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    QuickBEAM

JavaScript runtime for the BEAM — Web APIs backed by OTP, native DOM,
and a built-in TypeScript toolchain.
JS runtimes are GenServers. They live in supervision trees, send and
receive messages, and call into Erlang/OTP libraries — all without
leaving the BEAM.
Installation
def deps do
  [{:quickbeam, "~> 0.11.3"}]
end
Precompiled NIFs target Zig's baseline CPU and cover x86-64 and ARM64 Linux
with glibc or musl (Alpine included), ARM64 macOS, and x86-64 Windows.
Source builds require Zig 0.16 and default to the build machine's CPU;
set QUICKBEAM_CPU=baseline alongside QUICKBEAM_BUILD=1 for a portable build.
When changing CPU or optimization settings, force recompilation with mix compile --force.
Quick start
{:ok, rt} = QuickBEAM.start()
{:ok, 3} = QuickBEAM.eval(rt, "1 + 2")
{:ok, "HELLO"} = QuickBEAM.eval(rt, "'hello'.toUpperCase()")

# State persists across calls
QuickBEAM.eval(rt, "function greet(name) { return 'hi ' + name }")
{:ok, "hi world"} = QuickBEAM.call(rt, "greet", ["world"])

QuickBEAM.stop(rt)
Isolated BEAM execution
QuickBEAM.VM decodes QuickJS bytecode and evaluates it with an isolated BEAM
interpreter. Each evaluation owns its JavaScript heap, globals, jobs, handlers,
and resource accounting. Long-lived SSR bundles can be pinned explicitly so
request processes copy only a lightweight handle:
{:ok, source} = File.read("priv/server.js")
{:ok, program} = QuickBEAM.VM.compile(source, filename: "server.js")
{:ok, pinned} = QuickBEAM.VM.pin(program)

try do
  QuickBEAM.VM.call(pinned, "render", [%{title: "Catalog"}],
    profile: :ssr,
    handlers: %{"load_props" => fn [] -> %{title: "Catalog"} end},
    max_steps: 20_000_000,
    memory_limit: 64 * 1024 * 1024,
    timeout: 2_000
  )
after
  QuickBEAM.VM.unpin(pinned)
end
The program store is fixed-capacity and has no implicit eviction or fallback.
Applications should have one supervised lifecycle owner pin each bundle during
startup and unpin it during replacement or normal shutdown.
QuickBEAM.VM.call/4 deliberately mirrors QuickBEAM.call/4, but their
lifecycles differ: native calls reuse persistent JavaScript state, while every
VM call initializes a fresh heap from the immutable program before invoking the
global function.
Isolated VM limitations
	Programs and serialized bytecode are locked to the exact vendored QuickJS
bytecode version and ABI fingerprint. Recompile programs when upgrading.
	Source compilation uses a short-lived native QuickJS compiler; execution is
performed by the BEAM interpreter.
	Each eval or call owns fresh globals, heap objects, jobs, and handlers.
Mutations never persist into another evaluation.
	The BEAM interpreter implements a bounded, tested JavaScript subset rather
than every native QuickJS feature. Unsupported bytecode and semantics fail
explicitly without falling back to native execution.
	memory_limit bounds deterministic logical VM allocation. It is distinct
from endpoint BEAM process memory, which is reported by measure/2 and
measure_call/4. Each evaluation permits at most 64 concurrently outstanding
asynchronous Beam.call handler operations.
	:core and :ssr select fixed builtin profiles. They do not expose the full
browser, Node.js, DOM, WASM, or native-addon surfaces of a native runtime.
	Pinned storage has fixed capacity and residency budgets, no implicit eviction,
and no stale-handle fallback.

The bounded BEAM compiler remains an internal, release-quarantined benchmark
and conformance tier. It is not selectable through the public QuickBEAM.VM
evaluation options; production evaluation always uses the interpreter.
BEAM integration
JS can call Elixir functions and access OTP libraries:
{:ok, rt} = QuickBEAM.start(handlers: %{
  "db.query" => fn [sql] -> MyRepo.query!(sql).rows end,
  "cache.get" => fn [key] -> Cachex.get!(:app, key) end,
})

{:ok, rows} = QuickBEAM.eval(rt, """
  const rows = await Beam.call("db.query", "SELECT * FROM users LIMIT 5");
  rows.map(r => r.name);
""")
JS can also send messages to any BEAM process:
// Get the runtime's own PID
const self = Beam.self();

// Send to any PID
Beam.send(somePid, {type: "update", data: result});

// Receive BEAM messages
Beam.onMessage((msg) => {
  console.log("got:", msg);
});

// Monitor BEAM processes
const ref = Beam.monitor(pid, (reason) => {
  console.log("process died:", reason);
});
Beam.demonitor(ref);
Beam API reference
	Category	API	Description
	Bridge	Beam.call(name, ...args)	Call an Elixir handler (async)
		Beam.callSync(name, ...args)	Call an Elixir handler (sync)
		Beam.send(pid, message)	Send a message to a BEAM process
		Beam.onMessage(callback)	Receive BEAM messages
	Process	Beam.self()	PID of the owning GenServer
		Beam.spawn(script)	Spawn a new JS runtime as a BEAM process
		Beam.register(name)	Register the runtime under a name
		Beam.whereis(name)	Look up a registered runtime
		Beam.monitor(pid, callback)	Monitor a process for exit
		Beam.demonitor(ref)	Cancel a monitor
		Beam.link(pid) / Beam.unlink(pid)	Bidirectional crash propagation
	Distribution	Beam.nodes()	List connected BEAM nodes
		Beam.rpc(node, runtime, fn, ...args)	Remote call to another node
	Utilities	Beam.sleep(ms) / Beam.sleepSync(ms)	Async/sync sleep
		Beam.hash(data, range?)	Non-cryptographic hash (:erlang.phash2)
		Beam.escapeHTML(str)	Escape & < > " '
		Beam.which(bin)	Find executable on PATH
		Beam.peek(promise) / Beam.peek.status(promise)	Read promise result without await
		Beam.randomUUIDv7()	Monotonic sortable UUID
		Beam.deepEquals(a, b)	Deep structural equality
		Beam.nanoseconds()	Monotonic high-res timer
		Beam.uniqueInteger()	Monotonically increasing unique integer
		Beam.makeRef()	Create a unique BEAM reference
		Beam.inspect(value)	Pretty-print any value (including PIDs/refs)
	Semver	Beam.semver.satisfies(version, range)	Check version against Elixir requirement
		Beam.semver.order(a, b)	Compare two semver strings
	Password	Beam.password.hash(password, opts?)	PBKDF2-SHA256 hash
		Beam.password.verify(password, hash)	Constant-time verification
	Introspection	Beam.version	QuickBEAM version string
		Beam.systemInfo()	Schedulers, memory, atoms, OTP release
		Beam.processInfo()	Memory, reductions, message queue

Supervision
Runtimes and context pools are OTP children with crash recovery:
children = [
  {QuickBEAM,
   name: :renderer,
   id: :renderer,
   script: "priv/js/app.js",
   handlers: %{
     "db.query" => fn [sql, params] -> Repo.query!(sql, params).rows end,
   }},
  {QuickBEAM, name: :worker, id: :worker},

  # Context pool for high-concurrency use cases
  {QuickBEAM.ContextPool, name: MyApp.JSPool, size: 4},
]

Supervisor.start_link(children, strategy: :one_for_one)

{:ok, html} = QuickBEAM.call(:renderer, "render", [%{page: "home"}])
The :script option loads a JS file at startup. If the runtime crashes,
the supervisor restarts it with a fresh context and re-evaluates the script.
Individual Context processes are typically started dynamically (e.g.
from a LiveView mount) and linked to the connection process.
Context Pool
For high-concurrency scenarios (thousands of connections), use
ContextPool instead of individual runtimes. Many lightweight JS
contexts share a small number of runtime threads:
# Start a pool with N runtime threads (defaults to scheduler count)
{:ok, pool} = QuickBEAM.ContextPool.start_link(name: MyApp.JSPool, size: 4)

# Each context is a GenServer with its own JS global scope
{:ok, ctx} = QuickBEAM.Context.start_link(pool: MyApp.JSPool)
{:ok, 3} = QuickBEAM.Context.eval(ctx, "1 + 2")
{:ok, "HELLO"} = QuickBEAM.Context.eval(ctx, "'hello'.toUpperCase()")
QuickBEAM.Context.stop(ctx)
Contexts support the full API — eval, call, Beam.call/callSync,
DOM, messaging, browser/node APIs, handlers, and supervision:
# In a Phoenix LiveView
def mount(_params, _session, socket) do
  {:ok, ctx} = QuickBEAM.Context.start_link(
    pool: MyApp.JSPool,
    handlers: %{"db.query" => &MyApp.query/1}
  )
  {:ok, assign(socket, js: ctx)}
end

The context is linked to the LiveView process — it terminates and
cleans up automatically when the connection closes. No explicit
terminate callback needed.
Granular API groups
Contexts can load individual API groups instead of the full browser bundle:
QuickBEAM.Context.start_link(pool: pool, apis: [:beam, :fetch])  # 231 KB
QuickBEAM.Context.start_link(pool: pool, apis: [:beam, :url])    # 108 KB
QuickBEAM.Context.start_link(pool: pool, apis: false)            #  58 KB
QuickBEAM.Context.start_link(pool: pool)                         # 429 KB (all browser APIs)
Available groups: :fetch, :websocket, :worker, :channel,
:eventsource, :intl, :url, :crypto, :compression, :buffer, :dom,
:console, :storage, :locks. Dependencies auto-resolve.
Per-context resource limits
{:ok, ctx} = QuickBEAM.Context.start_link(
  pool: pool,
  memory_limit: 512_000,      # per-context allocation limit (bytes)
  max_reductions: 100_000      # opcode budget per eval/call
)

# Track per-context memory
{:ok, %{context_malloc_size: 92_000}} = QuickBEAM.Context.memory_usage(ctx)
Exceeding memory_limit triggers OOM. Exceeding max_reductions
interrupts the current eval but keeps the context usable for
subsequent calls.
API surfaces
QuickBEAM can load browser APIs, Node.js APIs, or both:
# Browser APIs only (default)
QuickBEAM.start(apis: [:browser])

# Node.js compatibility
QuickBEAM.start(apis: [:node])

# Both
QuickBEAM.start(apis: [:browser, :node])

# Bare QuickJS engine — no polyfills
QuickBEAM.start(apis: false)
Node.js compatibility
Like Bun, QuickBEAM implements core Node.js APIs. BEAM-specific
extensions live in the Beam namespace.
{:ok, rt} = QuickBEAM.start(apis: [:node])

