated model) are composed before building the scene — by hand, or with the ExRatatui.ThreeD.Node scene-graph helper described in Scene graph.
Colors are {r, g, b} integer tuples (0-255). Vectors are {x, y, z} float tuples.
Objects, materials, transforms
%Object{
  mesh: Mesh.cube(),
  material: %Material{color: {200, 80, 80}, diffuse: 0.8, specular: 0.5, shininess: 32.0},
  transform: %ExRatatui.ThreeD.Transform{
    position: {1.0, 0.0, 0.0},
    rotation: {:euler_xyz, {0.0, 0.7, 0.0}},
    scale: {1.0, 1.0, 1.0}
  },
  visible: true
}
ExRatatui.ThreeD.Material is a Phong material: a base color plus ambient, diffuse, specular, and shininess coefficients.
Rotation accepts three forms:
	Form	Meaning
	{:euler_xyz, {rx, ry, rz}}	intrinsic X then Y then Z, in radians
	{:axis_angle, {ax, ay, az}, angle}	angle radians about a non-zero axis
	{:quat, {x, y, z, w}}	a raw quaternion

Meshes
Built-in primitives carry no geometry data:
Mesh.cube()
Mesh.sphere(16, 24)   # stacks, slices
Mesh.plane()
Mesh.cylinder(24)     # radial segments; radius 0.5, height 1.0, axis +Y
Custom meshes carry vertices and a flat list of triangle indices. Normals are computed natively when omitted:
Mesh.new(
  [{-0.5, -0.5, 0.0}, {0.5, -0.5, 0.0}, {0.0, 0.7, 0.0}],
  [0, 1, 2]
)

# with explicit normals and texture coordinates:
Mesh.new(vertices, indices, normals: normals, uvs: uvs)
Triangles are wound counter-clockwise when viewed from the front; back faces are culled.
Scene graph
ExRatatui.ThreeD.Node builds an articulated model as a tree of local transforms and bakes it into the flat scene. A node has a local transform, an optional visual object rendered at that node, and children:
alias ExRatatui.ThreeD.{Node, Object, Mesh, Transform}

arm =
  %Node{
    transform: %Transform{rotation: {:axis_angle, {0.0, 1.0, 0.0}, base_angle}},
    visual: %Object{mesh: Mesh.cylinder(24), transform: %Transform{scale: {0.5, 0.3, 0.5}}},
    children: [
      %Node{
        transform: %Transform{position: {0.0, 0.3, 0.0}, rotation: {:axis_angle, {0.0, 0.0, 1.0}, elbow}},
        visual: %Object{mesh: Mesh.cube(), transform: %Transform{position: {0.0, 0.45, 0.0}, scale: {0.18, 0.9, 0.18}}}
      }
    ]
  }

scene = Node.to_scene(arm, lights: lights, background: {10, 12, 18})
ExRatatui.ThreeD.Node.flatten/1 returns the world-space objects; ExRatatui.ThreeD.Node.to_scene/2 wraps them with :lights, :background, and :sky. Frames compose via ExRatatui.ThreeD.Transform.compose/2.
Contract: keep intermediate nodes rigid (scale: {1.0, 1.0, 1.0}) and put scale only on leaf visual objects. Then every baked object is exactly one Transform with no shear. A non-uniform scale on a node that has rotated children is unsupported (the result is approximate).
Render modes and pipelines
%Viewport3D{render_mode: :auto, pipeline: :rasterize}
render_mode chooses how the render reaches the terminal. Pixel-graphics modes render the scene as an image at native terminal resolution (crisp, non-blocky) on capable terminals:
	:render_mode	Notes
	:auto (default)	best protocol the terminal supports, else falls back to :braille
	:kitty	Kitty graphics protocol (Ghostty, WezTerm, Kitty)
	:sixel	Sixel graphics (WezTerm and others)
	:iterm2	iTerm2 inline images

Pixel modes engage only on a real terminal that probes as graphics-capable. Under ExRatatui.App on the :local transport, return probe_image_protocol: true from mount/1 (or init/1) so the runtime runs the capability probe right after startup — otherwise :auto cannot detect the protocol and the scene renders through the :braille fallback (and at a default font size, not scaled to the pane):
def init(_opts), do: {:ok, %{...}, probe_image_protocol: true}
Over CellSession/Livebook, distributed/SSH without graphics passthrough, or unsupported terminals, pixel modes fall back to :braille. Cell-blit modes pack the render into character cells and always work:
	:render_mode	Pixels per cell	Notes
	:half_block	1x2	one ▀, fg/bg are the upper/lower pixel
	:braille	supersampled	anti-aliased ▀; the cell-mode fallback for pixel modes
	:ascii	1x2	a shaded ASCII ramp with colored characters

Continuous animation flickers in pixel modes
Pixel-graphics modes re-transmit the whole image every frame, so a scene that animates continuously (a Subscription.interval spinning a mesh) can visibly flicker on some terminals — the image flashes off between deleting the previous frame and placing the new one. This is inherent to terminal image protocols, which target mostly-static images, not animation at frame rate. The cell-blit modes (:braille, :half_block) diff through ratatui normally and stay flicker-free, so they are the better choice for continuous motion; pixel graphics shine for static or interactive scenes, where frames only change on input. The examples default to :auto and bind m to cycle modes — press it to drop to :braille if motion flickers.
	:pipeline	Notes
	:rasterize (default)	scanline rasterizer with depth buffering; fast
	:raytrace	CPU ray tracing with shadows; slower, more realistic

pipeline is orthogonal to render_mode — both pixel and cell modes can rasterize or ray-trace. The GPU pipeline upstream is intentionally not exposed: a GPU context inside a NIF can take down the runtime.
Lights
Light.ambient({255, 255, 255}, 0.15)
Light.directional({-1.0, -1.0, -1.0}, {255, 255, 255})
Light.point({2.0, 3.0, 2.0}, {255, 220, 180})
directional/3 and point/3 accept an :intensity option (default 1.0).
Driving the camera
ExRatatui.ThreeD.Camera is data; orbit/3 and zoom/2 are pure helpers that return a new camera. Keep the camera in the model and update it from key events:
def handle_event(%Event.Key{code: "left", kind: "press"}, state),
  do: {:noreply, %{state | camera: Camera.orbit(state.camera, 0.15, 0.0)}}

def handle_event(%Event.Key{code: "i", kind: "press"}, state),
  do: {:noreply, %{state | camera: Camera.zoom(state.camera, -0.5)}}
orbit/3 takes yaw and pitch deltas in radians (pitch is clamped to avoid gimbal lock); zoom/2 moves along the view direction, clamped to a small minimum distance.
Performance
Primitive meshes are cheap to rebuild every frame. Large custom meshes re-cross the NIF boundary each frame, so keep per-frame geometry modest. The :raytrace pipeline is CPU-bound and scales with the rendered area — prefer :rasterize for interactive frame rates and reserve ray tracing for smaller viewports or still frames.
Examples
	viewport3d_cube.exs - a spinning lit cube
	viewport3d_scene.exs - a multi-object scene with an orbiting camera
	viewport3d_controls.exs - live camera, render-mode, and pipeline controls
	viewport3d_custom_mesh.exs - a custom mesh built from vertices and indices
	viewport3d_articulated.exs - an articulated arm built from a Node scene-graph



  

    Custom Widgets

The ExRatatui.Widget protocol allows building composite widgets in pure Elixir without touching Rust. A custom widget is just a struct we own plus a defimpl that projects it onto primitive widgets — %Paragraph{}, %Block{}, %List{}, and friends — positioned inside the given rect. The Bridge expands the widget into primitives before crossing the NIF boundary, so ExRatatui.draw/2 accepts primitive and custom widgets interchangeably at the top level of a frame.
When to reach for a custom widget
If the same Layout.split + a handful of primitives keeps repeating in several screens, that's a custom widget. Typical shapes:
	Composed cards — a title bar, body, and status line that always render together
	Domain-named views — MessageCard, FileRow, LogEntry — where the struct IS the model the renderer projects from
	Simple wrappers — "a Block with these defaults and a Paragraph inside"

Stay with inline primitives for one-off layouts. Custom widgets cost a module and a protocol impl — worth it when the shape will be reused or the name is part of readability.
The protocol
One callback, stateless, strict return shape:
defprotocol ExRatatui.Widget do
  @spec render(t(), ExRatatui.Layout.Rect.t()) ::
          [{ExRatatui.widget(), ExRatatui.Layout.Rect.t()}]
  def render(widget, rect)
end
render/2 receives the struct and the rect it should occupy, and returns a list of {widget, rect} tuples placing each child. Order matters: earlier entries are drawn first, later entries on top (the usual z-order).
A full example
defmodule MyApp.Widgets.UserCard do
  defstruct [:user, selected?: false]

  defimpl ExRatatui.Widget do
    alias ExRatatui.Layout
    alias ExRatatui.Layout.Rect
    alias ExRatatui.Style
    alias ExRatatui.Widgets.{Block, Paragraph}

    def render(%{user: user, selected?: sel?}, %Rect{} = rect) do
      border_style = if sel?, do: %Style{fg: :yellow}, else: %Style{}

      [header, body] =
        Layout.split(rect, :vertical, [{:length, 1}, {:min, 0}])

      [
        {%Block{title: user.name, borders: [:all], border_style: border_style}, rect},
        {%Paragraph{text: user.handle, style: %Style{modifiers: [:bold]}}, header},
        {%Paragraph{text: user.bio}, body}
      ]
    end
  end
end
Draw it the same way as any primitive:
ExRatatui.draw(terminal, [
  {%MyApp.Widgets.UserCard{user: u, selected?: true},
   %Rect{x: 0, y: 0, width: 40, height: 5}}
])
Composition
A custom widget can return other custom widgets in its children — the expander keeps walking until every entry is a primitive. This is how to build up: a Dashboard that returns two Panels, each of which returns a TitledBox containing Paragraph primitives.
defmodule MyApp.Widgets.Dashboard do
  defstruct [:left_panel, :right_panel]

  defimpl ExRatatui.Widget do
    alias ExRatatui.Layout

    def render(%{left_panel: l, right_panel: r}, rect) do
      [left, right] =
        Layout.split(rect, :horizontal, [{:percentage, 50}, {:percentage, 50}])

      [{l, left}, {r, right}]
    end
  end
end
A safety cap of 32 nesting levels protects against infinite recursion; exceeding it raises ArgumentError with the chain of struct names at fault.
Stateless by design
The protocol has no init/1 / update/2 callbacks. State that evolves over time — keyboard focus, selection, input buffers — lives in the ExRatatui.App or ExRatatui.Session model and is projected onto a fresh struct each frame. Treat the struct as a pure view descriptor, not a mini-actor.
When genuinely stateful rendering is needed (like TextInput or Textarea, whose Rust side owns a buffer), use one of the built-in stateful widgets — the protocol is for composition, not state management.
Limitations
Custom widgets are expanded at the top level of the list passed to ExRatatui.draw/2. They are not currently supported inside:
	ExRatatui.Widgets.Popup's :content field
	ExRatatui.Widgets.WidgetList's :items

Those nested fields still require primitive widgets. The inverse works fine: a custom widget can itself return a %Popup{} or %WidgetList{} in its children. Only the widgets placed inside Popup/WidgetList stay primitive for now, because their inner rects are computed Rust-side at render time.
Pitfalls
	Returning the wrong rect type — the second element of each tuple must be a %ExRatatui.Layout.Rect{}, not a plain tuple or map. Raises ArgumentError.
	Returning a non-list — render/2 must return a list, even for a single child or a no-op ([] is valid).
	Infinite self-recursion — a widget whose render/2 returns itself (directly or via a cycle) hits the depth cap above.
	Expecting rect clipping validation — children whose rects extend outside the parent are not rejected; ratatui clips at render time.

Testing
Treat custom widgets like any other widget: draw into a test terminal and assert on the rendered buffer.
test "renders greeting" do
  terminal = ExRatatui.init_test_terminal(30, 1)
  rect = %Rect{x: 0, y: 0, width: 30, height: 1}

  :ok = ExRatatui.draw(terminal, [{%Greeting{name: "world"}, rect}])
  assert ExRatatui.get_buffer_content(terminal) =~ "Hello, world!"
end
No need to exercise the protocol directly — the full expand-then-encode pipeline is what to cover.
Related
	examples/widgets/custom_widget.exs — a runnable composite-widget demo
	Building UIs — the primitives composites are built from
	Testing — the headless backend used above



  

    Images

Render real images — PNG, JPEG, GIF, WebP, BMP — inside a TUI. The same model code displays Kitty graphics in a Kitty terminal, halfblocks in Livebook, and adapts gracefully when the audience's terminal support is unknown.
Built on ratatui-image.
Quick start
def mount(_opts) do
  {:ok, picture} = ExRatatui.Image.new(File.read!("priv/slides/cover.png"))
  {:ok, %{picture: picture}}
end

def render(state, frame) do
  area = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}
  [{state.picture, area}]
end
ExRatatui.Image.new/2 decodes once and returns a stateful widget handle. Hold it in the model and reuse it across renders — re-encoding only happens when the protocol changes or the rect resizes. Image format is auto-detected from the bytes; no extension or content-type hint required.
Bad bytes return {:error, {:decode_failed, message}} rather than raising, so a placeholder can be rendered gracefully.
Options
ExRatatui.Image.new/2 accepts a keyword list:
	Option	Values	Default	What it does
	:protocol	:auto, :halfblocks, :kitty, :sixel, :iterm2	:auto	Which terminal protocol to render with. :auto resolves at render time against the transport (see resolution table). Explicit protocols are honored except over CellSession where :halfblocks is forced.
	:resize	:fit, :crop, :scale	:fit	:fit preserves aspect inside the rect (anchored top-left if smaller). :crop preserves aspect, fills the rect, crops the overflow. :scale stretches to fill (no aspect preservation).
	:background	nil, any ExRatatui.Style.color/0, or raw {r, g, b}	nil	Color used to fill transparent pixels / unused area for halfblocks.

To change options later, build a new handle — the widget struct just wraps the resource ref.
Protocol resolution
Each transport stamps its own capability hint. Widget-level :auto resolves against it:
	Transport	:auto resolves to	Explicit :kitty etc.
	Local terminal (no probe)	:halfblocks	Honored — emits raw escapes
	Local terminal (after probe)	The detected protocol	Honored
	SSH (image_protocol: :kitty)	:kitty	Honored, default (8, 16) font size
	SSH (image_protocol: :kitty + image_font_size: {10, 20})	:kitty	Honored with accurate scaling
	SSH (no opts)	:halfblocks	Honored
	Distributed (image_protocol: :kitty)	:kitty	Honored, default (8, 16) font size
	Distributed (image_protocol: :kitty + image_font_size: {10, 20})	:kitty	Honored with accurate scaling
	Distributed (no opts)	:halfblocks	Honored
	CellSession (Livebook / Kino)	:halfblocks	Forced to :halfblocks (escape sequences can't survive cell diffing)

This means the same model code is portable: a slide deck that renders pixel-perfect Kitty graphics in a local Kitty terminal will silently fall back to halfblocks when the same ExRatatui.App is driven from a Livebook cell — no branching.
Image widgets work over every transport, including ExRatatui.Distributed — image bytes are snapshotted into the render tree, costing roughly the source file size per frame on the wire. Fine for stills; watch the bandwidth when animating large images.
Probing the local terminal
ExRatatui.Image.auto_local_protocol/1 writes a query escape sequence and waits for the terminal's reply. On success the result is cached on the terminal reference; on no-TTY / no-reply the cache stays empty and :auto falls back to halfblocks. Either way it's safe to call from any environment.
There are two ways to wire it in.
Inside ExRatatui.App: return probe_image_protocol: true from mount/1. The runtime calls auto_local_protocol/1 right after mount, on the :local transport only (CellSession forces halfblocks; SSH / Distributed use the session-level :image_protocol opt instead):
@impl true
def mount(_opts) do
  {:ok, initial_state, probe_image_protocol: true}
end
The probe is automatically skipped under test_mode: {w, h} so headless tests don't accidentally write probe escapes.
Outside ExRatatui.App (e.g. ExRatatui.run/1):
ExRatatui.run(fn terminal ->
  ExRatatui.Image.auto_local_protocol(terminal)
  # ... rest of the app
end)
To make an independent decision based on the probe, ExRatatui.Image.probe_terminal/0 returns {:ok, %{protocol: atom, font_size: {w, h}}} or {:error, reason} without touching any cache.
Telling SSH / Distributed what protocol the client supports
An SSH or Distributed client terminal can't be probed, so the audience declares it at start time. Pair :image_protocol with :image_font_size to get accurate Kitty/Sixel/iTerm2 scaling — without the font size, the encoder falls back to (8, 16) cell pixels which mis-scales on most modern terminals (Kitty/Ghostty are closer to (10, 20)):
# SSH daemon
ExRatatui.SSH.Daemon.start_link(
  mod: MyApp.TUI,
  port: 2222,
  image_protocol: :kitty,
  image_font_size: {10, 20}
)

# Distributed attach
ExRatatui.Distributed.attach(:"app@host", MyApp.TUI,
  image_protocol: :kitty,
  image_font_size: {10, 20}
)
Per-image explicit choices (ExRatatui.Image.new(bytes, protocol: :sixel)) are always honored, regardless of the session-level hint.
Font-size caveat
Cells aren't pixels. The render pipeline needs the terminal's cell-pixel dimensions to scale Kitty / Sixel / iTerm2 payloads correctly. The default is (8, 16); auto_local_protocol/1 replaces it with the real value reported by the terminal. If Kitty graphics look mis-scaled, run the probe.
Examples
	examples/images/image_demo.exs — interactive viewer with p to cycle protocol, r to cycle resize mode, and a live status panel showing the render output dimensions. Runs on every transport via the same script:
mix run examples/images/image_demo.exs                # local terminal
mix run --no-halt examples/images/image_demo.exs --ssh
elixir --sname app --cookie demo -S mix run --no-halt \
  examples/images/image_demo.exs --distributed


	examples/cell_session/headless_image.exs — fetch a photo, render through CellSession, dump the cell grid to stdout with ANSI fg/bg colors. The Livebook / Kino path; safe to run anywhere (no TTY required).


Both accept an IMAGE_PATH env var, default to fetching from picsum.photos once at startup, and fall back to an embedded 1×1 PNG if the network is unreachable. The SSH demo also honors IMAGE_PROTOCOL / IMAGE_FONT_W / IMAGE_FONT_H env vars.
Telemetry
Each ExRatatui.Image.new/2 call emits a [:ex_ratatui, :image, :decode] span:
	:start — %{format: atom, bytes: non_neg_integer} (format sniffed from magic bytes: :png, :jpeg, :gif, :webp, :bmp, or :unknown).
	:stop — adds :width and :height on success, or :error (reason) on failure.

Per-render encode timing (Kitty / Sixel / iTerm2 payload generation) is rolled into the existing [:ex_ratatui, :render, :frame] span — they happen inside the same NIF render pass.
:fit and :crop do not upscale — this is intentional
This is the single most common point of confusion, so it gets its own section.
Both :fit and :crop clamp output to the source image's natural pixel size. They never upscale. Given a 400×300 picsum photo in a render area sized 800×500 target pixels:
	Mode	Render output	Visible result
	:fit	400×300	Image at natural size, anchored top-left, ~50% empty area
	:crop	400×300	Identical to :fit here — both clamp to source dimensions
	:scale	~640×480 (aspect-preserving fill)	Image fills the area

The difference between :fit and :crop only manifests when the source is larger than the target on at least one axis: :fit shrinks to fit (whole image visible, letterboxed); :crop keeps natural size and shows a window into the source corner.
This is upstream ratatui-image behavior, not something we layer on. We expose ExRatatui.Image.render_size/4 to predict what each mode will do for a given combination of source dims, cell area, and font size — useful for status panels, layout decisions, or just understanding what's on screen. The examples/images/image_demo.exs example uses it to surface the render output dimensions live while cycling modes.
For "fill the area regardless of source size," use :scale. That's the only mode that upscales.
Known limitations (v1)
	No animated GIFs. First frame only. Frame-by-frame animation needs render-loop integration that isn't here yet.
	No SVG. The underlying image crate doesn't include an SVG decoder.
	No streaming / progressive decode. Bytes are decoded all at once at new/2.



  

    Paste and clipboard

ExRatatui ships bracketed paste out of the box on the local terminal and exposes batch-insert helpers on TextInput and Textarea so pasted content lands intact in one call. Clipboard copy is not built in — apps that need it emit OSC 52 themselves with a few lines of code. This guide covers both.
Bracketed paste
When ExRatatui.run/1 opens the terminal, it asks for bracketed paste with crossterm's EnableBracketedPaste. Terminals that support it (every modern emulator) wrap pasted content with ESC[200~ ... ESC[201~ markers; ExRatatui decodes those into a single %ExRatatui.Event.Paste{content: binary} instead of dispatching one %Event.Key{} per character. Terminals that don't support it ignore the request and the per-char keystream still arrives — no conditional path is needed in the app.
Consume Paste events the same way as any other event:
case ExRatatui.poll_event(timeout) do
  %ExRatatui.Event.Paste{content: text} ->
    ExRatatui.textarea_insert_str(state.editor, text)
    state

  %ExRatatui.Event.Key{code: "q"} ->
    :quit

  _ ->
    state
end
Inserting into widgets
Two helpers consume Event.Paste content in one call:
	ExRatatui.text_input_insert_str/2 — single-line. Strips every control character (newlines, tabs, carriage returns) before inserting at the cursor. Useful for inputs that must never grow beyond one line.
	ExRatatui.textarea_insert_str/2 — multi-line. Treats \n and \r\n as real line breaks; lone \r is dropped. Other characters land verbatim at the cursor.

Both batch the insert as a single state mutation, so pasting a 5,000-character URL is one NIF call rather than 5,000.
Transports other than the local terminal
The local terminal path (ExRatatui.run/1, ExRatatui.poll_event/1) decodes Paste events automatically. The byte-stream transports (Session, SSH, distributed) run their own VTE input parser; that parser does not decode CSI 200~ / CSI 201~ markers yet, so Paste events do not arrive over SSH today. Apps using those transports can still construct %ExRatatui.Event.Paste{content: text} directly and feed it into the event pipeline — the widget-side contract (insert_str helpers) is transport-agnostic.
Clipboard copy via OSC 52
ExRatatui doesn't bundle a clipboard module, too many opinions and options. OSC 52 is the simplest path that works over both local terminals and SSH because the bytes traverse the same channel as the renderer's output. The entire implementation is short enough to drop into any app:
defmodule MyApp.Clipboard do
  @moduledoc """
  Copies text to the terminal's clipboard via OSC 52.

  Works on any terminal that honours OSC 52 (alacritty, kitty, wezterm,
  iTerm2, foot, recent xterm), including over SSH. Terminals that don't
  support it ignore the sequence.
  """

  @doc "Returns the raw OSC 52 escape bytes for the given content."
  @spec osc52(binary()) :: binary()
  def osc52(content) when is_binary(content) do
    "\e]52;c;" <> Base.encode64(content) <> "\a"
  end

  @doc "Writes the OSC 52 sequence to stdout (local terminal path)."
  @spec copy_local(binary()) :: :ok
  def copy_local(content), do: IO.write(osc52(content))
end
For Session/SSH/distributed transports, write the same bytes into the writer function the transport was started with — the renderer's own output stream is the right channel.
Receiving (paste) is the inverse: bracketed paste already covers it when supported. Reading from the system clipboard via terminal escape sequences requires the rarely-supported OSC 52 read query — not worth the effort versus letting the terminal's own Ctrl+Shift+V / Cmd+V trigger a paste event.


  

    Callback Runtime

The callback runtime is the default way to build supervised TUI applications with ExRatatui.App. It follows a LiveView-inspired pattern: mount initial state, render on every state change, and handle events and messages through dedicated callbacks.
Reach for this mode when:
	The TUI is a straightforward interactive one with direct state management.
	The simplest possible interface is enough — just mount, render, and handle_event.
	First-class command or subscription primitives aren't needed.

For apps that benefit from an Elm-style architecture with commands, subscriptions, and a unified message path, see the Reducer Runtime guide.
Callback or reducer?
Both runtimes are transport-agnostic — the same module works over local terminal, SSH, or Erlang distribution without changes. The differences are in how state and side effects flow:
		Callback Runtime	Reducer Runtime
	Opt-in	use ExRatatui.App (default)	use ExRatatui.App, runtime: :reducer
	Entry point	mount/1	init/1
	Events	handle_event/2 + handle_info/2	Single update/2 receives {:event, _} and {:info, _}
	Side effects	Direct (send, spawn, etc.)	First-class Command primitives (message, send_after, async, batch)
	Timers	Manual Process.send_after/3	Declarative Subscription with auto-reconciliation
	Inspection	ExRatatui.Runtime snapshot / trace / inject	Same, plus command and subscription introspection
	Best for	Straightforward interactive TUIs	Apps with async I/O, structured effects, or complex state machines

Quick start
defmodule MyApp.TUI do
  use ExRatatui.App

  alias ExRatatui.Event
  alias ExRatatui.Layout.Rect
  alias ExRatatui.Style
  alias ExRatatui.Widgets.{Block, Paragraph}

  @impl true
  def mount(_opts) do
    {:ok, %{count: 0}}
  end

  @impl true
  def render(state, frame) do
    area = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}

    widget = %Paragraph{
      text: "Count: #{state.count}",
      style: %Style{fg: :white, modifiers: [:bold]},
      alignment: :center,
      block: %Block{
        title: " Counter ",
        borders: [:all],
        border_type: :rounded,
        border_style: %Style{fg: :cyan}
      }
    }

    [{widget, area}]
  end

  @impl true
  def handle_event(%Event.Key{code: "q", kind: "press"}, state) do
    {:stop, state}
  end

  def handle_event(%Event.Key{code: "up", kind: "press"}, state) do
    {:noreply, %{state | count: state.count + 1}}
  end

  def handle_event(%Event.Key{code: "down", kind: "press"}, state) do
    {:noreply, %{state | count: state.count - 1}}
  end

  def handle_event(_event, state) do
    {:noreply, state}
  end
end
Add it to the supervision tree:
children = [{MyApp.TUI, []}]
Supervisor.start_link(children, strategy: :one_for_one)
Or run it directly:
{:ok, pid} = MyApp.TUI.start_link(name: nil)
Callbacks
	Callback	Required	Description
	mount/1	Yes	Called once on startup. Receives opts from start_link/1. Return {:ok, initial_state} or {:error, reason}
	render/2	Yes	Called after every state change. Receives state and %Frame{} with terminal dimensions. Return [{widget, rect}]
	handle_event/2	Yes	Called on terminal events (key, mouse, resize). Return {:noreply, state} or {:stop, state}
	handle_info/2	No	Called for non-terminal messages (e.g., PubSub, Process.send_after). Defaults to {:noreply, state}
	terminate/2	No	Called on shutdown with reason and final state. Default is a no-op

mount/1
mount/1 receives the keyword list passed to start_link/1. Use it to set up initial state:
def mount(opts) do
  pubsub = Keyword.get(opts, :pubsub)

  if pubsub do
    Phoenix.PubSub.subscribe(pubsub, "updates")
  end

  {:ok, %{messages: [], pubsub: pubsub}}
end
When running over SSH or Erlang distribution, mount/1 also receives :transport, :width, and :height — so the app can adapt its initial state per transport without changing any other callback.
render/2
render/2 receives the current state and a %ExRatatui.Frame{} struct with the terminal's current width and height. Return a list of {widget, rect} tuples — the runtime renders them in order.
See the Building UIs guide for the full widget, layout, and styling reference.
def render(state, frame) do
  area = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}

  [header_area, body_area] =
    Layout.split(area, :vertical, [{:length, 3}, {:min, 0}])

  [
    {%Paragraph{text: "Header"}, header_area},
    {%Paragraph{text: "Body: #{inspect(state)}"}, body_area}
  ]
end
handle_event/2
Terminal events arrive as ExRatatui.Event structs — see the Events section of the Building UIs guide.
def handle_event(%Event.Key{code: "q", kind: "press"}, state) do
  {:stop, state}
end

def handle_event(%Event.Key{code: "up", kind: "press"}, state) do
  {:noreply, %{state | selected: max(state.selected - 1, 0)}}
end

def handle_event(_event, state) do
  {:noreply, state}
end
handle_info/2
Non-terminal messages (PubSub broadcasts, Process.send_after timers, etc.) arrive here:
def handle_info({:new_message, msg}, state) do
  {:noreply, %{state | messages: [msg | state.messages]}}
end
Runtime opts
Every transition callback (mount/1, handle_event/2, handle_info/2) can return a third element — a keyword list of runtime opts that adjust the runtime's behaviour for that transition without polluting the domain state:
def handle_event(%Event.Key{code: "q"}, state) do
  # Emit an intent for the consumer (e.g. phoenix_ex_ratatui's LV) before exiting.
  {:stop, state, intents: [{:redirect, "/login"}]}
end

def mount(_opts) do
  {:ok, %{n: 0}, trace?: true}
end
	Key	Default	Description
	intents: [...]	[]	Opaque directives forwarded to the transport's intent_writer_fn. See Intents for the contract — it applies identically here.
	trace?: bool	unchanged	Toggle in-memory runtime tracing for debugging — see Debugging.
	commands: [...]	[]	Queue ExRatatui.Command structs; results are delivered to handle_info/2. Designed for the reducer runtime but executed under both.
	render?: bool	true	Skip the re-render for this callback return. Works under both runtimes.

ExRatatui.App's Runtime opts section has the full list (including probe_image_protocol:).
Error handling and supervision
ExRatatui apps are supervised GenServers — standard OTP fault tolerance applies:
	mount/1 raises or returns {:error, reason}: The server stops and the supervisor handles the restart according to its strategy (:one_for_one, etc.). For SSH and distributed transports, the session is cleaned up and the client sees the connection close.

	render/2 raises: The error is logged and the frame is skipped — the server continues running with the previous screen content. This prevents a rendering bug from crashing the app.

	handle_event/2 or handle_info/2 raises: The server crashes and the supervisor restarts it. Since the GenServer has no way to safely continue with potentially corrupted state, a fresh mount/1 starts from scratch.

	terminate/2 raises: The error is ignored — the process exits regardless. Use this callback for best-effort cleanup (e.g., notifying other processes), not for critical operations.

	Terminal restoration: On a local transport crash, the terminal is automatically restored (raw mode disabled, cursor shown) — no manual handling needed.

	SSH client disconnect: The SSH channel detects the TCP close, the server receives a shutdown signal, and terminate/2 is called normally.

	Distributed client disconnect: The server monitors the client process. When the client's node goes down, the monitor fires and the server shuts down cleanly.


For production deployments, set appropriate :max_restarts and :max_seconds on the supervisor to prevent restart loops.
Running over transports
The same app module works across all three transports with zero code changes:
children = [
  {MyApp.TUI, []},                                    # local TTY
  {MyApp.TUI, transport: :ssh, port: 2222, ...},      # remote over SSH
  {MyApp.TUI, transport: :distributed}                 # remote over distribution
]
See the Running TUIs over SSH and Running TUIs over Erlang Distribution guides for transport-specific setup, options, and authentication.
Local terminal opts
The :local transport (default when no :transport is given) accepts two extra opts on start_link:
	:mouse_capture — enable mouse reporting (clicks, scroll, drag, move) — events arrive in handle_event/2 as %Event.Mouse{}. Off by default because mouse-capture mode disables the terminal's native text-selection while the app is running. Pair with ExRatatui.Focus.handle_mouse/2 to route clicks.
	:focus_events — enable terminal-window focus reporting (%Event.FocusGained{} / %Event.FocusLost{}). Off by default because the request leaves CSI ?1004h on the user's tty; any window-switch then queues focus bytes that can leak into unrelated stdin consumers (a plain shell or mix test started later).

children = [
  {MyApp.TUI, mouse_capture: true, focus_events: true}
]
SSH and Distributed transports decode mouse events unconditionally because their VTE-based input parser handles them regardless; the opts above only matter for :local.
Testing
Start the app under test_mode with explicit dimensions and use ExRatatui.Runtime.inject_event/2 for deterministic input:
test "increments on up key" do
  {:ok, pid} = MyApp.TUI.start_link(name: nil, test_mode: {40, 10})

  event = %ExRatatui.Event.Key{code: "up", modifiers: [], kind: "press"}
  :ok = ExRatatui.Runtime.inject_event(pid, event)

  snapshot = ExRatatui.Runtime.snapshot(pid)
  assert snapshot.render_count >= 2

  GenServer.stop(pid)
end
test_mode disables live terminal input polling so async: true tests don't race ambient TTY events.
Examples
	examples/basics/counter_app.exs — simple counter with key events
	examples/apps/system_monitor.exs — Linux system dashboard with CPU, memory, disk, network, and BEAM stats (also runs over SSH and Erlang distribution)
	examples/apps/task_manager_db/ — supervised Ecto + SQLite CRUD app with tabs, table, scrollbar, and SSH support
	phoenix_ex_ratatui_example — Phoenix app with an admin TUI over SSH and Erlang distribution, sharing PubSub with LiveView (also includes a reducer-runtime TUI)
	nerves_ex_ratatui_example — Nerves firmware with system monitor and LED control TUIs over SSH subsystems and Erlang distribution (also includes a reducer-runtime system monitor)

Related
	ExRatatui.App — behaviour module
	Reducer Runtime — alternative runtime with commands and subscriptions
	Building UIs — widgets, layout, styles, and events
	Running TUIs over SSH — SSH transport
	Running TUIs over Erlang Distribution — distribution transport



  

    Reducer Runtime

The reducer runtime is an alternative way to build supervised TUI applications with ExRatatui.App. Inspired by The Elm Architecture, it routes all messages through a single update/2 function and provides first-class primitives for side effects (ExRatatui.Command) and recurring timers (ExRatatui.Subscription).
Reach for this mode when:
	The TUI has async operations (HTTP calls, file I/O) that call for structured side-effect handling.
	Recurring timers that reconcile automatically when state changes are needed.
	A single message path is preferable to separate handle_event and handle_info callbacks.
	Built-in runtime inspection and tracing for debugging are wanted.

For simpler apps that don't need commands or subscriptions, see the Callback Runtime guide — its side-by-side comparison table summarizes the differences.
Quick start
defmodule MyApp.TUI do
  use ExRatatui.App, runtime: :reducer

  alias ExRatatui.{Command, Event, Subscription}
  alias ExRatatui.Layout.Rect
  alias ExRatatui.Widgets.Paragraph

  @impl true
  def init(_opts) do
    {:ok, %{count: 0}, commands: [Command.message(:boot)]}
  end

  @impl true
  def render(state, frame) do
    area = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}
    [{%Paragraph{text: "Count: #{state.count}"}, area}]
  end

  @impl true
  def update({:event, %Event.Key{code: "q", kind: "press"}}, state) do
    {:stop, state}
  end

  def update({:event, %Event.Key{code: "up", kind: "press"}}, state) do
    {:noreply, %{state | count: state.count + 1}}
  end

  def update({:info, :boot}, state) do
    {:noreply, %{state | count: 1}}
  end

  def update({:info, :tick}, state) do
    {:noreply, %{state | count: state.count + 1}}
  end

  def update(_msg, state), do: {:noreply, state}

  @impl true
  def subscriptions(_state) do
    [Subscription.interval(:heartbeat, 1_000, :tick)]
  end
end
Add it to the supervision tree or run directly:
children = [{MyApp.TUI, []}]
Supervisor.start_link(children, strategy: :one_for_one)
Callbacks
	Callback	Required	Description
	init/1	Yes	Called once on startup. Return {:ok, state} or {:ok, state, opts}
	render/2	Yes	Called after every state change. Return [{widget, rect}]
	update/2	Yes	Receives {:event, event} or {:info, message}. Return {:noreply, state}, {:noreply, state, opts}, or {:stop, state}. End with a catch-all clause — unmatched messages crash the server
	subscriptions/1	No	Called after each state transition. Return a list of Subscription structs. Defaults to []
	terminate/2	No	Called on shutdown. Default is a no-op

The message path
Unlike the callback runtime which splits terminal events (handle_event/2) from mailbox messages (handle_info/2), the reducer runtime routes everything through update/2:
	Terminal input arrives as {:event, event} — key presses, mouse clicks, resize events.
	Mailbox messages arrive as {:info, message} — PubSub broadcasts, timer messages, async command results.

def update({:event, %Event.Key{code: "q"}}, state), do: {:stop, state}
def update({:event, %Event.Mouse{kind: "down"}}, state), do: {:noreply, state}
def update({:info, :tick}, state), do: {:noreply, state}
def update({:info, {:data_loaded, data}}, state), do: {:noreply, %{state | data: data}}
def update(_msg, state), do: {:noreply, state}
Runtime options
Both init/1 and update/2 can return runtime options as a third element:
def init(_opts) do
  {:ok, %{count: 0}, commands: [Command.message(:boot)], trace?: true}
end

def update({:info, :background_work}, state) do
  {:noreply, state, render?: false, commands: [Command.async(fn -> do_work() end, &handle_result/1)]}
end

def update({:event, %Event.Key{code: "q"}}, state) do
  # Tell the transport's consumer we want to navigate away. Opaque to
  # ex_ratatui — the consumer (e.g. phoenix_ex_ratatui) decides what
  # `{:redirect, _}` means.
  {:stop, state, intents: [{:redirect, "/login"}]}
end
	Option	Default	Description
	commands: [...]	[]	Side effects to execute after the state transition
	intents: [...]	[]	Opaque directives forwarded to the transport's intent_writer_fn in emission order. See Intents below.
	render?: bool	true	Whether to re-render after this transition
	trace?: bool	unchanged	Enable or disable in-memory runtime tracing

ExRatatui.App's Runtime opts section has the full list (including probe_image_protocol:).
Intents
An intent is an arbitrary term — ex_ratatui never inspects it. The runtime forwards each intent the callbacks emit to the transport's intent_writer_fn in the order they were emitted. The vocabulary is consumer-defined: phoenix_ex_ratatui recognises {:navigate, path}, {:patch, path}, {:redirect, path}, and {:redirect, [external: url]}, dispatching them to the equivalent Phoenix.LiveView action.
Transports that don't supply an intent_writer_fn (the default :local / :session / :distributed_server / 3-tuple :cell_session) silently drop intents. That's deliberate — the same App can run unchanged over an SSH tty (no consumer to navigate, drop) and a LiveView (consumer dispatches the intent). See Cell sessions for how a transport author wires the writer up.
Intents from a {:stop, state, intents: ...} transition fire before the server exits, so the example above guarantees the :redirect reaches the consumer before the linked-server EXIT propagates.
Commands
Commands are one-shot side effects scheduled from init/1 or update/2. They execute after the new state has been committed and rendered.
Command.message/1
Send an immediate self-message:
Command.message(:refresh)
# The app receives {:info, :refresh} in update/2
Command.send_after/2
Schedule a delayed self-message:
Command.send_after(5_000, :timeout)
# After 5 seconds, the app receives {:info, :timeout}
Command.async/2
Run a function in the background and map the result back into an app message:
Command.async(
  fn -> HTTPClient.get!("/api/data") end,
  fn result -> {:data_loaded, result} end
)
The mapper receives the function's return value on success. If the function raises, exits, or throws, the mapper receives {:error, reason} instead. If the mapper itself fails, the runtime wraps that into an error tuple too — the async command always completes cleanly.
def update({:info, {:data_loaded, {:error, reason}}}, state) do
  {:noreply, %{state | error: reason}}
end

def update({:info, {:data_loaded, body}}, state) do
  {:noreply, %{state | data: body}}
end
Command.batch/1
Group multiple commands into a single return value:
Command.batch([
  Command.message(:refresh_ui),
  Command.async(fn -> fetch_data() end, &handle_data/1)
])
Command.none/0
Explicit no-op — useful when building commands conditionally:
commands = if state.auto_refresh, do: [Command.send_after(1_000, :refresh)], else: [Command.none()]
{:noreply, state, commands: commands}
Subscriptions
Subscriptions are recurring or one-shot timers declared in subscriptions/1. The runtime reconciles them after each state transition — diffing by stable ID so there's no need to manage timer references manually.
Subscription.interval/3
Repeated self-message at a fixed interval:
def subscriptions(state) do
  if state.polling? do
    [Subscription.interval(:poll, 1_000, :poll_data)]
  else
    []
  end
end
When state.polling? flips to false, the runtime automatically cancels the timer. When it flips back to true, a new timer starts. If the interval or message changes for the same ID, the old timer is cancelled and a new one is armed.
Subscription.once/3
One-shot self-message delivered once after a delay:
def subscriptions(_state) do
  [Subscription.once(:startup_delay, 2_000, :delayed_init)]
end
After firing, a :once subscription does not rearm — it stays in the subscription map as "fired" until the app removes it from subscriptions/1.
Subscription.none/0
Returns an empty list — explicit no-op:
def subscriptions(_state), do: [Subscription.none()]
Error handling and supervision
ExRatatui apps are supervised GenServers — the Callback Runtime guide's Error Handling section covers the common behaviour (raises in render/2 skip the frame, raises in transition callbacks crash and restart the server, terminal restoration, disconnects, :max_restarts). With init/1 for mount/1 and update/2 for handle_event/2/handle_info/2, it applies verbatim here. The reducer runtime adds two specifics:
	Command.async/2 function raises: The error is caught and the mapper receives an {:error, reason} tuple; errors in the mapper itself are wrapped with distinct :mapper_* tags. Either way the result is delivered to update/2 as a normal {:info, ...} message — async commands always complete cleanly. ExRatatui.Command.async/2 documents the full set of error shapes.

	Subscription timers after crash: All timer references are lost on crash. After a supervisor restart, subscriptions/1 re-declares the timers and the runtime re-arms them from scratch.


Use ExRatatui.Runtime.enable_trace/2 to capture state transitions leading up to a crash for post-mortem debugging.
Runtime inspection
ExRatatui.Runtime provides runtime introspection that works with both callback and reducer apps:
{:ok, pid} = MyApp.TUI.start_link(name: nil)

# Snapshot of runtime metadata
snapshot = ExRatatui.Runtime.snapshot(pid)
snapshot.mode            #=> :reducer
snapshot.render_count    #=> 1
snapshot.subscription_count  #=> 1
snapshot.active_async_commands  #=> 0

# Enable in-memory tracing
:ok = ExRatatui.Runtime.enable_trace(pid, limit: 200)

# ... interact with the app ...

# Read trace events
events = ExRatatui.Runtime.trace_events(pid)

# Disable tracing
:ok = ExRatatui.Runtime.disable_trace(pid)
ExRatatui.Runtime documents the full snapshot field list.
Synthetic event injection
ExRatatui.Runtime.inject_event/2 delivers a synthetic terminal event through the same runtime transition path as polled input. This is the primary tool for testing supervised apps under test_mode:
event = %ExRatatui.Event.Key{code: "up", modifiers: [], kind: "press"}
:ok = ExRatatui.Runtime.inject_event(pid, event)
Running over transports
Reducer apps work across all transports with zero code changes — exactly like callback apps. See Running Over Transports in the Callback Runtime guide; everything there (including the :local-only mouse_capture / focus_events opts) applies unchanged.
Testing
The basics are the same as for callback apps — test_mode: {w, h}, name: nil, and ExRatatui.Runtime.inject_event/2; see Testing in the Callback Runtime guide. The reducer-specific part is asserting on subscriptions:
test "subscription fires tick message" do
  {:ok, pid} = MyApp.TUI.start_link(name: nil, test_mode: {40, 10})

  snapshot = ExRatatui.Runtime.snapshot(pid)
  assert snapshot.subscription_count == 1

  # Send the tick message directly instead of sleeping through a real
  # interval — same update/2 path, no flakiness. :sys.get_state/1 blocks
  # until the message has been processed.
  send(pid, :tick)
  _ = :sys.get_state(pid)

  snapshot = ExRatatui.Runtime.snapshot(pid)
  assert snapshot.render_count >= 2

  GenServer.stop(pid)
end
Examples
	examples/basics/reducer_counter_app.exs — simple reducer-driven counter with subscriptions
	switchyard — full-featured workbench exercising command batching, async effects, subscription reconciliation, runtime snapshots, trace toggles, render?: false quiet polling, distributed attach, and row-scrolled WidgetList (see full_featured_workbench.exs and the reducer app entrypoint)
	phoenix_ex_ratatui_example — Phoenix app with a reducer-runtime stats TUI using Command.async, Command.send_after, Command.batch, and Subscription.interval, served over SSH and Erlang distribution alongside a public LiveView chat room
	nerves_ex_ratatui_example — Nerves firmware with a reducer-runtime system monitor using Command.async and Subscription.interval, reachable over SSH subsystems and Erlang distribution

Related
	ExRatatui.App — behaviour module
	ExRatatui.Command — command constructors
	ExRatatui.Subscription — subscription constructors
	ExRatatui.Runtime — runtime inspection API
	Callback Runtime — alternative runtime with separate event/info callbacks
	Building UIs — widgets, layout, styles, and events
	Running TUIs over SSH — SSH transport
	Running TUIs over Erlang Distribution — distribution transport



  

    State Machine Patterns

Once a TUI goes past a single screen, state starts to branch. There's a login flow, a main app, a settings panel, maybe a modal dialog on top of any of them. Stuffing that into a flat map and a big case in render/2 works for a while, then stops working.
This guide is a pattern catalog. All examples work with either runtime — the structure is the same; only the transition signature differs.
State-as-data vs branching in render/2
The first instinct is "render differently when this flag is set":
def render(state, frame) do
  cond do
    state.loading? -> loading_view(frame)
    state.error -> error_view(state.error, frame)
    state.settings_open? -> settings_view(state, frame)
    true -> main_view(state, frame)
  end
end
This grows fast. Three flags become eight combinations, and tests never get written for all of them. Swap the flags for a single :screen atom that names the state:
def render(%{screen: :loading} = state, frame), do: loading_view(state, frame)
def render(%{screen: :error} = state, frame), do: error_view(state, frame)
def render(%{screen: :settings} = state, frame), do: settings_view(state, frame)
def render(%{screen: :main} = state, frame), do: main_view(state, frame)
Now the states are mutually exclusive by construction. Transitions become %{state | screen: :main} instead of %{state | loading?: false, error: nil, settings_open?: false}.
Mode atom → dispatch
Same trick for events. Don't pattern-match event codes at the top level — dispatch by screen first:
# Callback runtime
def handle_event(event, %{screen: :main} = state), do: handle_main(event, state)
def handle_event(event, %{screen: :settings} = state), do: handle_settings(event, state)
def handle_event(event, %{screen: :error} = state), do: handle_error(event, state)

defp handle_main(%Event.Key{code: "s"}, state), do: {:noreply, %{state | screen: :settings}}
defp handle_main(%Event.Key{code: "q"}, state), do: {:stop, state}
defp handle_main(_, state), do: {:noreply, state}

defp handle_settings(%Event.Key{code: "esc"}, state), do: {:noreply, %{state | screen: :main}}
defp handle_settings(_, state), do: {:noreply, state}
Each screen owns its own keymap. Adding a new key to settings doesn't risk breaking main. Same pattern in the reducer runtime, just with update({:event, event}, state).
Overlay layer for modals
A modal isn't really a new screen — it's a temporary layer on top of whatever's underneath. Model it as a second field:
%{
  screen: :main,              # underlying app
  overlay: nil                # or :confirm_quit, :help, :command_palette
}
Render both, overlay last:
def render(state, frame) do
  base = render_screen(state.screen, state, frame)

  case state.overlay do
    nil -> base
    overlay -> base ++ render_overlay(overlay, state, frame)
  end
end
Event dispatch checks the overlay first — if one's open, the underlying screen doesn't see input:
def handle_event(event, %{overlay: nil} = state), do: handle_screen(event, state)
def handle_event(event, state), do: handle_overlay(event, state)

defp handle_overlay(%Event.Key{code: "esc"}, state), do: {:noreply, %{state | overlay: nil}}
defp handle_overlay(%Event.Key{code: "y"}, %{overlay: :confirm_quit} = state), do: {:stop, state}
defp handle_overlay(_, state), do: {:noreply, state}
This keeps the overlay logic in one place and prevents the "why did pressing 'q' close the modal and quit the app?" bug.
Modal via %Popup{}
%Popup{} does the rendering math — it centers a content widget over the given area and handles sizing:
defp render_overlay(:confirm_quit, _state, frame) do
  popup = %Popup{
    content: %Paragraph{
      text: "Quit? (y/n)",
      alignment: :center
    },
    percent_width: 30,
    percent_height: 20,
    block: %Block{title: " Confirm ", borders: [:all], border_type: :double}
  }

  [{popup, %Rect{x: 0, y: 0, width: frame.width, height: frame.height}}]
end
Popup renders on top of whatever cells are already there — the Block's background clears the region. For modals that should dim the underlying UI, wrap in %Clear{} over a padded rect before the popup.
Multi-screen apps — explicit transitions
For login → main → settings, make transitions explicit commands/returns, not flag flips:
# Reducer runtime
def update({:event, %Event.Key{code: "enter"}}, %{screen: :login} = state) do
  case authenticate(state.username, state.password) do
    {:ok, user} -> {:noreply, %{state | screen: :main, user: user}}
    {:error, reason} -> {:noreply, %{state | screen: :login, error: reason}}
  end
end

def update({:event, %Event.Key{code: "s", modifiers: ["ctrl"]}}, %{screen: :main} = state) do
  {:noreply, %{state | screen: :settings, prev_screen: :main}}
end

def update({:event, %Event.Key{code: "esc"}}, %{screen: :settings, prev_screen: prev} = state) do
  {:noreply, %{state | screen: prev, prev_screen: nil}}
end
Note :prev_screen. When "esc" from settings should return to wherever the user came from (main, or a sub-screen), track it in state. Don't hard-code :main — that breaks the day settings gains a second entry point.
Conditional UI
Flags within a screen are still fine for small visibility toggles:
defp main_view(state, frame) do
  panels =
    [left_panel(state)] ++
      if(state.show_debug?, do: [debug_panel(state)], else: []) ++
      [right_panel(state)]

  [...]
end
A handful of these is fine. Once there are five booleans that combine meaningfully, promote to a screen atom or an explicit :mode field.
Focus-aware rendering
When focus matters to the visual — highlighted border on the focused panel, say — track it in state and derive styles in render/2:
defp panel_border(state, panel_id) do
  if state.focus == panel_id do
    %Style{fg: :yellow, modifiers: [:bold]}
  else
    %Style{fg: :dark_gray}
  end
end
For larger apps with a ring of focusable IDs and tab cycling, see ExRatatui.Focus — it handles the ring navigation and dispatching events to the currently-focused panel.
Loading / async states
Async work deserves its own screen atom when it's blocking (nothing else to do until it finishes), or a flag when it's backgrounded (user can still interact):
# Blocking: :loading is a screen
def update({:event, %Event.Key{code: "enter"}}, %{screen: :main} = state) do
  command = Command.async(fn -> fetch_report() end, &{:report_loaded, &1})
  {:noreply, %{state | screen: :loading}, commands: [command]}
end

def update({:info, {:report_loaded, report}}, %{screen: :loading} = state) do
  {:noreply, %{state | screen: :report, report: report}}
end

# Non-blocking: :refreshing? is a flag on :main
def update({:event, %Event.Key{code: "r"}}, %{screen: :main} = state) do
  command = Command.async(fn -> refresh() end, &{:refreshed, &1})
  {:noreply, %{state | refreshing?: true}, commands: [command]}
end
The screen-atom version shows a full loading view; the flag version shows a throbber in the corner while the user keeps working.
Escape hatches — when to split processes
Everything above assumes state fits in one ExRatatui.App. That's usually the right default. But sometimes the state machine doesn't really belong to the UI:
	Background data that should survive a UI restart. A cache, a subscription to external events, a long-running computation.
	Shared state across multiple TUI sessions. Over SSH, each client gets its own Server — if all clients should see the same data, that data lives in a sibling GenServer, not in app state.
	Hardware or external resources. A serial port, a database connection, a websocket — these want their own lifecycle.