QuickBEAM.eval(rt, """
  const data = fs.readFileSync('/etc/hosts', 'utf8');
  const lines = data.split('\\n').length;
  lines
""")
# => {:ok, 12}
	Module	Coverage
	process	env, cwd(), platform, arch, pid, argv, version, nextTick, hrtime, stdout, stderr
	path	join, resolve, basename, dirname, extname, parse, format, relative, normalize, isAbsolute, sep, delimiter
	fs	readFileSync, writeFileSync, appendFileSync, existsSync, mkdirSync, readdirSync, statSync, lstatSync, unlinkSync, renameSync, rmSync, copyFileSync, realpathSync, readFile, writeFile
	os	platform(), arch(), type(), hostname(), homedir(), tmpdir(), cpus(), totalmem(), freemem(), uptime(), EOL, endianness()

process.env is a live Proxy — reads and writes go to System.get_env / System.put_env.
Resource limits
{:ok, rt} = QuickBEAM.start(
  memory_limit: 10 * 1024 * 1024,  # 10 MB heap
  max_stack_size: 512 * 1024        # 512 KB call stack
)
Introspection
# List user-defined globals (excludes builtins)
{:ok, ["myVar", "myFunc"]} = QuickBEAM.globals(rt, user_only: true)

# Get any global's value
{:ok, 42} = QuickBEAM.get_global(rt, "myVar")

# Runtime diagnostics
QuickBEAM.info(rt)
# %{handlers: ["db.query"], memory: %{...}, global_count: 87}
Bytecode disassembly
Disassemble QuickJS bytecode into structured Elixir terms — like
:beam_disasm for the BEAM:
{:ok, bc} = QuickBEAM.disasm(rt, "function fib(n) { if (n <= 1) return n; return fib(n-1) + fib(n-2) }")
fib = hd(bc.cpool)

fib.name       # "fib"
fib.args       # ["n"]
fib.stack_size # 4
fib.opcodes
# [
#   {0, :get_arg0, 0},
#   {1, :push_1, 1},
#   {2, :lte},
#   {3, :if_false8, 7},
#   {5, :get_arg0, 0},
#   {6, :return},
#   {7, :get_var, "fib"},
#   {12, :get_arg0, 0},
#   {13, :push_1, 1},
#   {14, :sub},
#   {15, :call1, 1},
#   ...
# ]
disasm/1 works on precompiled bytecode binaries without a runtime:
{:ok, bytecode} = QuickBEAM.compile(rt, source)
# later, even on a different node:
{:ok, %QuickBEAM.Bytecode{}} = QuickBEAM.disasm(bytecode)
DOM
Every runtime has a live DOM tree backed by lexbor (the C library
behind PHP 8.4's DOM extension and Elixir's fast_html). JS gets a full document global
with spec-compliant prototype chains (instanceof HTMLElement works), node identity
(el.parentNode === el.parentNode), and uppercase tagName for HTML elements:
document.body.innerHTML = '<ul><li class="item">One</li><li class="item">Two</li></ul>';
const items = document.querySelectorAll("li.item");
items[0].textContent; // "One"
items[0] instanceof HTMLElement; // true
Elixir can read the DOM directly — no JS execution, no re-parsing:
{:ok, rt} = QuickBEAM.start()
QuickBEAM.eval(rt, ~s[document.body.innerHTML = '<h1 class="title">Hello</h1>'])

# Returns Floki-compatible {tag, attrs, children} tuples
{:ok, {"h1", [{"class", "title"}], ["Hello"]}} = QuickBEAM.dom_find(rt, "h1")

# Batch queries
{:ok, items} = QuickBEAM.dom_find_all(rt, "li")

# Extract text and attributes
{:ok, "Hello"} = QuickBEAM.dom_text(rt, "h1")
{:ok, "/about"} = QuickBEAM.dom_attr(rt, "a", "href")

# Serialize back to HTML
{:ok, html} = QuickBEAM.dom_html(rt)
Web APIs
Standard browser APIs backed by BEAM primitives, not JS polyfills:
	JS API	BEAM backend
	fetch, Request, Response, Headers	:httpc
	document, querySelector, createElement	lexbor (native C DOM)
	URL, URLSearchParams	:uri_string
	EventSource (SSE)	:httpc streaming
	WebSocket	Mint.WebSocket
	Worker	BEAM process per worker
	BroadcastChannel	:pg (distributed)
	navigator.locks	GenServer + monitors
	localStorage	ETS
	Intl.Segmenter (grapheme granularity)	unicode-segmenter 0.17.0
	crypto.subtle	:crypto
	crypto.getRandomValues, randomUUID	Zig std.crypto.random
	ReadableStream, WritableStream, TransformStream	Pure TS with pipeThrough/pipeTo
	TextEncoder, TextDecoder	Native Zig (UTF-8)
	TextEncoderStream, TextDecoderStream	Stream + Zig encoding
	CompressionStream, DecompressionStream	:zlib
	Buffer	Base, :unicode
	EventTarget, Event, CustomEvent	Pure TS
	AbortController, AbortSignal	Pure TS
	Blob, File	Pure TS
	DOMException	Pure TS
	setTimeout, setInterval	Timer heap in worker thread
	console (log, warn, error, debug, time, group, …)	Erlang Logger
	atob, btoa	Native Zig
	performance.now	Nanosecond precision
	structuredClone	QuickJS serialization
	queueMicrotask	JS_EnqueueJob

Data conversion
No JSON in the data path. JS values map directly to BEAM terms:
	JS	Elixir
	number (integer)	integer
	number (float)	float
	string	String.t()
	boolean	boolean
	null	nil
	undefined	nil
	Array	list
	Object	map (string keys)
	Uint8Array	binary
	Symbol("name")	:name (atom)
	Infinity / NaN	:Infinity / :NaN
	PID / Ref / Port	Opaque JS object (round-trips)

TypeScript
Type definitions for the BEAM-specific JS API:
// tsconfig.json
{
  "compilerOptions": {
    "types": ["./path/to/quickbeam.d.ts"]
  }
}
The .d.ts file covers the Beam bridge API, opaque BEAM terms
(BeamPid, BeamRef, BeamPort), and the compression helper.
Standard Web APIs are typed by TypeScript's lib.dom.d.ts.
TypeScript toolchain
QuickBEAM includes a built-in TypeScript toolchain via OXC
Rust NIFs — no Node.js or Bun required:
# Evaluate TypeScript directly
{:ok, rt} = QuickBEAM.start()
QuickBEAM.eval_ts(rt, "const x: number = 40 + 2; x")
# => {:ok, 42}

# Transform, minify, bundle — available as QuickBEAM.JS.*
{:ok, js} = QuickBEAM.JS.transform("const x: number = 1", "file.ts")
{:ok, min} = QuickBEAM.JS.minify("const x = 1 + 2;", "file.js")

# Bundle multiple modules into a single IIFE
files = [
  {"utils.ts", "export function add(a: number, b: number) { return a + b }"},
  {"main.ts", "import { add } from './utils'\nconsole.log(add(1, 2))"}
]
{:ok, bundle} = QuickBEAM.JS.bundle(files)
npm packages
QuickBEAM can use npm_ex to install npm packages without Node.js. Add it when you want Mix-powered npm installs:
def deps do
  [
    {:quickbeam, "~> 0.10.10"},
    {:npm, "~> 0.7.0"}
  ]
end
mix npm.install sanitize-html

The :script option auto-resolves imports. Point it at a TypeScript file
that imports npm packages, and QuickBEAM bundles everything at startup:
# priv/js/app.ts
import sanitize from 'sanitize-html'

Beam.onMessage((html: string) => {
  Beam.callSync("done", sanitize(html))
})
{QuickBEAM, name: :sanitizer, script: "priv/js/app.ts", handlers: %{...}}
No build step, no webpack, no esbuild. TypeScript is stripped, imports
are resolved from node_modules/, and everything is bundled into a
single script via OXC — all at runtime startup.
You can also bundle from disk programmatically:
{:ok, js} = QuickBEAM.JS.bundle_file("src/main.ts")
Performance
vs QuickJSEx 0.3.1 (Rust/Rustler, JSON serialization):
	Benchmark	Speedup
	Function call — small map	2.5x faster
	Function call — large data	4.1x faster
	Concurrent JS execution	1.35x faster
	Beam.callSync (JS→BEAM)	5 μs overhead (unique to QuickBEAM)
	Startup	~600 μs (parity)

Context pool vs individual runtimes at scale:
		Runtime (1:1 thread)	Context (pooled)
	JS heap per instance	~530 KB	~429 KB (full) / ~58 KB (bare)
	OS thread stack	~2.5 MB each	shared (4 threads total)
	OS threads at 10K	10,000	4 (configurable)
	Total RAM at 10K	~30 GB	~4.2 GB (full) / ~570 MB (bare)

See bench/ for details.
When to use what
	Use case	Module	Why
	One-off eval, scripting	QuickBEAM (Runtime)	Simple, full isolation
	SSR request pool	QuickBEAM.Pool	Checkout/checkin with reset
	Per-connection state (LiveView)	QuickBEAM.Context	Lightweight, thousands concurrent
	Sandboxed user code	QuickBEAM or Context with apis: false	Memory limits, reduction limits, timeouts

Development
Update the vendored unicode-segmenter implementation without Node.js:
elixir dev/update_unicode_segmenter.exs VERSION

Run the project quality gate:
mix ci

Runs the full project quality gate: formatting, Credo, Dialyzer, Zig lint,
TypeScript lint, duplicate-code checks, and tests.
Examples
	examples/chat_room/ — real-time chat
with Phoenix Channels. Each room is a supervised QuickBEAM runtime; JS
broadcasts become PubSub pushes to WebSocket clients.
	examples/ai_agent/ — conversational
AI agent with streaming, tool use, and pluggable LLM backends. JS
orchestrates the conversation loop; Elixir provides the I/O.
	examples/counter_live/ — LiveView
counter where each session gets a ~58 KB JS context from a shared pool.
The simplest QuickBEAM + Phoenix integration.
	examples/ssr/ — Preact SSR with a pool of runtimes
and native DOM. Elixir reads the DOM directly — no renderToString.
	examples/rule_engine/ — user-defined business
rules (pricing, validation, transforms) in sandboxed JS runtimes with
apis: false, memory limits, timeouts, and hot reload.
	examples/live_dashboard/ — Workers (BEAM
processes) compute metrics in parallel and broadcast results via
BroadcastChannel (:pg). Crash recovery via OTP supervisor.

License
MIT


  

    Changelog

0.11.3 - 2026-10-08
Added
	Precompiled NIFs for x86_64-linux-musl and aarch64-linux-musl, so Alpine images need no Zig. Each release's artifacts are loaded and run on Alpine before they are published (#24).

Changed
	Allow oxc 0.19.

0.11.2 - 2026-09-30
Changed
	Allow oxc 0.18. QuickBEAM.JS errors are then OXC.Diagnostic maps with file, line, and column.

0.11.1 - 2026-09-10
Fixed
	Build precompiled NIFs with release optimizations instead of debug mode, while preserving bytecode disassembly (#23).
	Target baseline CPUs in precompiled NIFs instead of inheriting the build machine's instruction set (#15).

Security
	Require Mint 1.10 or later to address HTTP/1 response-parser denial-of-service vulnerabilities affecting WebSocket connection setup (CVE-2026-82728, CVE-2026-82729).

0.11.0
	Add QuickBEAM.VM, an isolated BEAM interpreter for verified QuickJS v26 bytecode with async/await, asynchronous Beam.call handlers, JavaScript errors, explicit resource limits, and deterministic measurements. QuickBEAM.VM.call/4 and measure_call/4 initialize a fresh heap and invoke a named global with a shape matching the native call API.
	Add explicit immutable program pinning through QuickBEAM.VM.pin/1 and QuickBEAM.VM.unpin/1, with fixed slots, single-flight admission, monitored evaluation leases, restart restoration, and decoded-residency limits.
	Compact default object and array descriptors while preserving property ordering, reflection, and deterministic memory accounting.
	Serialize native addon initialization and reject unsafe cross-runtime or post-reset reuse unless allow_reinitialization: true is explicitly selected.
	Add x86-64 Windows native and precompiled NIF support for QuickJS, Lexbor, and WAMR.
	Update native sources and synchronization to Zig 0.16 and Zigler 0.16.
	Support Windows command execution in the Node child_process API.
	Fix filesystem-root and absolute-path handling in package resolution on Windows.
	Avoid false WAMR stack-overflow errors when BEAM scheduler threads share MinGW DLL TLS state.
	Preserve the exact Unicode allocator callback signature required by Windows control-flow integrity.
	Honor configured call deadlines while awaiting promises instead of using a fixed iteration limit.

0.10.20
	Add grapheme-only Intl.Segmenter support through unicode-segmenter 0.17.0.
	Fix a native crash when normalizing an empty string with String.prototype.normalize("NFC").

0.10.19
	Update QuickJS-NG to 0.15.1.
	Make the JS WebAssembly.instantiate WASM operand stack and auxiliary heap configurable with :wasm_stack_size / :wasm_heap_size.
	Enable WASM bulk-memory memory.copy/memory.fill opcodes (WASM_ENABLE_BULK_MEMORY_OPT), so modules from standard toolchains (Go GOOS=js GOARCH=wasm, TinyGo, Rust wasm-bindgen) that emit them no longer fail to instantiate with unsupported opcode fc 0a.
	Update dependencies, including npm_ex to 0.7.5 and oxc_ex to 0.17.2.

0.10.18
	Update oxc to 0.17.1.

0.10.17
	Update oxc to 0.17.0 and use the selector API for import discovery.

0.10.16
	Update oxc to 0.16.0

0.10.15
	Update oxc to 0.15.0

0.10.14
	Update optional npm_ex dependency to 0.7.4

0.10.13
	Bump OXC to 0.13 (adds module_types bundler option)

0.10.12
	Fix fs.readFileSync without encoding to return Buffer instead of raw Uint8Array, so .toString() decodes as UTF-8
	Load Buffer polyfill in :node runtimes (was only available in :browser runtimes)
	Work around enif_make_map_from_arrays segfault on ERTS 15.0–15.2.2 (OTP 27.0–27.2) when returning JS objects with >128 keys

0.10.11
	Hide vendored C symbols in the native library to avoid collisions with other NIFs
	Update optional npm_ex dependency to 0.7.1

0.10.10
	Update npm_ex to 0.7 and make it optional for consumers
	Update oxc to 0.12.1
	Update npm toolchain packages with supply-chain policy checks
	Fix lint/static-analysis issues and quiet Bandit test timestamp warnings

0.10.8
	Fix precompiled NIF workflow for Linux ARM target

0.10.7
	Add Linux ARM precompiled NIF target

0.10.6
	Update OXC dependency to 0.11

0.10.5
	Update npm dependency to 0.6 and use the NPM.Resolution.PackageResolver namespace

0.10.4
	Fix segfault on nested empty BEAM map property enumeration (e.g. Object.keys on %{x: %{}} passed as a var)
	Update QuickJS-NG to latest upstream (fixes GC crash)
	Fix coverage use-after-free

0.10.3
	Widen OXC dep to >= 0.7.0 (supports OXC 0.10 with codegen, bind, splice, and bundle :external option)

0.10.2
	Allow oxc ~> 0.9 (adds OXC.Format support)

0.10.1
	Allow oxc ~> 0.8 (adds OXC.Lint support)

0.10.0
Added
	JS line coverage — QuickBEAM.Cover integrates with mix test --cover to report line-level coverage for all JS/TS code executed through QuickBEAM runtimes. Patches QuickJS to track execution via a per-function hit bitmap with near-zero overhead when disabled. Outputs LCOV and Istanbul JSON. Also works as a sidecar for excoveralls users.
	Beam.XML.parse — parse XML from JS using OTP's built-in :xmerl. Returns JS-friendly objects with @attr attributes, #text mixed content, and arrays for repeated siblings. Handles namespaces and CDATA.

Changed
	Toolchain upgraded to oxc 0.7 and npm 0.5.3 — bundler rewritten to use OXC.rewrite_specifiers/3 and NPM.PackageResolver, removing ~150 lines of duplicated resolution logic.
	Default max_stack_size increased from 4 MB to 8 MB — QuickJS's interpreter uses ~150 KB of C stack per JS call frame, limiting recursion to ~27 frames with the old default. The new default supports ~55 frames, covering all typical real-world patterns.

0.9.0
Added
	WebSocket support — adds a Mint-backed WebSocket implementation with connection lifecycle events, frame send/receive support, close handling, and WPT coverage.
	WebAssembly support — adds a WAMR-backed WebAssembly implementation with module compilation, instantiation, imports/exports handling, and JS API compatibility coverage.

Changed
	Toolchain upgraded to oxc 0.6 — updates bundling integration for the new entry requirement and switches bare-specifier rewriting to AST-based source patching.

Fixed
	load_module/3 now propagates top-level module evaluation errors — runtime exceptions thrown while evaluating module code are returned as {:error, %QuickBEAM.JSError{}} instead of incorrectly succeeding with :ok.
	WebSocket runtime cleanup — runtime shutdown now drains pending jobs correctly, waits for WebSocket processes to terminate, and avoids GitHub Actions-only teardown failures after successful test runs.
	WebSocket spec compliance — fixes close() during CONNECTING, rejects credentialed WebSocket URLs, and allows case-distinct subprotocols.
	N-API wrap cleanup on remove_wrap — detached wraps are destroyed safely instead of relying on later finalizer cleanup, avoiding shutdown-time crashes in addon wrap tests.
	N-API excluded test coverage — tags the C test addon suite so --exclude napi_addon behaves as intended.

0.8.1
Fixed
	Fix precompiled NIF checksum mismatch from v0.8.0 release

0.8.0
Added
	N-API addon support — QuickBEAM.load_addon/3 loads native .node addons into a runtime and optionally exposes their exports as a global.
	Node-API surface for native addons — adds the N-API implementation needed to run real addons, including constructors, typed arrays, external buffers, async work, and threadsafe functions.
	Real addon integration coverage — adds tests for a C test addon plus @node-rs/crc32, @node-rs/argon2, @node-rs/bcrypt, and sqlite-napi.
	Beam.nanoseconds() — monotonic high-resolution timer via :erlang.monotonic_time(:nanosecond)
	Beam.uniqueInteger() — monotonically increasing unique integer via :erlang.unique_integer
	Beam.makeRef() — create a unique BEAM reference, useful for request/reply correlation
	Beam.inspect(value) — pretty-print any value via Kernel.inspect, especially useful for opaque BeamPid/BeamRef terms

Changed
	TypeScript support in Context — QuickBEAM.Context now auto-transforms .ts/.tsx scripts via OXC and auto-bundles scripts with import statements, matching Runtime behavior. Previously, Context loaded scripts as raw JS.
	Repo-wide quality gate — added mix ci with test env defaults and brought the full quality pipeline to green: Elixir linting, Dialyzer, Zig lint, TypeScript type-aware linting, duplicate-code checks, and tests now pass together.
	TypeScript polyfill quality — resolved DOM/global type collisions in priv/ts by moving implementation classes to QB-prefixed names while preserving web-facing globals. Also removed TS lint/type errors and TS clone findings.
	N-API implementation cleanup — aligned buffer APIs with QuickBEAM's Uint8Array byte representation, tightened wrap and async cleanup behavior, and split napi.zig into focused Zig modules.
	Zig lint hygiene — added missing SAFETY: notes for intentional undefined initialization, replaced suppressed error handling with explicit handling, removed unused declarations, and fixed style warnings so zlint runs clean.

0.7.1
Fixed
	JS→BEAM conversion hang on cyclic/deep object graphs — eval and call could hang indefinitely when the return value contained circular references or deeply nested structures (e.g. Vue reactive proxies from createApp().mount()). The converter now tracks visited objects to detect cycles and enforces a total node budget to prevent combinatorial explosion.

Added
	Configurable conversion limits — new :max_convert_depth (default: 32) and :max_convert_nodes (default: 10,000) options for QuickBEAM.start/1 and ContextPool.start_link/1 control how deeply the JS→BEAM value serializer recurses. Values beyond the limits are replaced with nil.

0.7.0
Added
	Bytecode disassembly — QuickBEAM.disasm/1 and QuickBEAM.disasm/2 decode QuickJS bytecode into structured %QuickBEAM.Bytecode{} terms (the QuickJS equivalent of :beam_disasm). Returns function metadata, decoded opcode stream with byte offsets, constant pool with recursive nested functions, local/closure variable definitions, and source text. disasm/1 works standalone without a runtime; disasm/2 compiles source first.