In those cases, spin up a separate GenServer (or Agent, or Registry) as a sibling under the same supervisor. The ExRatatui.App calls into it in handle_event/2/update/2 and subscribes to its updates. The app stays focused on "what the user sees right now"; the sibling handles "what's true about the world."
# supervisor
children = [
  MyApp.DataService,        # owns the cache, subscribes to upstream
  {MyApp.TUI, transport: :local}
]

# in TUI
def handle_event(%Event.Key{code: "r"}, state) do
  MyApp.DataService.refresh()     # fire-and-forget
  {:noreply, state}
end

def handle_info({:data_updated, data}, state) do
  {:noreply, %{state | data: data}}
end
Over SSH or distribution, MyApp.DataService is one singleton; the TUI children are per-session. That's exactly the shape we want — one source of truth, many views.
Related
	Callback Runtime — full handle_event / handle_info API.
	Reducer Runtime — update/2, Command, Subscription.
	Building UIs — ExRatatui.Focus, layout, styles.
	Testing — asserting state-machine transitions deterministically.



  

    Transports

ExRatatui apps run against one of five transports. The model code (mount, render, handle_event, handle_info) is identical across all of them — only the surrounding plumbing differs. This guide is the canonical reference for what works where; each row of the matrix below links to a dedicated guide that goes deeper.
The five transports
	Transport	Entry point	Where the terminal lives	Where the app callbacks live
	Local	ExRatatui.run/2 or ExRatatui.Server.start_link(transport: :local)	Host tty	Same node, same process
	Byte-stream Session	ExRatatui.Server.start_link(transport: {:session, session, writer_fn})	Caller-owned bytes (any transport speaking ANSI in + bytes out)	Same node
	SSH	ExRatatui.SSH.Daemon.start_link/1	Remote SSH client's tty	App-side; one Server per channel
	Distributed	ExRatatui.Distributed.attach/2 on the client; ExRatatui.Distributed.Listener on the app node	Local node's tty	Remote node, behind Erlang distribution
	CellSession	ExRatatui.Server.start_link(transport: {:cell_session, cs, writer_fn})	None — a %CellSession{} exposes the cell buffer instead of bytes (LiveView, headless tests, framebuffers)	Same node

The internal telemetry tags match: transport: :local, :session, :distributed_server, :cell_session. SSH wraps :session.
Feature matrix
✓ = supported, — = not applicable for this transport, ✗ = not supported today (issue / follow-up exists).
	Feature	Local	Session	SSH	Distributed	CellSession
	Every widget renders (Paragraph, List, Table, Block, Gauge, Chart, …)	✓	✓	✓	✓	✓
	Key events (Event.Key)	✓	✓	✓	✓	✓ (feed_input/2)
	Mouse events (Event.Mouse)	✓	✓	✓	✓	✓ (feed_input/2)
	Resize events (Event.Resize)	✓	✓	✓	✓	✓ (resize/3)
	Bracketed paste (Event.Paste)	✓	✗ (VTE parser doesn't decode CSI 200~/201~ yet)	✗ (same)	✗ (same)	— (caller constructs %Event.Paste{} directly)
	Focus events (Event.FocusGained / FocusLost)	✓ opt-in via run(fn, focus_events: true)	✗	✗	✗	—
	Image rendering: :halfblocks	✓	✓	✓	✓	✓ (forced on this transport)
	Image rendering: :kitty / :sixel / :iterm2	✓ (auto-probe via auto_local_protocol/1)	✓ (per-image at construction)	✓ (image_protocol: opt on the daemon)	✓ (image_protocol: opt on attach/2)	✗ (escape sequences can't survive cell diffing)
	Image protocol auto-detection	✓ (probe_image_protocol: true on mount)	✗ (caller decides)	✗ (caller decides)	✗ (caller decides)	—
	OSC 52 clipboard copy (write to terminal's clipboard via emitted bytes)	✓ (write to stdout)	✓ (write to the transport's byte writer)	✓ (same — bytes cross the SSH channel)	✓ (same — bytes ride the distribution renderer stream)	✗ (no byte channel; route as an intent if the consumer can act on it)
	Intents (forward opaque terms to the transport)	—	—	—	—	✓ ({:cell_session, cs, cell_writer, intent_writer} 4-tuple)
	:render? runtime opt (skip render after handler returns)	✓	✓	✓	✓	✓
	:commands runtime opt (long-running work via ExRatatui.Command)	✓	✓	✓	✓	✓
	Telemetry: [:ex_ratatui, :transport, :connect/:disconnect]	✓	✓	✓	✓	✓
	Telemetry: [:ex_ratatui, :render, :frame]	✓	✓	✓	✓	✓

Notes on the gaps
	Bracketed paste over byte-stream transports (Session, SSH, Distributed): the input parser is a custom VTE state machine, not crossterm. It doesn't decode CSI 200~/201~ markers today. Apps that need pasted-blob handling on those transports can construct %ExRatatui.Event.Paste{content: text} themselves and feed it through whatever input pipeline they own — the widget-side contract (text_input_insert_str/2, textarea_insert_str/2) is transport-agnostic.
	Focus events over byte-stream transports: same VTE-parser gap, plus the protocol question of whether SSH-side terminal-focus events are even useful for the app-side process. Off the roadmap unless someone asks.
	Images over CellSession: the resolved protocol is always :halfblocks. Kitty / Sixel / iTerm2 encoders emit escape sequences, which a cell buffer can't represent. LiveView (and any other CellSession consumer) gets cell-painted halfblock approximations of the source image instead — works in every browser but the resolution is per-character-pair, not per-pixel.
	OSC 52 on CellSession: same root cause as images — no byte channel. The intent mechanism is the escape hatch: emit {:clipboard_copy, content} from a handler, register an intent_writer_fn on the transport tuple, and have that writer call navigator.clipboard.writeText (or equivalent).

One app, many transports
The same app module can be supervised under multiple transports simultaneously — each gets its own supervisor/process tree:
children = [
  {MyApp.TUI, []},                                    # local TTY
  {MyApp.TUI, transport: :ssh, port: 2222, ...},      # remote over SSH
  {MyApp.TUI, transport: :distributed}                 # remote over distribution
]
mount/1, render/2, handle_event/2, and handle_info/2 are transport-agnostic. mount/1 opts carry the only visible difference: a :transport key (:local, :session for byte-stream transports like SSH, :distributed, or :cell_session), plus :width and :height on remote transports.
Forwarding mount/1 opts
Anything passed as :app_opts on a daemon or listener reaches every connected client's mount/1 — the way to share infrastructure (PubSub topics, Ecto repos, feature toggles) across sessions without globals:
children = [
  {ExRatatui.SSH.Daemon,
   mod: MyApp.TUI,
   port: 2222,
   system_dir: ~c"/etc/ex_ratatui/host_keys",
   app_opts: [pubsub: MyApp.PubSub, feature_flags: %{beta: true}]}
]
defmodule MyApp.TUI do
  use ExRatatui.App

  @impl true
  def mount(opts) do
    pubsub = Keyword.fetch!(opts, :pubsub)
    Phoenix.PubSub.subscribe(pubsub, "alerts")
    {:ok, %{pubsub: pubsub, flags: opts[:feature_flags]}}
  end
end
ExRatatui.Distributed.Listener takes the same :app_opts option.
Related
	Local terminal: getting started
	SSH transport
	Distributed transport
	Cell sessions (LiveView, headless)
	Custom transports — implement a fifth one
	Paste and clipboard — bracketed paste details + the OSC 52 snippet
	Images — the protocol matrix in depth



  

    Running TUIs over SSH

ExRatatui ships with a built-in SSH transport that lets any ExRatatui.App module be served as a remote terminal UI. Instead of rendering into the host's physical terminal, the app renders into a per-connection in-memory terminal (a ExRatatui.Session) whose ANSI output is piped back to an SSH client over a single channel.
Reach for this mode when:
	The app runs on a headless box (Nerves device, container, remote host) and the TUI is driven from the local machine.
	Multiple people need to attach to the same daemon, each with their own independent session.
	An existing nerves_ssh daemon is already in place and just needs one more subsystem for the TUI.

The entire transport is pure OTP :ssh — no Erlang ports, no extra TCP listeners, no external sshd.
The big picture
       ┌──────────┐        ┌──────────────────────────────┐
 ssh   │          │  TCP   │ :ssh.daemon                  │
 ────▶ │  client  │ ─────▶ │  └─ ExRatatui.SSH channel    │
       │          │        │       ├─ ExRatatui.Session   │
       └──────────┘        │       └─ ExRatatui.Server    │
                           │             └─ the App mod   │
                           └──────────────────────────────┘
One ExRatatui.SSH.Daemon GenServer owns a :ssh.daemon/2 listening on a TCP port. Each new client connection spawns its own ExRatatui.SSH channel process, which in turn owns:
	A ExRatatui.Session — an in-memory terminal sized to the client's PTY, backed by a VTE ANSI parser.
	A linked internal server process running the ExRatatui.App module in :session transport mode — the generic byte-stream runtime the SSH channel (and any other byte-oriented transport, such as a custom TCP bridge) plugs into.

Clients are fully isolated from each other: their own state, their own key events, their own screen size. A single daemon can serve many concurrent sessions without any shared mutable state.
Quick start — standalone daemon
The simplest way to start is by adding the daemon to the supervision tree:
children = [
  {ExRatatui.SSH.Daemon,
   mod: MyApp.TUI,
   port: 2222,
   system_dir: ~c"/etc/ex_ratatui/host_keys",
   user_passwords: [{~c"admin", ~c"s3cret"}],
   auth_methods: ~c"password"}
]

Supervisor.start_link(children, strategy: :one_for_one)
Then connect from another terminal:
ssh admin@localhost -p 2222

Or try it live with the bundled example:
mix run --no-halt examples/apps/system_monitor.exs --ssh
# (in another terminal)
ssh demo@localhost -p 2222   # password: demo

The example generates a throwaway RSA host key under the system tmp dir on first run and reuses it afterward.
App-level shortcut
ExRatatui.App knows about the transport dispatch too, so a module that already uses the behaviour can skip the explicit SSH.Daemon child spec:
children = [
  {MyApp.TUI,
   transport: :ssh,
   port: 2222,
   system_dir: ~c"/etc/ex_ratatui/host_keys",
   user_passwords: [{~c"admin", ~c"s3cret"}]}
]
With transport: :ssh set, MyApp.TUI.start_link/1 routes through ExRatatui.SSH.Daemon instead of the local terminal path. Omitting :transport (or passing :local) keeps the default behaviour.
Integrating with nerves_ssh
When nerves_ssh is already running on a Nerves device, there's no need to stand up a second daemon. nerves_ssh accepts a subsystems: option that takes OTP :ssh_server_channel modules, and ExRatatui.SSH is exactly one of those. Use the subsystem/1 helper to build the tuple in the shape OTP wants:
# config/runtime.exs
import Config

if Application.spec(:nerves_ssh) do
  config :nerves_ssh,
    subsystems: [
      :ssh_sftpd.subsystem_spec(cwd: ~c"/"),
      ExRatatui.SSH.subsystem(MyApp.TUI)
    ]
end
Why runtime.exs, not target.exs? Compile-time configs are evaluated before target deps are compiled, so calling ExRatatui.SSH.subsystem/1 there crashes with module ExRatatui.SSH is not available. authorized_keys still belongs in target.exs (it bakes the developer's keys into the firmware image). ExRatatui.SSH.subsystem/1's docs have the full write-up.

The user then connects with:
ssh -t nerves.local -s Elixir.MyApp.TUI

The subsystem name is the full Elixir module name as a charlist (that's the shape SSH expects), so two different app modules configured into the same daemon get distinct subsystem names and don't collide.
One subsystem-mode quirk worth knowing: OTP consumes the pty_req before a subsystem handler exists, so the channel can't learn the client's terminal size the obvious way. It starts at 80x24 and immediately discovers the real dimensions via a Cursor Position Report roundtrip — the first frame may paint briefly at 80x24, and live window_change resizes work normally afterwards. The full mechanism (and why pty_req is unrecoverable) is documented in ExRatatui.SSH's moduledoc.
Always pass -t in subsystem mode
OpenSSH does not allocate a PTY by default for subsystem invocations. sftp and similar binary protocols don't need one, but a TUI absolutely does — without a PTY the client's local terminal stays in cooked mode, which means keystrokes get line-buffered and locally echoed (painting garbage over the TUI) and the alt-screen teardown on disconnect bleeds into the shell prompt. Always force PTY allocation with -t:
# ✓ interactive — local terminal enters raw mode, keys flow to the server,
#   quitting leaves a clean shell
ssh -t nerves.local -s Elixir.MyApp.TUI

# ✗ render bytes still arrive but it is not usable interactively
ssh nerves.local -s Elixir.MyApp.TUI

See the nerves_ex_ratatui_example project for an end-to-end Nerves firmware that wires three TUIs (callback and reducer runtime) into a nerves_ssh daemon and runs them on a Raspberry Pi.
Options reference
ExRatatui.SSH.Daemon accepts:
	Option	Type	Default	Description
	:mod	module()	required	The ExRatatui.App module to serve
	:port	integer()	2222	TCP port to listen on; 0 picks a free port
	:name	atom() | nil	ExRatatui.SSH.Daemon	Registered name, or nil to skip
	:app_opts	keyword()	[]	Extra opts merged into every client's mount/1 call
	:auto_host_key	boolean()	false	Auto-generate an RSA host key under <priv_dir>/ssh/ (see "Generating Host Keys")
	:image_protocol	:auto | :halfblocks | :kitty | :sixel | :iterm2	nil	Image protocol hint for connected clients — drives how protocol: :auto images render (see Images)
	:image_font_size	{width_px, height_px}	nil	Cell pixel size for Kitty / Sixel / iTerm2 image scaling

Everything else is forwarded verbatim to :ssh.daemon/2, so all of OTP's :ssh options work unchanged:
	:system_dir — host key directory
	:user_dir — client key directory
	:authorized_keys — authorized keys content
	:auth_methods — ~c"password", ~c"publickey", ~c"publickey,password"
	:user_passwords — [{~c"user", ~c"password"}]
	:pwdfun — custom password callback
	:key_cb — custom key callback (e.g. in-memory keys)
	:idle_time — auto-disconnect idle clients
	:max_sessions — limit concurrent connections
	:profile — multiple daemons on the same machine

See the :ssh.daemon/2 OTP docs for the full list.
Multiple daemons
Running two or more SSH daemons in the same supervision tree requires distinct :name values — the default (ExRatatui.SSH.Daemon) is a single global atom, so a second daemon will crash with "already started". Give each daemon its own name and port:
children = [
  {AdminTui, transport: :ssh, port: 2222},                                    # name defaults to ExRatatui.SSH.Daemon
  {StatsTui, transport: :ssh, port: 2223, name: :stats_ssh_daemon}             # explicit name avoids collision
]
On Nerves, prefer registering multiple TUIs as subsystems on a single nerves_ssh daemon instead of running separate daemons — see the "Integrating with nerves_ssh" section.
Why charlist() everywhere?
OTP's :ssh module is implemented in Erlang and expects Erlang strings — i.e. charlists (~c"..."), not Elixir binaries. Any option that holds a username, password, path, or file content needs to be a charlist. Passing a binary by mistake usually surfaces as a cryptic :badarg from inside :ssh.
As a small convenience, :system_dir accepts either form: pass a binary path ("./priv/host_keys") and the daemon will convert it to a charlist before forwarding to :ssh.daemon/2. Other charlist options still need the ~c"..." sigil.
Authentication
OTP :ssh supports both password and public-key authentication. For production use, prefer public keys:
{ExRatatui.SSH.Daemon,
 mod: MyApp.TUI,
 port: 2222,
 system_dir: ~c"/etc/ex_ratatui/host_keys",
 user_dir: ~c"/etc/ex_ratatui/users",
 auth_methods: ~c"publickey"}
Drop each authorized client's public key into /etc/ex_ratatui/users/authorized_keys (the standard OpenSSH format).
For development, a fixed password is fine:
{ExRatatui.SSH.Daemon,
 mod: MyApp.TUI,
 port: 2222,
 system_dir: ~c"./priv/host_keys",
 auth_methods: ~c"password",
 user_passwords: [{~c"dev", ~c"dev"}]}
For full-custom auth (e.g. looking up users in the app's own DB), pass pwdfun: &MyApp.Auth.check/4 — see the OTP :ssh pwdfun docs for the callback signature.
Generating host keys
There are three reasonable strategies for managing the host key. Pick based on where the daemon runs:
	Strategy	Best for	How
	Explicit :system_dir	Production, multi-machine setups, anything where the host key needs to be backed up or rotated	Generate with ssh-keygen, mount under config management, pass system_dir: ~c"/etc/ex_ratatui/host_keys"
	auto_host_key: true	Phoenix admin TUIs, internal tools, dev daemons — anywhere not worth babysitting a directory for	Daemon resolves the OTP app for :mod, generates a key under <priv_dir>/ssh/ on first boot, reuses it after
	nerves_ssh-managed	Nerves devices already running an SSH listener for IEx and firmware updates	Don't run a dedicated daemon at all — use ExRatatui.SSH.subsystem/1 and let nerves_ssh reuse its existing host key

OTP scans system_dir for files named ssh_host_rsa_key, ssh_host_ecdsa_key, ssh_host_ed25519_key, etc. Generate one with ssh-keygen:
mkdir -p priv/host_keys
ssh-keygen -t ed25519 -f priv/host_keys/ssh_host_ed25519_key -N ""

Or inside the BEAM at runtime (see examples/apps/system_monitor.exs for a ready-to-copy snippet using :public_key.generate_key/1).
auto_host_key: true for the lazy path
Pass auto_host_key: true and the daemon manages the key itself, exactly as the strategy table says — resolve the OTP app owning :mod, generate an RSA key under <priv_dir>/ssh/ on first boot, reuse it afterwards:
children = [
  {ExRatatui.SSH.Daemon,
   mod: MyAppWeb.AdminTui,
   port: 2222,
   auto_host_key: true,
   auth_methods: ~c"password",
   user_passwords: [{~c"admin", ~c"admin"}]}
]
Clients won't see host-key warnings between restarts since the key persists. Add priv/ssh/ to .gitignore — the key is private to that machine and should never be committed. Passing both :auto_host_key and :system_dir is an error; for production deployments, pass :system_dir and manage the keys explicitly. See phoenix_ex_ratatui_example for an end-to-end demo.
Forwarding mount/1 opts and multiple transports
:app_opts on the daemon reaches every connected client's mount/1, and the same module can be supervised under several transports at once — both are covered once in One app, many transports.
Testing
Unit tests
The SSH channel, daemon, and server's SSH mode are all unit-tested without standing up a real SSH daemon. Fakes replace :ssh_connection so the tests run with standard mix test:
mix test

Integration tests
Full end-to-end integration tests stand up a live :ssh.daemon/2, connect to it with :ssh.connect/3, open a real PTY session channel, and assert the full roundtrip: mount, render bytes over the channel, keyboard input back to handle_event/2, and clean shutdown. These tests generate a throwaway host key per test into tmp_dir and listen on port 0, so they run in parallel with everything else and require no host-wide SSH config.
The integration tests run as part of the default mix test — no special flags needed.
Known limitations
	One channel per session. We don't support SSH port forwarding or multiple channels on a single connection. If that's needed, run a second daemon instance on a different port.
	No X11 / agent forwarding. The TUI doesn't need either; both are unconditionally rejected.
	Shell mode needs a PTY. Clients that connect with ssh host (no -T, no subsystem) must request a PTY or the channel is closed immediately. ssh host -T will not work; ssh host or ssh host -t will.
	Subsystem mode starts at 80x24 until the CPR reply comes back. OTP consumes pty_req before a subsystem handler exists, so the transport discovers the client's real dimensions via a Cursor Position Report (ESC[6n) roundtrip on channel_up. The first frame paints at 80x24 until the response arrives on the next {:data, ...} message, which is usually invisibly fast but is not strictly instantaneous. Clients that don't answer ESC[6n at all (very rare — this is a half-century-old ANSI spec) stay at 80x24 until their first window_change.
	No keystroke replay. If a client disconnects mid-session, the state is gone. There's no server-side scrollback or reattach (think tmux, not screen).

Troubleshooting
"Connection closed by remote host" right after banner
: The client asked for a shell but didn't allocate a PTY. Add -t (ssh -t host) or switch to subsystem mode (ssh -s host Elixir.MyApp.TUI).
Client sees garbled box-drawing characters
: The SSH client isn't interpreting UTF-8 or isn't in a terminal that knows about Unicode line-drawing glyphs. Set LANG=en_US.UTF-8 on both sides.
:ssh_daemon_failed, :eaddrinuse
: Another process holds the port. Use ss -tlnp | grep 2222 to find it, or pick a different port.
Silent failure under nerves_ssh
: nerves_ssh logs its subsystem errors quietly. Enable verbose SSH logging on the client (ssh -vv ...) to see the server's subsystem-failure reason.
Tests time out waiting for an initial render
: The SSH channel triggers the initial render synchronously inside the linked Server's init/1 (via the server's session init) before any client input can arrive. If mount/1 does long I/O (e.g. HTTP, DB), the channel won't see render bytes until that finishes — move expensive work to handle_info(:refresh, ...) with a self-scheduled message so the first render doesn't block the handshake.
Related
	ExRatatui.SSH — channel module (:ssh_server_channel behaviour)
	ExRatatui.SSH.Daemon — daemon GenServer
	ExRatatui.Session — in-memory per-client terminal
	ExRatatui.App — transport-aware app behaviour
	Callback Runtime — OTP-style callbacks
	Reducer Runtime — Elm-style commands and subscriptions
	Building UIs — widgets, layout, styles, and events
	Running TUIs over Erlang Distribution — alternative remote transport
	Custom Transports — write a custom transport on top of ExRatatui.Transport



  

    Running TUIs over Erlang Distribution

ExRatatui ships with a distribution-attach transport that lets any ExRatatui.App module be driven from a remote BEAM node over Erlang distribution. The app node runs all the callbacks (mount/render/handle_event/handle_info) and sends widget lists as plain BEAM terms; the attaching node renders them on its own terminal and forwards input events back.
Reach for this mode when:
	The app runs on a BEAM node that has no terminal (Nerves, a container, a release running as a daemon) and the TUI is driven from the local machine.
	Erlang distribution is already set up (cookies, epmd, --sname) — no SSH keys or ports to manage.
	Zero Rust NIF involvement on the app node is the goal — widget structs travel as BEAM terms and the client renders them with its own local NIF.

The big picture
       ┌──────────────┐                  ┌────────────────────────────┐
       │  local node  │   Erlang dist    │  app node                  │
       │              │ ◀═══════════════▶│                            │
       │  Client      │  {:ex_ratatui_   │  Listener                  │
       │  ├─ terminal │   draw, widgets} │   └─ DynamicSupervisor     │
       │  └─ poll     │                  │       └─ Server            │
       │     events   │ {:ex_ratatui_    │           └─ the App mod   │
       │              │  event, event}   │                            │
       └──────────────┘                  └────────────────────────────┘
The app node runs a Distributed.Listener supervisor with a DynamicSupervisor child. Each call to attach/2 spawns a Server in :distributed_server mode under that supervisor — this process runs the app module's callbacks and sends {:ex_ratatui_draw, widgets} messages over distribution.
On the attaching node, a Distributed.Client process takes over the local terminal, polls input events, and forwards them to the remote server as {:ex_ratatui_event, event} or {:ex_ratatui_resize, w, h}.
When either side disconnects, process monitors fire, both processes clean up, and the terminal is restored.
Quick start
1. Add the Listener on the app node
# In the supervision tree
children = [
  {MyApp.TUI, transport: :distributed}
]
Or with explicit Listener control:
children = [
  {ExRatatui.Distributed.Listener, mod: MyApp.TUI}
]
2. Start the app node
iex --sname app --cookie mycookie -S mix

3. Attach from the local node
iex --sname mynode --cookie mycookie -S mix

iex> ExRatatui.Distributed.attach(:"app@hostname", MyApp.TUI)
The TUI takes over the terminal. Press the app's quit key (or Ctrl-C twice) to disconnect and restore the terminal.
Try it with the System Monitor example
# Terminal 1 — start the app node
elixir --sname app --cookie demo -S mix run --no-halt examples/apps/system_monitor.exs --distributed

# Terminal 2 — attach from another node
iex --sname mynode --cookie demo -S mix
iex> ExRatatui.Distributed.attach(:"app@hostname", SystemMonitor)

How it works
The attach sequence: attach/2 connects the nodes, starts the local Distributed.Client (which takes over the terminal), then RPCs the app node to spawn a Server pointed at the client pid — the same flow The Big Picture draws.
Wire protocol
	Direction	Message	Purpose
	Server -> Client	{:ex_ratatui_draw, widgets}	Widget list after each render
	Client -> Server	{:ex_ratatui_event, event}	Key/mouse events
	Client -> Server	{:ex_ratatui_resize, w, h}	Terminal resize

All messages are plain BEAM terms sent via send/2 — no encoding, no NIF, no serialization overhead.
Stateful widget handling
Most widgets (Paragraph, Table, List, etc.) are pure Elixir structs that serialize naturally over Erlang distribution. However, stateful widgets — TextInput, Textarea, and Image — hold a NIF resource reference, a pointer into Rust memory on the local node. NIF references cannot cross BEAM node boundaries.
The distributed server handles this transparently: before sending a widget list, it snapshots each stateful widget's state into plain data and replaces the reference in the struct. On the client node, the decoder recognizes the snapshot form and reconstructs a temporary resource for rendering. This happens automatically — app code doesn't need to do anything special.
No NIF on the app node (for stateless widgets)
For apps that only use stateless widgets (Paragraph, Table, List, etc.), the app node never loads the Rust NIF — widget structs are standard Elixir terms that serialize directly. When using stateful widgets (TextInput, Textarea), the app node does load the NIF to manage their mutable state, but the rendering NIF is still only loaded on the client side. This makes the app node lightweight — ideal for constrained environments like Nerves devices.
Options
ExRatatui.Distributed.Listener
	Option	Type	Default	Description
	:mod	module()	required	The ExRatatui.App module to serve
	:name	atom() | nil	ExRatatui.Distributed.Listener	Registered name, or nil to skip
	:app_opts	keyword()	[]	Extra opts merged into every client's mount/1 call

Running multiple Listeners in the same supervision tree requires distinct :name values — the default (ExRatatui.Distributed.Listener) would collide on the second instance. Pass the matching name as the :listener option when attaching:
children = [
  {ExRatatui.Distributed.Listener, mod: AdminTui},                                      # default name
  {ExRatatui.Distributed.Listener, mod: StatsTui, name: :stats_dist}                     # explicit name
]

# Attaching clients must match the listener name:
ExRatatui.Distributed.attach(:"app@host", StatsTui, listener: :stats_dist)
ExRatatui.Distributed.attach/3
	Option	Type	Default	Description
	:listener	atom()	ExRatatui.Distributed.Listener	Registered name of the Listener on the remote node
	:poll_interval	integer()	16	Local event polling interval in ms (~60fps)
	:test_mode	{w, h}	nil	Headless test terminal dimensions; disables live local input polling
	:image_protocol	:auto | :halfblocks | :kitty | :sixel | :iterm2	nil	Image protocol hint for the local terminal — drives how protocol: :auto images render (see Images)
	:image_font_size	{width_px, height_px}	nil	Local cell pixel size for Kitty / Sixel / iTerm2 image scaling

Forwarding mount/1 opts
:app_opts on the Listener reaches every attached client's mount/1, exactly like the SSH daemon — see One app, many transports. On this transport the mount/1 opts carry transport: :distributed plus :width and :height.
Authentication
Authentication is delegated entirely to the Erlang distribution cookie. Whoever can Node.connect/1 can attach — the same trust model as iex --remsh. For production deployments, secure the cookie and consider TLS distribution:
# vm.args or rel/env.sh.eex
-proto_dist inet_tls
-ssl_dist_optfile /etc/my_app/ssl_dist.conf
See the Erlang SSL Distribution docs for the full configuration.
Testing
Unit tests (no distribution required)
The Listener, Client, and Server's distributed mode are all unit-tested without requiring distributed nodes. These tests run with standard mix test:
mix test

Integration tests (requires distribution)
Full cross-node integration tests use OTP's :peer module to spawn peer BEAM nodes. These are tagged :distributed and excluded from the default test run:
# Run integration tests
elixir --sname test -S mix test --only distributed

# Run everything (unit + integration)
elixir --sname test -S mix test --include distributed

The integration tests exercise the full roundtrip: mount on a peer node, render, draw over distribution, forward events, resize, quit, and cleanup.
Known limitations
	No incremental updates. Every render sends the complete widget list. For complex UIs with many widgets, this is more data than the SSH transport (which sends only changed terminal cells). In practice, BEAM term serialization is fast and this is rarely a bottleneck over a local network.
	No reconnect. If the connection drops, the session is gone. There's no server-side state preservation or reattach (like the SSH transport, this is tmux-style, not screen-style).
	Cookie-only auth. There's no per-user authentication layer — anyone who can Node.connect/1 can attach. If user-level access control is needed, use the SSH transport instead.
	Single-node rendering. The Client must have the ExRatatui NIF loaded to render widgets. Cross-architecture distribution (e.g. x86 pc attaching to an ARM Nerves device) works because only the client node needs the NIF compiled for its architecture.

Troubleshooting
"distribution_not_started"
: The attaching node isn't distributed. Start it with --sname or --name: iex --sname mynode -S mix.
"connect_failed"
: Node.connect/1 returned false. Check that:
	Both nodes use the same cookie (--cookie or ~/.erlang.cookie)
	epmd is running on both machines (epmd -names to check)
	The hostname in the node name resolves correctly
	No firewall blocks the epmd port (4369) or the distribution port range

"cannot_attach_to_self"
: attach/2 was called with Node.self(). The distribution transport is for remote nodes — for same-node TUIs, start the app directly with {MyApp.TUI, []}.
"rpc_failed"
: The RPC to start a session on the remote node failed. Check that:
	The app node is running and the Listener is started
	The module name matches what's registered on the app node
	The Listener's registered name matches the :listener option (default: ExRatatui.Distributed.Listener)

Widgets render differently on client vs server
: The client renders with its own NIF, which must be the same ExRatatui version as the server. Mismatched versions may produce different widget struct shapes.
Examples
	phoenix_ex_ratatui_example — Phoenix app with two TUIs (callback and reducer runtime) attached over distribution from any named BEAM node on the network
	nerves_ex_ratatui_example — Nerves firmware with three TUIs attached over distribution from a dev machine to a Raspberry Pi

Related
	ExRatatui.Distributed — main API module with attach/3
	ExRatatui.Distributed.Listener — supervisor for per-attach sessions
	ExRatatui.Distributed.Client — local rendering proxy (internal, not part of the public API)
	ExRatatui.App — transport-aware app behaviour
	Callback Runtime — OTP-style callbacks
	Reducer Runtime — Elm-style commands and subscriptions
	Building UIs — widgets, layout, styles, and events
	Running TUIs over SSH — alternative remote transport
	Custom Transports — write a custom transport on top of ExRatatui.Transport



  

    Custom Transports

An ExRatatui "transport" is any module that decides where the bytes go for a running ExRatatui.App. The library ships several transports out of the box — :local for the host tty via ExRatatui.run/1, ExRatatui.SSH.Daemon + ExRatatui.SSH for serving the same App over OTP :ssh, ExRatatui.Distributed.Listener for serving the App to remote BEAM nodes, and the session-backed shapes that this guide and Rendering to Non-Terminal Surfaces build on (the Transports guide has the full matrix). If none of those fits — serving an App over a raw TCP socket, a Livebook widget, a WebSocket, whatever — plug in a custom one. This guide walks through the contract and a small TCP example.
If the consumer is not a terminal — a Phoenix LiveView painting <span> cells, a Nerves device rasterising into a framebuffer, a screenshot tool — see Rendering to Non-Terminal Surfaces. ExRatatui.CellSession is the ANSI-free sibling of Session, and the patterns in this guide (acceptor + per-connection worker, runtime-server monitoring, alt-screen lifecycle for byte streams) still apply with a cell buffer in place of the byte writer.
The contract
ExRatatui.Transport is the shared behaviour. It declares one optional callback (child_spec/1) and — more importantly — documents the two-way protocol every transport speaks with the internal Server runtime:
@type server_transport ::
        :local
        | {:session, ExRatatui.Session.t(), writer_fn()}
        | {:cell_session, ExRatatui.CellSession.t(), cell_writer_fn()}
        | {:cell_session, ExRatatui.CellSession.t(), cell_writer_fn(), intent_writer_fn()}
        | {:distributed_server, pid(), pos_integer(), pos_integer()}

@type to_server ::
        {:ex_ratatui_event, ExRatatui.Event.t()}
        | {:ex_ratatui_resize, pos_integer(), pos_integer()}
(ExRatatui.Transport.server_transport/0 is the source of truth if this snippet ever drifts.)
A byte-stream transport (SSH, a TCP bridge, a Kino widget) does three things. It creates an ExRatatui.Session sized to the remote terminal, starts the runtime server via ExRatatui.Transport.start_server/1 with transport: {:session, session, writer_fn} (the server calls writer_fn with the rendered ANSI bytes on every frame — job is to ship those bytes to the remote terminal), and when bytes arrive from the remote terminal it forwards them to the server using ExRatatui.Transport.ByteStream.forward_input/3. When the remote terminal resizes, it uses forward_resize/4.
ByteStream handles the parsing side (Session.feed_input/2), absorbs %Event.Resize{} events into {:ex_ratatui_resize, _, _} notifications, and sends everything else to the server as {:ex_ratatui_event, event} — exactly the shape the runtime expects. Reuse it; don't hand-roll the dispatch loop.
A minimal TCP transport
Two responsibilities, one module: a long-lived acceptor that loops on :gen_tcp.accept and re-arms after every client, and a short-lived connection task per client that owns the Session, the runtime server, and the byte pump. Splitting them is what makes the listener survive across disconnects — fold the acceptor and connection into one GenServer and the whole thing dies the moment the first client leaves.
Beyond that, three things to get right: emit the alt-screen enter/leave sequences (the in-memory Session deliberately doesn't — it's the transport's job, mirroring ExRatatui.SSH), monitor the runtime server so the connection tears down when the app quits, and flush the leave-screen bytes before closing the socket so the client's terminal is restored.
defmodule MyApp.TcpTransport do
  @moduledoc false
  use GenServer

  @behaviour ExRatatui.Transport

  alias ExRatatui.Session
  alias ExRatatui.Transport.ByteStream

  # Same canonical pair `ExRatatui.SSH` emits. Without these the TUI
  # would paint into the client's main scrollback (no alt buffer) and
  # leave the client stuck in the alt buffer with the cursor hidden
  # after disconnect.
  @enter_screen "\e[?1049h\e[?25l"
  @leave_screen "\e[?1049l\e[?25h\e[0m"

  def start_link(opts), do: GenServer.start_link(__MODULE__, opts)

  @impl true
  def init(opts) do
    mod  = Keyword.fetch!(opts, :mod)
    port = Keyword.get(opts, :port, 4040)

    # `reuseaddr: true` lets us re-bind the port instantly after a
    # restart instead of waiting through the OS' lingering close.
    {:ok, listener} =
      :gen_tcp.listen(port, [:binary, active: false, reuseaddr: true])

    {:ok, %{mod: mod, listener: listener}, {:continue, :accept}}
  end

  # Accept one connection, hand it off to a per-client task, and
  # immediately re-arm the next accept. Each connection runs in its own
  # *unlinked* Task so a single client crashing or disconnecting can't
  # take the acceptor with it. For production, start each client
  # under a `DynamicSupervisor` so they're observable; for a minimal
  # example this is enough.
  @impl true
  def handle_continue(:accept, state) do
    {:ok, socket} = :gen_tcp.accept(state.listener)
    {:ok, conn}   = Task.start(fn -> run_connection(state.mod, socket) end)
    :ok = :gen_tcp.controlling_process(socket, conn)
    send(conn, :go)
    {:noreply, state, {:continue, :accept}}
  end

  ## Per-connection worker

  defp run_connection(mod, socket) do
    # Wait until the acceptor has finished the controlling-process
    # handover before we switch the socket to active mode.
    receive do
      :go -> :ok
    end

    :ok = :inet.setopts(socket, active: true)
    :ok = :gen_tcp.send(socket, @enter_screen)

    session = Session.new(80, 24)
    writer  = fn bytes -> :gen_tcp.send(socket, bytes) end

    {:ok, server} =
      ExRatatui.Transport.start_server(
        mod: mod,
        name: nil,
        transport: {:session, session, writer}
      )

    server_ref = Process.monitor(server)
    connection_loop(socket, session, server, server_ref)
  end

  defp connection_loop(socket, session, server, server_ref) do
    receive do
      {:tcp, ^socket, bytes} ->
        _ = ByteStream.forward_input(session, server, bytes)
        connection_loop(socket, session, server, server_ref)

      {:tcp_closed, ^socket} ->
        # Client disconnected. Stop the server explicitly — it owns
        # the Session and won't notice on its own until its next
        # writer_fn call fails.
        if Process.alive?(server), do: GenServer.stop(server)

      {:DOWN, ^server_ref, :process, ^server, _reason} ->
        # App quit (q pressed, terminate returned :stop, mount failed,
        # …). Flush the leave-screen bytes *now*, while the socket is
        # still writable, then close the socket so the client's
        # terminal is restored.
        _ = :gen_tcp.send(socket, @leave_screen)
        _ = :gen_tcp.close(socket)
    end
  end
end
Drop {MyApp.TcpTransport, mod: MyApp.Counter, port: 4040} into the supervision tree and any ExRatatui.App module now runs over TCP — concurrent clients welcome, and the listener stays up across disconnects.
Client requirements
Plain TCP has no equivalent of SSH's PTY negotiation, so the client has to put its terminal in raw mode for per-keystroke delivery. The most robust option is socat, which handles the terminal mode itself:
socat -,raw,echo=0,escape=0x03 TCP:localhost:4040

raw,echo=0 on - (stdin) puts the local terminal in raw mode without local echo for the duration of the connection and restores it on exit. escape=0x03 keeps Ctrl-C as a way out if the server hangs.
nc works too with an stty wrapper, with one caveat:
stty raw -echo; nc localhost 4040; stty sane

Without stty raw -echo, the local terminal stays in cooked mode: keystrokes are buffered locally until Enter is pressed, the local terminal echoes characters before they're sent, and the TUI never sees individual key events. The trailing stty sane restores the shell once nc exits.
nc has a teardown quirk worth knowing about: it doesn't exit purely on remote socket close — it also waits for EOF on its stdin. So when the app quits, the TUI restores correctly but one extra keypress is needed for nc to notice (the keypress fails to write to the dead socket, which is what makes nc finally exit) before stty sane runs and the shell returns. If that's bothersome, use socat.
Limitation: no resize support
The TCP example above hardcodes Session.new(80, 24) and never updates it. That's not a bug in the example — it's a structural limit of raw TCP. SSH has a dedicated channel for terminal dimensions (pty_req at connect for the initial size, window_change packets while running for SIGWINCH), and ExRatatui.SSH translates both into {:ex_ratatui_resize, w, h} messages to the runtime. Raw TCP has no equivalent — every byte on the socket is application data, and dumb clients like nc and socat ignore SIGWINCH on the local terminal because they have no protocol slot to forward it through.
For initial size discovery without changing the client, the SSH transport's CPR trick works over TCP too: send \e[s\e[9999;9999H\e[6n\e[u after the alt-screen enter, the client's terminal answers with \e[<row>;<col>R, the Session's input parser decodes that into a %Event.Resize{}, and ByteStream.forward_input/3 absorbs it into a runtime resize automatically. ExRatatui.SSH uses the same sequence (its @cpr_size_query attribute) in subsystem mode.
For ongoing resize a smarter client is needed — one that watches SIGWINCH and sends the new dimensions back over the socket as a framed message the transport decodes. That's a real custom-client effort (think mosh-style); at that point, SSH is almost always the better answer.
Checklist for a new byte-stream transport
A few non-obvious things to get right:
	Declare @behaviour ExRatatui.Transport on the module that owns the connection (the GenServer, channel handler, whatever the framework provides).
	Separate the acceptor from the per-connection worker. A single process doing both serves one client at a time and dies with that client, taking the listener with it.
	Size the Session to the remote terminal at connect time. If the size isn't knowable up front, default to 80×24 and send a resize as soon as the real dimensions arrive.
	Keep the writer_fn fast and non-blocking. It's called from the server process on every render; a blocking write back-pressures the entire runtime.
	Emit the alt-screen enter sequence (\e[?1049h\e[?25l) before the first frame and the leave sequence (\e[?1049l\e[?25h\e[0m) on teardown. The Session deliberately doesn't; without them the TUI paints over the client's shell scrollback and the client is left stuck in the alt buffer after disconnect.
	Route inbound bytes through ByteStream.forward_input/3, not Session.feed_input/2 directly — going direct skips the Resize-absorption logic. Resize signals go through ByteStream.forward_resize/4.
	Monitor the runtime server pid (or trap exits). When the app quits, flush the leave-screen sequence while the connection is still writable, then close the socket/channel.

When not to use a byte-stream transport
If the transport doesn't carry raw ANSI — for example, BEAM distribution ships widget trees between nodes as Erlang terms — use the {:distributed_server, pid, w, h} variant instead. See ExRatatui.Distributed.Listener for the pattern. Byte-stream helpers don't apply there; the transport still sends {:ex_ratatui_event, _} and {:ex_ratatui_resize, _, _} messages to the Server itself, but the rendered payload crosses the network as structured widget data, not bytes.
Telemetry
Every transport automatically participates in the runtime telemetry events — see Telemetry. [:ex_ratatui, :transport, :connect] and [:ex_ratatui, :transport, :disconnect] fire with %{transport: :session} for byte-stream transports (or %{transport: :distributed_server}), so a single handler can observe every transport uniformly without caring which concrete module is carrying the bytes.
Related
	Running TUIs over SSH — reference implementation of a byte-stream transport, backed by OTP :ssh.
	Running TUIs over Erlang Distribution — the non-byte-stream transport.
	Rendering to Non-Terminal Surfaces — CellSession for transports whose consumers don't speak ANSI (LiveView, framebuffers, screenshots).
	ExRatatui.Transport — behaviour, typespecs, and start_server/1
	ExRatatui.Transport.ByteStream — the two helpers used above



  

    Rendering to non-terminal surfaces with CellSession

ExRatatui.Session is the right primitive when whatever consumes the TUI speaks ANSI — a real terminal, an SSH channel, a TCP socket on the other end of a raw-mode client. It encodes the rendered frame as escape sequences and hands them to the transport.
ExRatatui.CellSession is the right primitive when the consumer is not a terminal: a Phoenix LiveView painting <span>s into the DOM, an embedded device rasterising glyphs to a 1bpp framebuffer, a screenshot tool dumping a frame to PNG/SVG, any future renderer for displays that don't accept ANSI. These consumers want the rendered cell buffer — (symbol, fg, bg, modifiers, skip) per cell — not bytes. CellSession exposes that buffer directly, skipping the ANSI encode/decode round-trip and the client-side terminal emulator that ANSI implies.
Session vs CellSession at a glance
		Session	CellSession
	Backend	CrosstermBackend<SharedWriter>	TestBackend
	Output	ANSI byte stream (take_output/1)	Cell buffer (take_cells/1, take_cells_diff/1)
	Consumer	Terminal emulator (real or virtual)	Anything that walks structured cells
	Touches OS tty?	No	No

	Same draw API?	Yes — draw/2 takes the same [{widget, rect}]
	Same input parser?	Yes — feed_input/2 is identical
	Same lifecycle?	Yes — new/2, resize/3, close/1, etc.

An ExRatatui.App can run on either without knowing the difference. Switching transports is a matter of which session type the transport constructs, not changes in the App.
Quick start
alias ExRatatui.CellSession
alias ExRatatui.CellSession.Snapshot
alias ExRatatui.Layout.Rect
alias ExRatatui.Style
alias ExRatatui.Widgets.{Block, Paragraph}

session = CellSession.new(40, 6)

paragraph =
  %Paragraph{
    text: "Hello from CellSession!",
    style: %Style{fg: :light_cyan, modifiers: [:bold]},
    alignment: :center,
    block: %Block{title: " demo ", borders: [:all], border_type: :rounded}
  }

:ok = CellSession.draw(session, [{paragraph, %Rect{x: 0, y: 0, width: 40, height: 6}}])

%Snapshot{width: 40, height: 6, cells: cells} = CellSession.take_cells(session)

CellSession.close(session)
cells is a list of %Cell{} structs in row-major order:
%ExRatatui.CellSession.Cell{
  row: 1, col: 14, symbol: "H",
  fg: :light_cyan, bg: :reset,
  modifiers: [:bold], skip: false
}
That's the whole API at the snapshot level. See the cell_dump.exs example for a tiny end-to-end script that paints a Paragraph, walks the snapshot, and prints it.
The cell shape
ExRatatui.CellSession.Cell documents every field. The conventions that matter when consuming cells: :reset colors mean "consumer's default" (terminal default, CSS default, "ink" on a 1-bit display), :modifiers come in a stable canonical order so == works without normalising, and renderers should treat skip: true as transparent (widgets that overlay, like Popup, use it).
Wide graphemes (CJK, emoji)
A two-cell-wide grapheme lands in its leading cell only. The following cell stays at its prior content (typically " "):
Cells for "中a" painted at (0, 0):
  (0, 0) symbol: "中"
  (1, 0) symbol: " "      # the continuation slot — left at default
  (2, 0) symbol: "a"
Snapshots vs diffs
take_cells/1 returns a full %Snapshot{} with every cell. Use it for the initial paint after a fresh client connects, one-off screenshots and exports, regression test fixtures, and debugging mid-stream — it is stateless and does not touch the diff baseline.
take_cells_diff/1 returns a %Diff{} with only the cells that changed since the previous diff call. Three cases produce a "full" payload (every cell appears as an op): the very first call after constructing the session (no prior baseline), a resize/3 between calls (the prior baseline is no longer a valid comparison reference), and a closed-then-reopened session (close/1 wipes the baseline). After that, ops typically cover only the small fraction of cells that actually changed.
session = CellSession.new(80, 24)

# Frame 0 — first call returns the full grid.
:ok = CellSession.draw(session, frame_0_widgets())
diff = CellSession.take_cells_diff(session)
length(diff.ops)  #=> 80 * 24 = 1920

# Frame 1 — typical small redraw.
:ok = CellSession.draw(session, frame_1_widgets())
diff = CellSession.take_cells_diff(session)
length(diff.ops)  #=> just the cells that changed

# No-op draw — diff is empty, no bytes to ship.
diff = CellSession.take_cells_diff(session)
diff.ops          #=> []
The op shape is identical to a snapshot's Cell. An op IS a cell at a position saying "set this position to this content." Clearing a cell is just setting it to a default-styled space.
Tight rects keep diffs small
Paragraph (and any styled widget) applies its :style to its entire rect, not just the painted text. A wide paragraph rect turns every cell in the rect into a styled cell, and the next diff correctly reports all of them as changed:
# Paint "X" red — but in a 5-wide rect.
paragraph = %Paragraph{text: "X", style: %Style{fg: :red}}
:ok = CellSession.draw(session, [{paragraph, %Rect{x: 0, y: 0, width: 5, height: 1}}])

diff = CellSession.take_cells_diff(session)
length(diff.ops)
#=> 5  — every cell in the rect is now `fg: :red`, even the empty spaces
For minimal diffs, keep styled rects tight to the content:
:ok = CellSession.draw(session, [{paragraph, %Rect{x: 0, y: 0, width: 1, height: 1}}])
length(diff.ops)
#=> 1  — only the "X" cell
This is the same behaviour an ANSI terminal would get — ratatui clears each cell in the rect to the paragraph's style. It just shows up directly in the diff payload here.
Driving an ExRatatui.App over a CellSession
The runtime server accepts a :cell_session transport tag in two shapes — a 3-tuple for transports that only need to ship rendered diffs, and a 4-tuple that adds an intent_writer_fn channel for transports that consume App-emitted intents (LiveView navigation, custom workflows, …).
# 3-tuple — frame-only transport. Intents from the App are silently dropped.
{:cell_session, %CellSession{} = cell_session, cell_writer_fn}

# 4-tuple — frame + intent transport.
{:cell_session, %CellSession{} = cell_session, cell_writer_fn, intent_writer_fn}
Both are 1-arity functions:
cell_writer_fn = fn %CellSession.Diff{} = diff ->
  # Ship the diff to wherever the renderer lives — a LiveView socket,
  # a websocket, an in-process callback, etc.
  send(target_pid, {:render, diff})
  :ok
end

intent_writer_fn = fn intent ->
  # Map App-emitted intents to consumer-side actions. Vocabulary is
  # entirely up to the consumer; the runtime forwards verbatim.
  send(target_pid, {:intent, intent})
  :ok
end
Then start the runtime:
{:ok, server} =
  ExRatatui.Transport.start_server(
    mod: MyTUI,
    transport: {:cell_session, cell_session, cell_writer_fn, intent_writer_fn}
  )
On every render the runtime server calls CellSession.draw/2, then CellSession.take_cells_diff/1, then hands the resulting %Diff{} to cell_writer_fn. On every state transition where the App returned intents: [...], the runtime walks the list and calls intent_writer_fn once per intent, in emission order. Intents from a {:stop, state, intents: ...} transition fire before the server exits, so a TUI returning {:stop, state, intents: [{:redirect, "/login"}]} reliably reaches the consumer before the linked-server EXIT propagates.
Apps stay portable across transports: a TUI that emits {:redirect, path} from a callback runs unchanged over both a 4-tuple :cell_session (intent dispatched) and a :local tty (intent silently dropped — there's nothing to navigate).
See Runtime opts on ExRatatui.App for the App-side return-shape, and phoenix_ex_ratatui for a working consumer that turns intents into Phoenix.LiveView actions.
Performance notes
	take_cells/1 allocates one %Cell{} per cell — ~1920 structs per call for an 80×24 grid. For tight loops, prefer the diff path.
	take_cells_diff/1 clones the current ratatui buffer to use as next-call baseline; the diff comparison itself is O(width × height) of structural cell equality.
	Cell encoding crosses the NIF boundary as a list of tuples, one per cell. The Elixir wrapper then maps tuples to %Cell{} structs. Both are linear in the number of cells emitted, which the diff path keeps small in steady state.
	Always close unneeded sessions with close/1 — it deterministically drops the underlying ratatui terminal and the cached diff baseline rather than waiting for BEAM GC.