0.6.1
Changed
	Bump npm dependency to ~> 0.4.2

0.6.0
Added
	DOM prototype chain — full hierarchy: Node → Element → HTMLElement/SVGElement/MathMLElement, plus Document, DocumentFragment, Text, Comment. Constructor globals on globalThis enable instanceof checks
	Symbol.toStringTag — Object.prototype.toString.call(el) returns [object HTMLDivElement] with 40+ HTML tag mappings
	MutationObserver no-op stub — observe(), disconnect(), takeRecords() for SSR compatibility
	document.nodeType (returns 9) and document.nodeName (returns "#document") getters
	Node object identity — same DOM node always returns the same JS wrapper (el.parentNode === el.parentNode, document.body === document.body). Uses DocumentData.node_map with gc_mark to prevent premature collection
	163 WPT-ported tests — Node, Element, ChildNode, Document APIs adapted from Web Platform Tests

Changed
	tagName/nodeName return uppercase for HTML elements (spec compliant). SVG/MathML elements preserve original case
	textContent = "" removes all children instead of creating an empty text node
	Default max_stack_size bumped to 4 MB (from 1 MB) — Vue mount path needs ~2 MB+
	innerHTML setter uses shared remove_all_children path with node map eviction

Fixed
	Node identity cache leak — innerHTML= and textContent= now recursively evict replaced subtrees from the node map, preventing stale pointers and unbounded map growth
	JS_DupValue leak on OOM — map put failure now frees the duplicated ref
	Removed unused qb_node_set_user/qb_node_get_user C bridge functions, NodePtr type alias, and empty element_finalizer

0.5.0
Added
	QuickBEAM.ContextPool — pool of N runtime threads (default: System.schedulers_online()) with round-robin context distribution
	QuickBEAM.Context — lightweight GenServer owning a single JSContext on a shared pool thread. Full API: eval, call, Beam.call/callSync, DOM, messaging, handlers, supervision. Linked to the calling process for automatic cleanup (ideal for LiveView mount)
	Granular API groups — contexts can load individual API groups (:fetch, :websocket, :worker, :channel, :eventsource, :url, :crypto, :compression, :buffer, :dom, :console, :storage, :locks) instead of the full :browser bundle. Dependencies auto-resolve
	Per-context memory tracking (QuickJS patch) — js_malloc/js_free/js_realloc track ctx->malloc_size. Context.memory_usage/1 returns :context_malloc_size
	Per-context memory limits (QuickJS patch) — Context.start_link(memory_limit: 512_000) enforces per-context allocation limit via ctx->malloc_limit
	Per-context reduction limits (QuickJS patch) — Context.start_link(max_reductions: 100_000) interrupts long-running evals after an opcode budget. Count resets per-operation; context stays usable
	Precompiled bytecodes — polyfill JS compiled to QuickJS bytecodes once, cached in persistent_term. Context creation ~3.2x faster via JS_EvalFunction
	NIF operations for globals — get_global, list_globals, snapshot_globals, delete_globals use JS_GetPropertyStr/JS_GetOwnPropertyNames/JS_DeleteProperty instead of eval round-trips
	QuickBEAM.JS module — shared polyfill compilation with granular API group system, compile-time barrel bundles, OXC toolchain delegations (imports, postwalk, patch_string)
	39 new tests (17 functional + 22 stress): 1K-context scale, 200-task thundering herd, memory leak checks, isolation, error recovery, handler contention, burst messaging, resource limits

Changed
	Worker protocol uses integer IDs instead of PIDs, with Beam.call/callSync handlers instead of Beam.send with tagged arrays
	eval_with_vars uses delete_globals NIF instead of try/finally/delete JS hack
	globals/2 and get_global/2 use NIF operations instead of eval
	Beam.callSync drain interval reduced from 10ms to 1ms with drain callback for context pool promise resolution

Fixed
	LocksTest — removed redundant start_supervised!(QuickBEAM.LockManager) (already started by application supervisor)
	Worker spawn/terminate race conditions with integer ID-based tracking

Performance
		Runtime (1:1 thread)	Context (pooled)
	Per instance	~530 KB heap + 2.5 MB stack	58–429 KB (no thread)
	OS threads at 10K	10,000	4 (configurable)
	Total RAM at 10K	~30 GB	570 MB–4.2 GB

Per-context memory by API surface: bare 58 KB, beam 71 KB, beam+url 108 KB, beam+fetch 231 KB, full browser 429 KB.
0.4.0
Added
	MessageChannel / MessagePort — paired ports with structuredClone + queueMicrotask async delivery, onmessage auto-start per spec
	FormData — full CRUD + iteration, Blob→File wrapping, multipart/form-data encoding in fetch
	Performance Timeline — performance.mark(), performance.measure(), getEntries(), getEntriesByType(), getEntriesByName(), clearMarks(), clearMeasures(), toJSON(), timeOrigin
	child_process.execSync — backed by System.cmd, with cwd, env, timeout, maxBuffer options
	child_process.exec — async callback variant
	Beam.peek(promise) — read a promise's value synchronously via native JS_PromiseState. Returns the promise itself if pending. Beam.peek.status(promise) returns 'fulfilled', 'rejected', or 'pending'
	Beam.password.hash/verify — PBKDF2-SHA256 password hashing with PHC-format output, constant-time comparison
	Beam utility extensions — Beam.sleep(), Beam.sleepSync(), Beam.hash(), Beam.escapeHTML(), Beam.which(), Beam.randomUUIDv7(), Beam.deepEquals(), Beam.version, Beam.semver.satisfies(), Beam.semver.order()
	Beam OTP extensions — Beam.nodes(), Beam.rpc(), Beam.spawn(), Beam.register(), Beam.whereis(), Beam.link(), Beam.unlink(), Beam.systemInfo(), Beam.processInfo()
	Precompiled NIF support via zigler_precompiled — end users don't need Zig installed
	JavaScript API reference and Architecture overview on HexDocs

Fixed
	set_global/eval with :vars silently failing on Linux — JS_SetPropertyStr requires null-terminated C strings but gpa.dupe produced non-null-terminated Zig slices. Fixed with gpa.dupeZ + [:0]const u8
	Worker init hang — exposing PerformanceEntry/Mark/Measure on globalThis exceeded QuickJS internal threshold (~126 globals). Classes are now returned from API methods only

Improved
	Expanded WPT test coverage for Blob, TextDecoder, and URL
	Test suite reorganized into core/, web_apis/, dom/, node/, toolchain/, wpt/ subdirectories
	CI: all four jobs passing (test, UBSan, ASAN, clang-tidy)

0.3.1
Added
	eval/3 :vars option — pass variables into JS code as temporary globals, cleaned up automatically via try/finally (even on errors or timeouts)
	set_global/3 — set JS globals from Elixir using native BEAM→JS conversion, counterpart to get_global/2

0.3.0
Changed
	OXC upgraded to 0.5.0 — adds jsx_factory, jsx_fragment, and import_source options for JSX transform and bundle
	Replaced examples — removed content_pipeline and plugin_sandbox, added:	rule_engine — user-defined business rules in sandboxed runtimes (apis: false, memory limits, timeouts, hot reload, handlers as controlled API)
	live_dashboard — Workers (BEAM processes) + BroadcastChannel (:pg) for parallel metrics computation with crash recovery
	ssr now uses JSX syntax via OXC classic mode



Added
	Node.js compatibility APIs — process, path, fs, os backed by OTP
	:apis option for QuickBEAM.start/1 — controls which API surface to load:	:browser — Web APIs (default, same as before)
	:node — Node.js compat
	[:browser, :node] — both
	false — bare QuickJS, no polyfills


	Extended DOM API backed by lexbor C library:	document.createDocumentFragment(), document.createComment()
	document.createElementNS() for SVG/MathML/namespaced elements
	document.getElementsByClassName(), document.getElementsByTagName()
	element.insertBefore(), element.replaceChild(), element.cloneNode()
	element.contains(), element.remove(), element.before(), element.after()
	element.prepend(), element.append(), element.replaceWith()
	element.matches(), element.closest()
	element.getElementsByClassName(), element.getElementsByTagName()
	element.lastChild, element.previousSibling, element.nodeType, element.nodeName, element.nodeValue, element.parentElement
	element.className is now read-write
	DocumentFragment correctly moves children in appendChild/insertBefore


	element.classList — full DOMTokenList implementation (add, remove, toggle, contains, replace, forEach, item, length, value, Symbol.iterator)
	element.style — CSSStyleDeclaration backed by lexbor CSS parser (getPropertyValue, setProperty, removeProperty, getPropertyPriority, cssText, length, item, camelCase property access via Proxy)
	getComputedStyle() — returns inline style declaration (no cascade/layout)
	addEventListener/removeEventListener/dispatchEvent on elements and document, with once, stopImmediatePropagation, handleEvent object listeners
	CustomEvent with detail property

Improved
	Import extraction uses OXC.imports/2 NIF instead of full AST parsing — faster bundling and script loading

Fixed
	Locks tests failing due to redundant LockManager start (already started by application supervisor)
	CI cache keys now hash Zig sources, fixing stale native builds
	ASAN CI job correctly finds beam binary path

Infrastructure
	clang-tidy static analysis for lexbor_bridge.c in CI (clang-analyzer-*, bugprone-*, portability-*)

0.2.0
Breaking
	Unified Beam namespace — beam.call → Beam.call, beam.callSync → Beam.callSync, beam.send → Beam.send, beam.self → Beam.self, Process.onMessage → Beam.onMessage, Process.monitor → Beam.monitor, Process.demonitor → Beam.demonitor

Added
	Auto-bundle imports and TypeScript in :script option — .ts/.tsx files are transformed via OXC, files with import statements are bundled into a single IIFE with relative paths and bare specifiers resolved from node_modules/
	QuickBEAM.JS.bundle_file/2 for programmatic bundling of entry files with all dependencies
	npm dependency management via mix npm.install

Performance
	Atom cache for QuickJS↔BEAM boundary — pre-created JS strings for common atoms (nil, true, false, ok, error, etc.) avoid repeated allocations on every conversion
	Direct promise result inspection via JS_PromiseState/JS_PromiseResult — removes temporary globals, eval overhead, and a per-iteration string leak
	Lazy proxy objects for BEAM→JS map conversion — maps with >4 entries are wrapped in a BeamMapProxy backed by the original BEAM term, converting properties only on access
	Zero-copy string optimizations — map key conversion uses JS_NewAtomLen/JS_AtomToCStringLen directly, removing intermediate allocations and the 256-byte key length limit
	Worker postMessage uses direct beam.send instead of routing through beam.call handlers
	Non-blocking NIFs — eval/call/compile return immediately with a ref, results delivered asynchronously via enif_send. Dirty IO schedulers are no longer blocked.

Fixed
	Segfault on concurrent runtime init — QuickJS class IDs for BeamMapProxy and DOM were allocated under separate mutexes, causing ID collisions when multiple runtimes initialized concurrently. All custom class IDs are now allocated under a single shared mutex.
	Deadlock on runtime shutdown — beam.callSync now uses a shutting_down flag with timed polling so the worker thread exits cleanly when GenServer.stop is called while a sync call is pending
	Locks and BroadcastChannel tests failing with --no-start
	Test suite hanging under parallel execution due to missing :telemetry dependency

0.1.0
Initial release.
JavaScript Engine
	QuickJS-NG embedded via Zig NIFs — no system JS runtime needed
	Runtimes are GenServers with full OTP supervision support
	Persistent state across eval/2 and call/3 calls
	ES module loading with load_module/3
	Bytecode compilation and loading for fast cloning
	CPU timeout with JS_SetInterruptHandler
	Configurable memory limit and stack size

BEAM Integration
	Beam.call / Beam.callSync — JS calls Elixir handler functions
	Beam.send / Beam.self — JS sends messages to BEAM processes
	Beam.onMessage / Beam.monitor / Beam.demonitor
	Direct BEAM term conversion (no JSON serialization)
	Runtime pools via NimblePool