Related
	Building UIs — the widget tree passed to draw/2 is the same one used by every other transport.
	Custom Transports — how to wrap a CellSession (or Session) in an ExRatatui.Transport so an ExRatatui.App can run on it.
	Performance — once a frame budget gets tight, this guide covers what to look at.
	ExRatatui.CellSession — module docs for the wrapper API.
	ExRatatui.CellSession.Cell / ExRatatui.CellSession.Snapshot / ExRatatui.CellSession.Diff — the structured payload types.
	ExRatatui.Session — the ANSI-bytes sibling for terminal-shaped consumers.
	cell_dump.exs — minimal headless example walking a snapshot.



  

    Architecture

How ExRatatui bridges Elixir and Rust, and how the runtime processes are laid out per transport. Nothing here is required reading for building apps — it exists for debugging, for writing custom transports, and for the curious.
The NIF bridge
ExRatatui connects Elixir to the Rust ratatui library through Rustler NIFs (Native Implemented Functions):
Elixir structs -> encode to maps -> Rust NIF -> decode to ratatui types -> render to terminal
Terminal events -> Rust NIF (DirtyIo) -> encode to tuples -> Elixir Event structs
	Rendering: Elixir widget structs are encoded as string-keyed maps, passed across the NIF boundary, and decoded into ratatui widget types for rendering.
	Events: The poll_event NIF runs on BEAM's DirtyIo scheduler, so event polling never blocks normal Elixir processes.
	Terminal state: Each process holds its own terminal reference via Rust ResourceArc, supporting two backends — a real crossterm terminal and a headless test backend for CI (see Testing). The terminal is automatically restored when the reference is garbage collected.
	Layout: Ratatui's constraint-based layout engine is exposed directly, computing split rectangles on the Rust side and returning them as %Rect{} structs.

Precompiled binaries are provided via rustler_precompiled, so depending on ex_ratatui does not require the Rust toolchain. The native library is loaded lazily on first use — compiling a project that depends on ex_ratatui does not load the NIF into the compiler VM.
Process architecture
Each transport builds on the same internal Server, a GenServer that owns the render loop and dispatches to the ExRatatui.App callbacks:
Local transport:
  Supervisor
  └── Server (GenServer)
        ├── owns terminal reference (NIF)
        ├── parks the BEAM's tty reader so crossterm owns local input
        ├── polls events on DirtyIo scheduler
        └── calls the app's mount/render/handle_event

SSH transport:
  Supervisor
  └── SSH.Daemon (GenServer, wraps :ssh.daemon)
        └── per client:
              SSH channel (:ssh_server_channel)
              ├── owns Session (in-memory terminal)
              ├── feeds client bytes through Session's ANSI parser
              └── Server (GenServer)
                    └── calls the app's mount/render/handle_event

Distributed transport:
  App node                              Client node
  ├── Distributed.Listener              └── Distributed.Client (GenServer)
  │   └── DynamicSupervisor                   ├── owns terminal reference (NIF)
  │       └── per client:                     ├── polls events locally
  │             Server (GenServer)            └── sends events → Server
  │             └── sends widgets → Client          receives widgets ← Server
  └── No NIF needed here
All transports provide full session isolation — each connected client gets its own Server process with independent state. The Transports guide has the cross-transport feature matrix; Custom Transports documents the contract for plugging in new ones.
Related
	Debugging — Runtime.snapshot/1, tracing, and common errors, including NIF rebuilds.
	Performance — what the render loop costs and how to tune it.
	Testing — the headless backend in practice.



  

    Testing

ExRatatui ships with a headless test backend so TUIs can be tested in CI without a TTY. Tests run async: true, start in milliseconds, and assert against either the rendered character buffer or observable state transitions.
There are two testing levels:
	Widget-level — render a widget to a headless terminal and assert on the buffer string. Good for widget authors, visual regressions, and layout checks.
	App-level — start a supervised ExRatatui.App under test_mode, drive it with synthetic events, and assert on runtime state or app-emitted messages. Good for end-to-end interaction tests.

Both work together. Most apps need a handful of each.
Widget-level: the headless backend
The core APIs are ExRatatui.init_test_terminal/2, ExRatatui.draw/2, and ExRatatui.get_buffer_content/1. A round-trip fits in one test:
defmodule MyApp.WidgetTest do
  use ExUnit.Case, async: true

  alias ExRatatui.Layout.Rect
  alias ExRatatui.Style
  alias ExRatatui.Widgets.{Block, Paragraph}

  test "renders a styled paragraph inside a block" do
    terminal = ExRatatui.init_test_terminal(40, 10)

    widget = %Paragraph{
      text: "Hello!",
      style: %Style{fg: :green, modifiers: [:bold]},
      alignment: :center,
      block: %Block{title: " Greet ", borders: [:all]}
    }

    :ok = ExRatatui.draw(terminal, [{widget, %Rect{x: 0, y: 0, width: 40, height: 10}}])

    content = ExRatatui.get_buffer_content(terminal)

    assert content =~ "Hello!"
    assert content =~ "Greet"
  end
end
get_buffer_content/1 returns the visible characters as a multi-line string, stripped of styling. That's usually the right target for assertions — but if exact column placement is needed, the string is newline-delimited at the backend's width, so String.split(content, "\n") |> Enum.at(row) yields one row.
Each test terminal is independent — no global state, nothing to clean up, safe under async: true.
App-level: supervised apps under test_mode
When any ExRatatui.App is started with test_mode: {width, height}:
	The server boots against the headless backend instead of the real terminal
	Live terminal input polling is disabled (so ambient TTY events don't leak into the test)
	Everything else — mount/1, render/2, handle_event/2, commands, subscriptions — runs normally

Drive input with ExRatatui.Runtime.inject_event/2 and assert against either the runtime snapshot or messages the app sends to a passed-in test_pid.
Pattern 1: assert via runtime snapshot
defmodule MyApp.CounterTest do
  use ExUnit.Case, async: true

  alias ExRatatui.Event
  alias ExRatatui.Runtime

  test "up arrow increments the counter" do
    pid = start_supervised!({MyApp.Counter, name: nil, test_mode: {40, 10}})

    :ok = Runtime.inject_event(pid, %Event.Key{code: "up", kind: "press"})
    :ok = Runtime.inject_event(pid, %Event.Key{code: "up", kind: "press"})

    assert %{render_count: n} = Runtime.snapshot(pid)
    assert n >= 2
  end
end
start_supervised!/1 (from ExUnit) guarantees the server is cleaned up at the end of the test — always use it over bare start_link/1.
Runtime.snapshot/1 returns a map with render_count, dimensions, subscriptions, active_async_commands, and more. See ExRatatui.Runtime for the full shape.
Pattern 2: assert via a test_pid
For richer assertions, the app can send messages to a pid passed through mount opts:
defmodule MyApp.Counter do
  use ExRatatui.App

  @impl true
  def mount(opts) do
    {:ok, %{count: 0, test_pid: Keyword.get(opts, :test_pid)}}
  end

  @impl true
  def handle_event(%ExRatatui.Event.Key{code: "up"}, state) do
    state = %{state | count: state.count + 1}
    if state.test_pid, do: send(state.test_pid, {:count_changed, state.count})
    {:noreply, state}
  end

  # ...
end
Then:
test "tracks count over multiple presses" do
  pid =
    start_supervised!(
      {MyApp.Counter, name: nil, test_pid: self(), test_mode: {40, 10}}
    )

  :ok = Runtime.inject_event(pid, %Event.Key{code: "up", kind: "press"})
  assert_receive {:count_changed, 1}, 500

  :ok = Runtime.inject_event(pid, %Event.Key{code: "up", kind: "press"})
  assert_receive {:count_changed, 2}, 500
end
This hook is entirely in the app's code — no framework plumbing. The test_pid is just another mount option; production runs don't pass one, so state.test_pid is nil and the send is a no-op.
Pattern 3: assert via :sys.get_state
For quick state inspection in tests, :sys.get_state/1 works on any GenServer, including the ExRatatui server. The returned struct's :user_state field holds the app's state:
server_state = :sys.get_state(pid)
assert server_state.user_state.count == 2
Useful in a pinch, but prefer Runtime.snapshot/1 or a test_pid when the test should survive refactors.
Testing event transitions
Key, mouse, and resize events all work the same way:
# Key press
%ExRatatui.Event.Key{code: "enter", kind: "press"}
%ExRatatui.Event.Key{code: "c", modifiers: ["ctrl"], kind: "press"}

# Mouse
%ExRatatui.Event.Mouse{kind: "down", button: "left", x: 10, y: 5}

# Resize
%ExRatatui.Event.Resize{width: 120, height: 40}
Any of these can be passed to inject_event/2. A resize event triggers a fresh render at the new size — good for asserting responsive layout code.
Testing handle_info and subscriptions
Callback-runtime handle_info/2 callbacks receive regular messages — just send(pid, message) in the test. Tracing with enable_trace (see Debugging) captures :info sources if needed.
For reducer-runtime subscriptions:
pid = start_supervised!({MyApp.TUI, name: nil, test_mode: {40, 10}})

snapshot = Runtime.snapshot(pid)
assert length(snapshot.subscriptions) == 1
assert [%{id: :tick, kind: :interval, interval_ms: 1_000}] = snapshot.subscriptions
A real interval can be left to fire (fine for short intervals in fast tests), but prefer driving the transition manually via inject_event/2 and asserting the effect — tests are more deterministic without timing dependencies.
Patterns
Asserting text is visible
Widget-level: assert on get_buffer_content/1. App-level: the server renders into its internal test terminal, but the buffer isn't exposed for supervised apps today — assert via test_pid / snapshot instead, or extract the render logic into a pure function and test it separately:
# In lib/my_app/tui.ex
def render(state, frame), do: scene(state, frame)
def scene(state, frame), do: [{paragraph_for(state), rect_for(frame)}]

# In test/my_app/tui_test.exs
test "renders count with positive styling" do
  terminal = ExRatatui.init_test_terminal(40, 10)
  scene = MyApp.TUI.scene(%{count: 42}, %ExRatatui.Frame{width: 40, height: 10})
  :ok = ExRatatui.draw(terminal, scene)
  assert ExRatatui.get_buffer_content(terminal) =~ "42"
end
Pulling scene/2 out of render/2 is a light refactor that pays for itself the first time a visual assertion is needed.
Asserting text in a specific region
content = ExRatatui.get_buffer_content(terminal)
rows = String.split(content, "\n")
assert Enum.at(rows, 5) =~ "status: ok"
For column ranges use binary_part/3 or String.slice/2 on the row. Absence is the same shape inverted: refute content =~ "error".
Asserting focus moved
If the app renders the focused region's border in a distinct color, that'll show up in the buffer. If focus is tracked explicitly in state, assert against :sys.get_state(pid).user_state.focus.
Property-based invariants
Use stream_data to check invariants that should hold for any input — decoder round-trips, layout constraints, style coercion. The ExRatatui test suite uses this approach for event decoding, layout, style, and text coercion. See test/ex_ratatui/property/ in the repo for patterns: generators → assertions over StreamData.check_all/3 blocks → deterministic seeds on failure.
Cross-transport parity
A single app module runs over local, SSH, or distribution transports. To verify a change doesn't regress one of them, the suite runs the same scenario against all three transports using a shared driver module. For downstream apps, one focused local-transport test suite is usually enough — only add cross-transport tests after hitting a transport-specific bug or when shipping a library meant to be transport-agnostic.
Gotchas
Avoid Process.sleep/1. When waiting for an event to be processed, use _ = :sys.get_state(pid) — by the time that call returns, the server has handled every prior message. When waiting for a message, use assert_receive {msg, ...}, timeout.
Avoid Process.alive?/1 for synchronization. Prefer Process.monitor/1 + assert_receive {:DOWN, ^ref, :process, ^pid, _reason}.
async: true + test_mode. test_mode disables terminal polling specifically so async tests don't race ambient TTY events. If flaky tests touch real stdin, make sure every start_link / start_supervised! passes test_mode: {w, h}.
Don't forget name: nil. Tests that start a named app will collide with any other test running in parallel under the same name. Pass name: nil to skip registration — the server can still be addressed by its pid.
Rust NIF rebuilds. When editing the Rust side too, prepend EX_RATATUI_BUILD=1 and clean _build/ first — stale precompiled binaries mask the changes. See Debugging.
Asserting on structured cells
get_buffer_content/1 strips styling. To assert on per-cell colors, modifiers, or exact positions — visual regression suites, snapshot tests for non-terminal renderers — ExRatatui.CellSession exposes the rendered cells as Elixir structs:
session = ExRatatui.CellSession.new(40, 10)
:ok = ExRatatui.CellSession.draw(session, [{widget, %Rect{x: 0, y: 0, width: 40, height: 10}}])
%ExRatatui.CellSession.Snapshot{cells: cells} = ExRatatui.CellSession.take_cells(session)

styled = Enum.find(cells, &(&1.symbol == "H"))
assert styled.fg == :green
assert :bold in styled.modifiers
See Rendering to Non-Terminal Surfaces for the full cell shape and the diff path.
Related
	Debugging — Runtime.enable_trace/2, buffer inspection during development.
	Performance — how render?: false affects render counts in tests.
	Rendering to Non-Terminal Surfaces — CellSession for tests that need structured cells.
	ExRatatui.Runtime module docs — full shape of snapshot/1, enable_trace/2, inject_event/2.



  

    Debugging

Terminal UIs are harder to debug than web apps — no devtools, no browser console, and a single IO.inspect in render/2 will garble the output. This guide covers the tools ExRatatui provides instead.
Three layers, from least invasive to most:
	Runtime snapshot — one call returns everything the runtime knows about the app.
	Runtime trace — opt-in in-memory log of every message, render, command, and subscription event.
	Headless buffer inspection — render a frame to the test backend and dump the string.

Runtime snapshot
ExRatatui.Runtime.snapshot/1 is the quickest way to see what's going on. It works on any running ExRatatui.App:
iex> {:ok, pid} = MyApp.TUI.start_link(name: nil)
iex> ExRatatui.Runtime.snapshot(pid)
%{mode: :callbacks, mod: MyApp.TUI, transport: :local, render_count: 17, ...}
ExRatatui.Runtime documents every field. The ones that answer most questions:
	:render_count — did render actually run? If this stays flat, the transition returned render?: false or the event isn't reaching handle_event/2.
	:dimensions — the size the runtime thinks it has. Off if something grabbed the terminal before mount.
	:subscriptions — reducer-runtime only; shows which timers are active and whether they've fired at least once.
	:active_async_commands — Command.async/2 calls currently running.
	:polling_enabled? — false under test_mode, true in real terminals. If it's unexpectedly false, test_mode was probably passed accidentally.

Runtime trace
For questions like "why did state transition here?" or "what commands did that event produce?", turn on tracing:
iex> :ok = ExRatatui.Runtime.enable_trace(pid)
iex> # ... interact with the app ...
iex> ExRatatui.Runtime.trace_events(pid)
[
  %{kind: :message, at_ms: 123456, details: %{source: :event, payload: %ExRatatui.Event.Key{code: "up", ...}}},
  %{kind: :render, at_ms: 123457, details: %{frame: %ExRatatui.Frame{width: 120, height: 40}, widget_count: 4}},
  %{kind: :command, at_ms: 123458, details: %{kind: :message, message: :refresh}},
  %{kind: :subscription, at_ms: 123500, details: %{action: :fire, id: :tick, kind: :interval}},
  ...
]
Each event is a map with :kind, :at_ms (monotonic ms), and :details. Kinds:
	:message — a message arrived. source: :event for terminal input, source: :info for mailbox messages.
	:render — render/2 ran. Gives the frame and the widget count it returned.
	:command — a Command was queued. Kind is :message, :after, or :async.
	:subscription — subscription lifecycle (:start, :cancel, :fire).

The buffer defaults to 200 events, oldest dropped first. Bump it for long sessions:
ExRatatui.Runtime.enable_trace(pid, limit: 1_000)
Turn it off when done — traces cost memory per transition:
ExRatatui.Runtime.disable_trace(pid)
From inside a reducer-runtime update/2, tracing can be flipped per-transition via the runtime opts:
def update({:event, %Event.Key{code: "?", modifiers: ["ctrl"]}}, state) do
  {:noreply, state, trace?: true}
end
Useful to capture a specific interaction without leaving tracing on forever.
Reading a trace
A typical "button press → state change → re-render" sequence looks like:
:message  source: :event    payload: %Event.Key{code: "up"}
:command  kind: :message    message: :boot            # whatever the update returned
:render   widget_count: 4
If :message appears but no :render, either:
	The transition returned render?: false
	render/2 raised (check logs and the server's exit status)

If multiple :render appear for one event, something in handle_info/2 triggered another transition — common with subscriptions firing during the same scheduler slot.
Buffer inspection as a dev tool
When "is my widget actually there?" can't be eyeballed, render to a headless test terminal and print the buffer:
terminal = ExRatatui.init_test_terminal(80, 24)
:ok = ExRatatui.draw(terminal, my_widget_tree)
IO.puts(ExRatatui.get_buffer_content(terminal))
This works anywhere — dev console, IEx, inside a test, inside terminate/2. It strips styling and gives the pure character grid. Great for layout bugs where borders don't line up or text gets clipped.
To capture a supervised app's scene mid-run, factor render/2 so the scene-building is pure — the same scene/2 split the Testing guide recommends. Then from IEx or a test:
state = :sys.get_state(pid).user_state
frame = %ExRatatui.Frame{width: 80, height: 24}
scene = MyApp.TUI.scene(state, frame)

terminal = ExRatatui.init_test_terminal(80, 24)
:ok = ExRatatui.draw(terminal, scene)
IO.puts(ExRatatui.get_buffer_content(terminal))
The result is a snapshot of what the user's seeing without touching their terminal.
dbg/1 inside callbacks
dbg/1 is tempting in render/2 but will destroy the display — anything written to stdout while raw mode is active garbles the output. Two options:
Log instead of printing. Logger.debug/1 goes to configured log backends, not the terminal. In dev, route it to a file:
# config/dev.exs
config :logger, :default_handler, config: %{file: ~c"log/dev.log"}
Use dbg in handle_event/2 only when the app won't render afterwards. If the event ends with {:stop, state}, stdout output is safe because the terminal gets restored during shutdown.
For interactive debugging, prefer Runtime.snapshot/1 or the trace — both are non-invasive.
Common errors
{:terminal_init_failed, reason} on startup
The server tried to initialize a real terminal but the process has no TTY. Happens when:
	Running mix run with stdin redirected or piped
	Starting a TUI from an IDE's non-interactive test runner
	Backgrounding a process that later tries to render

Fix: For tests, pass test_mode: {width, height}. For dev, run from a real terminal emulator (Ghostty, iTerm2, Alacritty, Windows Terminal). For production use over SSH, don't use :local — use transport: :ssh so the daemon handles PTY allocation per client.
Dropped keystrokes or missing characters
Characters vanish under fast or sustained typing — hello world echoes as helo wld, or 30 key presses register as 25. The cause is two readers competing for the same terminal: on a :local transport the TUI's poll path (crossterm, in the NIF) reads the controlling terminal directly, while the BEAM keeps its own reader on the same device — the OTP 26+ prim_tty reader process (:user_drv_reader) that backs iex, elixir script.exs, mix run, and shell-attached releases alike. In raw mode each keystroke byte goes to whichever read() wins, so under load some bytes are swallowed before they ever reach the app. The swallowed keys often surface at the shell prompt once the TUI exits. It barely shows at one-key-at-a-time speed, which is why simpler demos feel fine. The race is more likely to drop bytes on macOS than on Linux, so an app can look clean on one machine and lossy on another.
ExRatatui handles this automatically. On the :local transport — ExRatatui.run/2 and the local ExRatatui.App server — it parks the BEAM's terminal reader for the duration of the session, using prim_tty's own disable/enable handoff (the same one the shell performs on Ctrl-Z), so crossterm owns input exclusively. The reader resumes on teardown and the shell returns intact — termios stays raw the whole time, so nothing is left in cooked mode. No configuration is needed; iex, scripts, mix run, and releases all run cleanly.
The handoff is a no-op when there is no competing reader to park — older OTP without prim_tty, a release booted with -noinput, or piped / non-TTY stdin — and the session, SSH, and distributed transports never share a local terminal, so they are unaffected either way. To opt out of the handoff entirely:
config :ex_ratatui, detach_local_input: false
Terminal looks garbled, colors wrong
The terminal emulator isn't reporting 256-color or true-color support. Most modern emulators are fine. Under tmux or screen, set TERM=xterm-256color. Some SSH clients strip the outer TERM — if colors are right locally but wrong over SSH, check the remote echo $TERM.
SSH client hangs, shows nothing
Most SSH clients don't allocate a PTY by default. Connect with -t:
ssh -t demo@localhost -p 2222

Without it, the TUI has nowhere to render. See the SSH guide.
mix run examples/foo.exs exits immediately
The script finished because stdin wasn't a TTY and poll_event/1 returned without input. Run from a real terminal. For daemon-mode examples (SSH, distributed), use --no-halt so the VM stays up after the script returns:
mix run --no-halt examples/apps/system_monitor.exs --ssh

Render works once, then freezes
Usually a long-running computation inside render/2. Terminal events keep queuing, but the render loop is blocked. Move the heavy work to handle_event/2 / update/2 (fine — runs between renders) or an async command (Command.async/2 in reducer runtime, Task.Supervisor.async_nolink/2 in callback). See Performance.
Runtime stops on its own with {:stop, reason}
Check the logs — an exception in any callback crashes the server. The generated child_spec uses restart: :transient, so the supervisor restarts the app after an abnormal exit but leaves it down after a clean {:stop, state}. In tests, start_supervised! propagates the crash into the test.
Force-killed TUI left the shell broken
If a TUI crashes without running terminate/2 (SIGKILL, a kernel OOM, a disconnected SSH session), the terminal can be left in raw mode — characters don't echo, the cursor vanishes, or output wraps oddly. Restore it from the dazed shell:
reset      # full terminal reset — safest
stty sane  # lighter: restores line discipline without clearing

Both are safe to type blind. Under supervised runs this is rare because terminate/2 restores the terminal on any :normal, :shutdown, or exception exit — but it can't fire if the BEAM itself is killed.
Rust NIF rebuilds
When editing the native code under native/ex_ratatui/:
rm -rf _build
EX_RATATUI_BUILD=1 mix compile
EX_RATATUI_BUILD=1 mix test

The rm -rf _build is important — stale BEAM artifacts reference the old NIF image and the Rust changes won't take effect. Prepend EX_RATATUI_BUILD=1 to every mix command until the Rust edits are done, otherwise mix falls back to precompiled binaries and silently ignores them.
Symptoms of a stale NIF:
	Adding a new NIF function and getting UndefinedFunctionError
	Changing a Rust signature and seeing the old behavior
	Compile succeeds but tests use old binary

Related
	Testing — structured assertions with Runtime.inject_event/2 and the test backend.
	Performance — Runtime.enable_trace/2 as a timing tool with at_ms timestamps.
	ExRatatui.Runtime module docs — full shape of every snapshot field.



  

    Performance

Most ExRatatui apps don't need performance tuning — render/2 runs fast, the default 16ms poll gives ~60fps, and cell-level diffing keeps network output tight over SSH. But once an app grows a thousand-row list, a tick-driven dashboard, or a dozen widgets recomputed every frame, the tradeoffs matter.
This guide covers the knobs, in order of impact.
The render loop
When an ExRatatui.App runs, the server loop looks like this:
	Poll the terminal for an event on the DirtyIo scheduler (non-blocking against other BEAM processes).
	Receive an event, handle_info message, subscription firing, or async command result.
	Run the matching callback (handle_event/2, update/2, etc.) to transition state.
	If the transition opted in (default), call render/2 to build the scene.
	Hand the widget list to the Rust side, which diffs against the previous frame and writes only changed cells.

Every transition is a chance to re-render. If render/2 is cheap and transitions are sparse, there's headroom for a lot of widgets. If one of those is expensive, everything else pays.
Skip unneeded renders — render?: false
Not every state change needs a visible update. Telemetry ticks, background cache refills, or bookkeeping transitions should skip the render:
# Callback runtime
def handle_info({:metrics_refreshed, data}, state) do
  {:noreply, %{state | metrics: data}, render?: false}
end

# Reducer runtime
def update({:info, {:metrics_refreshed, data}}, state) do
  {:noreply, %{state | metrics: data}, render?: false}
end
render?: false keeps the new state but doesn't call render/2 or push a frame. The next transition that does render will include the metrics update in the same frame.
Rule of thumb: if a state change doesn't change anything the user can see right now, skip the render. A render can always be forced by emitting a tick that does render.
Keep render/2 cheap
render/2 can run many times per second. Anything expensive belongs in the transition, not the render.
Derive in handle_event / update, not render. Precompute sorted lists, grouped aggregates, filtered views once when they change — store the derived value in state. Let render/2 read ready-made data.
# Bad: sorts on every frame
def render(state, _frame) do
  items = Enum.sort_by(state.items, & &1.created_at)
  [ ... ]
end

# Good: sort once, cache, reuse
def handle_event(%Event.Key{code: "a"}, state) do
  items = [new_item(state) | state.items]
  sorted = Enum.sort_by(items, & &1.created_at)
  {:noreply, %{state | items: items, sorted: sorted}}
end

def render(state, _frame) do
  [ ... use state.sorted ... ]
end
No I/O in render/2. File reads, network calls, Process.get/0, :ets.lookup/2 — move them out. Even local ETS adds per-frame overhead at 60fps.
Avoid allocating large binaries from scratch on every frame. When building a huge formatted string that rarely changes, cache it in state too. Garbage collection on the render path is the tax paid later.
Widget structs are cheap to allocate, expensive to over-nest. A widget list with thousands of Span structs for one line is fine; a List with twenty thousand items isn't — use the next section.
Large trees: scrolling containers
Rendering a %List{items: one_million_rows} means encoding every row across the NIF boundary on every frame. Don't do that. Options:
%WidgetList{} — heterogeneous scrollable container with row clipping. Pass {widget, height} tuples plus a scroll_offset; only visible rows are rendered. Note encoding still walks every item, so for very large collections slice in state first (next option):
%WidgetList{
  items: Enum.map(state.items, &{%Paragraph{text: &1}, 1}),
  scroll_offset: state.scroll_offset,
  selected: state.selected
}
For long homogeneous lists, slice before passing to %List{}:
visible = Enum.slice(state.items, state.scroll_offset, 20)
%List{items: visible, selected: state.selected - state.scroll_offset}
20 items cross the NIF boundary per frame instead of a million. Manage the viewport in state.
Avoid re-allocating item lists on every frame. If state.items doesn't change, render/2 should reuse it verbatim, not Enum.map over it to "freshen" the structs.
Poll interval
The default poll_interval: 16 targets ~60fps. Every 16ms the server wakes on the DirtyIo scheduler and checks for terminal input. Two directions to tune:
	Higher (e.g. poll_interval: 33 → ~30fps) — cuts CPU for idle apps. Input feels a touch laggier.
	Lower (e.g. poll_interval: 8) — snappier input response for games or typing-heavy UIs. More CPU.

{:ok, _} = MyApp.TUI.start_link(poll_interval: 33)
Applies only to the :local transport. Over SSH, the daemon buffers and dispatches at its own pace. Over distribution, the client polls locally — set poll_interval in Distributed.attach/3 options.
Remember this is just the poll, not the render cap. Rendering happens per-transition regardless of interval.
Subscriptions (reducer runtime)
Subscription.interval/3 is efficient — the runtime reconciles subscriptions after each transition, firing only what's due, starting new timers when a subscription appears, and canceling ones that disappear. That's the point: declarative timers without manually managing Process.send_after state.
Performance notes:
	Short intervals still cost messages. A 16ms subscription is 60 messages/sec plus 60 renders (unless paired with render?: false). Prefer second-or-longer intervals for dashboards.
	Subscriptions are pure by id. Changing just the :interval_ms of an existing subscription id restarts the timer. Changing the id tears the old one down and starts fresh.
	Conditional subscriptions. Return [] (or omit from the list) when no timer is needed — the runtime cancels it. This is the idiomatic way to "pause" a ticker: toggle a flag in state, check it in subscriptions/1, return the list conditionally.

def subscriptions(%{paused: true}), do: []
def subscriptions(_state), do: [Subscription.interval(:tick, 1_000, :tick)]
Async effects
Never block the runtime. A synchronous HTTP call in handle_event/2 freezes the UI until it returns. Two escape hatches:
Reducer runtime — Command.async/2:
def update({:event, %Event.Key{code: "r"}}, state) do
  command = Command.async(fn -> HTTPoison.get!("https://api.example.com/data") end, &{:data_loaded, &1})
  {:noreply, state, commands: [command]}
end

def update({:info, {:data_loaded, response}}, state) do
  {:noreply, %{state | data: response.body}}
end
The runtime spawns a supervised task, keeps rendering normally, and delivers the result back through update/2 when done.
Callback runtime — Task.Supervisor.async_nolink/2:
def handle_event(%Event.Key{code: "r"}, state) do
  Task.Supervisor.async_nolink(MyApp.TaskSup, fn ->
    HTTPoison.get!("https://api.example.com/data")
  end)
  {:noreply, state}
end

# The task's return value arrives as a {ref, result} message
def handle_info({ref, response}, state) when is_reference(ref) do
  Process.demonitor(ref, [:flush])
  {:noreply, %{state | data: response.body}}
end
async_nolink is important — without it, the task's crash would bring down the TUI. Supervise the Task.Supervisor separately in the app's supervision tree.
Either way, don't use raw Task.async/1 or spawn/1 in production. They're unsupervised — a crash leaks state or kills the app.
Measuring
Two tools.
ExRatatui.Runtime.enable_trace/2 gives :at_ms timestamps on every message, render, command, and subscription. To time a render:
ExRatatui.Runtime.enable_trace(pid)
# ... interact ...
events = ExRatatui.Runtime.trace_events(pid)

# Pair each :message with the next :render
events
|> Enum.chunk_every(2, 1, :discard)
|> Enum.filter(fn [a, b] -> a.kind == :message and b.kind == :render end)
|> Enum.map(fn [msg, render] -> render.at_ms - msg.at_ms end)
Good enough to spot outliers (one render that takes 40ms where the rest take 2ms).
:timer.tc/1 is the standard microbenchmark for a single function. Use it on the scene-building logic extracted from render/2:
{time_us, _} = :timer.tc(fn -> MyApp.TUI.scene(state, frame) end)
IO.puts("scene build: #{time_us}µs")
If that's fast and the render is slow, the time's in the NIF — likely a giant widget list or deeply nested structs. See "Large trees" above.
Transport considerations
	Local transport — render cost is whatever render/2 takes plus the Rust diff, which writes only changed cells to the PTY. Cheap.
	SSH transport — every frame's diff crosses the SSH stream. Over slow links, prefer render?: false where possible and keep animated elements (throbbers, sparklines) small.
	Distribution transport — the app node encodes the widget list as BEAM terms and ships them to the client node. Large widget lists cost network bandwidth per frame. Same mitigation: skip renders, keep trees tight.
	Cell-based consumers (CellSession) — non-terminal renderers (LiveView, framebuffers) ship cells, not bytes. Use take_cells_diff/1 instead of take_cells/1 so steady-state frames carry only changed cells, and keep styled rects tight (a styled Paragraph paints its style across the whole rect — every cell counts as changed). See Rendering to Non-Terminal Surfaces.

The same app module runs on all of them without changes; the transport-specific knobs (poll_interval, subscription cadence) are tuned at start_link.
Related
	Debugging — enable_trace/2 for timing, snapshot/1 for render counts.
	Reducer Runtime — full Command and Subscription API.
	Testing — asserting render_count stays flat under render?: false.
	Rendering to Non-Terminal Surfaces — diff-based cell shipping for LiveView and framebuffer consumers.



  

    Telemetry

ExRatatui emits events for every runtime transition, render cycle, transport handshake, and session lifecycle change. Attach handlers — for logging, metrics, or OpenTelemetry tracing — and get observability without forking the runtime or wrapping custom timers around mount/1.
What gets emitted
Two categories, all prefixed with :ex_ratatui. Span events wrap something with a duration — mount/1, a render, a handle_event/2 call. Each span fires three telemetry events: :start when it begins, :stop when it ends (measurements include :duration), :exception if it raises. Single events mark a point in time — a dropped frame, a disconnect — and fire once with no paired stop.
The full catalog — every event with its measurements and metadata — lives in ExRatatui.Telemetry's moduledoc. The shape of it: five runtime/render/transport spans, two library-level spans (:image, :decode and :code_block, :highlight), and four single events for session lifecycle, dropped frames, and disconnects.
Every runtime / render / transport / session event carries :mod and :transport in its metadata, so the same handler can tag frames by app module or filter by transport without fishing for the data elsewhere. The two library-level spans — [:ex_ratatui, :image, :decode] and [:ex_ratatui, :code_block, :highlight] — fire from pure functions outside the server, so they carry only their own decode / highlight metadata; correlate them with a render frame via the telemetry_span_context reference if that join is needed.
The split between :runtime, :event and :runtime, :update isn't arbitrary. Terminal input goes through :event; everything else — subscriptions firing, async command results, plain send/2 into the server — goes through :update. When asking "is my app slow because of keyboard handling or because my tick interval is doing too much?", that's the first place to look. :render, :frame's :stop event also adds :widget_count to its metadata, which makes a Telemetry.Metrics summary like "p99 frame build by widget count" a one-liner.
Log every event
ExRatatui ships a default logger that attaches one handler for every runtime, render, transport, and session event (the :image, :decode and :code_block, :highlight library spans are not included):
# typically in Application.start/2 or an iex session
ExRatatui.Telemetry.attach_default_logger()
Every :stop and every single event now logs at :debug. Pass level: :info (or any Logger level) to bump the verbosity, or events: to restrict which events log:
ExRatatui.Telemetry.attach_default_logger(
  level: :info,
  events: [[:ex_ratatui, :render, :frame, :stop], [:ex_ratatui, :render, :dropped]]
)
detach_default_logger/0 reverses it.
Telemetry.Metrics
telemetry_metrics converts :telemetry events into summaries, counters, and distributions. Wire the output into a reporter for dashboards in minutes.
An example:
def metrics do
  [
    # Render timing — the one metric actually worth graphing.
    Telemetry.Metrics.summary("ex_ratatui.render.frame.stop.duration",
      unit: {:native, :millisecond},
      tags: [:mod, :transport]
    ),

    # Frame-build cost by scene size — spot "my dashboard grew 3x and now drops frames".
    # :widget_count lives in metadata, not measurements, so point the metric at it.
    Telemetry.Metrics.distribution("ex_ratatui.render.frame.stop.widget_count",
      measurement: fn _measurements, metadata -> metadata.widget_count end,
      tags: [:mod]
    ),

    # Dropped frames — should be near zero. Page on it. The trailing .count
    # makes Telemetry.Metrics count occurrences of the 3-segment event.
    Telemetry.Metrics.counter("ex_ratatui.render.dropped.count",
      tags: [:transport, :reason]
    ),

    # Handler latency — if a :runtime.event.stop summary grows, the
    # handle_event/2 is doing too much.
    Telemetry.Metrics.summary("ex_ratatui.runtime.event.stop.duration",
      unit: {:native, :millisecond},
      tags: [:mod]
    ),

    # Session churn — SSH clients connecting/disconnecting.
    Telemetry.Metrics.counter("ex_ratatui.transport.disconnect.count",
      tags: [:transport, :reason]
    )
  ]
end
OpenTelemetry
opentelemetry_telemetry gives the primitives to turn each :telemetry span into an OTel span: start_telemetry_span/4 when the :start event fires, end_telemetry_span/2 when :stop fires. The telemetry_span_context reference that :telemetry.span/3 puts on every event is what lets the pair find each other across handler invocations, so there's no state to thread manually.
Attach one handler covering the suffixes of every span of interest. Configure the exporter (Jaeger, Honeycomb, Tempo) via :opentelemetry_exporter, and every ExRatatui span now lands in the trace UI.
The payoff is end-to-end traces: an SSH TUI that calls into a Phoenix backend shows the render span next to the HTTP span next to the DB span, all in one timeline.
Related
	Debugging — Runtime.enable_trace/2 gives an in-memory event log scoped to one server; telemetry gives the system-wide view. Both have their place.
	Performance — once metrics surface a slow render, this guide covers what to do about it.
	Custom Transports / Rendering to Non-Terminal Surfaces — transports built on top of these primitives are where a custom per-frame telemetry boundary would attach.
	ExRatatui.Telemetry — module docs with the helper API.
	telemetry / telemetry_metrics / opentelemetry_telemetry — upstream docs.



  

    Widgets Cheatsheet

Quick lookup for every built-in widget and helper. One example per struct, key fields inline. For concepts see Building UIs; for full option shapes, the module docs.
Styles & rich text
Style
%Style{
  fg: :green,                         # or {:rgb, r, g, b}, or {:indexed, 0..255}
  bg: :reset,
  underline_color: {:rgb, 255, 0, 0}, # colored underline (kitty/wezterm)
  modifiers: [:bold, :italic, :underlined, :reversed, :dim, :crossed_out]
}
Colors accept :reset, named atoms, {:rgb, r, g, b}, or {:indexed, n} (0–255). Modifiers are additive.
Rich text spans/lines
alias ExRatatui.Text.{Line, Span}

Line.new([
  Span.new(" ok ", style: %Style{fg: :green, modifiers: [:bold]}),
  Span.new(" build passed", style: %Style{fg: :gray})
])
Accepted by Paragraph.text, List.items, Table.rows/header, Tabs.titles, Block.title.
Events
poll_event/1 returns
case ExRatatui.poll_event(timeout) do
  %Event.Key{code: "q"} -> :quit
  %Event.Mouse{kind: "down", button: "left", x: x, y: y} ->
    {:click, x, y}
  %Event.Resize{width: w, height: h} -> {:resize, w, h}
  %Event.Paste{content: text} -> {:paste, text}
  %Event.FocusGained{} -> :resume_animations
  %Event.FocusLost{} -> :pause_animations
  nil -> :no_event
end
Event.Paste arrives only on the local terminal today — see Paste and clipboard. Focus events are opt-in: ExRatatui.run(fun, focus_events: true).
Consuming Paste in widgets
case event do
  %Event.Paste{content: text} ->
    ExRatatui.text_input_insert_str(state.input, text)
  # ...
end
text_input_insert_str/2 strips every control character (single-line). textarea_insert_str/2 preserves \n and \r\n as line breaks; lone \r is dropped. Both batch the insert as one NIF call.
Layout
Layout.split/4
alias ExRatatui.Layout

[left, right] =
  Layout.split(frame_rect, :horizontal, [
    {:percentage, 30},
    {:percentage, 70}
  ])
Direction: :horizontal or :vertical. Constraints: :length, :percentage, :min, :max, :ratio, {:fill, weight}.
Flex + spacing + margin
# Centered fixed-width popup
[popup] = Layout.split(area, :horizontal,
  [{:length, 40}], flex: :center)

# Two growable panels with a 2-cell gutter
[a, b] = Layout.split(area, :horizontal,
  [{:fill, 1}, {:fill, 1}], spacing: 2)

# Split but leave a 1-cell border around the edges
[body] = Layout.split(area, :vertical, [{:min, 0}], margin: 1)
:flex is one of :legacy, :start, :end, :center, :space_between, :space_around. :spacing is cells between segments; :margin (or :horizontal_margin / :vertical_margin) insets the whole area before splitting.
%Rect{}
%ExRatatui.Layout.Rect{x: 0, y: 0, width: 80, height: 24}
All widgets render into a Rect. Returned from Layout.split/4, derived from %Frame{}, or built manually for absolute placement.
Padding helpers
alias ExRatatui.Layout.Padding

%Block{padding: Padding.uniform(1)}        # {1, 1, 1, 1}
%Block{padding: Padding.symmetric(2, 1)}   # {2, 2, 1, 1}  (horiz, vert)
%Block{padding: Padding.horizontal(2)}     # {2, 2, 0, 0}
%Block{padding: Padding.vertical(1)}       # {0, 0, 1, 1}
%Block{padding: Padding.new(1, 2, 3, 4)}   # {1, 2, 3, 4}
Block.padding is a {left, right, top, bottom} tuple; these just build it.
Focus & theming
Focus ring
alias ExRatatui.{Focus, Event}

# Build the ring once.
focus = Focus.new([:search, :results, :details])

# Register hit-test regions after layout (typically on resize).
focus =
  focus
  |> Focus.set_region(:search, search_rect)
  |> Focus.set_regions(%{results: results_rect, details: details_rect})

# Route keys: Tab / Shift+Tab move focus, everything else passes through.
{focus, key} = Focus.handle_key(focus, key_event)

# Route mouse: left-click in a region focuses that ID + passes event through.
{focus, mouse} = Focus.handle_mouse(focus, mouse_event)

# Style off the focused ID — Focus never touches widget structs.
border = if Focus.focused?(focus, :search),
  do: %Style{fg: :yellow},
  else: %Style{fg: :gray}
Focus.at(focus, x, y) returns the ID under a point (smallest region wins on overlap). Scroll routing is intentionally not built in — pick Focus.current/1 for "scroll the focused widget" or Focus.at/3 for "scroll the widget under the cursor".
Theme palette
alias ExRatatui.Theme

theme = Theme.default()                 # dark-friendly; surface nil
# or  Theme.light()                     # dark text on white surface
# or  %Theme{primary: :magenta, accent: {:rgb, 245, 158, 11}, ...}

%Block{
  borders: [:all],
  border_style: Theme.border_style(theme, focused: focused?)
}

%List{
  items: results,
  highlight_style: Theme.selection_style(theme)
}

# Body text + dim hint
Theme.text_style(theme)                 # %Style{fg: theme.text, bg: theme.surface}
Theme.text_style(theme, dim: true)      # %Style{fg: theme.text_dim, ...}
Eleven semantic slots: :primary, :accent, :border, :border_focused, :surface, :surface_alt, :text, :text_dim, :success, :warning, :danger. Each accepts any ExRatatui.Style.color/0. Apps thread the theme through render code by hand; no global config, no automatic widget injection.
Text & content
Paragraph
%Paragraph{
  text: "Hello!",                      # String | Span | Line | [Span]
  style: %Style{fg: :green},
  alignment: :center,                  # :left | :center | :right
  wrap: true,
  scroll: {0, 0},                      # {vertical, horizontal}
  block: %Block{title: " Info ", borders: [:all]}
}
Markdown
%Markdown{
  content: "# Title\n\n**bold** *italic* `code`\n\n- a\n- b",
  wrap: true,
  scroll: {0, 0},
  block: %Block{borders: [:all]}
}
Supports headings, bold/italic, inline code, fenced code blocks with syntax highlighting, lists, links, and horizontal rules.
BigText
ExRatatui.BigText.new("HELLO",
  pixel_size: :quadrant,               # :full | :half_height | :half_width
                                       # :quadrant | :third_height | :sextant
                                       # :quarter_height | :octant
  alignment: :center,                  # :left | :center | :right
  style: %Style{fg: :magenta},
  block: %Block{borders: [:all]}
)
Oversized 8×8-pixel text for slide titles / banners. Smaller pixel_size packs more characters into the same area; :octant is the densest. Backed by tui-big-text.
CodeBlock
%ExRatatui.Widgets.CodeBlock{
  content: source_code,
  language: "rust",                    # nil = plain text fallback
  theme: :base16_ocean_dark,           # 7 curated atoms or any raw string
  line_numbers: true,
  starting_line: 1,
  highlight_lines: [3, 7..9]           # ints + ranges, normalised
}
Syntax-highlighted source code, display-only. Themes (curated atoms):
:base16_ocean_dark, :base16_ocean_light, :base16_eighties_dark,
:base16_mocha_dark, :inspired_github, :solarized_dark, :solarized_light.
Raw strings pass through for custom theme sets. Languages: syntect's bundled
SyntaxSet (Rust, Python, JS, Ruby, Go, Java, JSON, YAML, Erlang, etc.) plus
Elixir which we ship as an additional bundled syntax.
Raw highlighted lines for composite widgets:
ExRatatui.CodeBlock.highlight("fn main() {}", "rust", :solarized_dark)
# => [%ExRatatui.Text.Line{spans: [...]}, ...]
Lists, tables & scrolling
List
%List{
  items: ["Item 1", "Item 2", "Item 3"],
  selected: 0,
  highlight_style: %Style{fg: :yellow, modifiers: [:bold]},
  highlight_symbol: ">> ",
  direction: :bottom_to_top,            # default :top_to_bottom (chat logs)
  scroll_padding: 2,                     # default 0; vim's scrolloff
  repeat_highlight_symbol: true,         # default false; multi-row items
  block: %Block{title: " Menu ", borders: [:all]}
}
Table
%Table{
  header: ["Name", "Score"],
  footer: ["Total", "182"],              # optional, renders at bottom
  rows: [["Alice", "95"], ["Bob", "87"]],
  widths: [{:percentage, 70}, {:percentage, 30}],
  selected: 0,                           # row index
  selected_column: 1,                    # required to fire column/cell styles below
  highlight_style: %Style{fg: :yellow},          # row highlight
  header_style: %Style{modifiers: [:bold]},
  footer_style: %Style{fg: :gray},
  column_highlight_style: %Style{bg: :dark_gray},
  cell_highlight_style: %Style{fg: :black, bg: :yellow},
  highlight_spacing: :always,            # :always | :when_selected (default) | :never
  column_spacing: 1,
  block: %Block{borders: [:all]}
}
Without :selected_column set, :column_highlight_style and :cell_highlight_style are no-ops.
WidgetList
%WidgetList{
  items: [
    {%Paragraph{text: "Row 1"}, 3},    # {widget, height}
    {%Paragraph{text: "Row 2"}, 5}
  ],
  selected: 0,
  scroll_offset: 0,
  highlight_style: %Style{bg: {:rgb, 50, 50, 50}}
}
Row-clipped scroll — only visible rows are rendered, but encoding walks all items; slice in state for huge lists.
Scrollbar
%Scrollbar{
  orientation: :vertical_right,        # or :vertical_left, :horizontal_bottom, :horizontal_top
  content_length: 100,
  position: 25,
  viewport_content_length: 20,
  thumb_style: %Style{fg: :yellow}
}
Progress & activity
Gauge
%Gauge{
  ratio: 0.65,                         # 0.0..1.0
  label: "65%",
  gauge_style: %Style{fg: :green},
  block: %Block{borders: [:all]}
}
LineGauge
%LineGauge{
  ratio: 0.4,
  label: "Loading...",
  filled_style: %Style{fg: :blue},
  unfilled_style: %Style{fg: :dark_gray}
}
Single-cell-tall bar — great for compact status rows.
Sparkline
%Sparkline{
  data: [0, 1, 3, 5, 8, nil, 2, 4],    # nil = absent
  max: 8,                              # nil auto-scales
  direction: :left_to_right,
  bar_set: :nine_levels,
  style: %Style{fg: :cyan}
}
Throbber
%Throbber{
  label: "Loading",
  throbber_set: :braille,              # :braille | :dots | :ascii | :clock
                                       # + 8 more, see module docs
  step: state.tick,                    # caller increments
  throbber_style: %Style{fg: :cyan}
}
Drive with Subscription.interval/3 (reducer) or Process.send_after/3 (callback).
BarChart
alias ExRatatui.Widgets.Bar

%BarChart{
  data: [
    %Bar{label: "Mon", value: 42},
    %Bar{label: "Tue", value: 67, style: %Style{fg: :yellow}}
  ],
  bar_width: 5,
  bar_gap: 1,
  direction: :vertical,                # or :horizontal
  max: 100                             # nil auto-scales
}
Use :groups with %BarGroup{} for side-by-side clusters (mutually exclusive with :data).
Input
TextInput
state = ExRatatui.text_input_new()     # mount once, keep in app state

%TextInput{
  state: state,
  placeholder: "Type here...",
  placeholder_style: %Style{fg: :dark_gray},
  style: %Style{fg: :white},
  cursor_style: %Style{bg: :white, fg: :black},
  block: %Block{borders: [:all]}
}

ExRatatui.text_input_handle_key(state, key.code)
value = ExRatatui.text_input_get_value(state)
Textarea
state = ExRatatui.textarea_new()

%Textarea{
  state: state,
  placeholder: "Enter message...",
  cursor_line_style: %Style{bg: {:rgb, 40, 40, 40}},
  line_number_style: %Style{fg: :dark_gray},  # nil hides line numbers
  block: %Block{borders: [:all]}
}

ExRatatui.textarea_handle_key(state, key.code, key.modifiers)
value = ExRatatui.textarea_get_value(state)
Enter always inserts a newline. For "Enter = submit", intercept the key in handle_event before forwarding to the textarea.
Checkbox
%Checkbox{
  label: "Enable notifications",
  checked: true,
  checked_style: %Style{fg: :green},
  checked_symbol: "[x]",
  unchecked_symbol: "[ ]"
}
SlashCommands
alias ExRatatui.Widgets.SlashCommands
alias ExRatatui.Widgets.SlashCommands.Command

commands = [
  %Command{name: "help", description: "Show help", aliases: ["h", "?"]},
  %Command{name: "quit", description: "Exit", aliases: ["q"]}
]

case SlashCommands.parse(input_text) do
  {:command, prefix} -> SlashCommands.match_commands(commands, prefix)
  :no_command -> []
end
Pair the matches with a %Popup{} in render/2 to show autocomplete.
Charts & canvas
Chart
alias ExRatatui.Widgets.Chart.{Axis, Dataset}

%Chart{
  datasets: [
    %Dataset{
      name: "CPU",
      data: [{0.0, 12.0}, {1.0, 25.0}, {2.0, 48.0}],
      marker: :braille,
      graph_type: :line,                # :line | :scatter | :bar
      style: %Style{fg: :cyan}
    }
  ],
  x_axis: %Axis{title: "Time", bounds: {0.0, 3.0}, labels: ["0", "1", "2", "3"]},
  y_axis: %Axis{title: "Usage %", bounds: {0.0, 100.0}, labels: ["0", "50", "100"]},
  legend_position: :top_right            # nil hides
}
Canvas
alias ExRatatui.Widgets.Canvas.{Circle, Label, Line, Points, Rectangle}

%Canvas{
  x_bounds: {0.0, 100.0},
  y_bounds: {0.0, 50.0},
  marker: :braille,                     # :braille | :dot | :block | :bar | :half_block
  background_color: :black,
  shapes: [
    %Line{x1: 0.0, y1: 0.0, x2: 100.0, y2: 50.0, color: :cyan},
    %Rectangle{x: 10.0, y: 10.0, width: 30.0, height: 20.0, color: :yellow},
    %Circle{x: 70.0, y: 25.0, radius: 10.0, color: :magenta},
    %Points{coords: [{20.0, 40.0}, {50.0, 30.0}], color: :green},
    %Label{x: 70.0, y: 25.0, text: "★", color: :white}
  ]
}
World map
alias ExRatatui.Widgets.Canvas.Map, as: CanvasMap

%Canvas{
  x_bounds: {-180.0, 180.0},
  y_bounds: {-90.0, 90.0},
  marker: :dot,
  shapes: [
    %CanvasMap{resolution: :high, color: :green},
    %Label{x: -74.0, y: 40.7, text: "NYC", color: :yellow}
  ]
}
Containers & overlays
Block
%Block{
  title: " Panel ",                     # String | Span | Line | [Span]
  borders: [:all],                      # or [:top, :left, ...]
  border_type: :rounded,                # :plain :rounded :double :thick
                                        # :light/heavy_{double,triple,quadruple}_dashed
                                        # :quadrant_inside :quadrant_outside
  border_style: %Style{fg: :cyan},
  padding: {0, 0, 0, 0}                 # {left, right, top, bottom}
}
Wraps another widget via that widget's :block field.
Block multi-title
alias ExRatatui.Widgets.Block.Title

%Block{
  title: "src/lib.rs",                  # top-left, single-title shortcut
  titles: [
    %Title{content: "[3/12]", alignment: :right},
    %Title{content: "modified", position: :bottom, alignment: :left},
    %Title{content: "L42:7",   position: :bottom, alignment: :right}
  ],
  title_position: :top,                 # default for titles without one
  title_alignment: :left,               # default alignment
  title_style: %Style{fg: :gray},       # default style
  borders: [:all]
}
Each %Block.Title{} carries optional :position, :alignment, :style overrides over the block defaults. Raw line-like entries in :titles (e.g. titles: ["status"]) inherit the defaults.
Popup
%Popup{
  content: %Paragraph{text: "Are you sure?"},
  percent_width: 50,                    # or fixed_width: 40
  percent_height: 30,                   # or fixed_height: 10
  block: %Block{title: " Confirm ", borders: [:all], border_type: :double}
}
Renders centered on top of whatever's already drawn.
Tabs
%Tabs{
  titles: ["Overview", "Details", "Settings"],
  selected: 0,
  highlight_style: %Style{fg: :yellow, modifiers: [:bold]},
  divider: " | ",
  padding: {1, 1},
  block: %Block{borders: [:bottom]}
}
Clear
%Clear{}
Fills the rect with blank cells. Use before a popup to dim underlying content.
Calendar
%Calendar{
  display_date: ~D[2026-03-15],
  events: [
    {~D[2026-03-10], %Style{fg: :red, modifiers: [:bold]}},
    {~D[2026-03-20], %Style{fg: :green}}
  ],
  default_style: %Style{fg: :white},
  show_month_header: true,
  header_style: %Style{fg: :yellow, modifiers: [:bold]},
  show_weekdays_header: true,
  weekday_style: %Style{fg: :cyan},
  show_surrounding: %Style{fg: :dark_gray},   # nil hides surrounding days
  block: %Block{title: " March ", borders: [:all]}
}
Needs ~22×8 cells (24×10 with a block). events accepts a keyword-like list of {%Date{}, %Style{}} tuples or a %{Date => Style} map.
Image
{:ok, picture} = ExRatatui.Image.new(File.read!("priv/cover.png"),
  protocol: :auto,        # or :halfblocks / :kitty / :sixel / :iterm2
  resize: :fit,           # or :crop / :scale
  background: {0, 0, 0}   # nil for transparent
)

# Drop into a render tree like any other widget:
[{picture, area}]
Hold the handle in the model (decode is non-trivial — don't rebuild per frame). :auto adapts to the transport: Kitty/Ghostty get native graphics, Livebook gets halfblocks. Errors return {:error, {:decode_failed, msg}}.
Probe the local terminal for best protocol detection:
ExRatatui.Image.auto_local_protocol(terminal_ref)
Over SSH or Distributed, declare both the protocol and the client's cell pixel size (needed for accurate Kitty/Sixel/iTerm2 scaling):
ExRatatui.SSH.Daemon.start_link(
  mod: MyApp.TUI,
  image_protocol: :kitty,
  image_font_size: {10, 20}
)

ExRatatui.Distributed.attach(:"app@host", MyApp.TUI,
  image_protocol: :kitty,
  image_font_size: {10, 20}
)
See Images for the full transport / protocol resolution table.
3D (Viewport3D)
Viewport3D
alias ExRatatui.ThreeD.{Camera, Light, Material, Mesh, Object, Scene}

%ExRatatui.Widgets.Viewport3D{
  scene: %Scene{
    objects: [
      %Object{
        mesh: Mesh.cube(),                 # sphere(16, 24) | plane() | cylinder(24) | new(verts, idx)
        material: %Material{color: {100, 150, 255}},
        transform: %ExRatatui.ThreeD.Transform{
          rotation: {:euler_xyz, {0.0, 0.7, 0.0}}
        }
      }
    ],
    lights: [
      Light.ambient({255, 255, 255}, 0.15),
      Light.directional({-1.0, -1.0, -1.0}, {255, 255, 255}),
      Light.point({2.0, 3.0, 2.0}, {255, 220, 180})
    ],
    background: {8, 8, 16}
  },
  camera: %Camera{position: {3.0, 2.5, 4.0}, target: {0.0, 0.0, 0.0}},
  render_mode: :auto,      # pixel: :auto | :kitty | :sixel | :iterm2 — cells: :half_block | :braille | :ascii
  pipeline: :rasterize     # :rasterize | :raytrace
}
Pure data, rendered every frame. Requires a true-color terminal. Colors are {r, g, b} (0–255); vectors are {x, y, z} floats. Rotation: {:euler_xyz, vec3}, {:axis_angle, vec3, angle}, or {:quat, {x, y, z, w}}.
Camera controls (pure helpers)
Camera.orbit(camera, yaw, pitch)  # radians; pitch clamped
Camera.zoom(camera, delta)        # +farther / -closer
Keep the camera in the model; update it from key events.
Scene graph (articulated models)
alias ExRatatui.ThreeD.{Node, Object, Mesh, Transform}

arm = %Node{
  transform: %Transform{rotation: {:axis_angle, {0.0, 1.0, 0.0}, base}},
  visual: %Object{mesh: Mesh.cylinder(24), transform: %Transform{scale: {0.5, 0.3, 0.5}}},
  children: [
    %Node{
      transform: %Transform{position: {0.0, 0.3, 0.0}, rotation: {:axis_angle, {0.0, 0.0, 1.0}, elbow}},
      visual: %Object{mesh: Mesh.cube(), transform: %Transform{position: {0.0, 0.45, 0.0}, scale: {0.18, 0.9, 0.18}}}
    }
  ]
}

scene = Node.to_scene(arm, lights: lights, background: {10, 12, 18})
Tree of local transforms → flat Scene. ExRatatui.ThreeD.Node.flatten/1 / ExRatatui.ThreeD.Node.to_scene/2, composed via Transform.compose/2. Keep frames rigid; scale only leaf visuals. See 3D Rendering.
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Elixir bindings for the Rust ratatui terminal UI library.
This module provides the core API for building terminal UIs: initializing
the terminal, drawing widgets, and polling for events — all via Rust NIFs
that run on the BEAM's DirtyIo scheduler.
Quick start
ExRatatui.run(fn terminal ->
  {w, h} = ExRatatui.terminal_size()
  paragraph = %ExRatatui.Widgets.Paragraph{text: "Hello!"}
  rect = %ExRatatui.Layout.Rect{x: 0, y: 0, width: w, height: h}

  ExRatatui.draw(terminal, [{paragraph, rect}])
  ExRatatui.poll_event(60_000)
end)
Core functions
	run/2 — initialize the terminal, run a function, restore on exit
(opts: :focus_events, :mouse_capture)
	draw/2 — render a list of {widget, rect} tuples in a single frame
	poll_event/1 — non-blocking event polling (keyboard, mouse, resize,
paste, focus)
	terminal_size/0 — current terminal dimensions
	set_terminal_title/1 — set the terminal window / tab title (OSC 0/2)

Events
poll_event/1 returns one of ExRatatui.Event.Key,
ExRatatui.Event.Mouse, ExRatatui.Event.Resize,
ExRatatui.Event.Paste (bracketed paste, on by default), or
ExRatatui.Event.FocusGained / ExRatatui.Event.FocusLost (opt in via
run(fun, focus_events: true)).
Focus, theming, layout helpers
	ExRatatui.Focus — keyboard + mouse focus ring for multi-panel apps
	ExRatatui.Theme — named-slot color palette with helpers
	ExRatatui.Layout / ExRatatui.Layout.Padding — constraint-based
splitting (with Flex + {:fill, w} + spacing) and padding builders

OTP apps
For supervised TUI applications, see ExRatatui.App — a behaviour with
LiveView-inspired callbacks (mount/1, render/2, handle_event/2).
Running over SSH
To serve a TUI to remote clients without a local terminal, see
ExRatatui.SSH.Daemon and the SSH transport guide.
Widgets
See ExRatatui.Widgets.Paragraph, ExRatatui.Widgets.Block,
ExRatatui.Widgets.List, ExRatatui.Widgets.Table,
ExRatatui.Widgets.Gauge, ExRatatui.Widgets.LineGauge,
ExRatatui.Widgets.BarChart, ExRatatui.Widgets.Sparkline,
ExRatatui.Widgets.Calendar, ExRatatui.Widgets.Chart,
ExRatatui.Widgets.Tabs,
ExRatatui.Widgets.Scrollbar, ExRatatui.Widgets.Checkbox,
ExRatatui.Widgets.TextInput, ExRatatui.Widgets.Clear,
ExRatatui.Widgets.Markdown, ExRatatui.Widgets.Textarea,
ExRatatui.Widgets.Throbber, ExRatatui.Widgets.Popup,
ExRatatui.Widgets.BigText, ExRatatui.Widgets.WidgetList,
and ExRatatui.Widgets.Viewport3D.
Testing
Use init_test_terminal/2 and get_buffer_content/1 for headless
rendering verification in CI — no TTY required. See the
Testing guide for widget-level and app-level
patterns, and Debugging for Runtime.snapshot/1
and tracing.
Error handling
ExRatatui follows a predictable convention across its surface:
	Programmer errors raise ArgumentError. Invalid widget shapes,
malformed option keyword lists, callback return values the runtime
cannot interpret — these indicate a bug and fail loudly so the
supervisor surfaces them.
	Runtime and I/O failures return {:error, reason} tuples.
Terminal init, event polling, draw failures, remote-node connect
errors — anything the caller may legitimately want to retry or
branch on.

The same rule applies to ExRatatui.App callbacks: invalid return
shapes raise, while mount/1 may return {:error, reason} to refuse
startup cleanly.
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        primitive_widget()

      


        Built-in widget structs the library renders natively.



    


    
      
        terminal_ref()

      


    


    
      
        widget()

      


        Anything draw/2 accepts: a primitive widget struct or any struct
implementing ExRatatui.Widget.



    





  
    Functions
  


    
      
        draw(terminal_ref, widgets)

      


        Draws a list of {widget, rect} tuples to the terminal in a single frame.



    


    
      
        get_buffer_content(terminal_ref)

      


        Returns the test terminal's buffer contents as a string.



    


    
      
        init_test_terminal(width, height)

      


        Initializes a headless test terminal with the given dimensions.



    


    
      
        poll_event(timeout_ms \\ 250)

      


        Polls for terminal events with a timeout (default 250ms).



    


    
      
        run(fun, opts \\ [])

      


        Runs a TUI application.



    


    
      
        set_image_protocol(terminal_ref, protocol)

      


        Sets the image protocol hint on a terminal reference.



    


    
      
        set_terminal_title(title)

      


        Sets the terminal window/tab title (OSC 0/2).



    


    
      
        terminal_size()

      


        Returns the current terminal size as {width, height}.



    


    
      
        text_input_cursor(state_ref)

      


        Returns the current cursor position from the TextInput state.



    


    
      
        text_input_get_value(state_ref)

      


        Returns the current text value from the TextInput state.



    


    
      
        text_input_handle_key(state_ref, key_code)

      


        Forwards a key event to the TextInput state.



    


    
      
        text_input_insert_str(state_ref, content)

      


        Inserts a multi-character string at the TextInput cursor in one shot.



    


    
      
        text_input_new()

      


        Creates a new TextInput state.



    


    
      
        text_input_set_value(state_ref, value)

      


        Sets the text value on the TextInput state.



    


    
      
        textarea_cursor(state_ref)

      


        Returns the cursor position as {row, col} from the Textarea state.



    


    
      
        textarea_get_value(state_ref)

      


        Returns the current text from the Textarea as a string (lines joined with \n).



    


    
      
        textarea_handle_key(state_ref, key_code, modifiers \\ [])

      


        Forwards a key event with modifiers to the Textarea state.



    


    
      
        textarea_insert_str(state_ref, content)

      


        Inserts a multi-character string at the Textarea cursor in one shot.



    


    
      
        textarea_line_count(state_ref)

      


        Returns the number of lines in the Textarea state.



    


    
      
        textarea_new()

      


        Creates a new Textarea state.



    


    
      
        textarea_set_value(state_ref, value)

      


        Sets the text value on the Textarea state.
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      primitive_widget()



        
          
        

    

  


  

      

          @type primitive_widget() ::
  ExRatatui.Widgets.Paragraph.t()
  | ExRatatui.Widgets.BigText.t()
  | ExRatatui.Widgets.Block.t()
  | ExRatatui.Widgets.Checkbox.t()
  | ExRatatui.Widgets.Clear.t()
  | ExRatatui.Widgets.List.t()
  | ExRatatui.Widgets.Table.t()
  | ExRatatui.Widgets.Gauge.t()
  | ExRatatui.Widgets.LineGauge.t()
  | ExRatatui.Widgets.BarChart.t()
  | ExRatatui.Widgets.Sparkline.t()
  | ExRatatui.Widgets.Calendar.t()
  | ExRatatui.Widgets.Chart.t()
  | ExRatatui.Widgets.Tabs.t()
  | ExRatatui.Widgets.Scrollbar.t()
  | ExRatatui.Widgets.Markdown.t()
  | ExRatatui.Widgets.Popup.t()
  | ExRatatui.Widgets.Textarea.t()
  | ExRatatui.Widgets.TextInput.t()
  | ExRatatui.Widgets.Throbber.t()
  | ExRatatui.Widgets.Viewport3D.t()
  | ExRatatui.Widgets.WidgetList.t()


      


Built-in widget structs the library renders natively.
draw/2 also accepts user-defined structs that implement the
ExRatatui.Widget protocol — see widget/0.

  



  
    
      
    
    
      terminal_ref()



        
          
        

    

  


  

      

          @type terminal_ref() :: reference()


      



  



  
    
      
    
    
      widget()



        
          
        

    

  


  

      

          @type widget() :: primitive_widget() | struct()


      


Anything draw/2 accepts: a primitive widget struct or any struct
implementing ExRatatui.Widget.

  


        

      

      
        Functions


        


  
    
      
    
    
      draw(terminal_ref, widgets)



        
          
        

    

  


  

      

          @spec draw(terminal_ref(), [{widget(), ExRatatui.Layout.Rect.t()}]) ::
  :ok | {:error, term()}


      


Draws a list of {widget, rect} tuples to the terminal in a single frame.
Each tuple pairs a widget struct (e.g. %Paragraph{}, %Table{}) with a
%Rect{} that defines where to render it. Returns :ok on success or
{:error, reason} on failure.
Examples
iex> terminal = ExRatatui.init_test_terminal(40, 10)
iex> paragraph = %ExRatatui.Widgets.Paragraph{text: "Hello!"}
iex> rect = %ExRatatui.Layout.Rect{x: 0, y: 0, width: 40, height: 10}
iex> ExRatatui.draw(terminal, [{paragraph, rect}])
:ok

  



  
    
      
    
    
      get_buffer_content(terminal_ref)



        
          
        

    

  


  

      

          @spec get_buffer_content(terminal_ref()) :: String.t() | {:error, term()}


      


Returns the test terminal's buffer contents as a string.
Each line is trimmed of trailing whitespace and joined with newlines.
Only works with a test terminal reference from init_test_terminal/2.
Examples
iex> terminal = ExRatatui.init_test_terminal(20, 3)
iex> paragraph = %ExRatatui.Widgets.Paragraph{text: "Hi there"}
iex> rect = %ExRatatui.Layout.Rect{x: 0, y: 0, width: 20, height: 3}
iex> ExRatatui.draw(terminal, [{paragraph, rect}])
iex> ExRatatui.get_buffer_content(terminal) =~ "Hi there"
true

  



  
    
      
    
    
      init_test_terminal(width, height)



        
          
        

    

  


  

      

          @spec init_test_terminal(non_neg_integer(), non_neg_integer()) ::
  terminal_ref() | {:error, term()}


      


Initializes a headless test terminal with the given dimensions.
Takes width (columns) and height (rows) for the virtual terminal.
Uses ratatui's TestBackend — no real terminal needed. Useful for testing
rendering output without a TTY. Returns a terminal reference.
Examples
iex> terminal = ExRatatui.init_test_terminal(40, 10)
iex> is_reference(terminal)
true

iex> terminal = ExRatatui.init_test_terminal(40, 10)
iex> alias ExRatatui.Widgets.Paragraph
iex> alias ExRatatui.Layout.Rect
iex> :ok = ExRatatui.draw(terminal, [{%Paragraph{text: "Hello!"}, %Rect{x: 0, y: 0, width: 40, height: 10}}])
iex> ExRatatui.get_buffer_content(terminal) =~ "Hello!"
true

  



    

  
    
      
    
    
      poll_event(timeout_ms \\ 250)



        
          
        

    

  


  

      

          @spec poll_event(non_neg_integer()) :: ExRatatui.Event.t() | nil | {:error, term()}


      


Polls for terminal events with a timeout (default 250ms).
Returns an Event.Key, Event.Mouse, Event.Resize, Event.Paste,
Event.FocusGained, or Event.FocusLost struct; nil if no event
within the timeout; or {:error, reason} on failure. Paste events
arrive when the terminal supports bracketed paste (enabled by
ExRatatui.run/2 automatically); Focus events require opting in via
ExRatatui.run(fun, focus_events: true).

  



    

  
    
      
    
    
      run(fun, opts \\ [])



        
          
        

    

  


  

      

          @spec run(
  (terminal_ref() -> term()),
  keyword()
) :: term() | {:error, term()}


      


Runs a TUI application.
Initializes the terminal, calls fun with the terminal reference,
and ensures terminal cleanup on exit.
ExRatatui.run(fn terminal ->
  # TUI loop here
end)
For the duration of the run, the BEAM's own terminal reader is parked
so the Rust/crossterm poll path owns local input exclusively — this is
what keeps keystrokes from being dropped under fast typing when running
inside iex, a script, or a shell-attached release. The reader resumes
on exit. The
Debugging guide
covers the mechanism and the config :ex_ratatui, detach_local_input: false
opt-out.
Options
	:focus_events — enable terminal-window focus reporting
(%Event.FocusGained{} / %Event.FocusLost{} from
poll_event/1). Defaults to false. Off by default because
enabling it leaves focus-event bytes queued in the terminal
that leak into unrelated stdin consumers (a plain shell or
mix test started later) when the user window-switches mid-run.
	:mouse_capture — enable mouse reporting (clicks, scroll, drag,
move) as %Event.Mouse{} from poll_event/1. Defaults to
false. When on, the terminal's native text-selection is
captured by the app; pair with ExRatatui.Focus.handle_mouse/2
(or a custom dispatcher) to route the events. SSH and
distributed transports decode mouse sequences regardless of this
flag because their VTE-based input parser handles them
unconditionally.


  



  
    
      
    
    
      set_image_protocol(terminal_ref, protocol)



        
          
        

    

  


  

      

          @spec set_image_protocol(reference(), ExRatatui.Image.protocol()) :: :ok


      


Sets the image protocol hint on a terminal reference.
When an image widget is rendered with protocol: :auto, this hint
decides which terminal protocol (Kitty / Sixel / iTerm2 / Halfblocks)
the render path uses. Pass :auto to clear the hint and fall back to
halfblocks.
Used by ExRatatui.Distributed.attach/3 to thread the user's chosen
protocol from the remote node's attach opts onto the local terminal,
which is where the render actually happens for distributed sessions.
Explicit per-image protocol selections at ExRatatui.Image.new/2 are
always honored regardless of this setting.

  



  
    
      
    
    
      set_terminal_title(title)



        
          
        

    

  


  

      

          @spec set_terminal_title(String.t()) :: :ok | {:error, term()}


      


Sets the terminal window/tab title (OSC 0/2).
Useful for daemon TUIs, dashboards, and multi-tab terminals where the
title bar should reflect the app or its current state. Best-effort:
terminals that don't honour the title escape ignore it. Returns :ok
or {:error, reason}.
Examples
ExRatatui.set_terminal_title("ex_ratatui — dashboard")
ExRatatui.set_terminal_title("● 3 alerts")

  



  
    
      
    
    
      terminal_size()



        
          
        

    

  


  

      

          @spec terminal_size() :: {non_neg_integer(), non_neg_integer()} | {:error, term()}


      


Returns the current terminal size as {width, height}.
Returns {:error, reason} if the terminal size cannot be determined.

  



  
    
      
    
    
      text_input_cursor(state_ref)



        
          
        

    

  


  

      

          @spec text_input_cursor(reference()) :: non_neg_integer()


      


Returns the current cursor position from the TextInput state.
Examples
iex> state = ExRatatui.text_input_new()
iex> ExRatatui.text_input_cursor(state)
0
iex> ExRatatui.text_input_handle_key(state, "a")
:ok
iex> ExRatatui.text_input_cursor(state)
1

  



  
    
      
    
    
      text_input_get_value(state_ref)



        
          
        

    

  


  

      

          @spec text_input_get_value(reference()) :: String.t()


      


Returns the current text value from the TextInput state.
Examples
iex> state = ExRatatui.text_input_new()
iex> ExRatatui.text_input_get_value(state)
""

  



  
    
      
    
    
      text_input_handle_key(state_ref, key_code)



        
          
        

    

  


  

      

          @spec text_input_handle_key(reference(), String.t()) :: :ok


      


Forwards a key event to the TextInput state.
Pass the code field from an ExRatatui.Event.Key struct. Supports
printable characters, "backspace", "delete", "left", "right",
"home", and "end".
Examples
iex> state = ExRatatui.text_input_new()
iex> ExRatatui.text_input_handle_key(state, "h")
:ok
iex> ExRatatui.text_input_handle_key(state, "i")
:ok
iex> ExRatatui.text_input_get_value(state)
"hi"

  



  
    
      
    
    
      text_input_insert_str(state_ref, content)



        
          
        

    

  


  

      

          @spec text_input_insert_str(reference(), String.t()) :: :ok


      


Inserts a multi-character string at the TextInput cursor in one shot.
Designed as the consumer for ExRatatui.Event.Paste content. Control
characters (including \n, \r, \t) are stripped — TextInput is
single-line by design. For multi-line paste support use
textarea_insert_str/2 on a Textarea.
Examples
iex> state = ExRatatui.text_input_new()
iex> ExRatatui.text_input_insert_str(state, "hello")
:ok
iex> ExRatatui.text_input_get_value(state)
"hello"

iex> state = ExRatatui.text_input_new()
iex> ExRatatui.text_input_insert_str(state, "line1\nline2")
:ok
iex> ExRatatui.text_input_get_value(state)
"line1line2"

  



  
    
      
    
    
      text_input_new()



        
          
        

    

  


  

      

          @spec text_input_new() :: reference()


      


Creates a new TextInput state.
Returns a reference to the Rust-side state (ResourceArc). Pass this
reference as the :state field of %ExRatatui.Widgets.TextInput{}.
Examples
iex> state = ExRatatui.text_input_new()
iex> is_reference(state)
true

  



  
    
      
    
    
      text_input_set_value(state_ref, value)



        
          
        

    

  


  

      

          @spec text_input_set_value(reference(), String.t()) :: :ok


      


Sets the text value on the TextInput state.
The cursor is moved to the end of the new value.
Examples
iex> state = ExRatatui.text_input_new()
iex> ExRatatui.text_input_set_value(state, "hello")
:ok
iex> ExRatatui.text_input_get_value(state)
"hello"

  



  
    
      
    
    
      textarea_cursor(state_ref)



        
          
        

    

  


  

      

          @spec textarea_cursor(reference()) :: {non_neg_integer(), non_neg_integer()}


      


Returns the cursor position as {row, col} from the Textarea state.
Examples
iex> state = ExRatatui.textarea_new()
iex> ExRatatui.textarea_cursor(state)
{0, 0}

  



  
    
      
    
    
      textarea_get_value(state_ref)



        
          
        

    

  


  

      

          @spec textarea_get_value(reference()) :: String.t()


      


Returns the current text from the Textarea as a string (lines joined with \n).
Examples
iex> state = ExRatatui.textarea_new()
iex> ExRatatui.textarea_get_value(state)
""

  



    

  
    
      
    
    
      textarea_handle_key(state_ref, key_code, modifiers \\ [])



        
          
        

    

  


  

      

          @spec textarea_handle_key(reference(), String.t(), [String.t()]) :: :ok


      


Forwards a key event with modifiers to the Textarea state.
modifiers is a list of active modifier strings (e.g. ["ctrl"]),
defaults to []. The textarea supports Emacs-style shortcuts
(Ctrl+Z undo, Ctrl+Y redo, etc.).
Examples
iex> state = ExRatatui.textarea_new()
iex> ExRatatui.textarea_handle_key(state, "h", [])
:ok
iex> ExRatatui.textarea_handle_key(state, "i", [])
:ok
iex> ExRatatui.textarea_get_value(state)
"hi"

  



  
    
      
    
    
      textarea_insert_str(state_ref, content)



        
          
        

    

  


  

      

          @spec textarea_insert_str(reference(), String.t()) :: :ok


      


Inserts a multi-character string at the Textarea cursor in one shot.
Designed as the consumer for ExRatatui.Event.Paste content. Both \n
and \r\n are recognised as line breaks and produce real new lines in
the textarea; lone \r is dropped. Other characters land verbatim.
Examples
iex> state = ExRatatui.textarea_new()
iex> ExRatatui.textarea_insert_str(state, "line1\nline2")
:ok
iex> ExRatatui.textarea_get_value(state)
"line1\nline2"

iex> state = ExRatatui.textarea_new()
iex> ExRatatui.textarea_insert_str(state, "a\r\nb")
:ok
iex> ExRatatui.textarea_line_count(state)
2

  



  
    
      
    
    
      textarea_line_count(state_ref)



        
          
        

    

  


  

      

          @spec textarea_line_count(reference()) :: non_neg_integer()


      


Returns the number of lines in the Textarea state.
Examples
iex> state = ExRatatui.textarea_new()
iex> ExRatatui.textarea_line_count(state)
1

  



  
    
      
    
    
      textarea_new()



        
          
        

    

  


  

      

          @spec textarea_new() :: reference()


      


Creates a new Textarea state.
Returns a reference to the Rust-side state (ResourceArc). Pass this
reference as the :state field of %ExRatatui.Widgets.Textarea{}.
Examples
iex> state = ExRatatui.textarea_new()
iex> is_reference(state)
true

  



  
    
      
    
    
      textarea_set_value(state_ref, value)



        
          
        

    

  


  

      

          @spec textarea_set_value(reference(), String.t()) :: :ok


      


Sets the text value on the Textarea state.
Examples
iex> state = ExRatatui.textarea_new()
iex> ExRatatui.textarea_set_value(state, "hello\nworld")
:ok
iex> ExRatatui.textarea_get_value(state)
"hello\nworld"

  


        

      


  

    
ExRatatui.CellSession 
    



      
A per-connection terminal session that surfaces ratatui's rendered
cell buffer instead of ANSI bytes.
Where ExRatatui.Session is the right primitive when the consumer
speaks ANSI (a real terminal, an SSH channel, a TCP socket reading
escape sequences), CellSession is the right primitive when the
consumer is not a terminal — a Phoenix LiveView painting <span>s,
an embedded device rasterising glyphs to a framebuffer, an SVG/PNG
exporter, a screenshot tool. Those consumers want the post-render
Buffer itself: per-cell (symbol, fg, bg, modifiers, skip) data
they turn into pixels (or DOM, or vectors) themselves.
The session itself is a deliberate near-mirror of ExRatatui.Session,
with two changes:
	Backend is ratatui's TestBackend (in-memory Buffer, no ANSI
emission) instead of CrosstermBackend.
	There is no take_output/1 — the buffer is the output.
Surface it via take_cells/1 (full snapshot) or
take_cells_diff/1 (only changed cells since the last diff
call).

Everything else — input parsing, draw command shape, lifecycle,
resize semantics — is the same. An ExRatatui.App doesn't know
which session type is hosting it.
Lifecycle
session  = ExRatatui.CellSession.new(80, 24)
:ok      = ExRatatui.CellSession.draw(session, [{paragraph, rect}])
snap     = ExRatatui.CellSession.take_cells(session)
diff     = ExRatatui.CellSession.take_cells_diff(session)
events   = ExRatatui.CellSession.feed_input(session, "\e[A")
:ok      = ExRatatui.CellSession.resize(session, 100, 30)
:ok      = ExRatatui.CellSession.close(session)
Like Session, the struct holds a reference/0 to a Rust-side
ResourceArc and is freed on garbage collection. close/1 is the
deterministic version of the same cleanup and is idempotent.
Snapshots vs diffs
take_cells/1 returns an ExRatatui.CellSession.Snapshot containing
every cell — use it for the initial paint, screenshots, tests, or
any time the consumer needs the full picture.
take_cells_diff/1 returns an ExRatatui.CellSession.Diff containing
only the cells that changed since the previous diff call. The first
call after construction (or after a resize, or after close+reopen)
returns the full grid as ops — there's no prior baseline to diff
against. After that, ops typically cover only the small fraction of
cells that actually changed, dramatically reducing payload size for
streaming consumers (Phoenix LiveView pushing frames over a websocket,
embedded devices minimising SPI bandwidth).
Snapshots and diffs can be freely interleaved — take_cells/1 does
not touch the diff baseline. A consumer can grab a snapshot for
debugging mid-stream without disturbing the next take_cells_diff/1.
Transport responsibilities
Like Session, a CellSession does not own a socket and does no I/O
of its own. The transport glue is responsible for:
	Calling draw/2 whenever the app wants to repaint, then handing
the result of take_cells/1 (or take_cells_diff/1) to the
wire — typically as JSON for a browser consumer, or as a packed
binary for an embedded one.
	Feeding inbound transport bytes through feed_input/2 and
dispatching the returned ExRatatui.Event.t/0 values to the
app.
	Calling resize/3 when the remote viewport changes size.
	Calling close/1 when the connection ends.

See guides/transports/cell_session.md for end-to-end
examples (LiveView, framebuffer, screenshot tools) and
guides/transports/custom_transports.md for the
ExRatatui.Transport contract a CellSession-backed transport plugs
into.
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        t()

      


    





  
    Functions
  


    
      
        close(cell_session)

      


        Closes the session, dropping its rendering terminal and any cached
diff baseline.



    


    
      
        draw(cell_session, widgets)

      


        Renders a list of {widget, rect} tuples into the session's terminal.



    


    
      
        feed_input(cell_session, bytes)

      


        Feeds raw transport bytes through the session's ANSI input parser.



    


    
      
        new(width, height)

      


        Creates a new cell session at the given dimensions.



    


    
      
        reset_parser(cell_session)

      


        Resets the session's input parser, discarding any buffered partial
escape sequence.



    


    
      
        resize(cell_session, width, height)

      


        Resizes the session's viewport to width x height.



    


    
      
        size(cell_session)

      


        Returns the session's current {width, height}.



    


    
      
        take_cells(cell_session)

      


        Returns a full snapshot of the current cell buffer.



    


    
      
        take_cells_diff(cell_session)

      


        Returns the cells that changed since the last take_cells_diff/1 call.
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          @type t() :: %ExRatatui.CellSession{ref: reference()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(cell_session)



        
          
        

    

  


  

      

          @spec close(t()) :: :ok


      


Closes the session, dropping its rendering terminal and any cached
diff baseline.
Idempotent — calling close/1 more than once is safe and always
returns :ok. After closing, draw/2, take_cells/1,
take_cells_diff/1, and resize/3 will return {:error, _}, but
feed_input/2 continues to work so a transport can drain trailing
input bytes.
Examples
iex> session = ExRatatui.CellSession.new(20, 5)
iex> ExRatatui.CellSession.close(session)
:ok
iex> ExRatatui.CellSession.close(session)
:ok

  



  
    
      
    
    
      draw(cell_session, widgets)



        
          
        

    

  


  

      

          @spec draw(t(), [{ExRatatui.widget(), ExRatatui.Layout.Rect.t()}]) ::
  :ok | {:error, term()}


      


Renders a list of {widget, rect} tuples into the session's terminal.
Identical in shape to ExRatatui.draw/2 and ExRatatui.Session.draw/2,
but the rendered cells land in the TestBackend's in-memory Buffer
instead of being encoded to ANSI. Drain via take_cells/1 or
take_cells_diff/1.
Returns :ok on success, or {:error, reason} if the session has
been closed or a widget cannot be encoded.
Examples
iex> alias ExRatatui.Widgets.Paragraph
iex> alias ExRatatui.Layout.Rect
iex> session = ExRatatui.CellSession.new(20, 5)
iex> rect = %Rect{x: 0, y: 0, width: 20, height: 5}
iex> ExRatatui.CellSession.draw(session, [{%Paragraph{text: "hi"}, rect}])
:ok

  



  
    
      
    
    
      feed_input(cell_session, bytes)



        
          
        

    

  


  

      

          @spec feed_input(t(), binary()) :: [ExRatatui.Event.t()]


      


Feeds raw transport bytes through the session's ANSI input parser.
Returns a list of decoded ExRatatui.Event.t/0 structs in the
order the parser produced them. Bytes that only partially form an
escape sequence stay buffered inside the session — feed the next
chunk and the parser will pick up where it left off. This is
essential for any byte-stream transport that may chunk a single
keystroke across multiple packets.
Unlike draw/2, this still works after close/1 — the input
parser outlives the rendering terminal so a transport can drain
trailing input bytes after deciding to tear down rendering.
Examples
iex> session = ExRatatui.CellSession.new(20, 5)
iex> ExRatatui.CellSession.feed_input(session, "a")
[%ExRatatui.Event.Key{code: "a", modifiers: [], kind: "press"}]

  



  
    
      
    
    
      new(width, height)



        
          
        

    

  


  

      

          @spec new(pos_integer(), pos_integer()) :: t()


      


Creates a new cell session at the given dimensions.
No OS terminal state is touched — the session writes into an
in-memory TestBackend buffer that callers drain via take_cells/1.
Both dimensions must be at least 1.
Examples
iex> session = ExRatatui.CellSession.new(80, 24)
iex> ExRatatui.CellSession.size(session)
{80, 24}
iex> ExRatatui.CellSession.close(session)
:ok

  



  
    
      
    
    
      reset_parser(cell_session)



        
          
        

    

  


  

      

          @spec reset_parser(t()) :: :ok


      


Resets the session's input parser, discarding any buffered partial
escape sequence.
Used by transports implementing an Esc timeout: after a bare 0x1B
with no follow-up bytes, the VTE state machine is stuck in the
Escape state. Calling this drops that state so the next byte is
parsed from Ground.
Examples
iex> session = ExRatatui.CellSession.new(20, 5)
iex> ExRatatui.CellSession.reset_parser(session)
:ok

  



  
    
      
    
    
      resize(cell_session, width, height)



        
          
        

    

  


  

      

          @spec resize(t(), pos_integer(), pos_integer()) :: :ok | {:error, term()}


      


Resizes the session's viewport to width x height.
The next draw/2 will render at the new dimensions, and the next
take_cells_diff/1 will return a full payload (the prior diff
baseline is no longer comparable across a different area). Returns
{:error, reason} if the session has been closed.
Examples
iex> session = ExRatatui.CellSession.new(20, 5)
iex> :ok = ExRatatui.CellSession.resize(session, 100, 30)
iex> ExRatatui.CellSession.size(session)
{100, 30}

  



  
    
      
    
    
      size(cell_session)



        
          
        

    

  


  

      

          @spec size(t()) :: {pos_integer(), pos_integer()}


      


Returns the session's current {width, height}.
Examples
iex> session = ExRatatui.CellSession.new(80, 24)
iex> ExRatatui.CellSession.size(session)
{80, 24}

  



  
    
      
    
    
      take_cells(cell_session)



        
          
        

    

  


  

      

          @spec take_cells(t()) :: ExRatatui.CellSession.Snapshot.t() | {:error, term()}


      


Returns a full snapshot of the current cell buffer.
The result is an ExRatatui.CellSession.Snapshot carrying the buffer
dimensions and every cell as a Cell struct, in row-major order
((0,0), (1,0), ..., (W-1,0), (0,1), ...). For a fresh session that
has never been drawn into, every cell is at its default
(symbol: " ", fg: :reset, bg: :reset, modifiers: [], skip: false).
This call is stateless: it does not touch the diff baseline used
by take_cells_diff/1. Snapshots and diffs can be freely
interleaved.
Returns {:error, reason} if the session has been closed.

  



  
    
      
    
    
      take_cells_diff(cell_session)



        
          
        

    

  


  

      

          @spec take_cells_diff(t()) :: ExRatatui.CellSession.Diff.t() | {:error, term()}


      


Returns the cells that changed since the last take_cells_diff/1 call.
The result is an ExRatatui.CellSession.Diff carrying the buffer
dimensions and a list of Cell ops — same shape as a snapshot's
cells, just a smaller subset. Three cases produce a "full" payload
where every cell appears as an op:
	the very first call after constructing the session
	a resize/3 between calls (prior baseline is no longer comparable)
	the session was closed and reopened (close wipes the baseline)

The session caches a clone of the current buffer on every call,
so subsequent calls compare against that snapshot. Cells are
compared structurally — two cells with identical visual output
(same symbol, fg, bg, modifiers, skip) never appear in the diff.
Style-only changes do show up.
Returns {:error, reason} if the session has been closed.

  


        

      


  

    
ExRatatui.CellSession.Cell 
    



      
A single rendered cell of an ExRatatui.CellSession's buffer.
This is the post-render shape ratatui leaves in the cell at a given
position — symbol, foreground/background colors, modifier set, and a
:skip flag carrying ratatui's internal "do not render this cell"
hint (used by widgets that overlay on top of others).
Fields
	:row — zero-indexed row (y coordinate in ratatui's terms)
	:col — zero-indexed column (x coordinate)
	:symbol — the grapheme cluster painted into the cell. Usually a
single character but may be multi-codepoint (CJK ideographs,
emoji, combining marks, box-drawing). Wide-display graphemes
(e.g. "中", "🎉") live in their leading cell only — the
following cell stays at its prior content (typically " ").
Consumers reconstructing a faithful display should detect wide
graphemes by computing display width and treat the next
width - 1 cells as covered.
	:fg — foreground ExRatatui.Style.color/0. :reset means
"use the consumer's default" (terminal default in a terminal,
CSS default in a browser, "ink" on a 1-bit display).
	:bg — background ExRatatui.Style.color/0, same conventions.
	:modifiers — list of ExRatatui.Style.modifier/0 atoms, in
a stable sorted order (:bold, :dim, :italic, :underlined, :crossed_out, :reversed). Two cells with the same modifier set
always produce equal lists, so consumers can compare with ==.
	:skip — ratatui's "do not render" flag. false for ordinary
cells; widgets like Popup may set it to true on cells they
want left alone. Browser/framebuffer renderers should treat
skip: true as transparent (do nothing).

Examples
iex> %ExRatatui.CellSession.Cell{}
%ExRatatui.CellSession.Cell{
  row: 0, col: 0, symbol: " ",
  fg: :reset, bg: :reset, modifiers: [], skip: false
}
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    Functions
  


    
      
        from_tuple(arg)

      


        Builds a t/0 from the raw {x, y, symbol, fg, bg, modifiers, skip}
tuple the NIF returns.
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          @type t() :: %ExRatatui.CellSession.Cell{
  bg: ExRatatui.Style.color(),
  col: non_neg_integer(),
  fg: ExRatatui.Style.color(),
  modifiers: [ExRatatui.Style.modifier()],
  row: non_neg_integer(),
  skip: boolean(),
  symbol: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_tuple(arg)



        
          
        

    

  


  

      

          @spec from_tuple(
  {non_neg_integer(), non_neg_integer(), String.t(), ExRatatui.Style.color(),
   ExRatatui.Style.color(), [ExRatatui.Style.modifier()], boolean()}
) :: t()


      


Builds a t/0 from the raw {x, y, symbol, fg, bg, modifiers, skip}
tuple the NIF returns.
Used internally by ExRatatui.CellSession.Snapshot.from_native/1 and
ExRatatui.CellSession.Diff.from_native/1. Exposed pub rather than
pub(private) so consumers writing custom NIF-driven flows can
reuse the conversion without re-implementing it.
Note: the NIF's tuple uses (x, y) (column, row) order — matching
ratatui's coordinate convention — while the struct uses :row/:col
fields to match the rest of the project's vocabulary
(ExRatatui.Event.Mouse, etc.).
Examples
iex> tuple = {3, 1, "X", :red, :reset, [:bold], false}
iex> ExRatatui.CellSession.Cell.from_tuple(tuple)
%ExRatatui.CellSession.Cell{
  row: 1, col: 3, symbol: "X",
  fg: :red, bg: :reset, modifiers: [:bold], skip: false
}

  


        

      


  

    
ExRatatui.CellSession.Diff 
    



      
Delta payload returned by ExRatatui.CellSession.take_cells_diff/1.
Carries the buffer's current dimensions plus only the cells that
differ from the previously-surfaced state. Each op is a
ExRatatui.CellSession.Cell.t/0 — same shape as a snapshot cell,
same :row/:col coordinates — just a smaller subset.
When the full grid arrives in :ops
Three cases produce a "full" payload (every cell as an op):
	the very first call to take_cells_diff/1 after constructing
the session — there's no baseline to diff against
	a resize/3 happened between calls — the prior baseline is no
longer a valid comparison reference
	the session was closed and reopened (the baseline was wiped on
close/1)

Consumers can detect these cases by length(diff.ops) == diff.width * diff.height,
or just paint every op uniformly — the result is the same.
Why ops are cells, not a tagged op type
There is only one operation: "set this position to this content."
Clearing a cell is just setting it to a default-styled space.
Tagging each op as {:set, ...} would be speculative future-proofing
for an extension that may never come; if a richer op vocabulary
becomes useful later, we'll introduce it as a heterogeneous list of
tagged tuples without breaking existing consumers (just check the
shape).
Fields
	:width — terminal width in cells (full, not the diff bounding box)
	:height — terminal height in cells
	:ops — list of ExRatatui.CellSession.Cell.t/0 for cells
that changed. Empty list means the buffer is identical to the
prior snapshot.

Examples
iex> %ExRatatui.CellSession.Diff{}
%ExRatatui.CellSession.Diff{width: 0, height: 0, ops: []}
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        from_native(map)

      


        Builds a t/0 from the raw %{width, height, ops} map the NIF
returns. Each tuple in ops is converted via
ExRatatui.CellSession.Cell.from_tuple/1.
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          @type t() :: %ExRatatui.CellSession.Diff{
  height: non_neg_integer(),
  ops: [ExRatatui.CellSession.Cell.t()],
  width: non_neg_integer()
}
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      from_native(map)



        
          
        

    

  


  

      

          @spec from_native(%{
  width: non_neg_integer(),
  height: non_neg_integer(),
  ops: [tuple()]
}) :: t()


      


Builds a t/0 from the raw %{width, height, ops} map the NIF
returns. Each tuple in ops is converted via
ExRatatui.CellSession.Cell.from_tuple/1.

  


        

      


  

    
ExRatatui.CellSession.Snapshot 
    



      
Full-buffer snapshot returned by ExRatatui.CellSession.take_cells/1.
Carries the dimensions of the buffer plus every cell, in row-major
order — cells has length width * height. Use this when the
complete picture is needed: initial paint after a fresh client
connects, one-off screenshot, regression test fixture.
For streaming updates use ExRatatui.CellSession.take_cells_diff/1
instead, which returns the same Cell shape inside an
ExRatatui.CellSession.Diff payload but only includes cells that
changed since the last diff call.
Fields
	:width — terminal width in cells
	:height — terminal height in cells
	:cells — list of ExRatatui.CellSession.Cell.t/0 in
row-major order: (0,0), (1,0), ..., (W-1,0), (0,1), ...

Examples
iex> %ExRatatui.CellSession.Snapshot{}
%ExRatatui.CellSession.Snapshot{width: 0, height: 0, cells: []}
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        from_native(map)

      


        Builds a t/0 from the raw %{width, height, cells} map the NIF
returns. Each tuple in cells is converted via
ExRatatui.CellSession.Cell.from_tuple/1.
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          @type t() :: %ExRatatui.CellSession.Snapshot{
  cells: [ExRatatui.CellSession.Cell.t()],
  height: non_neg_integer(),
  width: non_neg_integer()
}
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      from_native(map)



        
          
        

    

  


  

      

          @spec from_native(%{
  width: non_neg_integer(),
  height: non_neg_integer(),
  cells: [tuple()]
}) :: t()


      


Builds a t/0 from the raw %{width, height, cells} map the NIF
returns. Each tuple in cells is converted via
ExRatatui.CellSession.Cell.from_tuple/1.

  


        

      


  

    
ExRatatui.LocalInput 
    



      
Hands the local controlling terminal off to the Rust/crossterm reader for
the duration of a TUI session, so keystrokes are not dropped under fast
typing.
ExRatatui.run/2 and the local ExRatatui.App server call this
automatically — most apps never touch it directly. It is public for the one
case that does need it: an app that drives the terminal lifecycle by hand
instead of going through run/2, which must park and resume the reader
itself.
The problem
On a :local transport, ExRatatui reads key events through crossterm in a
NIF, which on Unix reads the controlling terminal directly. But the BEAM
keeps its own terminal reader on the same device: on OTP 26+ the prim_tty
reader process (registered as :user_drv_reader), which reads the tty
whether started from iex, elixir foo.exs, or a shell-attached release.
Two readers on one terminal means the kernel hands each keystroke to
whichever read() wins, so under fast input some bytes never reach the TUI
— they often surface at the shell prompt once the TUI exits, and drop more
readily on macOS than on Linux.
The handoff
detach/0 parks the BEAM reader using the same mechanism OTP itself uses on
SIGTSTP — prim_tty's disable/enable protocol. While disabled the
reader stops calling read(), so crossterm gets every byte. reattach/1
resumes it on teardown, bringing the shell back — unlike killing the reader,
which leaves the tty in cooked mode and cannot be undone. termios stays raw
throughout, so the handoff is invisible to the shell.
Always pair a detach/0 with a reattach/1 — an after block is the safe
shape — or the shell loses its input once the app exits:
handle = ExRatatui.LocalInput.detach()

try do
  # init_terminal + manual poll loop here
after
  ExRatatui.LocalInput.reattach(handle)
end
When it is a no-op
When no reader is registered — a release booted with -noinput, OTP older
than 26, or stdin that is not a tty — every entry point returns
:not_detached and does nothing. The session, SSH, and distributed
transports never share a local terminal, so they never call it. Disable the
handoff wholesale with config :ex_ratatui, detach_local_input: false.

      


      
        Summary


  
    Types
  


    
      
        handle()

      


        Opaque handle returned by detach/0, passed back to reattach/1.



    





  
    Functions
  


    
      
        detach()

      


        Parks the BEAM's local terminal reader so crossterm owns the tty.



    


    
      
        reattach(arg1)

      


        Resumes a reader previously parked by detach/0, restoring shell input.



    





      


      
        Types


        


  
    
      
    
    
      handle()



        
          
        

    

  


  

      

          @type handle() :: {:detached, pid()} | :not_detached


      


Opaque handle returned by detach/0, passed back to reattach/1.

  


        

      

      
        Functions


        


  
    
      
    
    
      detach()



        
          
        

    

  


  

      

          @spec detach() :: handle()


      


Parks the BEAM's local terminal reader so crossterm owns the tty.
Returns a handle to pass to reattach/1 on teardown. A no-op (returning
:not_detached) when detaching is disabled or no reader is registered.

  



  
    
      
    
    
      reattach(arg1)



        
          
        

    

  


  

      

          @spec reattach(handle()) :: :ok


      


Resumes a reader previously parked by detach/0, restoring shell input.

  


        

      


  

    
ExRatatui.Session 
    



      
A per-connection terminal session backed by an in-memory writer.
Where ExRatatui.run/1 and ExRatatui.draw/2 are tied to the OS process'
real tty (raw mode, alternate screen, SIGWINCH), a Session is a
self-contained ratatui terminal whose output goes into a buffer and whose
input arrives as raw bytes from a caller-controlled transport. That makes it
the right primitive for serving a TUI over SSH, multiplexing several
TUIs in one BEAM node, or any context where the "terminal" lives somewhere
other than the local process.
Sessions touch nothing on the host tty, so they are safe to create and
drive concurrently from async: true tests, GenServers, or background
tasks.
Lifecycle
session = ExRatatui.Session.new(80, 24)
:ok     = ExRatatui.Session.draw(session, [{paragraph, rect}])
bytes   = ExRatatui.Session.take_output(session)
events  = ExRatatui.Session.feed_input(session, "\e[A")
:ok     = ExRatatui.Session.resize(session, 100, 30)
:ok     = ExRatatui.Session.close(session)
Each call is a thin wrapper over a Rust NIF, so a session is just an
Elixir struct holding a reference/0 to a ResourceArc. When the
struct is garbage collected the underlying resource is freed; close/1
is the deterministic version of the same cleanup and is idempotent.
Transport responsibilities
A session does not own a socket or do any I/O of its own. The transport
glue is responsible for:
	Calling draw/2 whenever the app wants to repaint, then handing the
result of take_output/1 to the wire.
	Feeding inbound transport bytes through feed_input/2 and dispatching
the returned ExRatatui.Event.t/0 values to the app.
	Calling resize/3 when the remote pty changes size.
	Calling close/1 when the connection ends.

See ExRatatui.SSH for an OTP :ssh_server_channel-based transport.
If the consumer is not a terminal — a Phoenix LiveView painting
<span> cells, an embedded framebuffer, a screenshot tool —
ExRatatui.CellSession is the cell-buffer sibling. Same widget tree,
same input parser, same lifecycle; take_output/1 is replaced by
take_cells/1 and take_cells_diff/1. See
guides/transports/cell_session.md.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        close(session)

      


        Closes the session, dropping its rendering terminal.



    


    
      
        draw(session, widgets)

      


        Renders a list of {widget, rect} tuples into the session's writer.



    


    
      
        feed_input(session, bytes)

      


        Feeds raw transport bytes through the session's ANSI input parser.



    


    
      
        new(width, height)

      


        Creates a new session at the given dimensions.



    


    
      
        reset_parser(session)

      


        Resets the session's input parser, discarding any buffered partial
escape sequence.



    


    
      
        resize(session, width, height)

      


        Resizes the session's viewport to width x height.



    


    
      
        set_image_font_size(session, arg)

      


        Sets the client terminal's cell pixel dimensions for image rendering.



    


    
      
        set_image_protocol(session, protocol)

      


        Sets the terminal image protocol hint for this session.



    


    
      
        size(session)

      


        Returns the session's current {width, height}.