Web APIs
Standard browser APIs backed by BEAM/Zig primitives:
	fetch, Request, Response, Headers — :httpc
	document, querySelector, createElement — lexbor native DOM
	URL, URLSearchParams — :uri_string
	crypto.subtle (digest, sign, verify, encrypt, decrypt, generateKey, deriveBits) — :crypto
	crypto.getRandomValues, randomUUID — Zig std.crypto.random
	TextEncoder, TextDecoder — native Zig UTF-8
	TextEncoderStream, TextDecoderStream
	ReadableStream, WritableStream, TransformStream with pipeThrough/pipeTo
	setTimeout, setInterval, clearTimeout, clearInterval — Zig timer heap
	console.log/warn/error/debug/trace/assert/time/timeEnd/count/dir/group — Erlang Logger
	CompressionStream, DecompressionStream — :zlib
	Buffer (encode, decode, byteLength) — Base, :unicode
	EventTarget, Event, CustomEvent, MessageEvent, CloseEvent, ErrorEvent
	AbortController, AbortSignal
	Blob, File
	BroadcastChannel — :pg (distributed across cluster)
	WebSocket — :gun
	Worker — BEAM process-backed JS workers with postMessage
	navigator.locks (Web Locks API) — GenServer with monitor-based cleanup
	localStorage — ETS (shared across runtimes)
	EventSource (Server-Sent Events) — :httpc streaming
	DOMException
	atob, btoa — Zig base64
	structuredClone — QuickJS serialization
	queueMicrotask — JS_EnqueueJob
	performance.now — nanosecond precision

DOM
	Native DOM via lexbor C library
	Elixir-side DOM queries: dom_find/2, dom_find_all/2, dom_text/2, dom_attr/3, dom_html/1
	Returns Floki-compatible {tag, attrs, children} tuples

TypeScript Toolchain
	QuickBEAM.JS — parse, transform, minify, bundle via OXC Rust NIFs
	QuickBEAM.eval_ts/3 — evaluate TypeScript directly
	TypeScript sources compiled at build time via OXC (no Node.js/Bun required)



  

    JavaScript API Reference

Every QuickBEAM runtime provides the globals listed below.
APIs marked with ★ are unique to QuickBEAM — they have no Web or Node.js
equivalent.
Always available
These are installed on every runtime, even with apis: false.
Beam ★
The bridge between JavaScript and the BEAM.
	API	Description
	Beam.call(name, ...args)	Call a named Elixir handler. Returns a Promise.
	Beam.callSync(name, ...args)	Call a named Elixir handler, blocking the JS thread until it returns.
	Beam.send(pid, message)	Send a message to a BEAM process. Fire-and-forget.
	Beam.self()	Get the PID of the owning GenServer.
	Beam.onMessage(callback)	Register a callback for incoming BEAM messages.
	Beam.monitor(pid, callback)	Monitor a process. Callback fires with exit reason.
	Beam.demonitor(ref)	Cancel a monitor.
	Beam.peek(promise)	Read a promise's value synchronously. Returns the promise itself if pending. Native implementation via QuickJS JS_PromiseState.
	Beam.peek.status(promise)	Returns 'fulfilled', 'rejected', or 'pending'.
	Beam.version	QuickBEAM version string (lazy getter).
	Beam.sleep(ms)	Async sleep. Returns a Promise.
	Beam.sleepSync(ms)	Blocks the JS thread for the given milliseconds.
	Beam.hash(data, range?)	Fast non-cryptographic hash via :erlang.phash2.
	Beam.escapeHTML(str)	Escape & < > " ' for safe HTML insertion.
	Beam.which(bin)	Find an executable on PATH. Returns absolute path or null.
	Beam.randomUUIDv7()	Monotonic, sortable UUID v7.
	Beam.deepEquals(a, b)	Deep structural equality check.
	Beam.semver.satisfies(version, range)	Check version against a requirement (Elixir Version syntax).
	Beam.semver.order(a, b)	Compare two semver strings. Returns -1, 0, 1, or null.
	Beam.nodes()	List connected BEAM nodes (including self).
	Beam.rpc(node, runtime, fn, ...args)	Call a function on a named runtime on a remote BEAM node.
	Beam.spawn(script)	Spawn a new JS runtime process evaluating the given script. Returns PID.
	Beam.register(name)	Register this runtime under a name for discovery.
	Beam.whereis(name)	Look up a registered runtime by name. Returns PID or null.
	Beam.link(pid)	Create a bidirectional link with another BEAM process.
	Beam.unlink(pid)	Remove a bidirectional link.
	Beam.systemInfo()	BEAM VM introspection: schedulers, memory, process count, OTP release.
	Beam.processInfo()	Info about the owning GenServer: memory, reductions, message queue, status.
	Beam.password.hash(pw, opts?)	Hash a password with PBKDF2-SHA256. Returns PHC-format string. Default 600k iterations.
	Beam.password.verify(pw, hash)	Verify a password against a hash. Constant-time comparison.
	Beam.nanoseconds()	Monotonic high-resolution timer via :erlang.monotonic_time(:nanosecond).
	Beam.uniqueInteger()	Monotonically increasing unique integer via :erlang.unique_integer([:monotonic, :positive]).
	Beam.makeRef()	Create a unique BEAM reference. Useful for request/reply correlation.
	Beam.inspect(value)	Pretty-print any value via Kernel.inspect. Especially useful for opaque BeamPid/BeamRef.

Timers
	API	Description
	setTimeout(fn, ms, ...args)	Schedule a callback.
	setInterval(fn, ms, ...args)	Schedule a repeating callback.
	clearTimeout(id)	Cancel a timeout.
	clearInterval(id)	Cancel an interval.

Console
	API	Description
	console.log(...args)	Log to the BEAM (sends {:console, "log", message} to the owner).
	console.info(...args)	Alias for console.log.
	console.warn(...args)	Log with "warn" level.
	console.error(...args)	Log with "error" level.
	console.debug(...args)	Alias for console.log.
	console.trace(...args)	Log with stack trace.
	console.assert(cond, ...args)	Log error if condition is falsy.
	console.time(label?)	Start a named timer.
	console.timeLog(label?, ...args)	Log elapsed time.
	console.timeEnd(label?)	Log elapsed time and remove timer.
	console.count(label?)	Log invocation count.
	console.countReset(label?)	Reset a counter.
	console.dir(obj)	Log a JSON representation.
	console.group(...args)	Increase indent.
	console.groupEnd()	Decrease indent.

Encoding
	API	Description
	TextEncoder	Encode strings to UTF-8. Native Zig implementation.
	TextDecoder	Decode UTF-8 (and label aliases). Supports fatal and ignoreBOM options. Native Zig.
	atob(data)	Decode a base64 string. Native Zig.
	btoa(data)	Encode a string to base64. Native Zig.

Other core globals
	API	Description
	crypto.getRandomValues(typedArray)	Fill a typed array with cryptographically random values. Native Zig.
	performance.now()	High-resolution monotonic timestamp in milliseconds. Native Zig.
	queueMicrotask(fn)	Schedule a microtask.
	structuredClone(value)	Deep clone via QuickJS serialization.


Browser APIs (apis: :browser)
Loaded by default. These are Web platform APIs backed by OTP.
Fetch
	API	Backed by
	fetch(url, init?)	Req (Finch HTTP client)
	Request	—
	Response	—
	Headers	—

URL
	API	Backed by
	URL	Elixir :uri_string
	URLSearchParams	—

Streams
	API	Description
	ReadableStream	—
	ReadableStreamDefaultReader	—
	WritableStream	—
	WritableStreamDefaultWriter	—
	TransformStream	—
	TextEncoderStream	—
	TextDecoderStream	—

Blob / File
	API	Description
	Blob	Pure TS. Supports all typed array variants, slice(), text(), arrayBuffer(), bytes(), stream().
	File	Extends Blob with name and lastModified.

Events
	API	Description
	Event	—
	MessageEvent	—
	CloseEvent	—
	ErrorEvent	—
	CustomEvent	—
	EventTarget	—

Abort
	API	Description
	AbortController	—
	AbortSignal	Supports timeout() and any() static methods.

Crypto
	API	Backed by
	crypto.subtle.digest(algo, data)	:crypto.hash
	crypto.subtle.generateKey(algo, ...)	:crypto.generate_key
	crypto.subtle.sign(algo, key, data)	:crypto.sign
	crypto.subtle.verify(algo, key, sig, data)	:crypto.verify
	crypto.subtle.encrypt(algo, key, data)	:crypto.crypto_one_time_aead
	crypto.subtle.decrypt(algo, key, data)	:crypto.crypto_one_time_aead
	crypto.subtle.deriveBits(algo, key, len)	:crypto
	crypto.subtle.deriveKey(algo, key, ...)	—
	crypto.subtle.importKey(fmt, data, algo, ...)	—
	crypto.subtle.exportKey(fmt, key)	—
	crypto.randomUUID()	—

Communication
	API	Backed by
	BroadcastChannel	:pg (distributed process groups)
	MessageChannel / MessagePort	—
	WebSocket	Mint.WebSocket
	EventSource	:httpc streaming
	Worker	Spawns a separate BEAM GenServer with its own JS runtime

Storage
	API	Backed by
	localStorage.getItem/setItem/removeItem/clear/key/length	ETS (per-runtime namespace)

Locks
	API	Backed by
	navigator.locks.request(name, cb)	GenServer with monitors
	navigator.locks.request(name, opts, cb)	Supports mode, ifAvailable, signal
	navigator.locks.query()	—

Compression ★
	API	Backed by
	compression.compress(format, data)	:zlib
	compression.decompress(format, data)	:zlib
	CompressionStream	—
	DecompressionStream	—

Formats: gzip, deflate, deflate-raw.
Performance (extended)
	API	Description
	performance.now()	Native Zig (see core globals).
	performance.timeOrigin	—
	performance.mark(name, opts?)	—
	performance.measure(name, start?, end?)	—
	performance.getEntries()	—
	performance.getEntriesByType(type)	—
	performance.getEntriesByName(name, type?)	—
	performance.clearMarks(name?)	—
	performance.clearMeasures(name?)	—
	performance.toJSON()	—

Other
	API	Description
	FormData	—
	DOMException	—
	Buffer	Node-compatible Buffer (available in browser mode too).