    


    
      
        take_output(session)

      


        Drains the session's pending output bytes.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExRatatui.Session{ref: reference()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(session)



        
          
        

    

  


  

      

          @spec close(t()) :: :ok


      


Closes the session, dropping its rendering terminal.
Idempotent — calling close/1 more than once is safe and always
returns :ok. After closing, draw/2 and resize/3 will return
{:error, _}, but feed_input/2 continues to work so a transport
can drain any trailing input bytes.
Examples
iex> session = ExRatatui.Session.new(20, 5)
iex> ExRatatui.Session.close(session)
:ok
iex> ExRatatui.Session.close(session)
:ok

  



  
    
      
    
    
      draw(session, widgets)



        
          
        

    

  


  

      

          @spec draw(t(), [{ExRatatui.widget(), ExRatatui.Layout.Rect.t()}]) ::
  :ok | {:error, term()}


      


Renders a list of {widget, rect} tuples into the session's writer.
Identical in shape to ExRatatui.draw/2, but the encoded ANSI bytes
accumulate in the session's in-memory buffer instead of going to the
real tty. Drain them with take_output/1.
Returns :ok on success, or {:error, reason} if the session has been
closed or a widget cannot be encoded.
Examples
iex> alias ExRatatui.Widgets.Paragraph
iex> alias ExRatatui.Layout.Rect
iex> session = ExRatatui.Session.new(20, 5)
iex> ExRatatui.Session.draw(session, [{%Paragraph{text: "hi"}, %Rect{x: 0, y: 0, width: 20, height: 5}}])
:ok

  



  
    
      
    
    
      feed_input(session, bytes)



        
          
        

    

  


  

      

          @spec feed_input(t(), binary()) :: [ExRatatui.Event.t()]


      


Feeds raw transport bytes through the session's ANSI input parser.
Returns a list of decoded ExRatatui.Event.t/0 structs, in the order
the parser produced them. Bytes that only partially form an escape
sequence stay buffered inside the session — feed the next chunk and
the parser will pick up where it left off. This is essential for SSH
and any other byte-stream transport that may chunk a single keystroke
across multiple packets.
Unlike draw/2, this still works after close/1 — the input parser
outlives the rendering terminal so a transport can drain trailing
input bytes after deciding to tear down rendering.
Examples
iex> session = ExRatatui.Session.new(20, 5)
iex> ExRatatui.Session.feed_input(session, "a")
[%ExRatatui.Event.Key{code: "a", modifiers: [], kind: "press"}]

  



  
    
      
    
    
      new(width, height)



        
          
        

    

  


  

      

          @spec new(pos_integer(), pos_integer()) :: t()


      


Creates a new session at the given dimensions.
No OS terminal state is touched — the session writes into an in-memory
buffer that the transport drains via take_output/1. Both dimensions
must be at least 1.
Examples
iex> session = ExRatatui.Session.new(80, 24)
iex> ExRatatui.Session.size(session)
{80, 24}
iex> ExRatatui.Session.close(session)
:ok

  



  
    
      
    
    
      reset_parser(session)



        
          
        

    

  


  

      

          @spec reset_parser(t()) :: :ok


      


Resets the session's input parser, discarding any buffered partial
escape sequence.
Used by the SSH transport's Esc timeout: after a bare 0x1B with no
follow-up bytes, the VTE state machine is stuck in the Escape state.
Calling this drops that state so the next byte is parsed from Ground.
Examples
iex> session = ExRatatui.Session.new(20, 5)
iex> ExRatatui.Session.reset_parser(session)
:ok

  



  
    
      
    
    
      resize(session, width, height)



        
          
        

    

  


  

      

          @spec resize(t(), pos_integer(), pos_integer()) :: :ok | {:error, term()}


      


Resizes the session's viewport to width x height.
The next draw/2 will paint at the new dimensions and the buffer will
contain a clear-screen sequence the transport must forward. Returns
{:error, reason} if the session has been closed.
Examples
iex> session = ExRatatui.Session.new(20, 5)
iex> :ok = ExRatatui.Session.resize(session, 100, 30)
iex> ExRatatui.Session.size(session)
{100, 30}

  



  
    
      
    
    
      set_image_font_size(session, arg)



        
          
        

    

  


  

      

          @spec set_image_font_size(
  t(),
  {non_neg_integer(), non_neg_integer()}
) :: :ok


      


Sets the client terminal's cell pixel dimensions for image rendering.
Used together with set_image_protocol/2 over byte-stream transports
(SSH, Distributed) where we can't probe the client. With both set,
Kitty / Sixel / iTerm2 encoders get the correct scaling math; without
it, the render path falls back to ratatui-image's (8, 16) default
which mis-scales on most modern terminals (Kitty/Ghostty default near
(10, 20)).
Pass {0, 0} to clear.
Examples
iex> session = ExRatatui.Session.new(20, 5)
iex> ExRatatui.Session.set_image_font_size(session, {10, 20})
:ok

  



  
    
      
    
    
      set_image_protocol(session, protocol)



        
          
        

    

  


  

      

          @spec set_image_protocol(t(), ExRatatui.Image.protocol()) :: :ok


      


Sets the terminal image protocol hint for this session.
When an %ExRatatui.Widgets.Image{} is rendered with protocol: :auto,
the renderer needs to know which terminal protocol the client supports
(Kitty, Sixel, iTerm2, or Halfblocks). For a Session — which is what
SSH and Distributed transports use under the hood — we can't probe the
client terminal, so the caller declares it once with this function.
Passing :auto clears the hint, restoring the default halfblocks
fallback. Any other value is honored as the explicit protocol used to
resolve :auto per image.
This setting only affects images rendered with protocol: :auto.
Explicit per-image protocol selections at ExRatatui.Image.new/2 are
always honored.
Examples
iex> session = ExRatatui.Session.new(20, 5)
iex> ExRatatui.Session.set_image_protocol(session, :kitty)
:ok

  



  
    
      
    
    
      size(session)



        
          
        

    

  


  

      

          @spec size(t()) :: {pos_integer(), pos_integer()}


      


Returns the session's current {width, height}.
Examples
iex> session = ExRatatui.Session.new(80, 24)
iex> ExRatatui.Session.size(session)
{80, 24}

  



  
    
      
    
    
      take_output(session)



        
          
        

    

  


  

      

          @spec take_output(t()) :: binary()


      


Drains the session's pending output bytes.
Returns whatever ratatui has written into the in-memory buffer since the
last drain — typically the bytes the transport should ship to the
remote tty. The internal buffer is emptied as a side effect, so a
follow-up call with no intervening draw/2 returns <<>>.
Examples
iex> session = ExRatatui.Session.new(20, 5)
iex> :ok = ExRatatui.Session.draw(session, [])
iex> bytes = ExRatatui.Session.take_output(session)
iex> byte_size(bytes) > 0
true
iex> ExRatatui.Session.take_output(session)
""

  


        

      


  

    
ExRatatui.Telemetry 
    



      
Telemetry integration for ExRatatui.
ExRatatui emits :telemetry events so applications can plug in logging,
metrics, and distributed tracing without forking the runtime. The API
follows the conventions: every long-running operation is wrapped in a span,
every one-off operation is a single execute, and every event carries a stable
metadata shape to match on.
Events
All events are prefixed with :ex_ratatui.
Span events (:start / :stop / :exception)
Each span emits three events with the suffix appended to the event
name. Handlers typically attach to :stop for timing and
:exception for failure tracking.
	Event	Description	Metadata
	[:ex_ratatui, :runtime, :init]	App mount callback (mount/1).	:mod, :transport
	[:ex_ratatui, :runtime, :event]	Terminal event decode + user handle_event/2 dispatch.	:mod, :transport, :event
	[:ex_ratatui, :runtime, :update]	Info-message dispatch (subscriptions, async results, user handle_info/2).	:mod, :transport, :msg
	[:ex_ratatui, :render, :frame]	Frame build + draw cycle.	:mod, :transport, :widget_count
	[:ex_ratatui, :transport, :connect]	Transport wiring for a session (terminal init, SSH session bind, distributed client monitor).	:mod, :transport
	[:ex_ratatui, :image, :decode]	ExRatatui.Image.new/2 byte decode (PNG / JPEG / GIF / WebP / BMP).	:format, :bytes; on :stop adds :width / :height, or :error on decode failure
	[:ex_ratatui, :code_block, :highlight]	ExRatatui.CodeBlock.highlight/3 syntect tokenisation.	:language, :theme, :bytes; on :stop adds :line_count

The two library-level spans fire from pure functions outside the
server, so they carry no :mod / :transport and are not included
in the default logger's event list.
:start events carry %{monotonic_time: integer, system_time: integer}
as measurements. :stop events add :duration (native units). On
exception the metadata gains :kind, :reason, and :stacktrace.
Single events
	Event	Description	Measurements	Metadata
	[:ex_ratatui, :session, :lifecycle, :open]	A session-backed runtime adopted a session.	%{system_time: integer}	:mod, :transport, :width, :height
	[:ex_ratatui, :session, :lifecycle, :close]	A session-backed runtime released its session. Fires exactly once per session even when transport-level cleanup also closes the session ref.	%{system_time: integer}	:mod, :transport, :reason
	[:ex_ratatui, :render, :dropped]	A frame was skipped (draw error or future backpressure).	%{system_time: integer}	:mod, :transport, :reason
	[:ex_ratatui, :transport, :disconnect]	Session tore down.	%{system_time: integer}	:mod, :transport, :reason

Attaching a default logger
# in Application.start/2 or iex
ExRatatui.Telemetry.attach_default_logger()
That attaches a handler that logs every :stop and single event at
:debug level. Pass a custom level with attach_default_logger(level: :info).
See guides/internals/telemetry.md for a full wiring example with Telemetry.Metrics or OpenTelemetry.

      


      
        Summary


  
    Functions
  


    
      
        attach_default_logger(opts \\ [])

      


        Attaches a logger that prints every ExRatatui telemetry event.



    


    
      
        detach_default_logger()

      


        Detaches the default logger previously attached with attach_default_logger/1.



    


    
      
        execute(event, measurements, meta)

      


        Emits a single :telemetry event rooted at [:ex_ratatui | event].



    


    
      
        span(event, meta, fun)

      


        Wraps fun in a :telemetry span rooted at [:ex_ratatui | event].



    





      


      
        Functions


        


    

  
    
      
    
    
      attach_default_logger(opts \\ [])



        
          
        

    

  


  

      

          @spec attach_default_logger(keyword()) :: :ok | {:error, :already_exists}


      


Attaches a logger that prints every ExRatatui telemetry event.
Useful during development. Detach with detach_default_logger/0.
Options
	:level — log level (default: :debug).
	:events — list of event suffixes to attach (default: all).


  



  
    
      
    
    
      detach_default_logger()



        
          
        

    

  


  

      

          @spec detach_default_logger() :: :ok | {:error, :not_found}


      


Detaches the default logger previously attached with attach_default_logger/1.

  



  
    
      
    
    
      execute(event, measurements, meta)



        
          
        

    

  


  

      

          @spec execute([atom(), ...], map(), map()) :: :ok


      


Emits a single :telemetry event rooted at [:ex_ratatui | event].
:system_time is added to the measurements automatically if not already
present.

  



  
    
      
    
    
      span(event, meta, fun)



        
          
        

    

  


  

      

          @spec span([atom(), ...], map(), (-> term())) :: term()


      


Wraps fun in a :telemetry span rooted at [:ex_ratatui | event].
The fun's return value is returned unchanged. The given meta is
forwarded to both the :start and :stop events (plus the standard
:telemetry_span_context). For extra metadata on :stop
specifically, call :telemetry.span/3 directly.

  


        

      


  

    
ExRatatui.App behaviour
    



      
A behaviour for building supervised TUI applications.
Provides a LiveView-inspired callback interface for terminal apps
that can be placed in OTP supervision trees.
Usage
defmodule MyTUI do
  use ExRatatui.App

  @impl true
  def mount(_opts) do
    {:ok, %{count: 0}}
  end

  @impl true
  def render(state, frame) do
    alias ExRatatui.Widgets.Paragraph
    alias ExRatatui.Layout.Rect

    widget = %Paragraph{text: "Count: #{state.count}"}
    rect = %Rect{x: 0, y: 0, width: frame.width, height: frame.height}
    [{widget, rect}]
  end

  @impl true
  def handle_event(%ExRatatui.Event.Key{code: "q"}, state) do
    {:stop, state}
  end

  def handle_event(_event, state) do
    {:noreply, state}
  end
end
Then add to the supervision tree:
children = [{MyTUI, []}]
Supervisor.start_link(children, strategy: :one_for_one)
Runtimes
ExRatatui.App supports two runtime styles:
	Callback runtime (default) — implement mount/1, render/2,
handle_event/2, and optionally handle_info/2
	Reducer runtime — use ExRatatui.App, runtime: :reducer and
implement init/1, render/2, update/2, and optionally
subscriptions/1

Reducer apps receive all terminal input as {:event, event} and all
mailbox messages as {:info, msg} through update/2.
Runtime opts
Every state-transition callback (mount/1, init/1, handle_event/2,
handle_info/2, update/2) can return a third element — a keyword
list of runtime opts that adjust the runtime's behaviour for that
transition without polluting domain state.
def handle_event(%Event.Key{code: "q"}, state) do
  {:stop, state, intents: [{:redirect, "/login"}]}
end

def mount(_opts) do
  {:ok, %{n: 0}, commands: [Command.message(:boot)], trace?: true}
end
	Key	Default	Description
	commands: [...]	[]	Side effects to execute after the state transition. Designed for the reducer runtime but executed under both — under the callback runtime, results are delivered to handle_info/2. See ExRatatui.Command.
	intents: [...]	[]	Opaque directives forwarded verbatim to the transport's intent_writer_fn in the order they were emitted. ex_ratatui defines no vocabulary — consumers do. phoenix_ex_ratatui consumes {:navigate, path}, {:patch, path}, {:redirect, path} to dispatch LV navigation, for example. Transports that don't supply an intent writer (the existing 3-tuple :cell_session shape, plus :local / :session / :distributed_server) silently drop intents — apps stay portable across transports.
	render?: bool	true	Whether to re-render after this transition. Works under both runtimes.
	trace?: bool	unchanged	Enable or disable in-memory runtime tracing.
	probe_image_protocol: bool	false	When true on the :local transport, the runtime calls ExRatatui.Image.auto_local_protocol/1 once right after mount/1 so image widgets with protocol: :auto resolve to the detected terminal protocol (Kitty / Sixel / iTerm2 / Halfblocks). Soft-fails silently with no TTY. Skipped under test_mode: {w, h}. No effect on other transports — CellSession forces halfblocks, SSH / Distributed use their session-level :image_protocol opt. Only meaningful on mount/1. See the Images guide.

Intents emitted from a {:stop, state, intents: ...} transition fire
before the server exits, so a "logout" key returning
{:stop, state, intents: [{:redirect, "/login"}]} reliably reaches
the consumer before the linked-server EXIT propagates.
Options
Options are passed through start_link/1 and forwarded to mount/1:
	:transport - which transport to serve the TUI over. One of:	:local (default) — drives the OS process' real tty via crossterm.
This is the path for a desktop TUI launched from a shell.
	:ssh — starts an SSH daemon that gives every connecting client
its own isolated session and user_state. Requires the :port
option (and usually :authorized_keys / :system_dir); see
ExRatatui.SSH.Daemon for the full option list.
	:distributed — starts a listener that waits for remote BEAM
nodes to attach via ExRatatui.Distributed.attach/2. Each
attaching node gets its own isolated session. No Rust NIF is
loaded on the app node — widget lists travel as BEAM terms and
the client renders them locally. See ExRatatui.Distributed.


	:name - process registration name (defaults to the module name,
pass nil to skip registration)
	:poll_interval - event polling interval in milliseconds (default: 16,
which gives ~60fps). The poll runs on the BEAM's DirtyIo scheduler so it
never blocks normal processes. Lower values increase responsiveness but
use more CPU; higher values reduce CPU but add input latency.
Only used by the :local transport.
	:test_mode - {width, height} tuple to use a headless test terminal
instead of the real terminal. This disables live terminal input polling
so tests stay isolated and async: true safe; use
ExRatatui.Runtime.inject_event/2 to drive input deterministically.

The same app module can be supervised under multiple transports
simultaneously — mount/1, render/2, handle_event/2 and
handle_info/2 are transport-agnostic:
children = [
  {MyApp.TUI, []},                                      # local TTY
  {MyApp.TUI, transport: :ssh, port: 2222, ...},        # remote over SSH
  {MyApp.TUI, transport: :distributed}                   # remote over distribution
]
Callbacks
	mount/1 — Called once on startup with options. Return
{:ok, initial_state}, {:ok, initial_state, runtime_opts}, or
{:error, reason} to abort startup.
	init/1 — Reducer runtime startup callback. Return {:ok, initial_state}
or {:ok, initial_state, runtime_opts}.
	render/2 — Called after every state change. Receives state and a
%ExRatatui.Frame{} with terminal dimensions. Return a list of
{widget, rect} tuples.
	handle_event/2 — Called when a terminal event arrives. Return
{:noreply, new_state} or {:stop, state}.
	handle_info/2 — Called for non-terminal messages (e.g., PubSub).
Optional; default implementation returns {:noreply, state}.
	update/2 — Reducer runtime message handler. Receives {:event, event}
and {:info, msg} and returns {:noreply, state}, {:stop, state},
or either form with reducer runtime opts.
	subscriptions/1 — Reducer runtime subscription declaration.
Optional; default implementation returns [].
	terminate/2 — Called when the TUI is shutting down. Receives the
exit reason and final state. Optional; default is a no-op.
Use this to stop the VM with System.stop(0) in standalone apps.


      


      
        Summary


  
    Types
  


    
      
        callback_opts()

      


        Runtime opts returned as the third element of a mount/1 / handle_event/2
/ handle_info/2 / init/1 / update/2 result. Keys: :commands,
:intents, :render?, :trace?. See Runtime opts.



    


    
      
        intent()

      


        An intent — opaque to ex_ratatui, defined by the consumer. Returned via
callback_opts's :intents key and forwarded to the transport's
intent_writer_fn in emission order.



    


    
      
        state()

      


        User-defined application state. ex_ratatui never inspects it.



    





  
    Callbacks
  


    
      
        handle_event(arg1, state)

      


        Called when a terminal event (key, mouse, or resize) arrives.



    


    
      
        handle_info(msg, state)

      


        Called for non-terminal messages (e.g. PubSub broadcasts, send/2).



    


    
      
        init(opts)

      


        Reducer runtime entrypoint.



    


    
      
        mount(opts)

      


        Called once on startup with the options passed to start_link/1.



    


    
      
        render(state, t)

      


        Called after every state change to produce the UI.



    


    
      
        subscriptions(state)

      


        Returns the subscriptions desired for the current state.



    


    
      
        terminate(reason, state)

      


        Called when the TUI is shutting down.



    


    
      
        update(msg, state)

      


        Reducer runtime message handler.



    





      


      
        Types


        


  
    
      
    
    
      callback_opts()



        
          
        

    

  


  

      

          @type callback_opts() :: keyword()


      


Runtime opts returned as the third element of a mount/1 / handle_event/2
/ handle_info/2 / init/1 / update/2 result. Keys: :commands,
:intents, :render?, :trace?. See Runtime opts.

  



  
    
      
    
    
      intent()



        
          
        

    

  


  

      

          @type intent() :: term()


      


An intent — opaque to ex_ratatui, defined by the consumer. Returned via
callback_opts's :intents key and forwarded to the transport's
intent_writer_fn in emission order.

  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      


User-defined application state. ex_ratatui never inspects it.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      handle_event(arg1, state)



        
          
        

    

  


  

      

          @callback handle_event(
  ExRatatui.Event.Key.t()
  | ExRatatui.Event.Mouse.t()
  | ExRatatui.Event.Resize.t(),
  state()
) ::
  {:noreply, state()}
  | {:noreply, state(), callback_opts()}
  | {:stop, state()}
  | {:stop, state(), callback_opts()}


      


Called when a terminal event (key, mouse, or resize) arrives.
Return {:noreply, new_state} to continue or {:stop, state} to shut
down the application. Either form accepts an optional third element —
see Runtime opts — to attach commands,
intents, suppress the next render, or toggle tracing for this
transition only.

  



  
    
      
    
    
      handle_info(msg, state)


        (optional)


        
          
        

    

  


  

      

          @callback handle_info(msg :: term(), state()) ::
  {:noreply, state()}
  | {:noreply, state(), callback_opts()}
  | {:stop, state()}
  | {:stop, state(), callback_opts()}


      


Called for non-terminal messages (e.g. PubSub broadcasts, send/2).
Same return shape as handle_event/2. Optional — the default
implementation returns {:noreply, state}.

  



  
    
      
    
    
      init(opts)


        (optional)


        
          
        

    

  


  

      

          @callback init(opts :: keyword()) ::
  {:ok, state()} | {:ok, state(), callback_opts()} | {:error, reason :: term()}


      


Reducer runtime entrypoint.
Only used when the module does use ExRatatui.App, runtime: :reducer.

  



  
    
      
    
    
      mount(opts)



        
          
        

    

  


  

      

          @callback mount(opts :: keyword()) ::
  {:ok, state()} | {:ok, state(), callback_opts()} | {:error, reason :: term()}


      


Called once on startup with the options passed to start_link/1.
Return {:ok, initial_state}, {:ok, initial_state, runtime_opts}, or
{:error, reason} to abort.

  



  
    
      
    
    
      render(state, t)



        
          
        

    

  


  

      

          @callback render(state(), ExRatatui.Frame.t()) :: [
  {ExRatatui.widget(), ExRatatui.Layout.Rect.t()}
]


      


Called after every state change to produce the UI.
Receives the current state and a %ExRatatui.Frame{} with the terminal
dimensions. Return a list of {widget, rect} tuples to render.

  



  
    
      
    
    
      subscriptions(state)


        (optional)


        
          
        

    

  


  

      

          @callback subscriptions(state()) :: [ExRatatui.Subscription.t()]


      


Returns the subscriptions desired for the current state.

  



  
    
      
    
    
      terminate(reason, state)


        (optional)


        
          
        

    

  


  

      

          @callback terminate(reason :: term(), state()) :: term()


      


Called when the TUI is shutting down.
Receives the exit reason and the final state. Optional — the default
is a no-op. Use this to call System.stop(0) in standalone apps.

  



  
    
      
    
    
      update(msg, state)


        (optional)


        
          
        

    

  


  

      

          @callback update(msg :: term(), state()) ::
  {:noreply, state()}
  | {:noreply, state(), callback_opts()}
  | {:stop, state()}
  | {:stop, state(), callback_opts()}


      


Reducer runtime message handler.
Only used when the module does use ExRatatui.App, runtime: :reducer.
Messages are wrapped as {:event, event} and {:info, msg}.

  


        

      


  

    
ExRatatui.Command 
    



      
Commands represent one-shot side effects scheduled by an ExRatatui.App.
They are produced from reducer updates and executed by the ExRatatui server runtime
after the new state has been committed and rendered.
Available command constructors:
	message/1 — send an immediate self-message to the app process
	send_after/2 — schedule a delayed self-message
	async/2 — run a zero-arity function in the background and map the result
back into an app message
	batch/1 — group multiple commands into one return value

Reducer callbacks can return commands from init/1 or update/2 via
commands: [...].

      


      
        Summary


  
    Types
  


    
      
        async_fun()

      


    


    
      
        async_mapper()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        async(fun, mapper)

      


        Runs fun in the background and maps its result back into an app message.



    


    
      
        batch(commands)

      


        Groups multiple commands into a single return value.



    


    
      
        message(message)

      


        Schedules an immediate self-message for the app process.



    


    
      
        none()

      


        Returns an empty command list.



    


    
      
        send_after(delay_ms, message)

      


        Schedules a delayed self-message for the app process.



    





      


      
        Types


        


  
    
      
    
    
      async_fun()



        
          
        

    

  


  

      

          @type async_fun() :: (-> term())


      



  



  
    
      
    
    
      async_mapper()



        
          
        

    

  


  

      

          @type async_mapper() :: (term() -> term())


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %ExRatatui.Command{
    commands: term(),
    delay_ms: term(),
    fun: term(),
    kind: :message,
    mapper: term(),
    message: term()
  }
  | %ExRatatui.Command{
      commands: term(),
      delay_ms: non_neg_integer(),
      fun: term(),
      kind: :after,
      mapper: term(),
      message: term()
    }
  | %ExRatatui.Command{
      commands: term(),
      delay_ms: term(),
      fun: async_fun(),
      kind: :async,
      mapper: async_mapper(),
      message: term()
    }
  | %ExRatatui.Command{
      commands: [t()],
      delay_ms: term(),
      fun: term(),
      kind: :batch,
      mapper: term(),
      message: term()
    }


      



  


        

      

      
        Functions


        


  
    
      
    
    
      async(fun, mapper)



        
          
        

    

  


  

      

          @spec async(async_fun(), async_mapper()) :: t()


      


Runs fun in the background and maps its result back into an app message.
On success, the mapper receives the function's return value directly. If the
function raises or exits, the mapper receives {:error, reason} where
reason is one of {:exception, message}, {:exit, term}, or
{:throw | :error, term}. Design the mapper to handle both shapes so a
failing task becomes a structured message the app's update/2 (or
handle_info/2) can branch on.
If the mapper itself raises or exits, the app process receives
{:error, {:mapper_exception, message}},
{:error, {:mapper_exit, reason}}, or
{:error, {:mapper_catch, {kind, reason}}} — distinct tags that tell
a task failure apart from a bug in the mapper.
Examples
ExRatatui.Command.async(
  fn -> MyAPI.fetch_user(id) end,
  fn
    {:ok, user} -> {:user_loaded, user}
    {:error, reason} -> {:user_load_failed, reason}
  end
)

  



  
    
      
    
    
      batch(commands)



        
          
        

    

  


  

      

          @spec batch([t()]) :: t()


      


Groups multiple commands into a single return value.
Nested batches are flattened by the runtime before execution.
Examples
iex> a = ExRatatui.Command.message(:a)
iex> b = ExRatatui.Command.send_after(10, :b)
iex> ExRatatui.Command.batch([a, b])
%ExRatatui.Command{
  kind: :batch,
  commands: [
    %ExRatatui.Command{kind: :message, message: :a},
    %ExRatatui.Command{kind: :after, delay_ms: 10, message: :b}
  ]
}

  



  
    
      
    
    
      message(message)



        
          
        

    

  


  

      

          @spec message(term()) :: t()


      


Schedules an immediate self-message for the app process.
Examples
iex> ExRatatui.Command.message(:tick)
%ExRatatui.Command{kind: :message, message: :tick}

  



  
    
      
    
    
      none()



        
          
        

    

  


  

      

          @spec none() :: []


      


Returns an empty command list.
Useful when reducer helpers want to return an explicit "no commands" value.
Examples
iex> ExRatatui.Command.none()
[]

  



  
    
      
    
    
      send_after(delay_ms, message)



        
          
        

    

  


  

      

          @spec send_after(non_neg_integer(), term()) :: t()


      


Schedules a delayed self-message for the app process.
delay_ms may be 0 to enqueue the message on the next turn without waiting.
Examples
iex> ExRatatui.Command.send_after(250, :refresh)
%ExRatatui.Command{kind: :after, delay_ms: 250, message: :refresh}

  


        

      


  

    
ExRatatui.Runtime 
    



      
Runtime inspection and trace controls for supervised ExRatatui applications.
snapshot/1 returns runtime metadata including:
	:mode, :mod, and :transport
	:dimensions and :polling_enabled?
	:render_count and :last_rendered_at
	:subscription_count and :subscriptions
	:active_async_commands
	:trace_enabled?, :trace_limit, and :trace_events

inject_event/2 delivers a synthetic terminal event through the same runtime
transition path as a polled input event. This is useful for deterministic
tests when an app is running under test_mode, which intentionally disables
live terminal input polling.

      


      
        Summary


  
    Functions
  


    
      
        disable_trace(server)

      


        Disables runtime tracing for server and clears retained trace events.



    


    
      
        enable_trace(server, opts \\ [])

      


        Enables in-memory runtime tracing for server.



    


    
      
        inject_event(server, event)

      


        Injects a synthetic terminal event into server.



    


    
      
        snapshot(server)

      


        Returns a snapshot of a supervised app's runtime state.



    


    
      
        trace_events(server)

      


        Returns the current trace event list for server.



    





      


      
        Functions


        


  
    
      
    
    
      disable_trace(server)



        
          
        

    

  


  

      

          @spec disable_trace(GenServer.server()) :: :ok


      


Disables runtime tracing for server and clears retained trace events.

  



    

  
    
      
    
    
      enable_trace(server, opts \\ [])



        
          
        

    

  


  

      

          @spec enable_trace(
  GenServer.server(),
  keyword()
) :: :ok


      


Enables in-memory runtime tracing for server.
Once enabled, trace events are collected in memory and can be retrieved
with trace_events/1. Each trace event is a map of the form:
%{
  kind: :message | :render | :command | :subscription,
  at_ms: integer(),
  details: map()
}
Where :at_ms is the monotonic system time in milliseconds at which the
event fired, and :details depends on :kind:
	:message — %{source: :event | :info, payload: term()}. Input
events from the terminal arrive as source: :event; handle_info/2
messages (timers, PubSub, etc.) as source: :info.

	:render — %{frame: ExRatatui.Frame.t(), widget_count: integer()}.
	:command — either %{kind: :message, message: term()},
%{kind: :after, delay_ms: integer(), message: term()}, or
%{kind: :async} for supervised async commands.
	:subscription — %{action: :start | :cancel | :fire, id: term(), kind: atom()}.


Options
	:limit — maximum number of recent trace events to retain in memory.
Defaults to 200. Events beyond the limit are dropped oldest-first.


  



  
    
      
    
    
      inject_event(server, event)



        
          
        

    

  


  

      

          @spec inject_event(
  GenServer.server(),
  ExRatatui.Event.Key.t()
  | ExRatatui.Event.Mouse.t()
  | ExRatatui.Event.Resize.t()
) :: :ok


      


Injects a synthetic terminal event into server.
This follows the same event path as a real polled input event, so it works
for both callback-runtime and reducer-runtime apps. It is primarily useful
under test_mode, where live terminal polling is intentionally disabled.

  



  
    
      
    
    
      snapshot(server)



        
          
        

    

  


  

      

          @spec snapshot(GenServer.server()) :: map()


      


Returns a snapshot of a supervised app's runtime state.
The returned map is intended for debugging, tests, and runtime introspection.
Under test_mode, :polling_enabled? is false, which makes it easy to
assert the server is running headlessly.
The returned map contains:
%{
  mode: :callbacks | :reducer,
  mod: MyApp.TUI,
  transport: :local | :session | :distributed_server,
  polling_enabled?: boolean(),
  dimensions: {width, height},
  render_count: non_neg_integer(),
  last_rendered_at: integer() | nil,
  trace_enabled?: boolean(),
  trace_limit: pos_integer(),
  trace_events: [map()],
  subscription_count: non_neg_integer(),
  subscriptions: [%{id: term(), kind: atom(), interval_ms: pos_integer(), fired?: boolean(), active?: boolean()}],
  active_async_commands: non_neg_integer()
}

  



  
    
      
    
    
      trace_events(server)



        
          
        

    

  


  

      

          @spec trace_events(GenServer.server()) :: [map()]


      


Returns the current trace event list for server.
This is shorthand for snapshot(server).trace_events.

  


        

      


  

    
ExRatatui.Subscription 
    



      
Subscriptions represent ongoing or delayed self-messages owned by an app.
The server reconciles subscriptions after each state transition, diffing by
stable id so applications can declare timers without manually managing
Process.send_after/3 references.
Available subscription constructors:
	interval/3 — repeated self-message at a fixed interval
	once/3 — one-shot self-message delivered once after a delay

Reducer apps declare subscriptions by implementing subscriptions/1.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        interval(id, interval_ms, message)

      


        Declares a repeating self-message subscription.



    


    
      
        none()

      


        Returns an empty subscription list.



    


    
      
        once(id, interval_ms, message)

      


        Declares a one-shot self-message subscription.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :interval | :once


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExRatatui.Subscription{
  id: term(),
  interval_ms: pos_integer(),
  kind: kind(),
  message: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      interval(id, interval_ms, message)



        
          
        

    

  


  

      

          @spec interval(term(), pos_integer(), term()) :: t()


      


Declares a repeating self-message subscription.
id should be stable across renders for the same logical subscription so the
runtime can keep it armed instead of cancelling and recreating it.
Examples
iex> ExRatatui.Subscription.interval(:tick, 1000, :refresh)
%ExRatatui.Subscription{id: :tick, kind: :interval, interval_ms: 1000, message: :refresh}

  



  
    
      
    
    
      none()



        
          
        

    

  


  

      

          @spec none() :: []


      


Returns an empty subscription list.
Useful when subscriptions/1 or helper functions want to return an explicit
"no subscriptions" value.
Examples
iex> ExRatatui.Subscription.none()
[]

  



  
    
      
    
    
      once(id, interval_ms, message)



        
          
        

    

  


  

      

          @spec once(term(), pos_integer(), term()) :: t()


      


Declares a one-shot self-message subscription.
Like interval/3, id is used for reconciliation. Once the message fires,
the subscription stays inactive until the app returns it again.
Examples
iex> ExRatatui.Subscription.once(:boot, 50, :ready)
%ExRatatui.Subscription{id: :boot, kind: :once, interval_ms: 50, message: :ready}

  


        

      


  

    
ExRatatui.Frame 
    



      
Terminal frame information passed to render/2 callbacks.
Contains the current terminal dimensions.
Examples
iex> %ExRatatui.Frame{width: 80, height: 24}
%ExRatatui.Frame{width: 80, height: 24}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExRatatui.Frame{height: non_neg_integer(), width: non_neg_integer()}


      



  


        

      


  

    
ExRatatui.Layout 
    



      
Layout system for splitting areas into sub-regions.
Uses ratatui's constraint-based layout engine to divide a Rect into
multiple sub-regions along a direction.
Constraints
	{:percentage, n} - percentage of the total space
	{:length, n} - exact number of cells
	{:min, n} - minimum number of cells
	{:max, n} - maximum number of cells
	{:ratio, numerator, denominator} - fractional ratio
	{:fill, weight} - proportional share of the remaining space
after higher-priority constraints (Length/Percentage/Ratio/etc.)
are satisfied. {:fill, 1} + {:fill, 2} splits leftover space
in a 1:2 ratio. Useful for "growable" panels in dashboards.

Options
split/4 accepts a fourth keyword-list argument:
	:flex — how excess space is distributed when constraints don't
fill the area. One of:	:legacy — pre-Flex behaviour; last constraint absorbs excess
	:start — pack from the start
	:end — pack from the end
	:center — pack centered, excess split between both ends
	:space_between — distribute excess between segments
	:space_around — distribute excess around every segment
Defaults to ratatui's Flex::default() (currently :start).


	:spacing — non-negative integer cells inserted between every
pair of adjacent segments. Defaults to 0.
	:margin — non-negative integer cells inset on all four sides of
the area before it is split. Defaults to 0.
	:horizontal_margin / :vertical_margin — per-axis inset that
overrides :margin for that axis when given. Use these for
asymmetric insets (e.g. horizontal_margin: 2, vertical_margin: 1).

Examples
area = %Rect{x: 0, y: 0, width: 80, height: 24}

# Split the area but leave a 1-cell border around the edges.
[body] = Layout.split(area, :vertical, [{:min, 0}], margin: 1)

area = %Rect{x: 0, y: 0, width: 80, height: 24}

[header, body, footer] = Layout.split(area, :vertical, [
  {:length, 3},
  {:min, 0},
  {:length, 1}
])

[sidebar, main] = Layout.split(body, :horizontal, [
  {:percentage, 30},
  {:percentage, 70}
])

# Centered popup with 40-cell fixed width
[popup] = Layout.split(area, :horizontal, [{:length, 40}], flex: :center)

# Two equal-weight growable panels with a 2-cell gutter
[left, right] = Layout.split(area, :horizontal, [{:fill, 1}, {:fill, 1}],
  spacing: 2)

      


      
        Summary


  
    Types
  


    
      
        constraint()

      


    


    
      
        direction()

      


    


    
      
        flex()

      


    


    
      
        split_opt()

      


    





  
    Functions
  


    
      
        split(area, direction, constraints, opts \\ [])

      


        Splits a Rect into sub-regions based on direction and constraints.



    





      


      
        Types


        


  
    
      
    
    
      constraint()



        
          
        

    

  


  

      

          @type constraint() ::
  {:percentage, non_neg_integer()}
  | {:length, non_neg_integer()}
  | {:min, non_neg_integer()}
  | {:max, non_neg_integer()}
  | {:ratio, non_neg_integer(), non_neg_integer()}
  | {:fill, non_neg_integer()}


      



  



  
    
      
    
    
      direction()



        
          
        

    

  


  

      

          @type direction() :: :horizontal | :vertical


      



  



  
    
      
    
    
      flex()



        
          
        

    

  


  

      

          @type flex() :: :legacy | :start | :end | :center | :space_between | :space_around


      



  



  
    
      
    
    
      split_opt()



        
          
        

    

  


  

      

          @type split_opt() ::
  {:flex, flex()}
  | {:spacing, non_neg_integer()}
  | {:margin, non_neg_integer()}
  | {:horizontal_margin, non_neg_integer()}
  | {:vertical_margin, non_neg_integer()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      split(area, direction, constraints, opts \\ [])



        
          
        

    

  


  

      

          @spec split(ExRatatui.Layout.Rect.t(), direction(), [constraint()], [split_opt()]) ::
  [ExRatatui.Layout.Rect.t()] | {:error, term()}


      


Splits a Rect into sub-regions based on direction and constraints.
Accepts an optional 4th argument with :flex and :spacing options
(see module doc). Returns a list of %Rect{} structs or
{:error, reason} on failure.
Examples
iex> alias ExRatatui.Layout
iex> alias ExRatatui.Layout.Rect
iex> area = %Rect{x: 0, y: 0, width: 80, height: 24}
iex> [top, bottom] = Layout.split(area, :vertical, [{:percentage, 50}, {:percentage, 50}])
iex> top
%Rect{x: 0, y: 0, width: 80, height: 12}
iex> bottom
%Rect{x: 0, y: 12, width: 80, height: 12}

iex> alias ExRatatui.Layout
iex> alias ExRatatui.Layout.Rect
iex> area = %Rect{x: 0, y: 0, width: 100, height: 1}
iex> [left, right] = Layout.split(area, :horizontal, [{:length, 20}, {:min, 0}])
iex> left
%Rect{x: 0, y: 0, width: 20, height: 1}
iex> right
%Rect{x: 20, y: 0, width: 80, height: 1}

iex> alias ExRatatui.Layout
iex> alias ExRatatui.Layout.Rect
iex> area = %Rect{x: 0, y: 0, width: 30, height: 1}
iex> [popup] = Layout.split(area, :horizontal, [{:length, 10}], flex: :center)
iex> popup
%Rect{x: 10, y: 0, width: 10, height: 1}

iex> alias ExRatatui.Layout
iex> alias ExRatatui.Layout.Rect
iex> area = %Rect{x: 0, y: 0, width: 22, height: 1}
iex> [left, right] = Layout.split(area, :horizontal, [{:length, 10}, {:length, 10}], spacing: 2)
iex> left.width == 10 and right.x == 12 and right.width == 10
true

  


        

      


  

    
ExRatatui.Layout.Padding 
    



      
Constructors for %ExRatatui.Widgets.Block{} padding tuples.
Block's :padding field is a {left, right, top, bottom} tuple of
non-negative integers. Writing those out by hand is noisy for the
common symmetric cases — these helpers mirror ratatui's Padding
constructors and return the tuple Block already accepts, so they
drop straight into padding:.
%Block{padding: ExRatatui.Layout.Padding.uniform(1)}
%Block{padding: ExRatatui.Layout.Padding.symmetric(2, 1)}
Every helper returns a plain {l, r, t, b} tuple — there is no
struct and no runtime cost beyond building the tuple.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        horizontal(n)

      


        Padding on left + right only; top + bottom are zero.



    


    
      
        new(left, right, top, bottom)

      


        Explicit per-side padding. The identity constructor — included so a
call site can stay in the Padding.* namespace for all four cases.



    


    
      
        symmetric(horizontal, vertical)

      


        Horizontal padding on left + right, vertical padding on top + bottom.



    


    
      
        uniform(n)

      


        The same padding on all four sides.



    


    
      
        vertical(n)

      


        Padding on top + bottom only; left + right are zero.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  {non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      horizontal(n)



        
          
        

    

  


  

      

          @spec horizontal(non_neg_integer()) :: t()


      


Padding on left + right only; top + bottom are zero.
Examples
iex> ExRatatui.Layout.Padding.horizontal(2)
{2, 2, 0, 0}

  



  
    
      
    
    
      new(left, right, top, bottom)



        
          
        

    

  


  

      

          @spec new(non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer()) ::
  t()


      


Explicit per-side padding. The identity constructor — included so a
call site can stay in the Padding.* namespace for all four cases.
Examples
iex> ExRatatui.Layout.Padding.new(1, 2, 3, 4)
{1, 2, 3, 4}

  



  
    
      
    
    
      symmetric(horizontal, vertical)



        
          
        

    

  


  

      

          @spec symmetric(non_neg_integer(), non_neg_integer()) :: t()


      


Horizontal padding on left + right, vertical padding on top + bottom.
Examples
iex> ExRatatui.Layout.Padding.symmetric(3, 1)
{3, 3, 1, 1}

  



  
    
      
    
    
      uniform(n)



        
          
        

    

  


  

      

          @spec uniform(non_neg_integer()) :: t()


      


The same padding on all four sides.
Examples
iex> ExRatatui.Layout.Padding.uniform(2)
{2, 2, 2, 2}

  



  
    
      
    
    
      vertical(n)



        
          
        

    

  


  

      

          @spec vertical(non_neg_integer()) :: t()


      


Padding on top + bottom only; left + right are zero.
Examples
iex> ExRatatui.Layout.Padding.vertical(1)
{0, 0, 1, 1}

  


        

      


  

    
ExRatatui.Layout.Rect 
    



      
A rectangular area on the terminal screen.
Fields
	:x - left column (0-based)
	:y - top row (0-based)
	:width - width in cells
	:height - height in cells

Examples
iex> %ExRatatui.Layout.Rect{x: 0, y: 0, width: 80, height: 24}
%ExRatatui.Layout.Rect{x: 0, y: 0, width: 80, height: 24}

iex> %ExRatatui.Layout.Rect{}
%ExRatatui.Layout.Rect{x: 0, y: 0, width: 0, height: 0}
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        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExRatatui.Layout.Rect{
  height: non_neg_integer(),
  width: non_neg_integer(),
  x: non_neg_integer(),
  y: non_neg_integer()
}


      



  


        

      


  

    
ExRatatui.Style 
    



      
Style configuration for widgets.
Fields
	:fg - foreground color (see Colors below), or nil for terminal default
	:bg - background color, or nil for terminal default
	:underline_color - color of the underline drawn by the
:underlined modifier, distinct from :fg. nil (default) means
the underline uses the foreground color. Only terminals that
support colored underlines (kitty, wezterm) honour it; others
fall back to a plain underline.
	:modifiers - list of text modifiers (see Modifiers below)

Colors
Named colors (atoms):
	Standard	Light variant
	:black	:dark_gray
	:red	:light_red
	:green	:light_green
	:yellow	:light_yellow
	:blue	:light_blue
	:magenta	:light_magenta
	:cyan	:light_cyan
	:gray	:white

Special: :reset resets to terminal default.
RGB and indexed colors:
# 24-bit RGB
%Style{fg: {:rgb, 255, 100, 0}}

# 256-color indexed (0-255)
%Style{fg: {:indexed, 42}}
Modifiers
Text modifiers: :bold, :dim, :italic, :underlined, :crossed_out, :reversed
%Style{fg: :green, modifiers: [:bold, :italic]}
Examples
iex> %ExRatatui.Style{fg: :red, bg: :black, modifiers: [:bold]}
%ExRatatui.Style{fg: :red, bg: :black, underline_color: nil, modifiers: [:bold]}

iex> %ExRatatui.Style{fg: {:rgb, 255, 100, 0}}
%ExRatatui.Style{fg: {:rgb, 255, 100, 0}, bg: nil, underline_color: nil, modifiers: []}

iex> %ExRatatui.Style{}
%ExRatatui.Style{fg: nil, bg: nil, underline_color: nil, modifiers: []}

iex> %ExRatatui.Style{modifiers: [:underlined], underline_color: :red}
%ExRatatui.Style{fg: nil, bg: nil, underline_color: :red, modifiers: [:underlined]}
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          @type color() ::
  :black
  | :red
  | :green
  | :yellow
  | :blue
  | :magenta
  | :cyan
  | :gray
  | :dark_gray
  | :light_red
  | :light_green
  | :light_yellow
  | :light_blue
  | :light_magenta
  | :light_cyan
  | :white
  | :reset
  | {:rgb, 0..255, 0..255, 0..255}
  | {:indexed, 0..255}
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          @type modifier() :: :bold | :dim | :italic | :underlined | :crossed_out | :reversed
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          @type t() :: %ExRatatui.Style{
  bg: color() | nil,
  fg: color() | nil,
  modifiers: [modifier()],
  underline_color: color() | nil
}


      



  


        

      


  

    
ExRatatui.Theme 
    



      
Named-slot color palette for TUI apps.
A %Theme{} is a pure data struct — a map from semantic slot names
(:accent, :border, :success, …) to ExRatatui.Style.color/0
values. Apps build %Style{} values from it via the helpers below
(border_style/2, text_style/2, selection_style/1) or by
destructuring slots directly into widget fields.
This is "Layer A" of the theming work: pure data the app threads
through its render code by hand. There is no automatic widget
injection — Block borders don't magically pick up theme.border
unless the app passes it in. A later "Layer B" may add an opt-in
pass that merges theme defaults into widget structs at render time;
Layer A stays explicit and dependency-free.
Slots
	:primary — main brand color (titles, highlighted headers)
	:accent — interactive / focused / selected elements
	:border — default border color for unfocused panels
	:border_focused — border color for the focused panel
	:surface — primary background; nil means "let the terminal
decide" and works on both light and dark terminals
	:surface_alt — secondary background (alt rows in tables,
striped lists, raised panels)
	:text — default foreground for body text
	:text_dim — secondary foreground (hints, placeholders,
disabled controls)
	:success / :warning / :danger — status messages and
severity indicators

Every slot accepts the full ExRatatui.Style.color/0 shape:
named atoms (:cyan, :dark_gray), {:rgb, r, g, b},
{:indexed, n}, or nil. Slots default to nil, meaning "fall
back to the terminal default" — apps that don't want to depend on
any particular palette can drop unused slots.
Composing with widgets
theme = ExRatatui.Theme.default()

%ExRatatui.Widgets.Block{
  title: "Search",
  borders: [:all],
  border_style: ExRatatui.Theme.border_style(theme, focused: focused?)
}

%ExRatatui.Widgets.List{
  items: results,
  highlight_style: ExRatatui.Theme.selection_style(theme)
}
Picking a theme
Two starter constructors ship in the box:
	default/0 — terminal-respecting dark-friendly palette
(cyan accent, transparent surface)
	light/0 — same shape with darker text and a light surface,
suitable for light terminal themes

Apps with stricter brand requirements compose their own:
%ExRatatui.Theme{
  primary: {:rgb, 88, 28, 135},
  accent: {:rgb, 245, 158, 11},
  border: :gray,
  border_focused: {:rgb, 245, 158, 11},
  text: :white,
  text_dim: :gray,
  success: :green,
  warning: :yellow,
  danger: :red
}
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        border_style(theme, opts \\ [])

      


        Builds a border %Style{} from a theme.



    


    
      
        default()

      


        Returns a terminal-respecting dark-friendly default theme.
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        Returns a light-terminal-friendly variant of default/0.
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        Builds a selection-highlight %Style{} from a theme.



    


    
      
        text_style(theme, opts \\ [])

      


        Builds a body-text %Style{} from a theme.
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          @type t() :: %ExRatatui.Theme{
  accent: ExRatatui.Style.color() | nil,
  border: ExRatatui.Style.color() | nil,
  border_focused: ExRatatui.Style.color() | nil,
  danger: ExRatatui.Style.color() | nil,
  primary: ExRatatui.Style.color() | nil,
  success: ExRatatui.Style.color() | nil,
  surface: ExRatatui.Style.color() | nil,
  surface_alt: ExRatatui.Style.color() | nil,
  text: ExRatatui.Style.color() | nil,
  text_dim: ExRatatui.Style.color() | nil,
  warning: ExRatatui.Style.color() | nil
}
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          @spec border_style(
  t(),
  keyword()
) :: ExRatatui.Style.t()


      


Builds a border %Style{} from a theme.
Accepts focused: true to swap in :border_focused. Defaults to the
unfocused :border slot.
Examples
iex> theme = ExRatatui.Theme.default()
iex> ExRatatui.Theme.border_style(theme)
%ExRatatui.Style{fg: :gray, bg: nil, modifiers: []}
iex> ExRatatui.Theme.border_style(theme, focused: true)
%ExRatatui.Style{fg: :cyan, bg: nil, modifiers: []}
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          @spec default() :: t()


      


Returns a terminal-respecting dark-friendly default theme.
Surfaces are nil so the terminal's own background shows through —
works on both light and dark terminal themes without forcing one.
Accent is cyan, borders are gray with cyan-on-focus, status uses the
conventional green / yellow / red triad.
Examples
iex> theme = ExRatatui.Theme.default()
iex> theme.accent
:cyan
iex> theme.surface
nil
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          @spec light() :: t()


      


Returns a light-terminal-friendly variant of default/0.
Text is dark, surface is white, accent stays cyan but borders shift
to dark_gray for contrast on a light background.
Examples
iex> theme = ExRatatui.Theme.light()
iex> theme.text
:black
iex> theme.surface
:white
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          @spec selection_style(t()) :: ExRatatui.Style.t()


      


Builds a selection-highlight %Style{} from a theme.
The convention is a reversed-style pop: the theme's :surface color
becomes the foreground, the :accent becomes the background. Use on
List :highlight_style, Table :highlight_style, selected Tabs,
etc.
Examples
iex> theme = ExRatatui.Theme.default()
iex> ExRatatui.Theme.selection_style(theme)
%ExRatatui.Style{fg: nil, bg: :cyan, modifiers: []}
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          @spec text_style(
  t(),
  keyword()
) :: ExRatatui.Style.t()


      


Builds a body-text %Style{} from a theme.
Accepts dim: true to use the :text_dim slot (hints, placeholders,
disabled). The background is always theme.surface, which is nil
in the default theme.
Examples
iex> theme = ExRatatui.Theme.default()
iex> ExRatatui.Theme.text_style(theme)
%ExRatatui.Style{fg: :white, bg: nil, modifiers: []}
iex> ExRatatui.Theme.text_style(theme, dim: true)
%ExRatatui.Style{fg: :gray, bg: nil, modifiers: []}
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Rich-text value composed of one or more ExRatatui.Text.Lines.
Text mirrors ratatui's Text type: a list of lines with an optional
top-level style and alignment. Styles cascade from the outermost layer
inward (widget → Text → Line → Span); innermost values win on conflict.
Per-line alignment (when set) overrides the widget's default alignment
for that line.
Used as the expanded form behind widget fields that accept rich text
(Paragraph.text, List.items, Table cells, and — via
ExRatatui.Text.Line — Tabs.titles and Block.title).
Fields
	:lines - list of %ExRatatui.Text.Line{}
	:style - %ExRatatui.Style{} applied as the outermost default style
	:alignment - :left, :center, :right, or nil (inherit from widget)

Examples
iex> alias ExRatatui.Text
iex> alias ExRatatui.Text.{Line, Span}
iex> alias ExRatatui.Style
iex> Text.new([
...>   Line.new([Span.new("Hello ", style: %Style{fg: :green}), Span.new("world")]),
...>   Line.new([Span.new("Second line")])
...> ])
%ExRatatui.Text{
  lines: [
    %ExRatatui.Text.Line{
      spans: [
        %ExRatatui.Text.Span{
          content: "Hello ",
          style: %ExRatatui.Style{fg: :green, bg: nil, modifiers: []}
        },
        %ExRatatui.Text.Span{content: "world", style: %ExRatatui.Style{}}
      ],
      style: %ExRatatui.Style{},
      alignment: nil
    },
    %ExRatatui.Text.Line{
      spans: [%ExRatatui.Text.Span{content: "Second line", style: %ExRatatui.Style{}}],
      style: %ExRatatui.Style{},
      alignment: nil
    }
  ],
  style: %ExRatatui.Style{},
  alignment: nil
}
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        Builds a %Text{} from a list of lines and options.



    





      


      
        Types


        


  
    
      
    
    
      alignment()



        
          
        

    

  


  

      

          @type alignment() :: :left | :center | :right | nil
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          @type t() :: %ExRatatui.Text{
  alignment: alignment(),
  lines: [ExRatatui.Text.Line.t()],
  style: ExRatatui.Style.t()
}
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          @spec new(
  [ExRatatui.Text.Line.t()],
  keyword()
) :: t()


      


Builds a %Text{} from a list of lines and options.
Options:
	:style - a %ExRatatui.Style{} (default: %Style{})
	:alignment - :left, :center, :right, or nil (default: nil)

Raises ArgumentError for an invalid :alignment value.

  


        

      


  

    
ExRatatui.Text.Line 
    



      
A single line of text composed of one or more ExRatatui.Text.Spans.
A line may carry its own style (merged over any parent Text/widget style)
and its own alignment, which overrides the widget's default alignment for
that line when set.
Fields
	:spans - list of %ExRatatui.Text.Span{}
	:style - %ExRatatui.Style{} applied to the line (layered with Span styles)
	:alignment - :left, :center, :right, or nil (inherit)

Examples
iex> alias ExRatatui.Text.{Line, Span}
iex> alias ExRatatui.Style
iex> Line.new([Span.new("Hello "), Span.new("world", style: %Style{fg: :green})])
%ExRatatui.Text.Line{
  spans: [
    %ExRatatui.Text.Span{content: "Hello ", style: %ExRatatui.Style{}},
    %ExRatatui.Text.Span{
      content: "world",
      style: %ExRatatui.Style{fg: :green, bg: nil, modifiers: []}
    }
  ],
  style: %ExRatatui.Style{},
  alignment: nil
}

iex> alias ExRatatui.Text.{Line, Span}
iex> alias ExRatatui.Style
iex> Line.new([Span.new("centered")], style: %Style{modifiers: [:bold]}, alignment: :center)
%ExRatatui.Text.Line{
  spans: [%ExRatatui.Text.Span{content: "centered", style: %ExRatatui.Style{}}],
  style: %ExRatatui.Style{fg: nil, bg: nil, modifiers: [:bold]},
  alignment: :center
}
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        Builds a %Line{} from a list of spans and options.
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          @type alignment() :: :left | :center | :right | nil
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          @type t() :: %ExRatatui.Text.Line{
  alignment: alignment(),
  spans: [ExRatatui.Text.Span.t()],
  style: ExRatatui.Style.t()
}
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          @spec new(
  [ExRatatui.Text.Span.t()],
  keyword()
) :: t()


      


Builds a %Line{} from a list of spans and options.
Options:
	:style - a %ExRatatui.Style{} (default: %Style{})
	:alignment - :left, :center, :right, or nil (default: nil)

Raises ArgumentError for an invalid :alignment value.
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A single styled run of text — the smallest rich-text primitive.
A span is a single line of text with its own style. Spans are composed into
ExRatatui.Text.Lines, which are composed into ExRatatui.Text.
Fields
	:content - the span's text (no embedded newlines)
	:style - %ExRatatui.Style{} applied to the span

Examples
iex> alias ExRatatui.Text.Span
iex> alias ExRatatui.Style
iex> Span.new("hello")
%ExRatatui.Text.Span{content: "hello", style: %ExRatatui.Style{}}

iex> alias ExRatatui.Text.Span
iex> alias ExRatatui.Style
iex> Span.new("error", style: %Style{fg: :red, modifiers: [:bold]})
%ExRatatui.Text.Span{
  content: "error",
  style: %ExRatatui.Style{fg: :red, bg: nil, modifiers: [:bold]}
}
Newlines in span content raise ArgumentError — split into multiple spans
inside a Line, or multiple Lines inside a Text:
iex> ExRatatui.Text.Span.new("a\nb")
** (ArgumentError) Span content cannot contain newlines; use multiple Lines instead
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        Builds a %Span{} with the given content and options.
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          @type t() :: %ExRatatui.Text.Span{content: String.t(), style: ExRatatui.Style.t()}
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          @spec new(
  String.t(),
  keyword()
) :: t()


      


Builds a %Span{} with the given content and options.
Options:
	:style - a %ExRatatui.Style{} (default: %Style{})

Raises ArgumentError if content contains \n.
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Terminal event structs.
Events are returned by ExRatatui.poll_event/1 and can be pattern matched
to handle user input:
	ExRatatui.Event.Key — keyboard events (key presses, releases, repeats)
	ExRatatui.Event.Mouse — mouse events (clicks, scrolls, drags)
	ExRatatui.Event.Resize — terminal resize events
	ExRatatui.Event.Paste — bracketed-paste events with the full
pasted payload
	ExRatatui.Event.FocusGained / ExRatatui.Event.FocusLost —
terminal-window focus reporting

Example
case ExRatatui.poll_event(timeout) do
  %ExRatatui.Event.Key{code: "q"} -> :quit
  %ExRatatui.Event.Key{code: "up"} -> :scroll_up
  %ExRatatui.Event.Mouse{kind: "scroll_down"} -> :scroll_down
  %ExRatatui.Event.Resize{width: w, height: h} -> {:resize, w, h}
  %ExRatatui.Event.Paste{content: text} -> {:paste, text}
  %ExRatatui.Event.FocusGained{} -> :resume_animations
  %ExRatatui.Event.FocusLost{} -> :pause_animations
  nil -> :no_event
end
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          @type t() ::
  ExRatatui.Event.Key.t()
  | ExRatatui.Event.Mouse.t()
  | ExRatatui.Event.Resize.t()
  | ExRatatui.Event.Paste.t()
  | ExRatatui.Event.FocusGained.t()
  | ExRatatui.Event.FocusLost.t()
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Emitted when the terminal window gains focus.
Carries no payload — pattern-match the struct itself. Apps use this
to resume animations, refresh stale data, or restore a polished idle
state when the user returns to the terminal.
Focus reporting is opt-in: ExRatatui.run(fun, focus_events: true)
enables crossterm's EnableFocusChange. Terminals that don't support
focus reporting silently ignore the request and no Focus events
arrive — apps don't need a conditional path.
Companion: ExRatatui.Event.FocusLost.
Example
case ExRatatui.poll_event(timeout) do
  %ExRatatui.Event.FocusGained{} ->
    %{state | spinner_active: true}

  %ExRatatui.Event.FocusLost{} ->
    %{state | spinner_active: false}

  _ ->
    state
end
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          @type t() :: %ExRatatui.Event.FocusGained{}


      



  


        

      


  

    
ExRatatui.Event.FocusLost 
    



      
Emitted when the terminal window loses focus.
Carries no payload — pattern-match the struct itself. Apps use this
to pause expensive animations or background ticks while the user is
elsewhere; see ExRatatui.Event.FocusGained for the inverse and a
full pattern-match example.
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          @type t() :: %ExRatatui.Event.FocusLost{}
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A keyboard event.
Fields
	:code - the key that was pressed, as a string (see Key Codes below)
	:kind - "press", "release", or "repeat"
	:modifiers - list of active modifiers: "shift", "ctrl", "alt",
"super", "hyper", "meta"

Key Codes
Character keys are returned as their string value ("a", "z", "1", " ", etc.).
Special keys:
	Code	Key
	"enter"	Enter / Return
	"esc"	Escape
	"tab"	Tab
	"back_tab"	Shift+Tab
	"backspace"	Backspace
	"delete"	Delete
	"insert"	Insert
	"up"	Arrow Up
	"down"	Arrow Down
	"left"	Arrow Left
	"right"	Arrow Right
	"home"	Home
	"end"	End
	"page_up"	Page Up
	"page_down"	Page Down
	"f1" .. "f12"	Function keys
	"caps_lock"	Caps Lock
	"scroll_lock"	Scroll Lock
	"num_lock"	Num Lock
	"print_screen"	Print Screen
	"pause"	Pause
	"menu"	Menu / Context
	"keypad_begin"	Keypad Begin (numpad 5)

Examples
iex> %ExRatatui.Event.Key{code: "q", kind: "press"}
%ExRatatui.Event.Key{code: "q", kind: "press", modifiers: []}

iex> %ExRatatui.Event.Key{code: "c", kind: "press", modifiers: ["ctrl"]}
%ExRatatui.Event.Key{code: "c", kind: "press", modifiers: ["ctrl"]}
Pattern matching on events:
# Match any arrow key
%Event.Key{code: code, kind: "press"} when code in ~w(up down left right)
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          @type t() :: %ExRatatui.Event.Key{
  code: String.t() | nil,
  kind: String.t() | nil,
  modifiers: [String.t()]
}


      



  


        

      


  

    
ExRatatui.Event.Mouse 
    



      
A mouse event.
Fields
	:kind - the type of mouse event: "down", "up", "drag", "moved",
"scroll_up", "scroll_down", "scroll_left", "scroll_right"
	:button - the mouse button: "left", "right", "middle", or ""
(empty for scroll and move events)
	:x - column position (0-based)
	:y - row position (0-based)
	:modifiers - list of active modifiers: "shift", "ctrl", "alt",
"super", "hyper", "meta"

Examples
iex> %ExRatatui.Event.Mouse{kind: "down", button: "left", x: 5, y: 10}
%ExRatatui.Event.Mouse{kind: "down", button: "left", x: 5, y: 10, modifiers: []}
Pattern matching on events:
# Match a left click
%Event.Mouse{kind: "down", button: "left", x: x, y: y}

# Match scroll up
%Event.Mouse{kind: "scroll_up"}
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          @type t() :: %ExRatatui.Event.Mouse{
  button: String.t(),
  kind: String.t(),
  modifiers: [String.t()],
  x: non_neg_integer(),
  y: non_neg_integer()
}


      



  


        

      


  

    
ExRatatui.Event.Paste 
    



      
A bracketed-paste event.
Emitted when the terminal is in bracketed-paste mode and a user pastes
content (typically via Ctrl+Shift+V, Cmd+V, or middle-click). The full
pasted payload arrives as one event rather than as a stream of
individual Key events, preserving newlines and protecting widgets from
accidentally interpreting pasted control characters as commands.
Bracketed paste is enabled automatically on the local terminal
(ExRatatui.run/1); apps consuming events from the byte-stream
Session, SSH, or distributed transports may not see Paste events
unless the input parser on that transport has been taught to decode
the ESC[200~ ... ESC[201~ markers.
Fields
	:content — the pasted text, with line breaks preserved as
\n. Control characters other than newline are passed through
as-is; consumers may want to filter them depending on the target
widget (single-line TextInput usually drops newlines; multi-line
Textarea keeps them).

Example
case ExRatatui.poll_event(timeout) do
  %ExRatatui.Event.Paste{content: text} ->
    ExRatatui.textarea_insert_str(state.editor, text)

  %ExRatatui.Event.Key{code: "q"} ->
    :quit

  _ ->
    :continue
end
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          @type t() :: %ExRatatui.Event.Paste{content: String.t()}
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A terminal resize event.
Emitted when the user resizes the terminal window.
Fields
	:width - new terminal width in columns
	:height - new terminal height in rows

Examples
iex> %ExRatatui.Event.Resize{width: 80, height: 24}
%ExRatatui.Event.Resize{width: 80, height: 24}
Pattern matching on events:
%Event.Resize{width: w, height: h} ->
  # re-render with new dimensions
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          @type t() :: %ExRatatui.Event.Resize{
  height: non_neg_integer() | nil,
  width: non_neg_integer() | nil
}


      



  


        

      


  

    
ExRatatui.Focus 
    



      
Focus management for multi-panel apps.
Focus is a tiny state machine over an ordered ring of focusable
IDs. Declare the IDs up front, feed every key event through
handle_key/2, and pattern-match on current/1 to decide which
widget receives the keystroke. handle_key/2 consumes
Tab / Shift+Tab (or custom overrides) and passes everything else
through unchanged.
There is no process, no macro, no protocol — just a struct kept in
the reducer state or ExRatatui.App model.
Caller pattern
def handle_event(%Event.Key{} = key, state) do
  {focus, key} = Focus.handle_key(state.focus, key)
  state = %{state | focus: focus}

  case key do
    nil ->
      # consumed by Focus (Tab / Shift+Tab); nothing more to do
      {:noreply, state}

    key ->
      case Focus.current(focus) do
        :search  -> {:noreply, update_search(state, key)}
        :results -> {:noreply, update_results(state, key)}
        :details -> {:noreply, update_details(state, key)}
      end
  end
end
Styling the focused widget
Focus never touches widget structs. Use focused?/2 to decide the
style:
border_style =
  if Focus.focused?(focus, :search),
    do: %Style{fg: :yellow},
    else: %Style{fg: :gray}

%TextInput{
  state: search_state,
  block: %Block{borders: :all, border_style: border_style}
}
Custom keys
Pass :next_keys / :prev_keys to new/2 as lists of
%ExRatatui.Event.Key{} structs. Only :code and :modifiers
matter — :kind is ignored, and :modifiers is compared as a set
(order-independent).
Focus.new([:a, :b, :c],
  next_keys: [%Event.Key{code: "tab"}, %Event.Key{code: "right", modifiers: ["ctrl"]}],
  prev_keys: [%Event.Key{code: "left", modifiers: ["ctrl"]}]
)
Mouse routing
Associate each focusable ID with a hit-test %ExRatatui.Layout.Rect{}
after computing layout (typically inside a %Event.Resize{} handler
or any state change that affects geometry). handle_mouse/2 then
focuses the widget under a left-click, passing the event through so
the underlying widget can also react.
def handle_event(%Event.Resize{width: w, height: h}, state) do
  [search_rect, body_rect] =
    Layout.split(%Rect{x: 0, y: 0, width: w, height: h}, :vertical,
      [{:length, 3}, {:min, 0}])

  focus =
    state.focus
    |> Focus.set_region(:search, search_rect)
    |> Focus.set_region(:body, body_rect)

  %{state | focus: focus}
end

def handle_event(%Event.Mouse{} = mouse, state) do
  {focus, mouse} = Focus.handle_mouse(state.focus, mouse)
  # mouse is always returned for downstream handling — left-click
  # focuses the region's ID; scroll/drag/right-click are pass-through.
  ...
end
Scroll-wheel routing is intentionally not built in: the conventional
contract is "scroll goes to the focused widget", which the app can
implement by inspecting Focus.current/1 after handle_mouse/2
returns. Apps that prefer "scroll goes to the widget under the
cursor" can call Focus.at/3 directly.
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        at(focus, x, y)

      


        Returns the focusable ID whose region contains the point (x, y), or
nil if no registered region contains the point.



    


    
      
        current(focus)

      


        Returns the currently focused ID.



    


    
      
        focus(focus, id)

      


        Jumps focus to a specific ID.



    


    
      
        focused?(focus, id)

      


        Returns true when id is the currently focused ID.



    


    
      
        handle_key(focus, event)

      


        Routes a key event through the focus ring.



    


    
      
        handle_mouse(focus, event)

      


        Routes a mouse event through the focus ring.



    


    
      
        new(ids, opts \\ [])

      


        Builds a focus ring from an ordered list of IDs.



    


    
      
        next(focus)

      


        Advances focus to the next ID, wrapping from the last back to the first.



    


    
      
        prev(focus)

      


        Retreats focus to the previous ID, wrapping from the first back to the last.



    


    
      
        region(focus, id)

      


        Returns the region registered for id, or nil if none is registered.



    


    
      
        set_region(focus, id, rect)

      


        Associates a hit-test region with a focusable ID.



    


    
      
        set_regions(focus, regions)

      


        Batch-registers multiple regions in one call.
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          @type id() :: atom()
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          @type t() :: %ExRatatui.Focus{
  ids: [id(), ...],
  index: non_neg_integer(),
  next_keys: [ExRatatui.Event.Key.t()],
  prev_keys: [ExRatatui.Event.Key.t()],
  regions: %{required(id()) => ExRatatui.Layout.Rect.t()}
}
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          @spec at(t(), non_neg_integer(), non_neg_integer()) :: id() | nil


      


Returns the focusable ID whose region contains the point (x, y), or
nil if no registered region contains the point.
When regions overlap, the smallest one (by area) wins — overlap usually
means a focusable widget sits inside a larger focusable container, and
the leaf should claim the click.
Examples
iex> alias ExRatatui.{Focus, Layout.Rect}
iex> focus =
...>   Focus.new([:a, :b])
...>   |> Focus.set_region(:a, %Rect{x: 0, y: 0, width: 10, height: 10})
...>   |> Focus.set_region(:b, %Rect{x: 2, y: 2, width: 2, height: 2})
iex> Focus.at(focus, 3, 3)
:b
iex> Focus.at(focus, 8, 8)
:a
iex> Focus.at(focus, 50, 50)
nil
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          @spec current(t()) :: id()


      


Returns the currently focused ID.
Examples
iex> ExRatatui.Focus.new([:a, :b, :c]) |> ExRatatui.Focus.current()
:a

iex> ExRatatui.Focus.new([:a, :b, :c], initial: :b) |> ExRatatui.Focus.current()
:b
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          @spec focus(t(), id()) :: t()


      


Jumps focus to a specific ID.
Raises ArgumentError if id is not in the ring.
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          @spec focused?(t(), id()) :: boolean()


      


Returns true when id is the currently focused ID.
Examples
iex> focus = ExRatatui.Focus.new([:a, :b, :c])
iex> ExRatatui.Focus.focused?(focus, :a)
true
iex> ExRatatui.Focus.focused?(focus, :b)
false
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          @spec handle_key(t(), ExRatatui.Event.Key.t()) :: {t(), ExRatatui.Event.Key.t() | nil}


      


Routes a key event through the focus ring.
Returns {focus, nil} when the event matched a :next_keys or
:prev_keys entry (focus moved, event consumed). Returns
{focus, event} unchanged otherwise so the caller can forward it to
the currently focused widget.
Matching compares :code and :modifiers (as a set). :kind is
ignored.
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          @spec handle_mouse(t(), ExRatatui.Event.Mouse.t()) :: {t(), ExRatatui.Event.Mouse.t()}


      


Routes a mouse event through the focus ring.
On a left-button down event inside a registered region, focus
moves to that region's ID and the event is passed through so the
underlying widget can also react (toggle a checkbox, place a cursor,
start a drag). Every other mouse event — clicks outside any
registered region, right/middle clicks, scroll, drag, move, up — is
returned unchanged with focus untouched.
Returns {focus, event} regardless. Mirrors handle_key/2 shape so
the same caller pattern ({focus, event} = Focus.handle_*(focus, event))
works for both event types.
Examples
iex> alias ExRatatui.{Focus, Event, Layout.Rect}
iex> focus =
...>   Focus.new([:a, :b])
...>   |> Focus.set_region(:a, %Rect{x: 0, y: 0, width: 10, height: 3})
...>   |> Focus.set_region(:b, %Rect{x: 0, y: 3, width: 10, height: 3})
iex> click = %Event.Mouse{kind: "down", button: "left", x: 5, y: 4}
iex> {focus, _event} = Focus.handle_mouse(focus, click)
iex> Focus.current(focus)
:b
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          @spec new(
  [id(), ...],
  keyword()
) :: t()


      


Builds a focus ring from an ordered list of IDs.
Options
	:initial — ID to start focused on (defaults to the first entry).
	:next_keys — list of %ExRatatui.Event.Key{} that advance focus
(defaults to Tab).
	:prev_keys — list of %ExRatatui.Event.Key{} that retreat focus
(defaults to Shift+Tab and back_tab).

Raises ArgumentError for an empty list, duplicate IDs, non-atom
entries, or an :initial that is not in ids.
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          @spec next(t()) :: t()


      


Advances focus to the next ID, wrapping from the last back to the first.
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          @spec prev(t()) :: t()


      


Retreats focus to the previous ID, wrapping from the first back to the last.

  



  
    
      
    
    
      region(focus, id)



        
          
        

    

  


  

      

          @spec region(t(), id()) :: ExRatatui.Layout.Rect.t() | nil


      


Returns the region registered for id, or nil if none is registered.

  



  
    
      
    
    
      set_region(focus, id, rect)



        
          
        

    

  


  

      

          @spec set_region(t(), id(), ExRatatui.Layout.Rect.t()) :: t()


      


Associates a hit-test region with a focusable ID.
Apps call this after computing layout (typically inside a %Event.Resize{}
handler, or any state change that affects the on-screen geometry of the
focusable widgets). handle_mouse/2 uses the registered regions to focus
the widget under a click.
Raises ArgumentError if id is not in the ring.
Examples
iex> focus = ExRatatui.Focus.new([:search, :results])
iex> rect = %ExRatatui.Layout.Rect{x: 0, y: 0, width: 40, height: 3}
iex> focus |> ExRatatui.Focus.set_region(:search, rect) |> ExRatatui.Focus.region(:search)
%ExRatatui.Layout.Rect{x: 0, y: 0, width: 40, height: 3}

  



  
    
      
    
    
      set_regions(focus, regions)



        
          
        

    

  


  

      

          @spec set_regions(t(), %{required(id()) => ExRatatui.Layout.Rect.t()}) :: t()


      


Batch-registers multiple regions in one call.
Equivalent to calling set_region/3 for each entry. Raises if any ID
is missing from the ring.
Examples
iex> focus = ExRatatui.Focus.new([:a, :b])
iex> rects = %{
...>   a: %ExRatatui.Layout.Rect{x: 0, y: 0, width: 10, height: 1},
...>   b: %ExRatatui.Layout.Rect{x: 0, y: 1, width: 10, height: 1}
...> }
iex> focus |> ExRatatui.Focus.set_regions(rects) |> ExRatatui.Focus.region(:b)
%ExRatatui.Layout.Rect{x: 0, y: 1, width: 10, height: 1}

  


        

      


  

    
ExRatatui.Widgets.Block 
    



      
A container widget that provides borders and titles around other widgets.
Can be rendered standalone or used as the :block field on other widgets
for composition. Supported by: Paragraph, List, Table, Gauge, LineGauge,
Tabs, Checkbox, TextInput, Markdown, Textarea, Throbber, Popup, and WidgetList.
Fields
	:title - optional title displayed on the top border. Accepts any
ExRatatui.Text-coercible line-like value: a String.t(), a
%ExRatatui.Text.Span{}, a %ExRatatui.Text.Line{}, or a list of spans.
Titles are single-line — strings with embedded newlines raise.
	:titles - list of additional titles. Each entry is either a
line-like value (uses the block's default position / alignment /
style) or a %ExRatatui.Widgets.Block.Title{} carrying its own
position, alignment, and style overrides. Combine with :title
to model patterns like "filename | scroll %" — :title for the
left side, plus a %Block.Title{alignment: :right} for the
right side.
	:title_position - :top (default) or :bottom. Default
position for any title that does not carry its own.
	:title_alignment - :left (default), :center, or :right.
Default alignment for any title that does not carry its own.
	:title_style - %ExRatatui.Style{} applied to every title
that does not carry its own style.
	:borders - list of border sides: :all, :top, :right, :bottom, :left
	:border_style - %ExRatatui.Style{} for border color/modifiers
	:border_type - one of :plain, :rounded, :double, :thick,
:light_double_dashed, :heavy_double_dashed, :light_triple_dashed,
:heavy_triple_dashed, :light_quadruple_dashed, :heavy_quadruple_dashed,
:quadrant_inside, :quadrant_outside. The dashed families break the
border line into 2/3/4 dash segments; the quadrant types draw a blocky
half-cell border (inside or outside the content area).
	:style - %ExRatatui.Style{} for the inner area
	:padding - {left, right, top, bottom} inner padding

Examples
iex> %ExRatatui.Widgets.Block{title: "My Panel", borders: [:all], border_type: :rounded}
%ExRatatui.Widgets.Block{
  title: "My Panel",
  titles: [],
  title_position: :top,
  title_alignment: :left,
  title_style: nil,
  borders: [:all],
  border_style: %ExRatatui.Style{},
  border_type: :rounded,
  style: %ExRatatui.Style{},
  padding: {0, 0, 0, 0}
}

iex> alias ExRatatui.Widgets.Block
iex> alias ExRatatui.Widgets.Block.Title
iex> %Block{
...>   title: "src/lib.rs",
...>   titles: [%Title{content: "[3/12]", alignment: :right}],
...>   borders: [:all]
...> }
%ExRatatui.Widgets.Block{
  title: "src/lib.rs",
  titles: [
    %ExRatatui.Widgets.Block.Title{
      content: "[3/12]",
      position: nil,
      alignment: :right,
      style: nil
    }
  ],
  title_position: :top,
  title_alignment: :left,
  title_style: nil,
  borders: [:all],
  border_style: %ExRatatui.Style{},
  border_type: :plain,
  style: %ExRatatui.Style{},
  padding: {0, 0, 0, 0}
}
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          @type border_side() :: :all | :top | :right | :bottom | :left
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          @type border_type() ::
  :plain
  | :rounded
  | :double
  | :thick
  | :light_double_dashed
  | :heavy_double_dashed
  | :light_triple_dashed
  | :heavy_triple_dashed
  | :light_quadruple_dashed
  | :heavy_quadruple_dashed
  | :quadrant_inside
  | :quadrant_outside
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          @type t() :: %ExRatatui.Widgets.Block{
  border_style: ExRatatui.Style.t(),
  border_type: border_type(),
  borders: [border_side()],
  padding:
    {non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer()},
  style: ExRatatui.Style.t(),
  title: title() | nil,
  title_alignment: :left | :center | :right,
  title_position: :top | :bottom,
  title_style: ExRatatui.Style.t() | nil,
  titles: [title_entry()]
}
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          @type title() ::
  String.t()
  | ExRatatui.Text.Span.t()
  | ExRatatui.Text.Line.t()
  | [ExRatatui.Text.Span.t()]
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          @type title_entry() :: title() | ExRatatui.Widgets.Block.Title.t()


      



  


        

      


  

    
ExRatatui.Widgets.Block.Title 
    



      
A single title entry inside a %ExRatatui.Widgets.Block{}.
Blocks can carry any number of titles, each anchored to the top or
bottom border and aligned left, center, or right. The classic
"filename | scroll %" header is two titles on the top border with
opposite alignments.
Fields
	:content — any ExRatatui.Text-coercible line-like value:
a String.t(), %Span{}, %Line{}, or a list of spans.
Multi-line content raises.
	:position — :top, :bottom, or nil (falls back to the
block's :title_position, which defaults to :top).
	:alignment — :left, :center, :right, or nil (falls
back to the block's :title_alignment, which defaults to
:left).
	:style — %ExRatatui.Style{} or nil. When nil, the
block's :title_style applies.

Examples
iex> alias ExRatatui.Widgets.Block.Title
iex> %Title{content: "Search", alignment: :left}
%ExRatatui.Widgets.Block.Title{
  content: "Search",
  position: nil,
  alignment: :left,
  style: nil
}
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          @type alignment() :: :left | :center | :right | nil
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          @type content() ::
  String.t()
  | ExRatatui.Text.Span.t()
  | ExRatatui.Text.Line.t()
  | [ExRatatui.Text.Span.t()]
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          @type position() :: :top | :bottom | nil
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          @type t() :: %ExRatatui.Widgets.Block.Title{
  alignment: alignment(),
  content: content(),
  position: position(),
  style: ExRatatui.Style.t() | nil
}


      



  


        

      


  

    
ExRatatui.Widgets.Calendar 
    



      
A monthly calendar widget that displays days in a 7-column grid.
Wraps Ratatui's Monthly widget. :display_date picks the month to render
(the day component only matters for surrounding-month styling around boundaries).
Per-day highlights are expressed through :events — either a list of
{Date.t(), Style.t()} tuples (later entries win on duplicate dates) or a
%{Date.t() => Style.t()} map.
Fields
	:display_date - Date.t() inside the month to display (required)
	:events - per-day style overrides, applied on top of :default_style.
Accepts either a list of {Date, Style} tuples or a %{Date => Style} map
	:default_style - %ExRatatui.Style{} applied to every cell as the baseline
	:show_month_header - boolean, default true; renders the "Month YYYY" header
	:header_style - %ExRatatui.Style{} for the month header
	:show_weekdays_header - boolean, default true; renders the "Su Mo Tu..." row
	:weekday_style - %ExRatatui.Style{} for the weekdays row
	:show_surrounding - %ExRatatui.Style{} applied to previous/next month days
(nil hides them)
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> alias ExRatatui.Widgets.Calendar
iex> %Calendar{display_date: ~D[2026-03-15]}
%ExRatatui.Widgets.Calendar{
  display_date: ~D[2026-03-15],
  events: nil,
  default_style: nil,
  show_month_header: true,
  header_style: nil,
  show_weekdays_header: true,
  weekday_style: nil,
  show_surrounding: nil,
  block: nil
}
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          @type events() ::
  [{Date.t(), ExRatatui.Style.t()}]
  | %{required(Date.t()) => ExRatatui.Style.t()}
  | nil
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          @type t() :: %ExRatatui.Widgets.Calendar{
  block: ExRatatui.Widgets.Block.t() | nil,
  default_style: ExRatatui.Style.t() | nil,
  display_date: Date.t(),
  events: events(),
  header_style: ExRatatui.Style.t() | nil,
  show_month_header: boolean(),
  show_surrounding: ExRatatui.Style.t() | nil,
  show_weekdays_header: boolean(),
  weekday_style: ExRatatui.Style.t() | nil
}


      



  


        

      


  

    
ExRatatui.Widgets.Checkbox 
    



      
A checkbox widget for toggling boolean values.
Renders a checkbox symbol followed by a label. Useful for yes/no toggles,
multi-select option lists, and boolean prompts.
Fields
	:label - the text displayed next to the checkbox
	:checked - whether the checkbox is checked (default: false)
	:style - %ExRatatui.Style{} for the label text
	:checked_style - %ExRatatui.Style{} for the checkbox symbol
	:checked_symbol - custom string for the checked state (rendered as "[x]" when nil)
	:unchecked_symbol - custom string for the unchecked state (rendered as "[ ]" when nil)
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> %ExRatatui.Widgets.Checkbox{label: "Enable notifications", checked: true}
%ExRatatui.Widgets.Checkbox{
  label: "Enable notifications",
  checked: true,
  style: %ExRatatui.Style{},
  checked_style: %ExRatatui.Style{},
  checked_symbol: nil,
  unchecked_symbol: nil,
  block: nil
}
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          @type t() :: %ExRatatui.Widgets.Checkbox{
  block: ExRatatui.Widgets.Block.t() | nil,
  checked: boolean(),
  checked_style: ExRatatui.Style.t(),
  checked_symbol: String.t() | nil,
  label: String.t(),
  style: ExRatatui.Style.t(),
  unchecked_symbol: String.t() | nil
}


      



  


        

      


  

    
ExRatatui.Widgets.Clear 
    



      
A widget that resets all cells in its area to empty (space) characters.
Useful for rendering overlays on top of existing content — render a Clear
over the area first, then render the overlay widget on top.
Examples
iex> %ExRatatui.Widgets.Clear{}
%ExRatatui.Widgets.Clear{}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExRatatui.Widgets.Clear{}


      



  


        

      


  

    
ExRatatui.Widgets.Gauge 
    



      
A progress bar widget.
Fields
	:ratio - progress value, a number in 0.0..1.0. Integers 0 and 1
are accepted and coerced to floats. Any other value raises
ArgumentError at render time.
	:label - optional label string displayed on the gauge
	:style - %ExRatatui.Style{} for the widget background
	:block - optional %ExRatatui.Widgets.Block{} container
	:gauge_style - %ExRatatui.Style{} for the filled portion

Examples
iex> %ExRatatui.Widgets.Gauge{ratio: 0.75, label: "75%"}
%ExRatatui.Widgets.Gauge{
  ratio: 0.75,
  label: "75%",
  style: %ExRatatui.Style{},
  block: nil,
  gauge_style: %ExRatatui.Style{}
}
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          @type t() :: %ExRatatui.Widgets.Gauge{
  block: ExRatatui.Widgets.Block.t() | nil,
  gauge_style: ExRatatui.Style.t(),
  label: String.t() | nil,
  ratio: float(),
  style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.LineGauge 
    



      
A thin horizontal progress bar widget.
Similar to ExRatatui.Widgets.Gauge but renders as a single line using
line-drawing characters.
Fields
	:ratio - progress value, a number in 0.0..1.0. Integers 0 and 1
are accepted and coerced to floats. Any other value raises
ArgumentError at render time.
	:label - optional label string displayed alongside the gauge
	:style - %ExRatatui.Style{} for the widget background
	:filled_style - %ExRatatui.Style{} for the filled portion
	:unfilled_style - %ExRatatui.Style{} for the unfilled portion
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> %ExRatatui.Widgets.LineGauge{ratio: 0.6, label: "60%"}
%ExRatatui.Widgets.LineGauge{
  ratio: 0.6,
  label: "60%",
  style: %ExRatatui.Style{},
  filled_style: %ExRatatui.Style{},
  unfilled_style: %ExRatatui.Style{},
  block: nil
}
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          @type t() :: %ExRatatui.Widgets.LineGauge{
  block: ExRatatui.Widgets.Block.t() | nil,
  filled_style: ExRatatui.Style.t(),
  label: String.t() | nil,
  ratio: float(),
  style: ExRatatui.Style.t(),
  unfilled_style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.List 
    



      
A selectable list widget.
Fields
	:items - list of items to display. Each item accepts any
ExRatatui.Text-coercible value: a String.t(), a %ExRatatui.Text.Span{},
a %ExRatatui.Text.Line{}, a %ExRatatui.Text{}, or a list of spans/lines.
	:style - %ExRatatui.Style{} for non-selected items
	:block - optional %ExRatatui.Widgets.Block{} container
	:highlight_style - %ExRatatui.Style{} for the selected item
	:highlight_symbol - string prefix for the selected item (e.g., ">> ")
	:selected - zero-based index of the selected item, or nil for no
selection. Must be in 0..length(items) - 1; any other value raises
ArgumentError at render time.
	:direction - :top_to_bottom (default) or :bottom_to_top. The
latter paints the first item at the bottom of the area and grows
upward — natural fit for chat logs, REPL history, and event streams
where the newest entry pins to the bottom edge.
	:scroll_padding - non-negative integer. The minimum number of
rows kept visible above and below the selected item when the list
auto-scrolls. 2 means the selection always has at least two rows
of context on each side (or as many as the viewport allows).
Defaults to 0.
	:repeat_highlight_symbol - false (default) renders the highlight
symbol only on the first wrapped row of the selected item; true
repeats it on every row. Useful for multi-line list items.

Examples
iex> %ExRatatui.Widgets.List{items: ["Alpha", "Beta", "Gamma"], selected: 0}
%ExRatatui.Widgets.List{
  items: ["Alpha", "Beta", "Gamma"],
  style: %ExRatatui.Style{},
  block: nil,
  highlight_style: %ExRatatui.Style{},
  highlight_symbol: nil,
  selected: 0,
  direction: :top_to_bottom,
  scroll_padding: 0,
  repeat_highlight_symbol: false
}
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          @type item() ::
  String.t()
  | ExRatatui.Text.Span.t()
  | ExRatatui.Text.Line.t()
  | ExRatatui.Text.t()
  | [ExRatatui.Text.Span.t()]
  | [ExRatatui.Text.Line.t()]
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          @type t() :: %ExRatatui.Widgets.List{
  block: ExRatatui.Widgets.Block.t() | nil,
  direction: direction(),
  highlight_style: ExRatatui.Style.t(),
  highlight_symbol: String.t() | nil,
  items: [item()],
  repeat_highlight_symbol: boolean(),
  scroll_padding: non_neg_integer(),
  selected: non_neg_integer() | nil,
  style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.Markdown 
    



      
A markdown rendering widget with syntax highlighting for code blocks.
Uses the tui-markdown Rust crate (powered by pulldown-cmark + syntect)
to parse markdown and render it with styled text spans. Supports headings,
bold, italic, inline code, fenced code blocks with syntax highlighting,
bullet lists, links, and horizontal rules.
Ideal for rendering AI assistant responses in a chat interface.
Fenced-code highlighting uses syntect's bundled base16-ocean.dark theme,
which is hardcoded by tui-markdown and cannot be overridden through its
public API. For themed code display, use ExRatatui.Widgets.CodeBlock
directly.
Fields
	:content - the markdown text to render
	:style - %ExRatatui.Style{} for the widget background
	:block - optional %ExRatatui.Widgets.Block{} container
	:scroll - {vertical, horizontal} scroll offset (default: {0, 0})
	:wrap - true to wrap text at widget boundary (default: true)

Examples
iex> %ExRatatui.Widgets.Markdown{content: "# Hello\n\nSome **bold** text."}
%ExRatatui.Widgets.Markdown{
  content: "# Hello\n\nSome **bold** text.",
  style: %ExRatatui.Style{},
  block: nil,
  scroll: {0, 0},
  wrap: true
}

iex> alias ExRatatui.Widgets.{Markdown, Block}
iex> %Markdown{
...>   content: "Some text",
...>   block: %Block{title: "Response", borders: [:all]}
...> }
%ExRatatui.Widgets.Markdown{
  content: "Some text",
  style: %ExRatatui.Style{},
  block: %ExRatatui.Widgets.Block{title: "Response", borders: [:all]},
  scroll: {0, 0},
  wrap: true
}
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          @type t() :: %ExRatatui.Widgets.Markdown{
  block: ExRatatui.Widgets.Block.t() | nil,
  content: String.t(),
  scroll: {non_neg_integer(), non_neg_integer()},
  style: ExRatatui.Style.t(),
  wrap: boolean()
}


      



  


        

      


  

    
ExRatatui.Widgets.Paragraph 
    



      
A text display widget with optional wrapping, alignment, and scrolling.
Fields
	:text - the text content. Accepts a plain string (with \n for newlines),
a %ExRatatui.Text.Span{}, a %ExRatatui.Text.Line{}, a %ExRatatui.Text{},
or a list of spans/lines. See ExRatatui.Text for the full rich-text model.
	:style - %ExRatatui.Style{} for foreground/background/modifiers
	:block - optional %ExRatatui.Widgets.Block{} container (borders, title)
	:alignment - :left, :center, or :right
	:wrap - true to wrap text at widget boundary
	:scroll - {vertical, horizontal} scroll offset

Examples
iex> %ExRatatui.Widgets.Paragraph{text: "Hello!", alignment: :center}
%ExRatatui.Widgets.Paragraph{
  text: "Hello!",
  style: %ExRatatui.Style{},
  block: nil,
  alignment: :center,
  wrap: false,
  scroll: {0, 0}
}

iex> alias ExRatatui.Widgets.{Paragraph, Block}
iex> alias ExRatatui.Style
iex> %Paragraph{
...>   text: "Hello, world!",
...>   style: %Style{fg: :green, modifiers: [:bold]},
...>   alignment: :center,
...>   block: %Block{title: "Greeting", borders: [:all]}
...> }
%ExRatatui.Widgets.Paragraph{
  text: "Hello, world!",
  style: %ExRatatui.Style{fg: :green, modifiers: [:bold]},
  block: %ExRatatui.Widgets.Block{title: "Greeting", borders: [:all]},
  alignment: :center,
  wrap: false,
  scroll: {0, 0}
}
Rich text with per-span styling:
iex> alias ExRatatui.Widgets.Paragraph
iex> alias ExRatatui.Text.{Line, Span}
iex> alias ExRatatui.Style
iex> %Paragraph{
...>   text: [
...>     Line.new([Span.new("error: ", style: %Style{fg: :red, modifiers: [:bold]}),
...>               Span.new("something broke")])
...>   ]
...> }.text
...> |> length()
1
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          @type t() :: %ExRatatui.Widgets.Paragraph{
  alignment: :left | :center | :right,
  block: ExRatatui.Widgets.Block.t() | nil,
  scroll: {non_neg_integer(), non_neg_integer()},
  style: ExRatatui.Style.t(),
  text: text_like(),
  wrap: boolean()
}
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          @type text_like() ::
  String.t()
  | ExRatatui.Text.Span.t()
  | ExRatatui.Text.Line.t()
  | ExRatatui.Text.t()
  | [ExRatatui.Text.Line.t()]
  | [ExRatatui.Text.Span.t()]


      



  


        

      


  

    
ExRatatui.Widgets.Popup 
    



      
A centered modal overlay widget.
Renders a widget centered over the parent area, clearing the background
underneath. Useful for dialogs, confirmations, command palettes, and
autocomplete popups.
The popup size can be specified as a percentage of the parent area or
as fixed dimensions. Fixed dimensions take precedence when set.
Examples
iex> %ExRatatui.Widgets.Popup{}
%ExRatatui.Widgets.Popup{
  content: nil,
  block: nil,
  percent_width: 60,
  percent_height: 60,
  fixed_width: nil,
  fixed_height: nil
}

iex> alias ExRatatui.Widgets.{Popup, Paragraph, Block}
iex> %Popup{
...>   content: %Paragraph{text: "Are you sure?"},
...>   block: %Block{title: "Confirm", borders: [:all], border_type: :rounded},
...>   percent_width: 50,
...>   percent_height: 30
...> }
%ExRatatui.Widgets.Popup{
  content: %ExRatatui.Widgets.Paragraph{text: "Are you sure?"},
  block: %ExRatatui.Widgets.Block{title: "Confirm", borders: [:all], border_type: :rounded},
  percent_width: 50,
  percent_height: 30,
  fixed_width: nil,
  fixed_height: nil
}
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          @type t() :: %ExRatatui.Widgets.Popup{
  block: ExRatatui.Widgets.Block.t() | nil,
  content: ExRatatui.widget() | nil,
  fixed_height: non_neg_integer() | nil,
  fixed_width: non_neg_integer() | nil,
  percent_height: non_neg_integer(),
  percent_width: non_neg_integer()
}


      



  


        

      


  

    
ExRatatui.Widgets.Scrollbar 
    



      
A scrollbar widget for indicating scroll position in content.
Fields
	:orientation - one of :vertical_right (default), :vertical_left,
:horizontal_bottom, :horizontal_top
	:content_length - total number of scrollable items or lines
	:position - current scroll position (zero-based)
	:viewport_content_length - number of visible items (optional, improves thumb sizing)
	:thumb_style - %ExRatatui.Style{} for the scrollbar thumb
	:track_style - %ExRatatui.Style{} for the scrollbar track
	:thumb_symbol - custom character for the thumb (optional)
	:track_symbol - custom character for the track (optional)
	:begin_symbol - custom character for the start arrow (optional)
	:end_symbol - custom character for the end arrow (optional)

Examples
iex> %ExRatatui.Widgets.Scrollbar{content_length: 100, position: 25}
%ExRatatui.Widgets.Scrollbar{
  orientation: :vertical_right,
  content_length: 100,
  position: 25,
  viewport_content_length: nil,
  thumb_style: %ExRatatui.Style{},
  track_style: %ExRatatui.Style{},
  thumb_symbol: nil,
  track_symbol: nil,
  begin_symbol: nil,
  end_symbol: nil
}
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          @type orientation() ::
  :vertical_right | :vertical_left | :horizontal_bottom | :horizontal_top
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          @type t() :: %ExRatatui.Widgets.Scrollbar{
  begin_symbol: String.t() | nil,
  content_length: non_neg_integer(),
  end_symbol: String.t() | nil,
  orientation: orientation(),
  position: non_neg_integer(),
  thumb_style: ExRatatui.Style.t(),
  thumb_symbol: String.t() | nil,
  track_style: ExRatatui.Style.t(),
  track_symbol: String.t() | nil,
  viewport_content_length: non_neg_integer() | nil
}


      



  


        

      


  

    
ExRatatui.Widgets.Sparkline 
    



      
A compact inline chart for a single data series.
Each entry in :data is either a non-negative integer sample or nil for
a missing/absent sample. Absent samples render with the configurable
:absent_value_symbol (default " ") and :absent_value_style, which
distinguishes gaps from zeros.
Fields
	:data - list of non_neg_integer() | nil samples (required; may be empty)

	:style - chart-wide %ExRatatui.Style{}; falls back to terminal default
	:max - optional upper bound; when nil, the chart auto-scales to the largest value
	:direction - :left_to_right (default) or :right_to_left
	:bar_set - glyph set used to draw the bars:	:nine_levels (default, full-block gradient)
	:three_levels (low/medium/high)
	a list of strings from empty to full, e.g. [" ", "▂", "▅", "█"]


	:absent_value_style - %ExRatatui.Style{} applied to gap cells
	:absent_value_symbol - grapheme rendered for nil samples (default " ")
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> alias ExRatatui.Widgets.Sparkline
iex> %Sparkline{data: [0, 1, 3, 7, 3, 1, 0]}
%ExRatatui.Widgets.Sparkline{
  data: [0, 1, 3, 7, 3, 1, 0],
  style: nil,
  max: nil,
  direction: :left_to_right,
  bar_set: :nine_levels,
  absent_value_style: nil,
  absent_value_symbol: nil,
  block: nil
}
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          @type bar_set() :: :nine_levels | :three_levels | [String.t()]
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          @type t() :: %ExRatatui.Widgets.Sparkline{
  absent_value_style: ExRatatui.Style.t() | nil,
  absent_value_symbol: String.t() | nil,
  bar_set: bar_set(),
  block: ExRatatui.Widgets.Block.t() | nil,
  data: [non_neg_integer() | nil],
  direction: direction(),
  max: nil | non_neg_integer(),
  style: ExRatatui.Style.t() | nil
}


      



  


        

      


  

    
ExRatatui.Widgets.Table 
    



      
A table widget with headers, rows, footer, and optional selection.
Fields
	:rows - list of rows. Each row is a list of cells, and each cell
accepts any ExRatatui.Text-coercible line-like value: a String.t(),
a %ExRatatui.Text.Span{}, a %ExRatatui.Text.Line{}, or a list of
spans. Cells are single-line — strings with embedded newlines raise.
	:header - optional list of header cells (same shape as row cells)
	:footer - optional list of footer cells (same shape as row cells).
Renders at the bottom of the table area.
	:widths - list of constraint tuples for column widths
(e.g., [{:length, 10}, {:percentage, 50}, {:min, 5}])
	:style - %ExRatatui.Style{} for the table
	:block - optional %ExRatatui.Widgets.Block{} container
	:highlight_style - %ExRatatui.Style{} for the selected row (row-level highlight)
	:column_highlight_style - %ExRatatui.Style{} for the selected
column. nil means no column highlight.
	:cell_highlight_style - %ExRatatui.Style{} for the selected
cell (intersection of selected row + selected column). nil means
no per-cell highlight.
	:header_style - %ExRatatui.Style{} applied to the header row.
nil falls back to the table's :style.
	:footer_style - %ExRatatui.Style{} applied to the footer row.
nil falls back to the table's :style.
	:highlight_symbol - string prefix for the selected row
	:highlight_spacing - when to reserve the highlight symbol
column. One of :always, :when_selected (default — matches
ratatui), or :never.
	:selected - zero-based index of the selected row, or nil. Must be in
0..length(rows) - 1; any other value raises ArgumentError at render time.
	:selected_column - zero-based index of the selected column, or
nil. Required to activate :column_highlight_style and
:cell_highlight_style — without it, the column / cell styles
never fire (ratatui's TableState::select_column/1 is the
gating mechanism). Must be in 0..widths_count - 1.
	:column_spacing - spacing between columns (default: 1)

Examples
iex> %ExRatatui.Widgets.Table{
...>   rows: [["Alice", "30"], ["Bob", "25"]],
...>   header: ["Name", "Age"],
...>   widths: [{:length, 15}, {:length, 10}]
...> }
%ExRatatui.Widgets.Table{
  rows: [["Alice", "30"], ["Bob", "25"]],
  header: ["Name", "Age"],
  footer: nil,
  widths: [length: 15, length: 10],
  style: %ExRatatui.Style{},
  block: nil,
  highlight_style: %ExRatatui.Style{},
  column_highlight_style: nil,
  cell_highlight_style: nil,
  header_style: nil,
  footer_style: nil,
  highlight_symbol: nil,
  highlight_spacing: :when_selected,
  selected: nil,
  selected_column: nil,
  column_spacing: 1
}
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          @type cell() ::
  String.t()
  | ExRatatui.Text.Span.t()
  | ExRatatui.Text.Line.t()
  | [ExRatatui.Text.Span.t()]
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          @type highlight_spacing() :: :always | :when_selected | :never
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          @type t() :: %ExRatatui.Widgets.Table{
  block: ExRatatui.Widgets.Block.t() | nil,
  cell_highlight_style: ExRatatui.Style.t() | nil,
  column_highlight_style: ExRatatui.Style.t() | nil,
  column_spacing: non_neg_integer(),
  footer: [cell()] | nil,
  footer_style: ExRatatui.Style.t() | nil,
  header: [cell()] | nil,
  header_style: ExRatatui.Style.t() | nil,
  highlight_spacing: highlight_spacing(),
  highlight_style: ExRatatui.Style.t(),
  highlight_symbol: String.t() | nil,
  rows: [[cell()]],
  selected: non_neg_integer() | nil,
  selected_column: non_neg_integer() | nil,
  style: ExRatatui.Style.t(),
  widths: [ExRatatui.Layout.constraint()]
}


      



  


        

      


  

    
ExRatatui.Widgets.Tabs 
    



      
A tab bar widget for switching between views.
Fields
	:titles - list of tab titles. Each title accepts any ExRatatui.Text-coercible
line-like value: a String.t(), a %ExRatatui.Text.Span{}, a
%ExRatatui.Text.Line{}, or a list of spans. Titles are single-line —
strings with embedded newlines raise.
	:selected - zero-based index of the selected tab, or nil for no
selection. Must be in 0..length(titles) - 1; any other value raises
ArgumentError at render time.
	:style - %ExRatatui.Style{} for non-selected tabs
	:highlight_style - %ExRatatui.Style{} for the selected tab
	:divider - separator string between tabs (default: nil; the Rust backend uses "│")
	:block - optional %ExRatatui.Widgets.Block{} container
	:padding - {left, right} padding around each tab title (default: {1, 1})

Examples
iex> %ExRatatui.Widgets.Tabs{titles: ["Tab 1", "Tab 2", "Tab 3"], selected: 0}
%ExRatatui.Widgets.Tabs{
  titles: ["Tab 1", "Tab 2", "Tab 3"],
  selected: 0,
  style: %ExRatatui.Style{},
  highlight_style: %ExRatatui.Style{},
  divider: nil,
  block: nil,
  padding: {1, 1}
}
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          @type t() :: %ExRatatui.Widgets.Tabs{
  block: ExRatatui.Widgets.Block.t() | nil,
  divider: String.t() | nil,
  highlight_style: ExRatatui.Style.t(),
  padding: {non_neg_integer(), non_neg_integer()},
  selected: non_neg_integer() | nil,
  style: ExRatatui.Style.t(),
  titles: [title()]
}
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          @type title() ::
  String.t()
  | ExRatatui.Text.Span.t()
  | ExRatatui.Text.Line.t()
  | [ExRatatui.Text.Span.t()]


      



  


        

      


  

    
ExRatatui.Widgets.TextInput 
    



      
A single-line text input widget with cursor and viewport management.
TextInput is the first stateful widget in ExRatatui — its internal state
(text value, cursor position, viewport scroll) lives in Rust via ResourceArc.
Create a state reference with ExRatatui.text_input_new/0 and pass it
as the :state field.
State Management
The state reference is an opaque handle to Rust-side memory. Treat it
like any other NIF resource:
	Don't serialize, persist, or compare it with ==.
	Don't send it to another BEAM node — ResourceArcs are node-local.
The distributed transport snapshots stateful widgets into plain
terms before shipping them; reconstruct state on the client side
rather than forwarding the reference.
	A reference is garbage-collected when no process holds it.