Node.js APIs (apis: :node)
Enable with apis: :node or apis: [:browser, :node].
process
	API	Description
	process.env	Live Proxy over System.get_env/put_env. Supports get, set, delete, in, Object.keys.
	process.argv	['beam', 'quickbeam']
	process.platform	Via Beam.callSync → :os.type()
	process.arch	Via Beam.callSync → :erlang.system_info(:system_architecture)
	process.pid	Via Beam.callSync → :os.getpid()
	process.cwd()	Via Beam.callSync → File.cwd!()
	process.exit(code?)	—
	process.nextTick(fn, ...args)	Alias for queueMicrotask.
	process.hrtime(prev?)	High-resolution time.
	process.hrtime.bigint()	Nanosecond precision.
	process.stdout.write(str)	Via console.log.
	process.stderr.write(str)	Via console.error.
	process.version	'v22.0.0'

path
	API	Description
	path.join(...parts)	—
	path.resolve(...parts)	—
	path.dirname(p)	—
	path.basename(p, ext?)	—
	path.extname(p)	—
	path.isAbsolute(p)	—
	path.normalize(p)	—
	path.relative(from, to)	—
	path.parse(p)	—
	path.format(obj)	—
	path.sep	'/'
	path.delimiter	':'

fs
	API	Backed by
	fs.readFileSync(path, opts?)	Beam.callSync → File.read!
	fs.writeFileSync(path, data, opts?)	Beam.callSync → File.write!
	fs.appendFileSync(path, data, opts?)	—
	fs.existsSync(path)	—
	fs.mkdirSync(path, opts?)	—
	fs.readdirSync(path)	—
	fs.statSync(path)	—
	fs.lstatSync(path)	—
	fs.unlinkSync(path)	—
	fs.renameSync(old, new)	—
	fs.rmSync(path, opts?)	—
	fs.copyFileSync(src, dest)	—
	fs.realpathSync(path)	—
	fs.readFile(path, opts?, cb)	Async callback style.
	fs.writeFile(path, data, opts?, cb)	Async callback style.

os
	API	Description
	os.platform()	—
	os.arch()	—
	os.type()	—
	os.release()	—
	os.hostname()	—
	os.homedir()	—
	os.tmpdir()	—
	os.cpus()	—
	os.totalmem()	—
	os.freemem()	—
	os.uptime()	—
	os.networkInterfaces()	—
	os.endianness()	—
	os.EOL	'\n'

child_process
	API	Backed by
	child_process.execSync(cmd, opts?)	Beam.callSync → System.cmd
	child_process.exec(cmd, opts?, cb)	Beam.call → System.cmd


DOM
Every runtime has a live DOM tree backed by lexbor (C library).
Elixir can read the same tree through QuickBEAM.dom_* functions
without JS execution.
document
	API	Description
	document.createElement(tag)	—
	document.createElementNS(ns, tag)	—
	document.createTextNode(text)	—
	document.createDocumentFragment()	—
	document.createComment(text)	—
	document.getElementById(id)	—
	document.getElementsByClassName(name)	—
	document.getElementsByTagName(tag)	—
	document.querySelector(selector)	CSS selector matching via lexbor.
	document.querySelectorAll(selector)	—
	document.addEventListener/removeEventListener/dispatchEvent	—
	document.body	Getter.
	document.head	Getter.
	document.documentElement	Getter.
	document.nodeType	Returns 9 (DOCUMENT_NODE).
	document.nodeName	Returns "#document".

Element
Properties (getters/setters):
id, className, classList (DOMTokenList), style (CSSStyleDeclaration),
tagName, nodeName, nodeType, nodeValue, innerHTML, outerHTML,
textContent, parentNode, parentElement, children, childNodes,
firstChild, lastChild, nextSibling, previousSibling
Methods:
querySelector, querySelectorAll, getElementsByClassName,
getElementsByTagName, matches, closest, getAttribute,
setAttribute, removeAttribute, hasAttribute, appendChild,
removeChild, insertBefore, replaceChild, cloneNode, contains,
remove, before, after, prepend, append, replaceWith,
addEventListener, removeEventListener, dispatchEvent
CSSStyleDeclaration
getPropertyValue(prop), setProperty(prop, value, priority?),
removeProperty(prop), getPropertyPriority(prop), cssText (getter),
plus direct property access (el.style.color = 'red').
DOMTokenList (classList)
add(token), remove(token), toggle(token), contains(token),
replace(old, new), item(index), length, value,
forEach(callback), entries(), keys(), values().
MutationObserver
No-op stub for SSR compatibility. observe(), disconnect(), and
takeRecords() are defined but do nothing.
Prototype chain and instanceof
DOM nodes have a spec-compliant prototype hierarchy. Constructor
globals (Node, Element, HTMLElement, SVGElement,
MathMLElement, Document, DocumentFragment, Text, Comment)
are on globalThis:
document.createElement('div') instanceof HTMLElement  // true
document.createElement('div') instanceof Element      // true
document.createElement('div') instanceof Node         // true
document.createElementNS('http://www.w3.org/2000/svg', 'svg') instanceof SVGElement  // true
Object.prototype.toString.call(el) returns type-specific tags like
[object HTMLDivElement], [object HTMLAnchorElement], etc.
Node identity
The same DOM node always returns the same JS wrapper, so === works:
document.body === document.body       // true
child.parentNode === parent           // true
el.firstChild === el.firstChild       // true
getComputedStyle(el)
Returns the element's CSSStyleDeclaration.

QuickJS built-ins
These come from QuickJS-NG itself (not QuickBEAM polyfills):
	Full ES2023: Promise, Map, Set, WeakMap, WeakSet, Proxy,
Symbol, BigInt, generators, async/await, optional chaining,
nullish coalescing, etc.
	ArrayBuffer, SharedArrayBuffer, all typed arrays
	JSON, Math, Date, RegExp, Intl (partial)
	eval, globalThis



  

    Architecture

QuickBEAM embeds QuickJS-NG inside the BEAM. Each JS runtime is a
GenServer with a dedicated OS thread for the JS engine. The two worlds
communicate through a lock-free message queue — no JSON, no serialization
overhead on the hot path.
Layers
┌──────────────────────────────────────────────────────┐
│  Elixir API  (QuickBEAM, QuickBEAM.Pool)             │
├──────────────────────────────────────────────────────┤
│  GenServer   (QuickBEAM.Runtime)                      │
│  ┌────────────────────────────────────────────────┐  │
│  │  Handlers: user + browser + node + beam        │  │
│  │  Pending calls map, monitors, workers          │  │
│  └────────────────────────────────────────────────┘  │
├──────────────────────────────────────────────────────┤
│  NIF bridge  (quickbeam.zig → Zigler)                 │
│  ┌────────────────────────────────────────────────┐  │
│  │  Lock-free queue: BEAM → JS thread             │  │
│  │  Direct term passing: no JSON in the data path │  │
│  └────────────────────────────────────────────────┘  │
├──────────────────────────────────────────────────────┤
│  JS worker thread  (worker.zig)                       │
│  ┌────────────────────────────────────────────────┐  │
│  │  QuickJS-NG runtime + context                  │  │
│  │  Timer heap (setTimeout/setInterval)           │  │
│  │  Pending Beam.call promises                    │  │
│  │  Event loop: drain queue → eval → drain jobs   │  │
│  └────────────────────────────────────────────────┘  │
├──────────────────────────────────────────────────────┤
│  Native globals (Zig)          │  TS polyfills        │
│  ──────────────────────────    │  ────────────────    │
│  Beam.call/callSync/send/self  │  fetch, WebSocket    │
│  Beam.peek (JS_PromiseState)   │  Blob, File, Streams │
│  TextEncoder/Decoder           │  URL, Headers        │
│  atob/btoa                     │  EventTarget, Events │
│  console                       │  Worker              │
│  crypto.getRandomValues        │  BroadcastChannel    │
│  performance.now               │  locks, localStorage │
│  structuredClone               │  Buffer, FormData    │
│  setTimeout/setInterval        │  EventSource, DOM    │
│  DOM (lexbor C)                │  compression, crypto │
├──────────────────────────────────────────────────────┤
│  C libraries                                          │
│  QuickJS-NG (JS engine)  ·  lexbor (HTML/DOM/CSS)     │
└──────────────────────────────────────────────────────┘
Threading model
Each runtime has exactly one OS thread. The BEAM scheduler never touches
the JS heap — all communication goes through a lock-free queue.
BEAM scheduler                    JS worker thread
──────────────                    ────────────────
GenServer.call(:eval, code)
  → NIF: enqueue(data, {:eval, ...})
  → returns ref immediately         dequeues {:eval, ...}
                                     JS_Eval(ctx, code)
                                     drain_jobs()  (microtasks)
                                     fire timers
                                     JS→BEAM result via send()
  ← receive {ref, {:ok, value}}
Beam.callSync works differently — the JS thread parks on a
ResetEvent while the BEAM GenServer handles the call message,
executes the handler in a Task, and signals the event with the result.
This lets JS call Elixir synchronously without deadlocking.
Beam.call (async) creates a JS Promise and stores resolve/reject
functions keyed by call ID. When the BEAM handler completes, it
enqueues a resolve message. The JS thread picks it up, resolves the
promise, and drains microtasks.
Data conversion
Values cross the BEAM↔JS boundary without JSON. The Zig layer
(beam_to_js.zig / js_to_beam.zig) maps types directly:
	BEAM	JS	Notes
	integer	number/BigInt	BigInt for > 2^53
	float	number	
	binary	string	UTF-8
	{:bytes, bin}	Uint8Array	Raw bytes
	atom	Symbol	:foo ↔ Symbol("foo")
	list	Array	
	map	Object	String keys
	pid/ref/port	Opaque wrapper	Round-trips correctly
	nil	null	
	:Infinity / :NaN	Infinity / NaN	

Opaque BEAM terms (PIDs, refs, ports) are wrapped in JS objects that
carry the raw external term format. They can be passed back to
Beam.send(), Beam.monitor(), etc. and will be decoded back to the
original BEAM term.
API surfaces
The runtime loads different polyfill sets based on the :apis option:
	:browser (default) — Web APIs backed by OTP: fetch (:httpc),
URL (:uri_string), crypto.subtle (:crypto), WebSocket (Mint.WebSocket),
Worker (BEAM processes), BroadcastChannel (:pg), localStorage (ETS),
navigator.locks (GenServer), DOM (lexbor), streams, events, etc.

	:node — Node.js compat: process, path, fs, os, child_process.
process.env is a live Proxy over System.get_env/put_env.

	[:browser, :node] — both.

	false — bare QuickJS engine, no polyfills. Beam.call/callSync
still work (they're native Zig).


Regardless of the API surface, the Beam object is always available with
the full bridge + utilities (version, sleep, hash, peek, etc.).
The Beam object
Beam is installed at the Zig level (beam_call.zig) with native
C functions for the hot path (call, callSync, send, self,
onMessage, peek). Extended APIs are added by beam-api.ts which
calls back into Elixir handlers registered in @beam_handlers.
The design principle: anything that benefits from BEAM primitives is
exposed on Beam, not shimmed in JS. This includes:
	Process primitives: monitor, demonitor, link, unlink,
register, whereis, spawn
	Cluster: nodes, rpc
	Introspection: systemInfo, processInfo, peek
	Crypto: password.hash/verify (PBKDF2 via :crypto)
	Utilities: hash (:erlang.phash2), which
(System.find_executable), escapeHTML, randomUUIDv7,
semver (Elixir Version)

Handler dispatch
When JS calls Beam.call("db.query", sql):
	Zig (beam_call.zig): Creates a Promise, stores resolve/reject
by call ID, sends {:beam_call, id, "db.query", [sql]} to the
owning GenServer.

	GenServer (runtime.ex handle_info): Looks up the handler in
the merged handlers map. Spawns a Task to run it (so slow handlers
don't block the GenServer).

	Task: Calls the user function, sends the result back via
Native.resolve_call_term(resource, id, result).

	NIF → JS thread: Enqueues a resolve message. Worker dequeues
it, resolves the Promise, drains microtasks.