# Create a new input state (returns a reference)
state = ExRatatui.text_input_new()

# Forward key events to the input
ExRatatui.text_input_handle_key(state, "h")
ExRatatui.text_input_handle_key(state, "i")

# Read the current value
ExRatatui.text_input_get_value(state)  #=> "hi"

# Set value programmatically
ExRatatui.text_input_set_value(state, "hello")
Supported Keys
Pass the key code string from ExRatatui.Event.Key to text_input_handle_key/2:
	Printable characters — inserted at cursor
	"backspace" — delete character before cursor
	"delete" — delete character at cursor
	"left" / "right" — move cursor
	"home" / "end" — jump to start / end

Fields
	:state - the input state reference from ExRatatui.text_input_new/0 (required)
	:style - %ExRatatui.Style{} for the text
	:cursor_style - %ExRatatui.Style{} for the cursor character (typically reversed)
	:placeholder - optional placeholder text shown when the input is empty
	:placeholder_style - %ExRatatui.Style{} for the placeholder text
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> %ExRatatui.Widgets.TextInput{}
%ExRatatui.Widgets.TextInput{
  state: nil,
  style: %ExRatatui.Style{},
  cursor_style: %ExRatatui.Style{},
  placeholder: nil,
  placeholder_style: %ExRatatui.Style{},
  block: nil
}

iex> alias ExRatatui.Widgets.{TextInput, Block}
iex> alias ExRatatui.Style
iex> %TextInput{
...>   placeholder: "Type here...",
...>   placeholder_style: %Style{fg: :dark_gray},
...>   block: %Block{title: "Search", borders: [:all], border_type: :rounded}
...> }
%ExRatatui.Widgets.TextInput{
  state: nil,
  style: %ExRatatui.Style{},
  cursor_style: %ExRatatui.Style{},
  placeholder: "Type here...",
  placeholder_style: %ExRatatui.Style{fg: :dark_gray},
  block: %ExRatatui.Widgets.Block{title: "Search", borders: [:all], border_type: :rounded}
}
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          @type t() :: %ExRatatui.Widgets.TextInput{
  block: ExRatatui.Widgets.Block.t() | nil,
  cursor_style: ExRatatui.Style.t(),
  placeholder: String.t() | nil,
  placeholder_style: ExRatatui.Style.t(),
  state: reference() | nil,
  style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.Textarea 
    



      
A multiline text editor widget with undo/redo, cursor movement, and selection.
Uses the ratatui-textarea Rust crate. State lives in Rust via ResourceArc —
create it with ExRatatui.textarea_new/0 and pass the reference as :state.
The state reference is an opaque handle to Rust-side memory: don't
serialize, persist, compare, or send it to another node. The
distributed transport snapshots stateful widgets into plain terms
before shipping them.
Usage
state = ExRatatui.textarea_new()
ExRatatui.textarea_handle_key(state, "h", [])
ExRatatui.textarea_handle_key(state, "i", [])
ExRatatui.textarea_get_value(state)  # => "hi"

%Textarea{state: state, block: %Block{title: "Message", borders: [:all]}}
Key handling
Forward key events via ExRatatui.textarea_handle_key/3. The textarea
supports Emacs-style shortcuts by default:
	Ctrl+A / Home — beginning of line
	Ctrl+E / End — end of line
	Ctrl+K — delete to end of line
	Ctrl+W — delete word backward
	Arrow keys, Page Up/Down, etc.

Enter vs Submit
The textarea always inserts newlines on Enter. To implement "Enter = submit,
Shift+Enter = newline", intercept Enter in the App's handle_event before
forwarding to the textarea.
Examples
iex> %ExRatatui.Widgets.Textarea{}
%ExRatatui.Widgets.Textarea{
  state: nil,
  style: %ExRatatui.Style{},
  cursor_style: %ExRatatui.Style{},
  cursor_line_style: %ExRatatui.Style{},
  placeholder: nil,
  placeholder_style: %ExRatatui.Style{},
  line_number_style: nil,
  block: nil
}

iex> alias ExRatatui.Widgets.{Textarea, Block}
iex> alias ExRatatui.Style
iex> %Textarea{
...>   placeholder: "Type a message...",
...>   placeholder_style: %Style{fg: :dark_gray},
...>   block: %Block{title: "Message", borders: [:all]}
...> }
%ExRatatui.Widgets.Textarea{
  state: nil,
  style: %ExRatatui.Style{},
  cursor_style: %ExRatatui.Style{},
  cursor_line_style: %ExRatatui.Style{},
  placeholder: "Type a message...",
  placeholder_style: %ExRatatui.Style{fg: :dark_gray},
  line_number_style: nil,
  block: %ExRatatui.Widgets.Block{title: "Message", borders: [:all]}
}
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          @type t() :: %ExRatatui.Widgets.Textarea{
  block: ExRatatui.Widgets.Block.t() | nil,
  cursor_line_style: ExRatatui.Style.t(),
  cursor_style: ExRatatui.Style.t(),
  line_number_style: ExRatatui.Style.t() | nil,
  placeholder: String.t() | nil,
  placeholder_style: ExRatatui.Style.t(),
  state: reference() | nil,
  style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.Throbber 
    



      
A loading spinner widget that animates through symbol sets.
Uses the throbber-widgets-tui Rust crate for rendering. The caller
controls the animation by incrementing the :step value (typically
on each tick or timer event).
Animation sets
The :throbber_set option selects the symbol animation:
	:braille (default) — braille dot patterns (⠷ ⠯ ⠟ ⠻ ⠽ ⠾)
	:dots — braille double dots
	:ascii — classic spinner (| / - )
	:vertical_block — growing vertical block (▁ ▂ ▃ … █)
	:horizontal_block — growing horizontal block (▏ ▎ ▍ … █)
	:arrow — rotating arrow (↑ ↗ → ↘ ↓ ↙ ← ↖)
	:clock — clock emoji animation
	:box_drawing — box-drawing rotation
	:black_circle — rotating black circle
	:white_circle — rotating white circle
	:white_square — rotating white square
	:quadrant_block — quadrant block rotation

Examples
iex> alias ExRatatui.Widgets.Throbber
iex> %Throbber{label: "Loading...", step: 0}
%Throbber{label: "Loading...", step: 0, throbber_set: :braille, style: %ExRatatui.Style{}, throbber_style: %ExRatatui.Style{}, block: nil}
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          @type t() :: %ExRatatui.Widgets.Throbber{
  block: ExRatatui.Widgets.Block.t() | nil,
  label: String.t(),
  step: non_neg_integer(),
  style: ExRatatui.Style.t(),
  throbber_set: throbber_set(),
  throbber_style: ExRatatui.Style.t()
}
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          @type throbber_set() ::
  :braille
  | :dots
  | :ascii
  | :vertical_block
  | :horizontal_block
  | :arrow
  | :clock
  | :box_drawing
  | :quadrant_block
  | :white_square
  | :white_circle
  | :black_circle


      



  


        

      


  

    
ExRatatui.Widgets.WidgetList 
    



      
A vertical list of heterogeneous widgets with optional selection and scrolling.
Each item is a {widget, height} tuple where widget is any ExRatatui widget
and height is the number of rows that item occupies. Items can have different
heights, making this ideal for chat message histories.
scroll_offset is a row offset from the top of the content. To scroll to
a specific widget, sum the heights of all preceding items. Items partially above
the viewport are clipped at the row level.
Examples
iex> %ExRatatui.Widgets.WidgetList{}
%ExRatatui.Widgets.WidgetList{
  items: [],
  selected: nil,
  highlight_style: %ExRatatui.Style{},
  scroll_offset: 0,
  style: %ExRatatui.Style{},
  block: nil
}

iex> alias ExRatatui.Widgets.{WidgetList, Paragraph, Block}
iex> %WidgetList{
...>   items: [
...>     {%Paragraph{text: "First message"}, 1},
...>     {%Paragraph{text: "Second message"}, 1}
...>   ],
...>   selected: 0,
...>   block: %Block{title: "Chat", borders: [:all]}
...> }
%ExRatatui.Widgets.WidgetList{
  items: [
    {%ExRatatui.Widgets.Paragraph{text: "First message"}, 1},
    {%ExRatatui.Widgets.Paragraph{text: "Second message"}, 1}
  ],
  selected: 0,
  highlight_style: %ExRatatui.Style{},
  scroll_offset: 0,
  style: %ExRatatui.Style{},
  block: %ExRatatui.Widgets.Block{title: "Chat", borders: [:all]}
}
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          @type t() :: %ExRatatui.Widgets.WidgetList{
  block: ExRatatui.Widgets.Block.t() | nil,
  highlight_style: ExRatatui.Style.t(),
  items: [{ExRatatui.widget(), non_neg_integer()}],
  scroll_offset: non_neg_integer(),
  selected: non_neg_integer() | nil,
  style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.Bar 
    



      
A single bar within a ExRatatui.Widgets.BarChart.
Fields
	:label - plain string shown next to the bar (required)
	:value - non-negative integer the bar length is scaled against (required)
	:style - optional %ExRatatui.Style{} overriding the chart's shared bar_style
	:text_value - optional string replacing the rendered numeric value
(e.g. "80%" or "$42k"); when nil, value is rendered as-is

Examples
iex> %ExRatatui.Widgets.Bar{label: "Elixir", value: 80}
%ExRatatui.Widgets.Bar{
  label: "Elixir",
  value: 80,
  style: nil,
  text_value: nil
}
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          @type t() :: %ExRatatui.Widgets.Bar{
  label: String.t(),
  style: ExRatatui.Style.t() | nil,
  text_value: String.t() | nil,
  value: non_neg_integer()
}


      



  


        

      


  

    
ExRatatui.Widgets.BarChart 
    



      
A vertical or horizontal bar chart widget.
Each entry in :data is a ExRatatui.Widgets.Bar struct carrying a label
and a non-negative integer value. Chart-level :bar_style, :value_style,
and :label_style apply to every bar by default; individual bars can
override their color via their own :style field, or replace the numeric
display via :text_value.
Grouped bars
Use :groups instead of :data to render side-by-side clusters of bars
with a shared caption — handy when comparing the same metrics across
categories (months, products, regions). Each entry is a
%ExRatatui.Widgets.BarGroup{label, bars}; :group_gap controls the
spacing between clusters.
Set either :data or :groups, not both.
Fields
	:data - list of %ExRatatui.Widgets.Bar{} (default []); rendered as a single anonymous group
	:groups - list of %ExRatatui.Widgets.BarGroup{} for multi-cluster charts (default [])
	:bar_width - width (vertical) or height (horizontal) of each bar in cells; default 1
	:bar_gap - cells between adjacent bars; default 1
	:group_gap - cells between adjacent groups when :groups is used; default 0
	:bar_style - shared %ExRatatui.Style{} applied to bars without a per-bar override
	:value_style - %ExRatatui.Style{} for the numeric value text
	:label_style - %ExRatatui.Style{} for bar labels
	:max - optional upper bound; when nil, the chart auto-scales to the largest value
	:direction - :vertical (default) or :horizontal
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> alias ExRatatui.Widgets.{Bar, BarChart}
iex> %BarChart{data: [%Bar{label: "Elixir", value: 80}, %Bar{label: "Rust", value: 95}]}
%ExRatatui.Widgets.BarChart{
  data: [
    %ExRatatui.Widgets.Bar{label: "Elixir", value: 80, style: nil, text_value: nil},
    %ExRatatui.Widgets.Bar{label: "Rust", value: 95, style: nil, text_value: nil}
  ],
  groups: [],
  bar_width: 1,
  bar_gap: 1,
  group_gap: 0,
  bar_style: %ExRatatui.Style{},
  value_style: %ExRatatui.Style{},
  label_style: %ExRatatui.Style{},
  max: nil,
  direction: :vertical,
  block: nil
}
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          @type direction() :: :vertical | :horizontal
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          @type t() :: %ExRatatui.Widgets.BarChart{
  bar_gap: non_neg_integer(),
  bar_style: ExRatatui.Style.t(),
  bar_width: pos_integer(),
  block: ExRatatui.Widgets.Block.t() | nil,
  data: [ExRatatui.Widgets.Bar.t()],
  direction: direction(),
  group_gap: non_neg_integer(),
  groups: [ExRatatui.Widgets.BarGroup.t()],
  label_style: ExRatatui.Style.t(),
  max: nil | non_neg_integer(),
  value_style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.BarGroup 
    



      
A labelled cluster of ExRatatui.Widgets.Bar rendered together inside a
ExRatatui.Widgets.BarChart.
Use groups to show several related bars side by side
with a shared caption — comparing the same metrics across categories,
for example. Set BarChart.groups to [%BarGroup{}, ...] instead of
the flat :data list; the chart will draw each group as a cluster
separated by BarChart.group_gap cells.
Fields
	:label - optional caption rendered under the cluster; nil
omits it
	:bars - list of %ExRatatui.Widgets.Bar{} belonging to the
group (required; may be empty)

Examples
iex> alias ExRatatui.Widgets.{Bar, BarGroup}
iex> %BarGroup{label: "Q1", bars: [%Bar{label: "A", value: 5}]}
%ExRatatui.Widgets.BarGroup{
  label: "Q1",
  bars: [%ExRatatui.Widgets.Bar{label: "A", value: 5, style: nil, text_value: nil}]
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExRatatui.Widgets.BarGroup{
  bars: [ExRatatui.Widgets.Bar.t()],
  label: String.t() | nil
}


      



  


        

      


  

    
ExRatatui.Widgets.Canvas 
    



      
A 2D drawing surface for plotting shapes in arbitrary coordinate space.
Wraps Ratatui's Canvas widget. Define the coordinate window with
:x_bounds and :y_bounds — both {min, max} tuples — and paint
into it by listing shape structs in :shapes. Each shape carries its
own color; the canvas only controls the marker resolution and the
optional background wash.
Supported shapes live under ExRatatui.Widgets.Canvas.*:
	Line      - %Line{x1, y1, x2, y2, color}
	Rectangle - %Rectangle{x, y, width, height, color} (bottom-left anchored, outline only)
	Circle    - %Circle{x, y, radius, color} (center anchored, outline only)
	Points    - %Points{coords: [{x, y}], color}
	Map       - %Map{resolution, color} (world map; pair with {-180, 180} × {-90, 90} bounds)
	Label     - %Label{x, y, text, color} (text annotation drawn on top of the canvas)

Markers
The :marker controls how canvas coordinates map to cell pixels:
	:braille (default) - 2×4 sub-cell pixels, best for lines/curves
	:dot               - one glyph per cell
	:block             - solid block, good for heatmaps
	:bar               - half-height bar
	:half_block        - 1×2 sub-cell pixels

Fields
	:x_bounds - {min, max} tuple bounding the X axis (required)
	:y_bounds - {min, max} tuple bounding the Y axis (required)
	:marker - one of :braille, :dot, :block, :bar, :half_block
(default :braille)
	:background_color - ExRatatui.Style.color() washed behind shapes; nil
falls back to the terminal default
	:shapes - list of shape structs (default [])
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> alias ExRatatui.Widgets.Canvas
iex> alias ExRatatui.Widgets.Canvas.Line
iex> %Canvas{
...>   x_bounds: {0.0, 10.0},
...>   y_bounds: {0.0, 10.0},
...>   shapes: [%Line{x1: 0.0, y1: 0.0, x2: 10.0, y2: 10.0, color: :red}]
...> }
%ExRatatui.Widgets.Canvas{
  x_bounds: {0.0, 10.0},
  y_bounds: {0.0, 10.0},
  marker: :braille,
  background_color: nil,
  shapes: [
    %ExRatatui.Widgets.Canvas.Line{x1: 0.0, y1: 0.0, x2: 10.0, y2: 10.0, color: :red}
  ],
  block: nil
}
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          @type marker() :: :braille | :dot | :block | :bar | :half_block
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          @type shape() ::
  ExRatatui.Widgets.Canvas.Line.t()
  | ExRatatui.Widgets.Canvas.Rectangle.t()
  | ExRatatui.Widgets.Canvas.Circle.t()
  | ExRatatui.Widgets.Canvas.Points.t()
  | ExRatatui.Widgets.Canvas.Map.t()
  | ExRatatui.Widgets.Canvas.Label.t()
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          @type t() :: %ExRatatui.Widgets.Canvas{
  background_color: ExRatatui.Style.color() | nil,
  block: ExRatatui.Widgets.Block.t() | nil,
  marker: marker(),
  shapes: [shape()],
  x_bounds: {number(), number()},
  y_bounds: {number(), number()}
}


      



  


        

      


  

    
ExRatatui.Widgets.Canvas.Circle 
    



      
A circle outline to paint on a ExRatatui.Widgets.Canvas.
:x and :y pin the center in canvas coordinates. Only the
circumference is drawn (ratatui's Canvas shape has no fill).
Fields
	:x - center x coordinate (required)
	:y - center y coordinate (required)
	:radius - non-negative radius in canvas units (required)
	:color - ExRatatui.Style.color() for the outline (required)

Examples
iex> alias ExRatatui.Widgets.Canvas.Circle
iex> %Circle{x: 5.0, y: 5.0, radius: 3.0, color: :yellow}
%ExRatatui.Widgets.Canvas.Circle{
  x: 5.0,
  y: 5.0,
  radius: 3.0,
  color: :yellow
}
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          @type t() :: %ExRatatui.Widgets.Canvas.Circle{
  color: ExRatatui.Style.color(),
  radius: number(),
  x: number(),
  y: number()
}


      



  


        

      


  

    
ExRatatui.Widgets.Canvas.Label 
    



      
A text annotation to print on a ExRatatui.Widgets.Canvas.
Unlike the geometric shapes, a label is rendered as plain terminal
text on top of the canvas — it ignores the marker and is unaffected
by canvas layers. Useful for axis labels, legends, or callouts on
top of plotted data.
:x and :y pin the left edge of the text in canvas
coordinates.
Fields
	:x - x coordinate (required)
	:y - y coordinate (required)
	:text - string to print (required)
	:color - ExRatatui.Style.color() for the text (required)

Examples
iex> alias ExRatatui.Widgets.Canvas.Label
iex> %Label{x: 0.0, y: 5.0, text: "origin", color: :white}
%ExRatatui.Widgets.Canvas.Label{
  x: 0.0,
  y: 5.0,
  text: "origin",
  color: :white
}
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          @type t() :: %ExRatatui.Widgets.Canvas.Label{
  color: ExRatatui.Style.color(),
  text: String.t(),
  x: number(),
  y: number()
}


      



  


        

      


  

    
ExRatatui.Widgets.Canvas.Line 
    



      
A line segment to paint on a ExRatatui.Widgets.Canvas.
Coordinates are expressed in the canvas' own coordinate system (the
space defined by :x_bounds and :y_bounds), not terminal cells.
Fields
	:x1 - starting x coordinate (required)
	:y1 - starting y coordinate (required)
	:x2 - ending x coordinate (required)
	:y2 - ending y coordinate (required)
	:color - ExRatatui.Style.color() for the line (required)

Examples
iex> alias ExRatatui.Widgets.Canvas.Line
iex> %Line{x1: 0.0, y1: 0.0, x2: 10.0, y2: 10.0, color: :red}
%ExRatatui.Widgets.Canvas.Line{
  x1: 0.0,
  y1: 0.0,
  x2: 10.0,
  y2: 10.0,
  color: :red
}
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          @type t() :: %ExRatatui.Widgets.Canvas.Line{
  color: ExRatatui.Style.color(),
  x1: number(),
  x2: number(),
  y1: number(),
  y2: number()
}


      



  


        

      


  

    
ExRatatui.Widgets.Canvas.Map 
    



      
A world map shape to paint on a ExRatatui.Widgets.Canvas.
Plots Earth's continents inside the canvas' coordinate system. Pair
with longitude/latitude bounds — x_bounds: {-180.0, 180.0} and
y_bounds: {-90.0, 90.0} — to get a recognisable world view.
Fields
	:resolution - :low (~1000 points) or :high (~5000 points,
best with the :braille marker); default :low
	:color - ExRatatui.Style.color() for the map points (required)

Examples
iex> alias ExRatatui.Widgets.Canvas.Map
iex> %Map{color: :green}
%ExRatatui.Widgets.Canvas.Map{
  resolution: :low,
  color: :green
}
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          @type t() :: %ExRatatui.Widgets.Canvas.Map{
  color: ExRatatui.Style.color(),
  resolution: resolution()
}


      



  


        

      


  

    
ExRatatui.Widgets.Canvas.Points 
    



      
A collection of single-point markers to paint on a ExRatatui.Widgets.Canvas.
Each entry in :coords is a {x, y} tuple in canvas coordinates — great
for scatter plots, cursor overlays, or starfield-like decorations.
Fields
	:coords - list of {number, number} tuples (required; may be empty)
	:color - ExRatatui.Style.color() applied to every point (required)

Examples
iex> alias ExRatatui.Widgets.Canvas.Points
iex> %Points{coords: [{1.0, 1.0}, {2.0, 3.0}], color: :green}
%ExRatatui.Widgets.Canvas.Points{
  coords: [{1.0, 1.0}, {2.0, 3.0}],
  color: :green
}
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          @type t() :: %ExRatatui.Widgets.Canvas.Points{
  color: ExRatatui.Style.color(),
  coords: [{number(), number()}]
}


      



  


        

      


  

    
ExRatatui.Widgets.Canvas.Rectangle 
    



      
A rectangle outline to paint on a ExRatatui.Widgets.Canvas.
:x and :y pin the bottom-left corner in canvas coordinates —
not terminal cells. Only the border is drawn (ratatui's Canvas shape
has no fill).
Fields
	:x - bottom-left x coordinate (required)
	:y - bottom-left y coordinate (required)
	:width - non-negative width in canvas units (required)
	:height - non-negative height in canvas units (required)
	:color - ExRatatui.Style.color() for the outline (required)

Examples
iex> alias ExRatatui.Widgets.Canvas.Rectangle
iex> %Rectangle{x: 0.0, y: 0.0, width: 5.0, height: 3.0, color: :blue}
%ExRatatui.Widgets.Canvas.Rectangle{
  x: 0.0,
  y: 0.0,
  width: 5.0,
  height: 3.0,
  color: :blue
}
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          @type t() :: %ExRatatui.Widgets.Canvas.Rectangle{
  color: ExRatatui.Style.color(),
  height: number(),
  width: number(),
  x: number(),
  y: number()
}


      



  


        

      


  

    
ExRatatui.Widgets.Chart 
    



      
An XY plotting widget for line, scatter, and bar visualizations.
Wraps Ratatui's Chart widget. Each :datasets entry is a
ExRatatui.Widgets.Chart.Dataset struct carrying its own (x, y)
pairs, marker, graph type, and color. Both axes are required and
configured via ExRatatui.Widgets.Chart.Axis structs — the caller
controls :bounds, optional :title, tick :labels, and label
alignment.
Graph types
Each dataset chooses how its points are drawn:
	:line    - connects consecutive points with line segments
	:scatter - draws one marker per point (default-friendly for
sparse data)
	:bar     - draws a vertical bar from the X axis up to each
point

Markers
The :marker on each dataset controls cell-level pixel resolution.
Valid values mirror ExRatatui.Widgets.Canvas: :braille (default),
:dot, :block, :bar, :half_block.
Legend
:legend_position accepts :top, :top_left, :top_right (default),
:bottom, :bottom_left, :bottom_right, :left, :right, or
nil to hide the legend entirely. :hidden_legend_constraints
takes a {horizontal, vertical} tuple of Constraints describing
the smallest area in which the legend will still render — handy when
the chart shrinks below a usable size.
Fields
	:datasets - list of %ExRatatui.Widgets.Chart.Dataset{} (default [])
	:x_axis - required %ExRatatui.Widgets.Chart.Axis{}
	:y_axis - required %ExRatatui.Widgets.Chart.Axis{}
	:legend_position - position atom (default :top_right) or nil to hide
	:hidden_legend_constraints - {Constraint.t(), Constraint.t()} or nil
	:block - optional %ExRatatui.Widgets.Block{} container

Examples
iex> alias ExRatatui.Widgets.Chart
iex> alias ExRatatui.Widgets.Chart.{Axis, Dataset}
iex> %Chart{
...>   datasets: [%Dataset{name: "cpu", data: [{0.0, 1.0}, {1.0, 2.0}]}],
...>   x_axis: %Axis{bounds: {0.0, 10.0}},
...>   y_axis: %Axis{bounds: {0.0, 10.0}}
...> }
%ExRatatui.Widgets.Chart{
  datasets: [
    %ExRatatui.Widgets.Chart.Dataset{
      name: "cpu",
      data: [{0.0, 1.0}, {1.0, 2.0}],
      marker: :braille,
      graph_type: :line,
      style: %ExRatatui.Style{}
    }
  ],
  x_axis: %ExRatatui.Widgets.Chart.Axis{
    title: nil,
    bounds: {0.0, 10.0},
    labels: [],
    style: %ExRatatui.Style{},
    labels_alignment: :left
  },
  y_axis: %ExRatatui.Widgets.Chart.Axis{
    title: nil,
    bounds: {0.0, 10.0},
    labels: [],
    style: %ExRatatui.Style{},
    labels_alignment: :left
  },
  legend_position: :top_right,
  hidden_legend_constraints: nil,
  block: nil
}
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          @type legend_position() ::
  :top
  | :top_left
  | :top_right
  | :bottom
  | :bottom_left
  | :bottom_right
  | :left
  | :right
  | nil
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          @type t() :: %ExRatatui.Widgets.Chart{
  block: ExRatatui.Widgets.Block.t() | nil,
  datasets: [ExRatatui.Widgets.Chart.Dataset.t()],
  hidden_legend_constraints:
    {ExRatatui.Layout.constraint(), ExRatatui.Layout.constraint()} | nil,
  legend_position: legend_position(),
  x_axis: ExRatatui.Widgets.Chart.Axis.t(),
  y_axis: ExRatatui.Widgets.Chart.Axis.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.Chart.Axis 
    



      
Configures one axis of a ExRatatui.Widgets.Chart.
:bounds is required — it defines the visible coordinate range for
this axis as {min, max}. Tick :labels are rendered along the axis
in order; a typical line chart supplies three labels (min, mid,
max) for each axis.
Labels accept the same string / %Span{} / %Line{} types used
elsewhere in the library.
Fields
	:title - optional axis caption (string, %Span{}, or %Line{})
	:bounds - required {min, max} numeric tuple
	:labels - list of tick labels (default [])
	:style - %ExRatatui.Style{} for the axis line and labels
	:labels_alignment - :left (default), :center, or :right

Examples
iex> alias ExRatatui.Widgets.Chart.Axis
iex> %Axis{title: "X", bounds: {0.0, 10.0}, labels: ["0", "5", "10"]}
%ExRatatui.Widgets.Chart.Axis{
  title: "X",
  bounds: {0.0, 10.0},
  labels: ["0", "5", "10"],
  style: %ExRatatui.Style{},
  labels_alignment: :left
}
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          @type alignment() :: :left | :center | :right
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          @type line_like() :: String.t() | ExRatatui.Text.Span.t() | ExRatatui.Text.Line.t()
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          @type t() :: %ExRatatui.Widgets.Chart.Axis{
  bounds: {number(), number()},
  labels: [line_like()],
  labels_alignment: alignment(),
  style: ExRatatui.Style.t(),
  title: line_like() | nil
}


      



  


        

      


  

    
ExRatatui.Widgets.Chart.Dataset 
    



      
A single named series within a ExRatatui.Widgets.Chart.
Each dataset owns its (x, y) points and decides how they're drawn —
the chart's role is to supply the axes, legend, and surrounding
block. Multiple datasets render together in the same chart area, so
scale them against shared :x_axis / :y_axis bounds.
Fields
	:name - legend caption; nil excludes the dataset from the legend
	:data - list of {x, y} numeric tuples (required, may be empty)
	:marker - one of :braille (default), :dot, :block, :bar,
:half_block
	:graph_type - one of :line (default), :scatter, :bar
	:style - %ExRatatui.Style{} controlling line/marker color

Examples
iex> alias ExRatatui.Widgets.Chart.Dataset
iex> %Dataset{name: "temp", data: [{0.0, 12.0}, {1.0, 14.0}]}
%ExRatatui.Widgets.Chart.Dataset{
  name: "temp",
  data: [{0.0, 12.0}, {1.0, 14.0}],
  marker: :braille,
  graph_type: :line,
  style: %ExRatatui.Style{}
}
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          @type graph_type() :: :line | :scatter | :bar
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          @type marker() :: :braille | :dot | :block | :bar | :half_block
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          @type t() :: %ExRatatui.Widgets.Chart.Dataset{
  data: [{number(), number()}],
  graph_type: graph_type(),
  marker: marker(),
  name: String.t() | nil,
  style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.ThreeD.Camera 
    



      
A perspective camera looking at a target.
The camera is plain data; orbit/3 and zoom/2 are pure helpers that return a
new camera, so an application drives them from key events and keeps the result
in its own state.
Fields
	:position - {x, y, z} eye position
	:target - {x, y, z} look-at point
	:up - {x, y, z} up vector (defaults to +Y)
	:fov - vertical field of view in radians (defaults to pi/4)
	:near - near clip plane (defaults to 0.1)
	:far - far clip plane (defaults to 100.0)

Examples
iex> %ExRatatui.ThreeD.Camera{}
%ExRatatui.ThreeD.Camera{
  position: {0.0, 2.0, 5.0},
  target: {0.0, 0.0, 0.0},
  up: {0.0, 1.0, 0.0},
  fov: 0.7853981633974483,
  near: 0.1,
  far: 100.0
}

iex> cam = %ExRatatui.ThreeD.Camera{position: {0.0, 0.0, 5.0}}
iex> ExRatatui.ThreeD.Camera.zoom(cam, -2.0).position
{0.0, 0.0, 3.0}
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        Orbit the camera around its target by yaw and pitch deltas (radians).
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        Move the camera toward or away from its target along the view direction.
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          @type t() :: %ExRatatui.ThreeD.Camera{
  far: float(),
  fov: float(),
  near: float(),
  position: vec3(),
  target: vec3(),
  up: vec3()
}
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          @type vec3() :: {number(), number(), number()}
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          @spec orbit(t(), number(), number()) :: t()


      


Orbit the camera around its target by yaw and pitch deltas (radians).
Pitch is clamped to avoid gimbal lock at the poles.
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          @spec zoom(t(), number()) :: t()


      


Move the camera toward or away from its target along the view direction.
A positive delta moves farther; the distance is clamped to a small minimum.

  


        

      


  

    
ExRatatui.ThreeD.Light 
    



      
A light source: ambient, directional, or point.
Fields
	:type - :ambient, :directional, or :point
	:color - {r, g, b} color, channels 0-255
	:intensity - scalar brightness (defaults to 1.0)
	:direction - {x, y, z} direction toward the light (only for :directional)
	:position - {x, y, z} world position (only for :point)

Prefer the constructors over building the struct by hand.
Examples
iex> light = ExRatatui.ThreeD.Light.ambient({255, 255, 255}, 0.15)
iex> {light.type, light.color, light.intensity}
{:ambient, {255, 255, 255}, 0.15}

iex> light = ExRatatui.ThreeD.Light.directional({-1.0, -1.0, -1.0}, {255, 255, 255})
iex> {light.type, light.direction, light.intensity}
{:directional, {-1.0, -1.0, -1.0}, 1.0}

iex> light = ExRatatui.ThreeD.Light.point({2.0, 3.0, 2.0}, {255, 220, 180})
iex> {light.type, light.position}
{:point, {2.0, 3.0, 2.0}}
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        ambient(color, intensity \\ 1.0)

      


        Constant ambient illumination.



    


    
      
        directional(direction, color, opts \\ [])

      


        A directional light. direction points toward the light source.



    


    
      
        point(position, color, opts \\ [])

      


        A point light at position.
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          @type kind() :: :ambient | :directional | :point
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          @type rgb() :: {0..255, 0..255, 0..255}
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          @type t() :: %ExRatatui.ThreeD.Light{
  color: rgb(),
  direction: vec3() | nil,
  intensity: float(),
  position: vec3() | nil,
  type: kind()
}
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          @spec ambient(rgb(), number()) :: t()


      


Constant ambient illumination.
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          @spec directional(vec3(), rgb(), keyword()) :: t()


      


A directional light. direction points toward the light source.
Options: :intensity (defaults to 1.0).
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          @spec point(vec3(), rgb(), keyword()) :: t()


      


A point light at position.
Options: :intensity (defaults to 1.0).

  


        

      


  

    
ExRatatui.ThreeD.Material 
    



      
Phong surface material for a 3D object.
Fields
	:color - base {r, g, b} color, channels 0-255
	:ambient - ambient reflection coefficient (defaults to 0.1)
	:diffuse - diffuse reflection coefficient (defaults to 0.8)
	:specular - specular reflection coefficient (defaults to 0.5)
	:shininess - specular exponent (defaults to 32.0)

Examples
iex> %ExRatatui.ThreeD.Material{}
%ExRatatui.ThreeD.Material{
  color: {200, 200, 200},
  ambient: 0.1,
  diffuse: 0.8,
  specular: 0.5,
  shininess: 32.0
}

iex> %ExRatatui.ThreeD.Material{color: {100, 150, 255}}.color
{100, 150, 255}
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          @type rgb() :: {0..255, 0..255, 0..255}
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          @type t() :: %ExRatatui.ThreeD.Material{
  ambient: float(),
  color: rgb(),
  diffuse: float(),
  shininess: float(),
  specular: float()
}


      



  


        

      


  

    
ExRatatui.ThreeD.Mesh 
    



      
Geometry for a 3D object: a built-in primitive or a custom triangle mesh.
Primitive meshes (:cube, :sphere, :plane) are built natively each frame
and carry no geometry data. Custom meshes carry their own vertices and triangle
indices; vertex normals are computed natively when omitted.
Fields
	:kind - :cube, :sphere, :plane, or :custom
	:stacks, :slices - sphere tessellation (only for :sphere)
	:vertices - list of {x, y, z} positions (only for :custom)
	:indices - flat list of triangle indices, length a multiple of 3
(only for :custom)
	:normals - optional per-vertex {x, y, z} normals (only for :custom)
	:uvs - optional per-vertex {u, v} texture coordinates (only for :custom)

Prefer the constructors over building the struct by hand.
Examples
iex> ExRatatui.ThreeD.Mesh.cube().kind
:cube

iex> sphere = ExRatatui.ThreeD.Mesh.sphere()
iex> {sphere.kind, sphere.stacks, sphere.slices}
{:sphere, 16, 24}

iex> sphere = ExRatatui.ThreeD.Mesh.sphere(8, 12)
iex> {sphere.kind, sphere.stacks, sphere.slices}
{:sphere, 8, 12}

iex> ExRatatui.ThreeD.Mesh.plane().kind
:plane

iex> mesh = ExRatatui.ThreeD.Mesh.new([{0.0, 0.0, 0.0}, {1.0, 0.0, 0.0}, {0.0, 1.0, 0.0}], [0, 1, 2])
iex> {mesh.kind, mesh.indices}
{:custom, [0, 1, 2]}
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        cube()

      


        A unit cube centered at the origin.



    


    
      
        cylinder(segments \\ 24)

      


        A unit cylinder: radius 0.5, height 1.0, axis +Y, centered at the origin.



    


    
      
        new(vertices, indices, opts \\ [])

      


        A custom triangle mesh from vertices and a flat list of triangle indices.



    


    
      
        plane()

      


        A unit plane in the XZ axis (normal +Y).



    


    
      
        sphere(stacks \\ 16, slices \\ 24)

      


        A unit sphere tessellated into stacks rings and slices segments.
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          @type kind() :: :cube | :sphere | :plane | :custom
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          @type t() :: %ExRatatui.ThreeD.Mesh{
  indices: [non_neg_integer()] | nil,
  kind: kind(),
  normals: [vec3()] | nil,
  slices: pos_integer() | nil,
  stacks: pos_integer() | nil,
  uvs: [{number(), number()}] | nil,
  vertices: [vec3()] | nil
}
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          @type vec3() :: {number(), number(), number()}
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          @spec cube() :: t()


      


A unit cube centered at the origin.

  



    

  
    
      
    
    
      cylinder(segments \\ 24)



        
          
        

    

  


  

      

          @spec cylinder(pos_integer()) :: t()


      


A unit cylinder: radius 0.5, height 1.0, axis +Y, centered at the origin.
segments is the number of radial subdivisions (minimum 3). Returns a custom
mesh (kind: :custom) with caps and per-vertex normals.
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          @spec new([vec3()], [non_neg_integer()], keyword()) :: t()


      


A custom triangle mesh from vertices and a flat list of triangle indices.
Options:
	:normals - per-vertex normals; computed natively when omitted
	:uvs - per-vertex texture coordinates
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          @spec plane() :: t()


      


A unit plane in the XZ axis (normal +Y).

  



    

    

  
    
      
    
    
      sphere(stacks \\ 16, slices \\ 24)



        
          
        

    

  


  

      

          @spec sphere(pos_integer(), pos_integer()) :: t()


      


A unit sphere tessellated into stacks rings and slices segments.

  


        

      


  

    
ExRatatui.ThreeD.Node 
    



      
A node in a transform hierarchy that flattens to a flat ExRatatui.ThreeD.Scene.
ExRatatui.ThreeD.Scene has no scene graph — every object carries its own
world-space transform. Node lets an application express an articulated model
as a tree of local transforms and bake it into world-space objects each frame.
Fields
	:transform - the node's local frame, relative to its parent
	:visual - an optional ExRatatui.ThreeD.Object rendered at this node; the
object's own transform is treated as a local offset/scale within the frame
	:children - child nodes

Composition contract
Frames compose via ExRatatui.ThreeD.Transform.compose/2. Keep intermediate
nodes rigid (scale: {1.0, 1.0, 1.0}) and put scale only on leaf visual
objects; then every baked object is exactly one Transform (no shear).
Examples
iex> alias ExRatatui.ThreeD.{Node, Object, Mesh}
iex> tree = %Node{visual: %Object{mesh: Mesh.cube()}}
iex> length(ExRatatui.ThreeD.Node.flatten(tree))
1
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        flatten(node)

      


        Flatten the tree into a list of world-space ExRatatui.ThreeD.Objects.



    


    
      
        to_scene(node, opts \\ [])

      


        Flatten the tree and wrap it in a Scene.
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          @type t() :: %ExRatatui.ThreeD.Node{
  children: [t()],
  transform: ExRatatui.ThreeD.Transform.t(),
  visual: ExRatatui.ThreeD.Object.t() | nil
}
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          @spec flatten(t()) :: [ExRatatui.ThreeD.Object.t()]


      


Flatten the tree into a list of world-space ExRatatui.ThreeD.Objects.

  



    

  
    
      
    
    
      to_scene(node, opts \\ [])



        
          
        

    

  


  

      

          @spec to_scene(
  t(),
  keyword()
) :: ExRatatui.ThreeD.Scene.t()


      


Flatten the tree and wrap it in a Scene.
Options: :lights, :background, :sky (passed straight to the Scene).

  


        

      


  

    
ExRatatui.ThreeD.Object 
    



      
A renderable object: a mesh with a material and a transform.
Fields
	:mesh - an ExRatatui.ThreeD.Mesh (defaults to a cube)
	:material - an ExRatatui.ThreeD.Material
	:transform - an ExRatatui.ThreeD.Transform
	:visible - false to skip rendering (defaults to true)

Examples
iex> alias ExRatatui.ThreeD.{Object, Mesh}
iex> obj = %Object{mesh: Mesh.sphere(8, 12)}
iex> {obj.mesh.kind, obj.visible}
{:sphere, true}
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          @type t() :: %ExRatatui.ThreeD.Object{
  material: ExRatatui.ThreeD.Material.t(),
  mesh: ExRatatui.ThreeD.Mesh.t(),
  transform: ExRatatui.ThreeD.Transform.t(),
  visible: boolean()
}


      



  


        

      


  

    
ExRatatui.ThreeD.Scene 
    



      
A 3D scene: a flat list of objects and lights with a background.
The scene has no scene graph; every object carries its own world-space
transform. Compose hierarchies (such as articulated models) in application
code by computing each object's transform before building the scene.
Fields
	:objects - list of ExRatatui.ThreeD.Object
	:lights - list of ExRatatui.ThreeD.Light
	:background - {r, g, b} clear color (defaults to black)
	:sky - optional gradient sky %{zenith: rgb, horizon: rgb, ground: rgb},
sampled by the raytrace pipeline; nil to use the flat background

Examples
iex> alias ExRatatui.ThreeD.{Scene, Object, Light, Mesh}
iex> scene = %Scene{
...>   objects: [%Object{mesh: Mesh.cube()}],
...>   lights: [Light.ambient({255, 255, 255}, 0.2)],
...>   background: {10, 10, 20}
...> }
iex> length(scene.objects)
1
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          @type rgb() :: {0..255, 0..255, 0..255}
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          @type sky() :: %{zenith: rgb(), horizon: rgb(), ground: rgb()} | nil
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          @type t() :: %ExRatatui.ThreeD.Scene{
  background: rgb(),
  lights: [ExRatatui.ThreeD.Light.t()],
  objects: [ExRatatui.ThreeD.Object.t()],
  sky: sky()
}


      



  


        

      


  

    
ExRatatui.ThreeD.Transform 
    



      
Position, rotation, and scale of a 3D object.
The model matrix is composed scale, then rotate, then translate.
Fields
	:position - {x, y, z} translation (floats), defaults to the origin
	:rotation - one of the rotation forms below, defaults to identity
	:scale - {x, y, z} scale factors, defaults to {1.0, 1.0, 1.0}

Rotation forms
	{:euler_xyz, {rx, ry, rz}} - intrinsic X then Y then Z, in radians
	{:axis_angle, {ax, ay, az}, angle} - rotation of angle radians about
the (non-zero) axis
	{:quat, {x, y, z, w}} - a raw quaternion

Examples
iex> %ExRatatui.ThreeD.Transform{}
%ExRatatui.ThreeD.Transform{
  position: {0.0, 0.0, 0.0},
  rotation: {:quat, {0.0, 0.0, 0.0, 1.0}},
  scale: {1.0, 1.0, 1.0}
}

iex> %ExRatatui.ThreeD.Transform{
...>   position: {1.0, 0.0, 0.0},
...>   rotation: {:axis_angle, {0.0, 1.0, 0.0}, 0.7}
...> }.rotation
{:axis_angle, {0.0, 1.0, 0.0}, 0.7}
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        compose(parent, child)

      


        Compose two transforms: compose(parent, child) is the single transform equal
to the matrix product M_parent · M_child (parent applied outermost).



    


    
      
        to_quat(arg)

      


        Normalize any rotation form to a unit quaternion {x, y, z, w}.
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          @type rotation() ::
  {:euler_xyz, vec3()}
  | {:axis_angle, vec3(), number()}
  | {:quat, {number(), number(), number(), number()}}
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          @type t() :: %ExRatatui.ThreeD.Transform{
  position: vec3(),
  rotation: rotation(),
  scale: vec3()
}
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          @type vec3() :: {number(), number(), number()}
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          @spec compose(t(), t()) :: t()


      


Compose two transforms: compose(parent, child) is the single transform equal
to the matrix product M_parent · M_child (parent applied outermost).
Exact when parent.scale == {1.0, 1.0, 1.0} (the rigid-frame contract used by
ExRatatui.ThreeD.Node); for a non-uniform parent scale with a rotated child the
result is approximate. The result rotation is always {:quat, _}.
Examples
iex> alias ExRatatui.ThreeD.Transform
iex> parent = %Transform{position: {1.0, 0.0, 0.0}}
iex> child = %Transform{position: {0.0, 2.0, 0.0}}
iex> Transform.compose(parent, child).position
{1.0, 2.0, 0.0}
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          @spec to_quat(rotation()) :: {float(), float(), float(), float()}


      


Normalize any rotation form to a unit quaternion {x, y, z, w}.

  


        

      


  

    
ExRatatui.Widgets.Viewport3D 
    



      
A 3D viewport widget that renders a scene with software rasterization or ray
tracing, as true pixel graphics or blitted into terminal cells.
The widget is pure data: the scene and camera are rebuilt and rendered every
frame, so it works over every transport. Drive animation and camera movement
from application state between frames (see ExRatatui.ThreeD.Camera).
A true-color terminal is required, since every mode emits 24-bit colors.
Fields
	:scene - an ExRatatui.ThreeD.Scene
	:camera - an ExRatatui.ThreeD.Camera
	:render_mode - a pixel-graphics protocol (:auto, the default; :kitty;
:sixel; :iterm2) or a cell-blit mode (:half_block, :braille, :ascii)
	:pipeline - :rasterize (default) or :raytrace
	:block - optional ExRatatui.Widgets.Block container (borders, title)

Render modes
Pixel-graphics modes render the scene as an image at native terminal resolution
(crisp, non-blocky) on capable terminals, and fall back to :braille where no
graphics protocol is available (CellSession/Livebook, SSH/distributed without
passthrough, unsupported terminals):
	:auto - the best protocol the terminal supports, else braille (default)
	:kitty - Kitty graphics protocol (Ghostty, WezTerm, Kitty)
	:sixel - Sixel graphics
	:iterm2 - iTerm2 inline images

Cell-blit modes pack the render into character cells (always available):
	:half_block - one ▀ per cell, fg/bg are the upper/lower pixel
	:braille - supersampled ▀ for anti-aliased edges
	:ascii - a shaded ASCII ramp with colored characters

Examples
iex> alias ExRatatui.Widgets.Viewport3D
iex> alias ExRatatui.ThreeD.{Scene, Object, Light, Mesh}
iex> %Viewport3D{
...>   scene: %Scene{
...>     objects: [%Object{mesh: Mesh.cube()}],
...>     lights: [Light.directional({-1.0, -1.0, -1.0}, {255, 255, 255})]
...>   },
...>   render_mode: :ascii
...> }.render_mode
:ascii

iex> %ExRatatui.Widgets.Viewport3D{}.render_mode
:auto

iex> %ExRatatui.Widgets.Viewport3D{}.pipeline
:rasterize
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          @type pipeline() :: :rasterize | :raytrace
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          @type render_mode() ::
  :auto | :kitty | :sixel | :iterm2 | :half_block | :braille | :ascii
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          @type t() :: %ExRatatui.Widgets.Viewport3D{
  block: ExRatatui.Widgets.Block.t() | nil,
  camera: ExRatatui.ThreeD.Camera.t(),
  pipeline: pipeline(),
  render_mode: render_mode(),
  scene: ExRatatui.ThreeD.Scene.t()
}


      



  


        

      


  

    
ExRatatui.Widgets.SlashCommands 
    



      
Slash command parsing and autocomplete popup rendering.
Provides utilities for detecting /command prefixes in text input,
matching against a list of registered commands, and rendering an
autocomplete popup with the Popup + List widgets.
Usage
commands = [
  %SlashCommands.Command{name: "help", description: "Show help"},
  %SlashCommands.Command{name: "clear", description: "Clear chat"},
  %SlashCommands.Command{name: "quit", description: "Exit the app"}
]

case SlashCommands.parse(input_text) do
  {:command, prefix} ->
    matched = SlashCommands.match_commands(commands, prefix)
    popup_widgets = SlashCommands.render_autocomplete(matched, area: area)
    # Append popup_widgets to the render list

  :no_command ->
    # No slash command detected
end
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        match_commands(commands, prefix)

      


        Filters commands whose name or aliases start with the given prefix.



    


    
      
        parse(text)

      


        Parses input text to detect a slash command prefix.



    


    
      
        render_autocomplete(matched_commands, opts)

      


        Builds a popup widget list for autocomplete display.
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          @spec match_commands([ExRatatui.Widgets.SlashCommands.Command.t()], String.t()) :: [
  ExRatatui.Widgets.SlashCommands.Command.t()
]


      


Filters commands whose name or aliases start with the given prefix.
Case-insensitive matching. An empty prefix matches all commands.
Examples
iex> cmds = [%ExRatatui.Widgets.SlashCommands.Command{name: "help"}, %ExRatatui.Widgets.SlashCommands.Command{name: "clear"}]
iex> ExRatatui.Widgets.SlashCommands.match_commands(cmds, "hel")
[%ExRatatui.Widgets.SlashCommands.Command{name: "help", description: "", aliases: []}]

iex> cmds = [%ExRatatui.Widgets.SlashCommands.Command{name: "help"}]
iex> ExRatatui.Widgets.SlashCommands.match_commands(cmds, "")
[%ExRatatui.Widgets.SlashCommands.Command{name: "help", description: "", aliases: []}]
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          @spec parse(String.t()) :: {:command, String.t()} | :no_command


      


Parses input text to detect a slash command prefix.
Returns {:command, prefix} if the text starts with / (after optional
leading whitespace), or :no_command otherwise. The prefix is the text
between / and the first space.
Examples
iex> ExRatatui.Widgets.SlashCommands.parse("/help")
{:command, "help"}

iex> ExRatatui.Widgets.SlashCommands.parse("/he")
{:command, "he"}

iex> ExRatatui.Widgets.SlashCommands.parse("/")
{:command, ""}

iex> ExRatatui.Widgets.SlashCommands.parse("hello")
:no_command

iex> ExRatatui.Widgets.SlashCommands.parse("")
:no_command
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          @spec render_autocomplete(
  [ExRatatui.Widgets.SlashCommands.Command.t()],
  keyword()
) :: [{ExRatatui.widget(), ExRatatui.Layout.Rect.t()}]


      


Builds a popup widget list for autocomplete display.
Returns a list of {widget, rect} tuples that can be appended to
the render output. Uses Popup + List widgets.
Options
	:area (required) — the Rect to position the popup in
	:selected — zero-based index of the selected command (default 0)
	:highlight_style — style for the selected item
	:style — style for non-selected items
	:percent_width — popup width as percentage (default 50)
	:percent_height — popup height as percentage (default 40)

Examples
iex> alias ExRatatui.Widgets.SlashCommands
iex> alias ExRatatui.Widgets.SlashCommands.Command
iex> commands = [%Command{name: "help", description: "Show help"}]
iex> area = %ExRatatui.Layout.Rect{x: 0, y: 0, width: 80, height: 24}
iex> [{%ExRatatui.Widgets.Popup{}, %ExRatatui.Layout.Rect{}}] = SlashCommands.render_autocomplete(commands, area: area)
iex> :ok
:ok

  


        

      


  

    
ExRatatui.Widgets.SlashCommands.Command 
    



      
A slash command definition with name, description, and optional aliases.
Examples
iex> %ExRatatui.Widgets.SlashCommands.Command{name: "help", description: "Show help"}
%ExRatatui.Widgets.SlashCommands.Command{name: "help", description: "Show help", aliases: []}

iex> %ExRatatui.Widgets.SlashCommands.Command{name: "quit", aliases: ["exit", "q"]}
%ExRatatui.Widgets.SlashCommands.Command{name: "quit", description: "", aliases: ["exit", "q"]}
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          @type t() :: %ExRatatui.Widgets.SlashCommands.Command{
  aliases: [String.t()],
  description: String.t(),
  name: String.t()
}


      



  


        

      


  

    
ExRatatui.Image 
    



      
Construct image widgets from raw image bytes.
Decodes PNG/JPEG/GIF/WebP/BMP binaries into a stateful widget handle
backed by ratatui-image. The
same widget renders across every ExRatatui transport: in a Kitty-graphics
capable local terminal it uses the Kitty protocol; over CellSession
(Livebook / Kino) it falls back to Unicode halfblocks automatically.
{:ok, picture} = ExRatatui.Image.new(File.read!("priv/slides/cover.png"))

# Or pick explicit options
{:ok, picture} =
  ExRatatui.Image.new(bytes, resize: :crop, protocol: :kitty)
Options
	:protocol - which terminal image protocol to render with. One of
:auto (default), :halfblocks, :kitty, :sixel, :iterm2.
:auto resolves at render time using the transport's capabilities
(see the Images guide for the resolution table).
Explicit protocols are honored except over CellSession-style
transports where :halfblocks is forced.
	:resize - resize strategy. :fit (default, preserve aspect ratio
inside the rect), :crop (preserve aspect, fill the rect, crop the
overflow), or :scale (stretch to fill).
	:background - background color used to fill transparency / unused
area. Accepts the full ExRatatui.Style.color/0 shape: nil
(default, transparent), a named color atom (:red, :dark_gray,
…), an {:rgb, r, g, b} tuple, an {:indexed, n} xterm 256-color
code, or a raw {r, g, b} tuple. Named and indexed values are
converted to RGB at the Elixir boundary using the standard ANSI
palette.

Errors
new/2 returns {:ok, widget} on success, or
{:error, {:decode_failed, message}} when the bytes can't be decoded
as a supported image format.
Telemetry
Each new/2 call emits a [:ex_ratatui, :image, :decode] span:
	:start metadata — %{format: atom, bytes: non_neg_integer}.
:format is one of :png, :jpeg, :gif, :webp, :bmp, or
:unknown (sniffed from the magic bytes).
	:stop metadata — adds :width and :height on success, or
:error (reason) on failure.

Per-render encode timing (Kitty / Sixel / iTerm2 payload generation)
isn't emitted as its own event — it happens inside the Rust render
NIF; the existing [:ex_ratatui, :render, :frame] span covers total
frame time, which includes image encode.
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        auto_local_protocol(terminal_ref)

      


        Probes the local terminal and caches the result on terminal_ref.



    


    
      
        dimensions(ref)

      


        Return the {width, height} of the decoded source image in pixels.



    


    
      
        new(bytes, opts \\ [])

      


        Decode image bytes into a stateful widget.



    


    
      
        probe_terminal()

      


        Queries the local terminal for image-protocol capabilities and font size.



    


    
      
        render_size(arg1, arg2, arg3, resize)

      


        Predicts the rendered output pixel dimensions for an image, given the
cell area it'll be drawn into.
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          @type background() :: nil | ExRatatui.Style.color()
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          @type new_opts() :: [protocol: protocol(), resize: resize(), background: background()]
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          @type probe_result() :: %{
  protocol: protocol(),
  font_size: {pos_integer(), pos_integer()}
}
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          @type protocol() :: :auto | :halfblocks | :kitty | :sixel | :iterm2
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          @type resize() :: :fit | :crop | :scale
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          @spec auto_local_protocol(reference()) :: :ok | {:error, term()}


      


Probes the local terminal and caches the result on terminal_ref.
When the probe succeeds, the cached protocol and font size are used for
every protocol: :auto image rendered through terminal_ref — Kitty
on a Kitty terminal, halfblocks on a basic terminal, etc. When it
fails (no TTY, no response), the cache stays empty and :auto images
fall back to halfblocks. Either way this is a one-shot opt-in: call it
once at app start, typically right after acquiring the terminal
reference.
ExRatatui.run(fn terminal ->
  ExRatatui.Image.auto_local_protocol(terminal)
  # ...
end)
Returns :ok on success, {:error, reason} if the probe failed (the
cache is untouched in that case). Per-image explicit protocol choices
at ExRatatui.Image.new/2 are always honored regardless of the probe.
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          @spec dimensions(ExRatatui.Widgets.Image.t() | reference()) ::
  {non_neg_integer(), non_neg_integer()}


      


Return the {width, height} of the decoded source image in pixels.
This is the original image's pixel size, not its rendered cell size.
Useful for laying out around an image of known aspect ratio.
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          @spec new(binary(), new_opts()) ::
  {:ok, ExRatatui.Widgets.Image.t()} | {:error, {:decode_failed, String.t()}}


      


Decode image bytes into a stateful widget.
Returns {:ok, %ExRatatui.Widgets.Image{}} on success, or
{:error, {:decode_failed, message}} if bytes is not a valid
PNG/JPEG/GIF/WebP/BMP payload. The format is auto-detected from the
bytes — no extension or content-type hint is required.
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          @spec probe_terminal() :: {:ok, probe_result()} | {:error, term()}


      


Queries the local terminal for image-protocol capabilities and font size.
Sends a small escape-sequence probe to stdout and waits for the
terminal's reply on stdin (ratatui-image's Picker::from_query_stdio).
Runs on a dirty IO scheduler so it doesn't block the BEAM main run
queue. Returns the detected protocol and cell pixel size on success, or
{:error, reason} if the terminal didn't respond, isn't a TTY, or the
probe timed out.
Use this to decide a custom fallback policy. Most apps
should call auto_local_protocol/1 instead, which caches the result
on a terminal reference so protocol: :auto images render with the
detected protocol automatically.

  



  
    
      
    
    
      render_size(arg1, arg2, arg3, resize)



        
          
        

    

  


  

      

          @spec render_size(
  {pos_integer(), pos_integer()},
  {pos_integer(), pos_integer()},
  {pos_integer(), pos_integer()},
  resize()
) :: {pos_integer(), pos_integer()}


      


Predicts the rendered output pixel dimensions for an image, given the
cell area it'll be drawn into.
Mirrors ratatui-image's Resize::needs_resize_pixels + the
fit_area_proportionally helper byte-for-byte (no drift). Useful for
status panels in demos, layout decisions that size sibling widgets
relative to where the image will actually render, or
understanding why :fit and :crop produce identical output when the
source image is smaller than the target area on both axes.
Inputs
	source — the source image's pixel dimensions as {width, height}
(same as dimensions/1 returns).
	cell_area — the render area in cells, as {cols, rows}.
	font_size — the terminal's cell pixel size, as {width, height}.
Get this from probe_terminal/0 or default to {10, 20} (which
matches Picker::halfblocks).
	resize — one of :fit / :crop / :scale.

Returns {width_px, height_px} for the rendered pixel size.
The Fit/Crop no-upscale clamp
Both :fit and :crop clamp output to the source image's natural
pixel size — they never upscale. This means a 400×300 source rendered
into an 800×500 target stays at 400×300 anchored at the corner. Only
:scale upscales aspect-preservingly to fill the area. See the
Images guide for the full rationale.
iex> ExRatatui.Image.render_size({400, 300}, {80, 24}, {10, 20}, :fit)
{400, 300}
iex> ExRatatui.Image.render_size({400, 300}, {80, 24}, {10, 20}, :scale)
{640, 480}
iex> ExRatatui.Image.render_size({2000, 1000}, {80, 24}, {10, 20}, :fit)
{800, 400}

  


        

      


  

    
ExRatatui.Widgets.Image 
    



      
A widget that renders a real image (PNG/JPEG/GIF/WebP/BMP) inside a TUI.
Image is a stateful widget: the decoded image data and the active
protocol encoder live in Rust via a ResourceArc. Construct the state
with ExRatatui.Image.new/2, which returns the widget struct ready to
drop into a render tree.
{:ok, picture} = ExRatatui.Image.new(File.read!("priv/slides/cover.png"))

def view(model, area) do
  [{picture, area}]
end
The widget itself is just a wrapper around the :state reference; render
options (:resize, :protocol, :background) are set once at
ExRatatui.Image.new/2 and stored on the resource. To change them, build a
new image handle.
See ExRatatui.Image for the construction API and the protocol/transport
fallback rules.
Fields
	:state - the image state reference returned by ExRatatui.Image.new/2 (required)
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          @type t() :: %ExRatatui.Widgets.Image{state: reference() | nil}


      



  


        

      


  

    
ExRatatui.BigText 
    



      
Build oversized 8×8-pixel text widgets for slide titles and banners.
Powered by tui-big-text.
Each character is rasterised through a bitmap font; the pixel_size
option controls how many cells a single 8×8 pixel maps to.
banner = ExRatatui.BigText.new("HELLO", pixel_size: :quadrant, alignment: :center)

def view(_model, frame) do
  area = %ExRatatui.Layout.Rect{x: 0, y: 0, width: frame.width, height: 10}
  [{banner, area}]
end
Options
	:pixel_size - one of :full (default, one character cell per
pixel), :half_height, :half_width, :quadrant, :third_height,
:sextant, :quarter_height, :octant. Smaller variants pack
more characters into the same area at the cost of legibility.
	:alignment - :left (default), :center, or :right.
	:style - %ExRatatui.Style{} applied to all rendered glyphs.
Per-line and per-span styles in the input still win on conflict.
	:block - optional %ExRatatui.Widgets.Block{} for a border /
title around the big text.

Accepted input shapes
new/2 coerces its first argument through the same path
ExRatatui.Paragraph uses, so any text-like shape is accepted:
	String.t() — split on "\n" into one line per chunk
	%ExRatatui.Text.Line{} or %ExRatatui.Text.Span{}
	%ExRatatui.Text{} — the lines + outer style are unpacked
	[%Line{} | %Span{} | binary] — list of any single accepted shape


Sizing tip
A :full glyph is 8×8 character cells. A two-character word at
:full therefore needs ~16 cells wide and 8 cells tall. When
targeting an 80×24 terminal, :half_height (4 rows tall) or
:quadrant (4 rows tall, 4 cols wide) usually fits a 2–3 word title.
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        new(text, opts \\ [])

      


        Build a %ExRatatui.Widgets.BigText{} from text-like input.
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          @type new_opts() :: [
  pixel_size: ExRatatui.Widgets.BigText.pixel_size(),
  alignment: ExRatatui.Widgets.BigText.alignment(),
  style: ExRatatui.Style.t(),
  block: ExRatatui.Widgets.Block.t() | nil
]
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          @spec new(term(), new_opts()) :: ExRatatui.Widgets.BigText.t()


      


Build a %ExRatatui.Widgets.BigText{} from text-like input.
text accepts the same shapes any text-bearing widget accepts:
a binary, a single %Line{} / %Span{}, a full %Text{}, or a
homogeneous list. When a %Text{} is supplied (or coerced into),
its outer :style is merged with the widget's own :style and its
:alignment is preferred over the widget's default when set.
Returns the widget struct directly; constructing fails fast with
ArgumentError on a bad shape or invalid option (matching the rest
of the widget surface — no {:ok, _} wrapper, no NIF call).
Examples
iex> ExRatatui.BigText.new("HELLO")
%ExRatatui.Widgets.BigText{
  lines: [
    %ExRatatui.Text.Line{
      spans: [%ExRatatui.Text.Span{content: "HELLO", style: %ExRatatui.Style{}}],
      style: %ExRatatui.Style{},
      alignment: nil
    }
  ],
  pixel_size: :full,
  alignment: :left,
  style: %ExRatatui.Style{},
  block: nil
}

iex> widget = ExRatatui.BigText.new("HI", pixel_size: :quadrant, alignment: :center)
iex> {widget.pixel_size, widget.alignment}
{:quadrant, :center}

iex> ExRatatui.BigText.new("X", pixel_size: :huge)
** (ArgumentError) expected :pixel_size to be one of [:full, :half_height, :half_width, :quadrant, :third_height, :sextant, :quarter_height, :octant], got: :huge

  


        

      


  

    
ExRatatui.Widgets.BigText 
    



      
An oversized 8×8-pixel text widget for slide titles and banners.
Backed by tui-big-text,
which rasterises each character through the font8x8 bitmap font.
Useful for slide deck headers, splash screens, end-of-game banners,
and anywhere a regular paragraph won't carry across a 10-foot room.
Build the widget with ExRatatui.BigText.new/2; raw struct
construction is supported but skips input coercion.
Fields
	:lines - list of %ExRatatui.Text.Line{} to render. The pixel
grid is laid out top to bottom; styling on a line or its spans
paints the corresponding glyph cells.
	:pixel_size - how many character cells a single 8×8-pixel glyph
occupies. One of :full (1 cell per pixel, the default),
:half_height, :half_width, :quadrant, :third_height,
:sextant, :quarter_height, :octant. Smaller pixel sizes pack
more characters into the same area; :octant is the densest.
	:alignment - :left, :center, or :right. Default :left.
	:style - %ExRatatui.Style{} applied as the outermost default
style. Per-line / per-span styles win on conflict.
	:block - optional %ExRatatui.Widgets.Block{} container. We
render the block border first and confine the big-text grid to
the inner area.

Example
iex> alias ExRatatui.Widgets.BigText
iex> alias ExRatatui.Text.{Line, Span}
iex> alias ExRatatui.Style
iex> %BigText{
...>   lines: [%Line{spans: [%Span{content: "EX_RATATUI"}]}],
...>   pixel_size: :half_height,
...>   alignment: :center,
...>   style: %Style{fg: :magenta}
...> }
%ExRatatui.Widgets.BigText{
  lines: [
    %ExRatatui.Text.Line{
      spans: [%ExRatatui.Text.Span{content: "EX_RATATUI", style: %ExRatatui.Style{}}],
      style: %ExRatatui.Style{},
      alignment: nil
    }
  ],
  pixel_size: :half_height,
  alignment: :center,
  style: %ExRatatui.Style{fg: :magenta, bg: nil, modifiers: []},
  block: nil
}
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          @type alignment() :: :left | :center | :right
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          @type pixel_size() ::
  :full
  | :half_height
  | :half_width
  | :quadrant
  | :third_height
  | :sextant
  | :quarter_height
  | :octant
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          @type t() :: %ExRatatui.Widgets.BigText{
  alignment: alignment(),
  block: ExRatatui.Widgets.Block.t() | nil,
  lines: [ExRatatui.Text.Line.t()],
  pixel_size: pixel_size(),
  style: ExRatatui.Style.t()
}


      



  


        

      


  

    
ExRatatui.CodeBlock 
    



      
Helpers for syntax-highlighted code, complementing the
ExRatatui.Widgets.CodeBlock widget.
highlight/3 is the seam for users composing their own widgets — a
DiffViewer building side-by-side panels of highlighted source, an
Inspector pretty-printing structs — without dropping a full CodeBlock
into the tree.
Supported languages
Powered by syntect's bundled Sublime-syntax set, plus Elixir which
we ship in addition to the defaults (see
native/ex_ratatui/syntaxes/). Languages with built-in support:
Bash, C, C++, C#, CSS, D, Diff, Elixir, Erlang, Go, Groovy,
Haskell, HTML, Java, JavaScript, JSON, Lisp, Lua, Make, Markdown,
MATLAB, OCaml, Objective-C, Pascal, Perl, PHP, Python, R, Regexp, Ruby,
Rust, Scala, Shell-Script, SQL, TCL, XML, YAML. Unknown languages fall
back to plain text (still themed, but uncoloured).
Lookup is case-insensitive and accepts file extensions, so "elixir",
:Elixir, "ex", and "exs" all resolve to the same syntax.
Themes
Curated atoms resolve to syntect's bundled ThemeSet:
	:base16_ocean_dark (default for ExRatatui.Widgets.CodeBlock)
	:base16_ocean_light
	:base16_eighties_dark
	:base16_mocha_dark
	:inspired_github
	:solarized_dark
	:solarized_light

Raw strings pass through unchanged.
Examples
iex> [%ExRatatui.Text.Line{} | _] =
...>   ExRatatui.CodeBlock.highlight("fn main() {}", "rust", :base16_ocean_dark)

      


      
        Summary


  
    Types
  


    
      
        native_span()

      


        Raw span shape returned by the underlying highlighter NIF.



    





  
    Functions
  


    
      
        from_native(lines)

      


        Converts the raw NIF response into %ExRatatui.Text.Line{} structs.



    


    
      
        highlight(code, language, theme)

      


        Highlight code for language using theme.



    


    
      
        resolve_theme(theme)

      


        Resolves a CodeBlock theme into the raw syntect theme name.



    





      


      
        Types


        


  
    
      
    
    
      native_span()



        
          
        

    

  


  

      

          @type native_span() :: %{
  content: String.t(),
  fg: nil | {0..255, 0..255, 0..255},
  bg: nil | {0..255, 0..255, 0..255},
  bold: boolean(),
  italic: boolean(),
  underlined: boolean()
}


      


Raw span shape returned by the underlying highlighter NIF.
fg/bg are nil for the theme's default (when syntect's effective
alpha is 0), or a {r, g, b} tuple otherwise.

  


        

      

      
        Functions


        


  
    
      
    
    
      from_native(lines)



        
          
        

    

  


  

      

          @spec from_native([[native_span()]]) :: [ExRatatui.Text.Line.t()]


      


Converts the raw NIF response into %ExRatatui.Text.Line{} structs.
Useful for callers reaching for the underlying highlighter directly
to skip per-call theme atom resolution (e.g. in a hot loop reusing the
same theme), or for tooling that consumes the wire shape. Most callers
should use highlight/3 instead — it resolves the theme and emits the
[:ex_ratatui, :code_block, :highlight] telemetry span.
Examples
iex> raw = [[%{content: "x", fg: {10, 20, 30}, bg: nil,
...>           bold: true, italic: false, underlined: false}]]
iex> [%ExRatatui.Text.Line{spans: [span]}] = ExRatatui.CodeBlock.from_native(raw)
iex> {span.content, span.style.fg, span.style.modifiers}
{"x", {:rgb, 10, 20, 30}, [:bold]}

  



  
    
      
    
    
      highlight(code, language, theme)



        
          
        

    

  


  

      

          @spec highlight(
  String.t(),
  String.t() | atom() | nil,
  ExRatatui.Widgets.CodeBlock.theme()
) :: [
  ExRatatui.Text.Line.t()
]


      


Highlight code for language using theme.
Returns a list of %ExRatatui.Text.Line{} with per-token styled spans.
Unknown languages fall back to a single plain span per line; unknown
themes fall back to :base16_ocean_dark.
Examples
iex> [%ExRatatui.Text.Line{spans: spans} | _] =
...>   ExRatatui.CodeBlock.highlight("hello", nil, :base16_ocean_dark)
iex> Enum.map(spans, & &1.content) |> Enum.join() |> String.trim()
"hello"

  



  
    
      
    
    
      resolve_theme(theme)



        
          
        

    

  


  

      

          @spec resolve_theme(ExRatatui.Widgets.CodeBlock.theme()) :: String.t()


      


Resolves a CodeBlock theme into the raw syntect theme name.
Accepts a curated atom (one of seven) or a raw string. Raises
ArgumentError for unknown atoms with a message listing valid choices.
Raw strings pass through unchanged so callers can load custom theme
sets without modifying this module.

  


        

      


  

    
ExRatatui.Widgets.CodeBlock 
    



      
A syntax-highlighted code display widget.
Powered by syntect, shares its syntax/theme machinery with
ExRatatui.Widgets.Markdown. Supports the seven themes bundled with
syntect plus any string a custom theme set understands. See
ExRatatui.CodeBlock for the bundled language set (syntect's defaults
plus Elixir).
Ideal for static code samples, slide decks, tutorials, and any
read-only code view. For editable code, use ExRatatui.Widgets.Textarea
(highlighted editing is a future feature).
Fields
	:content — source code string
	:language — syntect token name as a string or atom (e.g. "elixir",
:rust, :python) or nil for plain text
	:theme — atom (curated) or raw string; see "Themes" below
	:line_numbers — true to render a right-aligned gutter before each
line (default: false)
	:starting_line — first line number when :line_numbers is true
(default: 1)
	:highlight_lines — list of line numbers and/or ranges to emphasise
with a subtle theme-derived background. Example: [3, 7..9].
Numbers are 1-based and refer to the rendered line number (so they
pair with :starting_line when offsets are in play).
	:style — %ExRatatui.Style{} for the widget background
	:block — optional %ExRatatui.Widgets.Block{} container
	:scroll — {vertical, horizontal} scroll offset (default: {0, 0})
	:wrap — true to wrap long lines (default: false — code rarely
wants soft-wrap)

Themes
Curated atoms resolve to syntect's bundled ThemeSet:
	:base16_ocean_dark (default)
	:base16_ocean_light
	:base16_eighties_dark
	:base16_mocha_dark
	:inspired_github
	:solarized_dark
	:solarized_light

Raw strings pass through unchanged for users who load their own theme
sets.
Examples
iex> %ExRatatui.Widgets.CodeBlock{content: "IO.puts(\"hi\")", language: "elixir"}
%ExRatatui.Widgets.CodeBlock{
  content: "IO.puts(\"hi\")",
  language: "elixir",
  theme: :base16_ocean_dark,
  line_numbers: false,
  starting_line: 1,
  highlight_lines: [],
  style: %ExRatatui.Style{},
  block: nil,
  scroll: {0, 0},
  wrap: false
}

iex> alias ExRatatui.Widgets.{CodeBlock, Block}
iex> code = %CodeBlock{
...>   content: "fn main() {}",
...>   language: "rust",
...>   theme: :solarized_dark,
...>   block: %Block{title: "main.rs", borders: [:all]}
...> }
iex> code.theme
:solarized_dark

iex> %ExRatatui.Widgets.CodeBlock{content: "", theme: "InspiredGitHub"}.theme
"InspiredGitHub"
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        highlight_entry()

      


    


    
      
        t()

      


    


    
      
        theme()
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      highlight_entry()



        
          
        

    

  


  

      

          @type highlight_entry() :: pos_integer() | Range.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExRatatui.Widgets.CodeBlock{
  block: ExRatatui.Widgets.Block.t() | nil,
  content: String.t(),
  highlight_lines: [highlight_entry()],
  language: String.t() | atom() | nil,
  line_numbers: boolean(),
  scroll: {non_neg_integer(), non_neg_integer()},
  starting_line: pos_integer(),
  style: ExRatatui.Style.t(),
  theme: theme(),
  wrap: boolean()
}


      



  



  
    
      
    
    
      theme()



        
          
        

    

  


  

      

          @type theme() ::
  :base16_ocean_dark
  | :base16_ocean_light
  | :base16_eighties_dark
  | :base16_mocha_dark
  | :inspired_github
  | :solarized_dark
  | :solarized_light
  | String.t()


      



  


        

      


  

    
ExRatatui.Widget protocol
    



      
Protocol for user-defined widgets that compose ExRatatui primitives.
Implement this protocol on a plain struct to build custom widgets in
pure Elixir — no Rust required. render/2 receives the widget struct
and the %ExRatatui.Layout.Rect{} it should occupy, and returns a
list of placed children. Children may be primitives
(%ExRatatui.Widgets.Paragraph{}, %ExRatatui.Widgets.Block{}, …)
or other custom widgets — the render tree is expanded recursively
before crossing the NIF boundary.
The protocol is intentionally minimal and stateless: the struct
carries all data the render needs. State that evolves over time
(keyboard focus, selection, input buffers) lives in the
ExRatatui.App / ExRatatui.Session model and is projected onto a
fresh struct each frame.
Example
defmodule MyApp.Widgets.UserCard do
  defstruct [:user, selected?: false]

  defimpl ExRatatui.Widget do
    alias ExRatatui.Layout
    alias ExRatatui.Layout.Rect
    alias ExRatatui.Style
    alias ExRatatui.Widgets.{Block, Paragraph}

    def render(%{user: user, selected?: sel?}, %Rect{} = rect) do
      border_style = if sel?, do: %Style{fg: :yellow}, else: %Style{}

      [header, body] =
        Layout.split(rect, :vertical, [{:length, 1}, {:min, 0}])

      [
        {%Block{title: user.name, borders: [:all], border_style: border_style}, rect},
        {%Paragraph{text: user.handle, style: %Style{modifiers: [:bold]}}, header},
        {%Paragraph{text: user.bio}, body}
      ]
    end
  end
end
Then draw it like any other widget:
ExRatatui.draw(terminal, [{%MyApp.Widgets.UserCard{user: u}, rect}])
Composition
A custom widget can return another custom widget in its children
list. The expander walks recursively until every entry is a
primitive, with a safety cap of 32 nesting levels.
Limitations
Custom widgets are expanded at the top level of
ExRatatui.draw/2's widget list. They are not currently supported
inside ExRatatui.Widgets.Popup's :content field or
ExRatatui.Widgets.WidgetList's :items — those fields still
require primitive widgets. A custom widget can itself return a
%Popup{} or %WidgetList{}; the restriction only applies to the
widgets placed inside them.
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    Types
  


    
      
        rendered()

      


    


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        render(widget, rect)

      


        Renders this widget at the given rect into a list of placed children.
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      rendered()



        
          
        

    

  


  

      

          @type rendered() :: {ExRatatui.widget(), ExRatatui.Layout.Rect.t()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      render(widget, rect)



        
          
        

    

  


  

      

          @spec render(t(), ExRatatui.Layout.Rect.t()) :: [rendered()]


      


Renders this widget at the given rect into a list of placed children.
Children may be primitive widgets or other structs implementing
ExRatatui.Widget. Return [] to render nothing.

  


        

      


  

    
ExRatatui.Transport behaviour
    



      
Shared protocol between the internal Server runtime and the modules
that carry input/output bytes for a running ExRatatui.App.
ex_ratatui ships these transports out of the box:
	The built-in :local transport — runs against the host tty via
ExRatatui.run/1.
	ExRatatui.SSH + ExRatatui.SSH.Daemon — serve apps over SSH.
	ExRatatui.Distributed.Listener — serve apps to remote BEAM nodes
using distribution instead of raw bytes.
	Two session-backed primitives that custom transports build on:
ExRatatui.Session (ANSI byte stream) and ExRatatui.CellSession
(cell buffer for non-terminal surfaces).

Downstream packages (kino_ex_ratatui, custom TCP bridges, …) plug in
by adopting @behaviour ExRatatui.Transport and speaking the same
two-way protocol documented below. See
guides/transports/custom_transports.md for a
~60-line TCP walkthrough.
Wire protocol
A transport is any process that:
	Decides how the runtime is wired up by passing one of the
server_transport/0 shapes as the :transport option when
starting the internal Server.
	Forwards user input and resize notifications to that Server via
the to_server/0 mailbox messages.
	For byte-stream transports only: receives rendered ANSI bytes
through the writer_fn/0 it handed to the Server at init
time and ships them to the remote terminal.

ExRatatui.Transport.ByteStream packages the input/resize half of
step 2 for transports that carry raw terminal bytes (SSH, xterm.js in
Livebook, a custom TCP socket). Distributed does not use ByteStream —
it ships widget trees, not bytes — but still declares the behaviour
as a marker.
Callbacks
child_spec/1 is declared as an optional callback: modules that
are started as children of a supervision tree (SSH.Daemon,
Distributed.Listener) satisfy it automatically via use GenServer
/ use Supervisor. Modules that plug in at a different level (the
ExRatatui.SSH channel, instantiated by OTP :ssh) declare the
behaviour without providing a child spec.

      


      
        Summary


  
    Types
  


    
      
        cell_writer_fn()

      


        Callback a cell-stream transport hands to the runtime server so it
can ship the rendered cell delta to a non-terminal consumer (a
Phoenix LiveView painting <span> cells, an embedded device
rasterising glyphs to a framebuffer, an SVG/PNG exporter). Called
from the server process on every render with an
ExRatatui.CellSession.Diff.t/0 carrying only the cells that
changed since the last render (or the full grid on the first call,
after a resize, or after close+reopen — see
CellSession's docs). Must be fast and
non-blocking.



    


    
      
        intent_writer_fn()

      


        Callback invoked once per intent emitted by the app's callbacks, in
emission order. Intents are opaque terms — consumers define the
vocabulary.



    


    
      
        server_transport()

      


        Variants accepted by the runtime server's :transport option at
init time.



    


    
      
        to_server()

      


        Mailbox messages a transport sends to the Server pid.



    


    
      
        writer_fn()

      


        Callback a byte-stream transport hands to the runtime server so it
can ship rendered ANSI back to the remote terminal. Called from the
server process on every render; must be fast and non-blocking.



    





  
    Callbacks
  


    
      
        child_spec(keyword)

      


        Returns a supervisor child spec for the transport. Implemented
automatically by modules that use GenServer or use Supervisor.
Transports that aren't started as supervised children (e.g. an
SSH channel instantiated by OTP :ssh) don't need to provide it.



    





  
    Functions
  


    
      
        start_server(opts)

      


        Starts the runtime server that backs a transport. This is the public
entrypoint for custom transports — the built-in :local, SSH, and
Distributed transports call it internally.
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      cell_writer_fn()



        
          
        

    

  


  

      

          @type cell_writer_fn() :: (ExRatatui.CellSession.Diff.t() -> :ok)


      


Callback a cell-stream transport hands to the runtime server so it
can ship the rendered cell delta to a non-terminal consumer (a
Phoenix LiveView painting <span> cells, an embedded device
rasterising glyphs to a framebuffer, an SVG/PNG exporter). Called
from the server process on every render with an
ExRatatui.CellSession.Diff.t/0 carrying only the cells that
changed since the last render (or the full grid on the first call,
after a resize, or after close+reopen — see
CellSession's docs). Must be fast and
non-blocking.

  



  
    
      
    
    
      intent_writer_fn()



        
          
        

    

  


  

      

          @type intent_writer_fn() :: (term() -> :ok)


      


Callback invoked once per intent emitted by the app's callbacks, in
emission order. Intents are opaque terms — consumers define the
vocabulary.

  



  
    
      
    
    
      server_transport()



        
          
        

    

  


  

      

          @type server_transport() ::
  :local
  | {:session, ExRatatui.Session.t(), writer_fn()}
  | {:cell_session, ExRatatui.CellSession.t(), cell_writer_fn()}
  | {:cell_session, ExRatatui.CellSession.t(), cell_writer_fn(),
     intent_writer_fn()}
  | {:distributed_server, pid(), pos_integer(), pos_integer()}


      


Variants accepted by the runtime server's :transport option at
init time.
	:local — the server owns a real tty via ExRatatui.run/1.
	{:session, session, writer_fn} — the server renders into the
given ExRatatui.Session and calls writer_fn with the
resulting bytes. Used by SSH today and by Kino in the future.
	{:cell_session, cell_session, cell_writer_fn} — the server
renders into the given ExRatatui.CellSession and calls
cell_writer_fn with a ExRatatui.CellSession.Diff.t/0 of
cells that changed since the last render. Used by
phoenix_ex_ratatui (browser DOM) and the Nerves
name_badge
project (1bpp framebuffer rasteriser).
	{:cell_session, cell_session, cell_writer_fn, intent_writer_fn} —
same, plus an intent_writer_fn/0 invoked once per intent emitted
by the app's callbacks (see the Runtime opts section of
ExRatatui.App).
	{:distributed_server, client_pid, width, height} — the server
ships widget trees to a remote renderer (see
ExRatatui.Distributed.Listener) that renders them locally.


  



  
    
      
    
    
      to_server()



        
          
        

    

  


  

      

          @type to_server() ::
  {:ex_ratatui_event, ExRatatui.Event.t()}
  | {:ex_ratatui_resize, pos_integer(), pos_integer()}


      


Mailbox messages a transport sends to the Server pid.
	{:ex_ratatui_event, event} — user input (key press, mouse,
paste, focus change) decoded to a ExRatatui.Event.t/0.
	{:ex_ratatui_resize, w, h} — the terminal changed size.
Sessions must already be resized before the message is sent;
the Server just picks up the new dimensions and re-renders.


  



  
    
      
    
    
      writer_fn()



        
          
        

    

  


  

      

          @type writer_fn() :: (iodata() -> :ok)


      


Callback a byte-stream transport hands to the runtime server so it
can ship rendered ANSI back to the remote terminal. Called from the
server process on every render; must be fast and non-blocking.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      child_spec(keyword)


        (optional)


        
          
        

    

  


  

      

          @callback child_spec(keyword()) :: Supervisor.child_spec()


      


Returns a supervisor child spec for the transport. Implemented
automatically by modules that use GenServer or use Supervisor.
Transports that aren't started as supervised children (e.g. an
SSH channel instantiated by OTP :ssh) don't need to provide it.

  


        

      

      
        Functions


        


  
    
      
    
    
      start_server(opts)



        
          
        

    

  


  

      

          @spec start_server(keyword()) :: GenServer.on_start()


      


Starts the runtime server that backs a transport. This is the public
entrypoint for custom transports — the built-in :local, SSH, and
Distributed transports call it internally.
opts is a keyword list:
	:mod (required) — module implementing ExRatatui.App.
	:transport — one of the server_transport/0 shapes. Defaults
to :local.
	:name — optional GenServer name. Pass nil to start an
unnamed server (recommended for per-connection transports that
serve many clients).

Returns {:ok, server_pid} on success, propagating any error tuple
the server raises during init.
Example
A byte-stream transport typically looks like:
session = ExRatatui.Session.new(width, height)
writer  = fn bytes -> transport_write(conn, bytes) end

{:ok, server} =
  ExRatatui.Transport.start_server(
    mod: MyApp,
    name: nil,
    transport: {:session, session, writer}
  )
See guides/transports/custom_transports.md for
the full walkthrough.

  


        

      


  

    
ExRatatui.Transport.ByteStream 
    



      
Helpers for transports that carry raw terminal bytes to and from a
remote ExRatatui.Session.
A byte-stream transport is any process that:
	receives bytes typed by the user (from an SSH channel, an
xterm.js iframe, a plain TCP socket, …) and pushes them through
forward_input/3; and
	receives resize notifications from the remote terminal and
pushes them through forward_resize/4.

Both helpers take care of the Session-level work (parsing bytes
into events, resizing the Rust-side buffer) and deliver the result
to the Server using the ExRatatui.Transport.to_server/0
messages {:ex_ratatui_event, _} and {:ex_ratatui_resize, _, _}.
ExRatatui.SSH uses these helpers; kino_ex_ratatui will too.
Distributed does not — it ships widget trees, not bytes.

      


      
        Summary


  
    Functions
  


    
      
        forward_input(session, server, bytes)

      


        Feeds bytes into session, dispatches the resulting events to
server, and returns the list of decoded events.



    


    
      
        forward_resize(session, server, width, height)

      


        Resizes session to width × height and notifies server with
{:ex_ratatui_resize, width, height}.



    





      


      
        Functions


        


  
    
      
    
    
      forward_input(session, server, bytes)



        
          
        

    

  


  

      

          @spec forward_input(ExRatatui.Session.t(), pid(), iodata()) :: [ExRatatui.Event.t()]


      


Feeds bytes into session, dispatches the resulting events to
server, and returns the list of decoded events.
Resize events synthesized by the parser (e.g. from a CSI 14 t
reply) are absorbed: they resize the session in place and surface
to the Server as {:ex_ratatui_resize, w, h} instead of a regular
Event.Resize message. All other events flow through as
{:ex_ratatui_event, event}.
Callers get the events back so they can inspect them without a
second parse pass — ExRatatui.SSH, for instance, uses an empty
result together with a lone 0x1B in bytes as the trigger to
arm its bare-Esc timeout.

  



  
    
      
    
    
      forward_resize(session, server, width, height)



        
          
        

    

  


  

      

          @spec forward_resize(ExRatatui.Session.t(), pid(), pos_integer(), pos_integer()) ::
  :ok


      


Resizes session to width × height and notifies server with
{:ex_ratatui_resize, width, height}.
Use this for resize signals delivered out-of-band by the transport
itself (SSH window_change, xterm.js FitAddon resize, …). Resize
events that come back from the byte parser are handled inside
forward_input/3 and don't need a separate call.

  


        

      


  

    
ExRatatui.SSH 
    



      
OTP :ssh_server_channel implementation that serves an ExRatatui.App
over a single SSH channel.
One instance is spawned per SSH channel (i.e. per connected client). It
owns an ExRatatui.Session for that channel and a linked internal
server running the user's app module in :ssh transport mode. Bytes
the ratatui backend writes into the session's in-memory buffer are
shipped back to the client via :ssh_connection.send/3, and bytes
the client types come in as {:data, _, _, _} events that get fed
through the session's ANSI parser and dispatched to the server as
{:ex_ratatui_event, event} messages.
Two entry points
SSH has two ways a client can ask a server to run "something":
	Shell — ssh host with no command; the client expects the server
to start the user's default shell and wire it to the channel.
	Subsystem — ssh host -s <name>; the client asks for a named
non-shell handler (this is what nerves_ssh uses for its
subsystems: config, what sftp rides on, etc.).

Both are supported here. Shell mode is required for the standalone
daemon so plain ssh just works. Subsystem mode is how nerves_ssh
plugs this into its existing daemon — see subsystem/1 for the exact
shape it expects.
Shell vs subsystem startup
The two modes use different triggers to spin up the server:
	Shell mode waits for the client's pty_req (to size the
session) and then shell_req (to launch). If the client skips the
pty, the channel is rejected on the shell request.

	Subsystem mode can't wait for those messages: OTP :ssh
matches the subsystem name against the daemon's :subsystems
config and consumes the {:subsystem, ...} request itself to
dispatch us — handle_ssh_msg/2 never sees it. Worse, when the
client passes -t OTP also consumes the pty_req before
the subsystem dispatch fires: OTP hands it to the daemon's
default CLI handler (IEx on a nerves_ssh device) and silently
orphans that CLI process the moment our subsystem handler
takes over the channel. Neither pty_req nor its dimensions
reach us through any channel request.
To work around that, on {:ssh_channel_up, ...} we synthesize a
default 80x24 session, start the server, and immediately emit a
Cursor Position Report roundtrip —
ESC[s ESC[9999;9999H ESC[6n ESC[u — which parks the cursor at
(9999, 9999) so the client clamps it to the actual pty size,
then asks the client to report the position. The response
arrives on the next {:data, ...} channel message, is parsed
into a %Event.Resize{} by the session's ANSI input parser,
and the data handler resizes the session in place + notifies
the server. Clients can still send {:window_change, ...}
afterwards to track real runtime resizes.


subsystem/1 bakes subsystem: true into the init args so the
channel handler can tell the two flows apart. Shell-mode init (via
ssh_cli:) leaves the flag at its default false.
Client-side caveat: always pass -t in subsystem mode
OpenSSH does not allocate a PTY by default for ssh host -s name
— that's designed for protocols like sftp that don't need one. For
an interactive TUI the PTY MUST be forced with -t:
ssh -t nerves.local -s Elixir.MyApp.TUI   # ✓ works
ssh nerves.local -s Elixir.MyApp.TUI      # ✗ local tty stays in
                                          #   cooked mode, keys are
                                          #   line-buffered + echoed
                                          #   locally, screen redraw
                                          #   bleeds into the shell
                                          #   prompt on exit
Without -t, render bytes still reach the client and the TUI runs —
it just can't be driven interactively.
Subsystem helper
Returns a {charlist, {module, init_args}} tuple in exactly the shape
OTP :ssh expects for its subsystems: option. Plug it into a
nerves_ssh subsystems list from config/runtime.exs:
# config/runtime.exs
import Config

if Application.spec(:nerves_ssh) do
  config :nerves_ssh,
    subsystems: [
      :ssh_sftpd.subsystem_spec(cwd: ~c"/"),
      ExRatatui.SSH.subsystem(MyApp.TUI)
    ]
end
This must live in runtime.exs, not target.exs. On a fresh
MIX_TARGET=rpi4 mix compile Mix evaluates compile-time configs
before it builds deps for the target, so ExRatatui.SSH isn't on the
code path yet and the subsystem/1 call would crash with module ExRatatui.SSH is not available. runtime.exs runs at device boot
after every beam file is loaded but before the OTP application
controller starts :nerves_ssh, which is exactly the window we need.
The Application.spec(:nerves_ssh) guard keeps host builds (where
:nerves_ssh isn't a dep) silent. See guides/transports/ssh_transport.md for
the full write-up.
Dependency injection for tests
init/1 accepts optional :sender and :starter overrides so unit
tests can substitute fakes for :ssh_connection.send/3 and the
internal server's start function without standing up real
infrastructure. Defaults point at the real OTP + Server functions;
production callers never pass either key.
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    Functions
  


    
      
        subsystem(mod)

      


        Returns a {charlist_name, {ExRatatui.SSH, init_args}} tuple in the
shape OTP :ssh's :subsystems option (and nerves_ssh's
subsystems: list) expects.
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          @type t() :: %ExRatatui.SSH{
  app_opts: keyword(),
  channel_id: non_neg_integer() | nil,
  conn: term() | nil,
  esc_timer: reference() | nil,
  image_font_size: {pos_integer(), pos_integer()} | nil,
  image_protocol: ExRatatui.Image.protocol() | nil,
  mod: module(),
  rendering: boolean(),
  replier: (term(), boolean(), :success | :failure, non_neg_integer() -> :ok),
  sender: (term(), non_neg_integer(), iodata() -> :ok | {:error, term()}),
  server_pid: pid() | nil,
  session: ExRatatui.Session.t() | nil,
  starter: (keyword() -> {:ok, pid()} | {:error, term()}),
  subsystem_mode: boolean()
}
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          @spec subsystem(module()) :: {charlist(), {module(), keyword()}}


      


Returns a {charlist_name, {ExRatatui.SSH, init_args}} tuple in the
shape OTP :ssh's :subsystems option (and nerves_ssh's
subsystems: list) expects.
The charlist name is the full module name (e.g. ~c"Elixir.MyApp.TUI")
so each app module gets its own distinct subsystem. Two apps
configured into the same daemon will not collide.
The init args include subsystem: true so the channel handler knows
it was spawned via OTP's subsystem dispatch (which consumes the
{:subsystem, ...} message internally) and can start the TUI server
as soon as the channel is up, instead of waiting for a shell request
that will never arrive.
Examples
iex> ExRatatui.SSH.subsystem(SomeTUIModule)
{~c"Elixir.SomeTUIModule", {ExRatatui.SSH, [mod: SomeTUIModule, subsystem: true]}}

  


        

      


  

    
ExRatatui.SSH.Daemon 
    



      
GenServer that owns an OTP :ssh.daemon/2 listening for TUI clients.
This is the transport-level supervisor for ExRatatui.App under
transport: :ssh. It starts an :ssh daemon on the requested port,
registers the app module as an SSH subsystem + default shell, and
tears the daemon down on shutdown. Each connected SSH client gets its
own ExRatatui.SSH channel process, which in turn supervises its own
internal server running the app — so a single Daemon can serve
many concurrent clients without any shared state between them.
Usage
Typically this isn't started directly; use ExRatatui.App routes
start_link(transport: :ssh, ...) through here. But for full control
it can be added to a supervision tree by hand:
children = [
  {ExRatatui.SSH.Daemon,
   mod: MyApp.TUI,
   port: 2222,
   system_dir: ~c"/etc/ssh",
   user_dir: ~c"/var/ssh/users"}
]
Options
	:mod (required) — the ExRatatui.App module to serve.
	:port (default 2222) — TCP port to listen on. 0 picks a random
free port — call port/1 on the daemon pid to discover the chosen
port.
	:system_dir — path to the daemon's host key directory, forwarded
as-is to :ssh.daemon/2. May be a binary or charlist; binaries are
converted automatically.
	:auto_host_key (default false) — when true, the daemon resolves
the OTP application that owns :mod, ensures <priv_dir>/ssh/
exists, and generates a 2048-bit RSA host key there on first boot
(ssh_host_rsa_key). Subsequent boots reuse the same key. Set
:system_dir explicitly to override the directory; passing both
raises. Intended for "drop into a supervision tree and it just
works" setups (Phoenix admin TUIs, internal tools); production
deployments should keep an explicit :system_dir under their own
configuration management.
	:user_dir — path to client-authentication key material.
	:authorized_keys — forwarded through to :ssh.daemon/2.
	:name — process name (default __MODULE__, pass nil to skip).
	:app_opts — extra opts that will be merged into every client's
mount/1 callbacks (e.g. shared PubSub topic names).
	Any other keyword pair is forwarded verbatim to :ssh.daemon/2, so
e.g. :pwdfun, :idle_time, :profile all work unchanged.

Testability
:daemon_starter and :daemon_stopper keyword options let tests
substitute fakes for &:ssh.daemon/2 and &:ssh.stop_daemon/1 so the
GenServer can be exercised without starting a real SSH listener. The
real functions are the defaults; production callers never pass either.
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        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        daemon_ref(server \\ __MODULE__)

      


        Returns the {:ok, daemon_ref} handle of the underlying OTP :ssh
daemon, or {:error, :not_started} if it isn't up.



    


    
      
        port(server \\ __MODULE__)

      


        Returns the port the daemon is listening on.



    


    
      
        start_link(opts)

      


        Starts a supervised SSH daemon serving the given ExRatatui.App
module. Returns the daemon's process pid on success.
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          @type t() :: %ExRatatui.SSH.Daemon{
  daemon_ref: term() | nil,
  daemon_stopper: (term() -> :ok),
  mod: module(),
  port: non_neg_integer()
}
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec daemon_ref(GenServer.server()) :: {:ok, term()} | {:error, :not_started}


      


Returns the {:ok, daemon_ref} handle of the underlying OTP :ssh
daemon, or {:error, :not_started} if it isn't up.
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          @spec port(GenServer.server()) :: non_neg_integer()


      


Returns the port the daemon is listening on.
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          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts a supervised SSH daemon serving the given ExRatatui.App
module. Returns the daemon's process pid on success.
See the module docs for the full list of accepted options.

  


        

      


  

    
ExRatatui.Distributed 
    



      
Distribution-attach transport for ExRatatui.App.
Lets any connected BEAM node attach to a TUI running
on a remote node. The remote node runs the app's mount/render/ handle_event callbacks and sends widget lists as BEAM terms over
Erlang distribution. The local node renders those widgets on its own
terminal and forwards input events back.
Quick start
On the app node (e.g. a Nerves device), add the Listener to the
supervision tree:
children = [
  {MyApp.TUI, transport: :distributed}
]
From the local node, connect and attach:
$ iex --sname mynode --cookie mycookie -S mix

ExRatatui.Distributed.attach(:"app@nerves.local", MyApp.TUI)

The TUI takes over the local terminal. Press the app's quit key (or
Ctrl-C twice) to disconnect and restore the terminal.
How it works
	attach/2 connects to the remote node if not already connected.
	A local Client process initializes the terminal.
	An RPC call spawns a Server in :distributed_server mode on
the remote node, pointing at the Client's pid — this process
runs the app module and sends {:ex_ratatui_draw, widgets}
messages directly to the Client over distribution.
	The Client starts monitoring the remote Server and polling
input events, forwarding them as {:ex_ratatui_event, event}
/ {:ex_ratatui_resize, w, h}.
	When either side disconnects, monitors fire, both processes
clean up, and the terminal is restored.

Authentication
Delegated entirely to the Erlang distribution cookie. Any node that
can Node.connect/1 can attach — same trust model as iex --remsh.
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        attach(node, mod, opts \\ [])

      


        Attaches to a TUI app running on a remote node.
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          @spec attach(node(), module(), keyword()) :: :ok | {:error, term()}


      


Attaches to a TUI app running on a remote node.
Connects to node (if not already connected), starts a remote
session for mod, and takes over the local terminal. Blocks until
the session ends (app stops, remote node disconnects, or the local
process is interrupted).
Options
	:listener — the registered name of the Distributed.Listener
on the remote node (default: ExRatatui.Distributed.Listener).
	:poll_interval — local event polling interval in ms (default: 16).
	:test_mode — {width, height} for a headless test terminal. In this
mode the local client does not poll the live terminal for input.
	:image_protocol — terminal image protocol hint for the local
terminal: one of :halfblocks (default behavior, also the safe
fallback), :kitty, :sixel, :iterm2, or :auto (clears the
hint). Drives how protocol: :auto images are rendered. Explicit
protocol picks at ExRatatui.Image.new/2 are always honored.
	:image_font_size — {cell_width_px, cell_height_px} for the
local terminal. When set alongside :image_protocol, the render
path uses the supplied dimensions for Kitty / Sixel / iTerm2
scaling instead of ratatui-image's (8, 16) default. Pass values
matching the local terminal (typically (10, 20) for Kitty/Ghostty).

Returns :ok when the session ends normally, or {:error, reason}.

  


        

      


  

    
ExRatatui.Distributed.Listener 
    



      
Supervisor for distribution-attach sessions on the app node.
When an ExRatatui.App is started with transport: :distributed,
dispatch_start/1 starts this supervisor instead of the usual
Server process. The Listener sits idle until a remote node calls
ExRatatui.Distributed.attach/2, which triggers start_session/4
to spawn a Server in :distributed_server mode under the
Listener's DynamicSupervisor.
Usage
Typically this isn't started directly; use ExRatatui.App routes
start_link(transport: :distributed, ...) through here:
children = [
  {MyApp.TUI, transport: :distributed}
]
For full control, add it to a supervision tree by hand:
children = [
  {ExRatatui.Distributed.Listener, mod: MyApp.TUI}
]
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        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        session_sup(listener \\ __MODULE__)

      


        Returns the DynamicSupervisor pid used for per-attach sessions.



    


    
      
        start_link(opts)

      


        Starts the Listener supervisor.
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec session_sup(Supervisor.supervisor()) :: pid()


      


Returns the DynamicSupervisor pid used for per-attach sessions.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: Supervisor.on_start()


      


Starts the Listener supervisor.
Options
	:mod (required) — the ExRatatui.App module to serve.
	:name — process registration name (default: __MODULE__).
Pass nil to skip registration.
	:app_opts — extra opts merged into every client's mount/1
callback (e.g. shared PubSub topic names).
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