Beam.callSync skips the Promise — the JS thread blocks on a
SyncCallSlot (a mutex + condition variable) while the BEAM side
executes the handler and signals completion.
DOM
Every runtime has a live DOM tree backed by lexbor (C library). The
bridge in dom.zig exposes document.createElement,
querySelector, innerHTML, etc. as native JS functions that
manipulate the C DOM directly.
Elixir can read the same DOM tree through dom_find/2, dom_text/2,
etc. — these go through the NIF queue and return Floki-compatible
{tag, attrs, children} tuples. No JS execution, no HTML re-parsing.
This is the key SSR primitive: JS renders into the DOM, Elixir reads
it out as a tree.
Prototype chain
DOM nodes have a spec-compliant prototype hierarchy:
Node → Element → HTMLElement (for HTML namespace)
                  SVGElement  (for SVG namespace)
                  MathMLElement (for MathML namespace)
Node → Document
Node → DocumentFragment
Node → Text
Node → Comment
Constructor globals (Node, Element, HTMLElement, SVGElement,
MathMLElement, Document, DocumentFragment, Text, Comment)
are on globalThis, so instanceof works. Symbol.toStringTag is
set per element type — Object.prototype.toString.call(div) returns
[object HTMLDivElement] with mappings for 40+ HTML tags.
Node identity
The same underlying lexbor node always returns the same JS wrapper
object, so === comparisons work:
document.body === document.body         // true
child.parentNode === parent             // true
el.firstChild === el.firstChild         // true
This is implemented via a node_map (AutoHashMapUnmanaged) on
DocumentData that caches JSValue wrappers keyed by node pointer.
The map owns a JS_DupValue reference to prevent GC while the entry
exists. The document's gc_mark callback marks all cached values so
the GC knows about the ownership chain.
When innerHTML or textContent replaces children, evict_subtree
recursively removes affected entries and frees the owned refs. The
document_finalizer frees all remaining entries before destroying the
lexbor document.
TypeScript toolchain
OXC (Rust NIFs via rustler_precompiled) provides:
	Transform: Strip types from TS/TSX → JS
	Bundle: Resolve imports, topological sort, wrap in IIFE
	Minify: Compress + mangle

The :script option on QuickBEAM.start auto-detects imports and
bundles everything at startup. TypeScript files are transformed.
node_modules/ imports are resolved from disk.
The built-in polyfills (priv/ts/*.ts) are compiled at Elixir compile
time by the Compiler module inside runtime.ex:
	Standalone files are wrapped in IIFEs
	web-apis.ts is a barrel file that gets bundled with its imports
	The compiled JS is stored in module attributes (@browser_js, etc.)

Pool
QuickBEAM.Pool wraps NimblePool for concurrent request handling.
Each checkout gets a runtime, each checkin resets it and re-runs the
init function. This gives a clean JS context per request while
amortizing startup cost.
Context Pool
QuickBEAM.ContextPool is a different approach to concurrency —
lightweight JS contexts that share runtime threads, rather than
whole runtimes in a checkout pool.
The problem
A full runtime dedicates an OS thread and JSRuntime per
GenServer (~2MB+ each). At 10K concurrent connections (e.g. Phoenix
LiveView), that's 10K threads and ~25GB of memory.
The solution
QuickJS natively supports multiple JSContext instances per
JSRuntime. Each context has its own global object, prototypes, and
execution state, but shares the runtime's GC heap and parser. A
ContextPool exploits this:
┌─────────────────────────────────────────────────────┐
│  ContextPool (GenServer)                             │
│  Round-robin assignment: context → thread            │
├──────────┬──────────┬──────────┬───────────────────┐│
│ Thread 0 │ Thread 1 │ Thread 2 │ Thread N-1        ││
│ JSRuntime│ JSRuntime│ JSRuntime│ JSRuntime          ││
│ ┌──────┐ │ ┌──────┐ │ ┌──────┐ │ ┌──────┐          ││
│ │Ctx 1 │ │ │Ctx 2 │ │ │Ctx 3 │ │ │Ctx N │          ││
│ │Ctx 5 │ │ │Ctx 6 │ │ │Ctx 7 │ │ │Ctx ..│          ││
│ │Ctx 9 │ │ │...   │ │ │...   │ │ │      │          ││
│ └──────┘ │ └──────┘ │ └──────┘ │ └──────┘          ││
└──────────┴──────────┴──────────┴───────────────────┘│
└─────────────────────────────────────────────────────┘
Marginal memory per context depends on API surface: ~58 KB bare,
~71 KB with Beam API, ~108 KB beam+url, ~231 KB beam+fetch,
~429 KB with full browser APIs. Individual runtimes cost ~530 KB
JS heap plus a ~2.5 MB OS thread stack each.
How it works
Each pool thread has a lock-free message queue and a HashMap of
ContextId → ContextEntry (QuickJS context + RuntimeData). The
worker loop dequeues messages, looks up the target context by ID,
and dispatches operations (eval, call, reset, destroy, DOM queries,
message delivery, resolve/reject for Beam.call).
Beam.callSync uses per-context SyncCallSlots stored in a
RuntimeData referenced by both the JS thread and NIF layer. The
NIF writes the result and signals the slot directly — no round-trip
through the pool queue — so the blocked JS thread wakes immediately.
Beam.call (async) works through a drain callback: when the JS
thread is in await_promise waiting for a Promise to resolve, it
periodically calls drain_fn which pulls messages from the pool queue
and routes resolve/reject messages to the correct context.
Context lifecycle
Each QuickBEAM.Context is a lightweight GenServer that:
	On init: asks the pool to create a JSContext on one of its
threads, installs polyfills (browser/node/beam), snapshots builtins
	On eval/call: enqueues work to the pool thread via NIF,
receives the result as a message
	On terminate: sends a destroy command to free the JSContext

Contexts are isolated — separate globals, separate prototypes — but
share the runtime's GC and parser. Prototype pollution in one context
does not affect another.
Granular API groups
Instead of loading all browser APIs, contexts can request individual
groups to minimize memory:
QuickBEAM.Context.start_link(pool: pool, apis: [:beam, :fetch])  # 231 KB
QuickBEAM.Context.start_link(pool: pool, apis: [:beam, :url])    # 108 KB
Available groups: :fetch, :websocket, :worker, :channel,
:eventsource, :url, :crypto, :compression, :buffer, :dom,
:console, :storage, :locks. Dependencies auto-resolve (e.g.
:fetch includes EventTarget/AbortController, :websocket includes
the message dispatcher).
The :browser atom expands to all groups but uses a monolithic bundle
for better code sharing.
Precompiled bytecode
Polyfill JS is compiled to QuickJS bytecode once (on first use) and
cached in persistent_term. New contexts load bytecodes via
JS_ReadObject + JS_EvalFunction instead of parsing JS text —
~3.2x faster context creation.
QuickJS patches
QuickBEAM patches QuickJS-NG with per-context resource controls:
Per-context memory tracking — All context-level allocators
(js_malloc, js_calloc, js_realloc, js_free) track a
malloc_size counter on the JSContext. When malloc_limit is set,
allocations exceeding the limit trigger OOM. The runtime-level memory
tracking remains unchanged (cumulative across all contexts).
{:ok, ctx} = QuickBEAM.Context.start_link(pool: pool, memory_limit: 512_000)
{:ok, %{context_malloc_size: 92_000}} = QuickBEAM.Context.memory_usage(ctx)
Per-context reduction limits — Each interrupt check (~10K opcodes)
increments a reduction_count on the JSContext. When it exceeds
reduction_limit, an uncatchable error terminates the current eval.
The count resets before each eval/call, so the limit is per-operation.
The context remains usable after hitting the limit.
{:ok, ctx} = QuickBEAM.Context.start_link(pool: pool, max_reductions: 100_000)
# A 10M-iteration loop gets interrupted; next eval works fine
Supervision
Runtimes are GenServers — they fit naturally into OTP supervision
trees. The :script option re-evaluates on restart, giving automatic
crash recovery with state reload.
The application supervisor starts:
	:pg group for BroadcastChannel (distributed pub/sub)
	LockManager GenServer for navigator.locks
	Storage ETS table for localStorage
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QuickJS-NG JavaScript engine embedded in the BEAM.
Each runtime is a GenServer holding a persistent JS context.
State, functions, and variables survive across eval/2 and call/3 calls.
iex> {:ok, rt} = QuickBEAM.start()
iex> {:ok, 3} = QuickBEAM.eval(rt, "1 + 2")
iex> QuickBEAM.stop(rt)
:ok
Handlers
JS code can call Elixir functions via Beam.call and Beam.callSync:
iex> {:ok, rt} = QuickBEAM.start(handlers: %{
...>   "greet" => fn [name] -> "Hello, #{name}!" end
...> })
iex> QuickBEAM.eval(rt, ~s[Beam.callSync("greet", "world")])
{:ok, "Hello, world!"}
iex> QuickBEAM.stop(rt)
:ok
Supervision
Runtimes work as OTP children:
children = [
  {QuickBEAM, name: :app, script: "priv/js/app.js", handlers: %{...}},
]
Supervisor.start_link(children, strategy: :one_for_one)
Options
	:name — GenServer name registration
	:id — child spec ID (defaults to :name, then module)
	:handlers — map of handler name → function for Beam.call/Beam.callSync
	:script — path to a JS/TS file evaluated on startup. TypeScript files
are automatically transformed. Files with import statements are
automatically bundled — imports are resolved from the filesystem and
node_modules/, then compiled into a single script via OXC.
	:memory_limit — maximum JS heap in bytes (default: 256 MB)
	:max_stack_size — maximum JS call stack in bytes (default: 8 MB)
	:wasm_stack_size — WASM operand stack in bytes for guests started via the JS
WebAssembly.instantiate path (default: 65536). Distinct from :max_stack_size
(the JS call stack); raise it for guests whose deep init overflows the 64 KB default.
	:wasm_heap_size — WASM auxiliary heap in bytes for the same path (default: 65536)
	:max_convert_depth — maximum nesting depth for JS→BEAM value conversion (default: 32)
	:max_convert_nodes — maximum total nodes for JS→BEAM value conversion (default: 10,000)

DOM
Each runtime has a live DOM tree backed by lexbor. JS gets document,
querySelector, createElement, etc. Elixir can read the DOM directly
via dom_find/2, dom_find_all/2, dom_text/2, dom_attr/3, and
dom_html/1 — returning Floki-compatible {tag, attrs, children} tuples.
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    Functions
  


    
      
        call(runtime, fn_name, args \\ [], opts \\ [])

      


        Call a global JavaScript function by name.



    


    
      
        compile(runtime, code)

      


        Compile JavaScript source to bytecode without executing it.



    


    
      
        coverage(runtime)

      


        Get current JS coverage data for a runtime.



    


    
      
        disasm(bytecode)

      


        Disassemble precompiled bytecode into a %QuickBEAM.Bytecode{} struct.



    


    
      
        disasm(runtime, code)

      


        Compile JavaScript source and disassemble the resulting bytecode.



    


    
      
        dom_attr(runtime, selector, attr_name)

      


        Get an attribute value from the first element matching a CSS selector.



    


    
      
        dom_find(runtime, selector)

      


        Find the first element matching a CSS selector in the runtime's DOM.



    


    
      
        dom_find_all(runtime, selector)

      


        Find all elements matching a CSS selector in the runtime's DOM.



    


    
      
        dom_html(runtime)

      


        Serialize the entire DOM tree to an HTML string.



    


    
      
        dom_text(runtime, selector)

      


        Extract text content from the first element matching a CSS selector.



    


    
      
        eval(runtime, code, opts \\ [])

      


        Evaluate JavaScript code and return the result.



    


    
      
        eval_ts(runtime, ts_code, opts \\ [])

      


        Evaluate TypeScript code by transforming it to JavaScript first.



    


    
      
        get_global(runtime, name)

      


        Get the value of a JS global. Works like eval(rt, "name") but safer —
the name is accessed as a property, not evaluated as code.



    


    
      
        globals(runtime, opts \\ [])

      


        List global names defined in the JS context.



    


    
      
        info(runtime)

      


        Return runtime diagnostics: registered handlers, memory stats, and JS global count.



    


    
      
        load_addon(runtime, path, opts \\ [])

      


        Load a native addon (.node file) via N-API.



    


    
      
        load_bytecode(runtime, bytecode)

      


        Execute precompiled bytecode from compile/2.



    


    
      
        load_module(runtime, name, code)

      


        Load an ES module into the runtime.



    


    
      
        memory_usage(runtime)

      


        Return QuickJS memory usage statistics.



    


    
      
        reset(runtime)

      


        Reset the runtime to a fresh JS context. Clears all state and functions.



    


    
      
        send_message(runtime, message)

      


        Send a message to the runtime's JS handler.



    


    
      
        set_global(runtime, name, value)

      


        Set a JS global variable from Elixir.



    


    
      
        start(opts \\ [])

      


        Start a new JavaScript runtime.



    


    
      
        stop(runtime)

      


        Stop a runtime and free its resources.
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          @type js_result() :: {:ok, term()} | {:error, QuickBEAM.JSError.t()}


      



  



  
    
      
    
    
      runtime()



        
          
        

    

  


  

      

          @type runtime() :: GenServer.server()
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      call(runtime, fn_name, args \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec call(runtime(), String.t(), list(), keyword()) :: js_result()


      


Call a global JavaScript function by name.
Arguments are converted to JS values; the return value is converted back.
Promise-returning functions are automatically awaited.
iex> {:ok, rt} = QuickBEAM.start()
iex> QuickBEAM.eval(rt, "function add(a, b) { return a + b }")
iex> QuickBEAM.call(rt, "add", [2, 3])
{:ok, 5}
iex> QuickBEAM.stop(rt)
:ok
Options
	:timeout — maximum execution time in milliseconds (default: no limit)


  



  
    
      
    
    
      compile(runtime, code)



        
          
        

    

  


  

      

          @spec compile(runtime(), String.t()) ::
  {:ok, binary()} | {:error, QuickBEAM.JSError.t()}


      


Compile JavaScript source to bytecode without executing it.
Returns {:ok, bytecode} where bytecode is a binary that can be loaded
into any runtime with load_bytecode/2. Useful for precompilation, caching,
and transferring compiled code between runtimes or nodes.

  



  
    
      
    
    
      coverage(runtime)



        
          
        

    

  


  

      

          @spec coverage(runtime()) :: {:ok, map()} | {:error, term()}


      


Get current JS coverage data for a runtime.
Returns {:ok, %{filename => %{line => hit_count}}}.
Coverage must be enabled via QuickBEAM.Cover.
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          @spec disasm(binary()) :: {:ok, QuickBEAM.Bytecode.t()} | {:error, String.t()}


      


Disassemble precompiled bytecode into a %QuickBEAM.Bytecode{} struct.
Does not require a running runtime — creates a temporary QuickJS context
internally to parse the binary format.
{:ok, bytecode} = QuickBEAM.compile(rt, "function add(a, b) { return a + b }")
{:ok, %QuickBEAM.Bytecode{}} = QuickBEAM.disasm(bytecode)
Also accepts JavaScript source code and a runtime, compiling it first:
{:ok, %QuickBEAM.Bytecode{}} = QuickBEAM.disasm(rt, "function add(a, b) { return a + b }")

  



  
    
      
    
    
      disasm(runtime, code)



        
          
        

    

  


  

      

          @spec disasm(runtime(), String.t()) ::
  {:ok, QuickBEAM.Bytecode.t()} | {:error, term()}


      


Compile JavaScript source and disassemble the resulting bytecode.
{:ok, %QuickBEAM.Bytecode{cpool: [%QuickBEAM.Bytecode{name: "add"}]}} =
  QuickBEAM.disasm(rt, "function add(a, b) { return a + b }")
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          @spec dom_attr(runtime(), String.t(), String.t()) :: {:ok, String.t() | nil}


      


Get an attribute value from the first element matching a CSS selector.
Returns nil if the element or attribute is not found.
{:ok, rt} = QuickBEAM.start()
QuickBEAM.eval(rt, ~s[document.body.innerHTML = '<a href="/page">link</a>'])
{:ok, "/page"} = QuickBEAM.dom_attr(rt, "a", "href")
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          @spec dom_find(runtime(), String.t()) :: {:ok, tuple() | nil}


      


Find the first element matching a CSS selector in the runtime's DOM.
Returns the element as a Floki-compatible {tag, attrs, children} tuple,
or nil if no match is found. This reads the live DOM tree directly from
the native layer — no JS execution or HTML re-parsing.
{:ok, rt} = QuickBEAM.start()
QuickBEAM.eval(rt, "document.body.innerHTML = '<p class="intro">Hello</p>'")
{:ok, {"p", [{"class", "intro"}], ["Hello"]}} = QuickBEAM.dom_find(rt, "p.intro")

  



  
    
      
    
    
      dom_find_all(runtime, selector)



        
          
        

    

  


  

      

          @spec dom_find_all(runtime(), String.t()) :: {:ok, list()}


      


Find all elements matching a CSS selector in the runtime's DOM.
Returns a list of Floki-compatible {tag, attrs, children} tuples.
{:ok, rt} = QuickBEAM.start()
QuickBEAM.eval(rt, ~s[document.body.innerHTML = '<ul><li>a</li><li>b</li></ul>'])
{:ok, items} = QuickBEAM.dom_find_all(rt, "li")
length(items) # => 2
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          @spec dom_html(runtime()) :: {:ok, String.t()}


      


Serialize the entire DOM tree to an HTML string.
{:ok, rt} = QuickBEAM.start()
QuickBEAM.eval(rt, "document.body.innerHTML = '<p>Hello</p>'")
{:ok, html} = QuickBEAM.dom_html(rt)
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          @spec dom_text(runtime(), String.t()) :: {:ok, String.t()}


      


Extract text content from the first element matching a CSS selector.
{:ok, rt} = QuickBEAM.start()
QuickBEAM.eval(rt, "document.body.innerHTML = '<h1>Title</h1>'")
{:ok, "Title"} = QuickBEAM.dom_text(rt, "h1")
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          @spec eval(runtime(), String.t(), keyword()) :: js_result()


      


Evaluate JavaScript code and return the result.
Top-level await is supported.
iex> {:ok, rt} = QuickBEAM.start()
iex> QuickBEAM.eval(rt, "40 + 2")
{:ok, 42}
iex> QuickBEAM.eval(rt, "await Promise.all([1, 2].map(x => Promise.resolve(x)))")
{:ok, [1, 2]}
iex> QuickBEAM.stop(rt)
:ok
Options
	:timeout — maximum execution time in milliseconds (default: no limit).
If exceeded, the JS execution is interrupted and an error is returned.
The runtime remains usable after a timeout.
QuickBEAM.eval(rt, "while(true) {}", timeout: 1000)
# => {:error, %QuickBEAM.JSError{message: "interrupted", ...}}

	:vars — a map of variable names to values, available in the code as
globals. Values are converted using the standard BEAM→JS conversion.
Variables are automatically cleaned up after evaluation, even if the
code throws an error.
QuickBEAM.eval(rt, "name.toUpperCase()", vars: %{"name" => "quickbeam"})
# => {:ok, "QUICKBEAM"}

QuickBEAM.eval(rt, "items.map(i => i.price * i.qty).reduce((a, b) => a + b, 0)",
  vars: %{"items" => [%{"price" => 10, "qty" => 3}, %{"price" => 5, "qty" => 2}]})
# => {:ok, 40}



  



    

  
    
      
    
    
      eval_ts(runtime, ts_code, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_ts(runtime(), String.t(), keyword()) :: js_result()


      


Evaluate TypeScript code by transforming it to JavaScript first.
Equivalent to OXC.transform!/2 followed by eval/3, but in a single call.
iex> {:ok, rt} = QuickBEAM.start()
iex> QuickBEAM.eval_ts(rt, "const x: number = 40 + 2; x")
{:ok, 42}
iex> QuickBEAM.stop(rt)
:ok
Options
Accepts the same options as eval/3 (e.g., :timeout).
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          @spec get_global(runtime(), String.t()) :: js_result()


      


Get the value of a JS global. Works like eval(rt, "name") but safer —
the name is accessed as a property, not evaluated as code.
Returns the value converted to Elixir terms. For objects, returns a map
of enumerable own properties. For functions, returns a map with metadata.
Examples
QuickBEAM.get_global(rt, "myVar")
{:ok, 42}

QuickBEAM.get_global(rt, "myObj")
{:ok, %{"x" => 1, "y" => 2}}

QuickBEAM.get_global(rt, "nonexistent")
{:ok, nil}
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          @spec globals(
  runtime(),
  keyword()
) :: {:ok, [String.t()]} | {:error, QuickBEAM.JSError.t()}


      


List global names defined in the JS context.
By default returns all globalThis property names. Pass user_only: true
to exclude JS builtins and QuickBEAM internals — only names defined by
your scripts.
Examples
{:ok, all} = QuickBEAM.globals(rt)
# ["Array", "Boolean", "Buffer", "Object", "console", "myVar", ...]

{:ok, mine} = QuickBEAM.globals(rt, user_only: true)
# ["myVar", "myFunc"]
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          @spec info(runtime()) :: map()


      


Return runtime diagnostics: registered handlers, memory stats, and JS global count.
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          @spec load_addon(runtime(), String.t(), keyword()) :: {:ok, term()} | {:error, term()}


      


Load a native addon (.node file) via N-API.
The addon is loaded with dlopen and its napi_register_module_v1 (or
napi_module_register) entry point is called. Returns the addon's exports
as an Elixir term.
Addon initialization is process-global native state. QuickBEAM initializes a
canonical addon path once per BEAM instance. Loading that path again in the
same runtime reuses its cached exports, so multiple global aliases are safe.
Loading it in another runtime, or after reset/1, returns
{:error, {:addon_already_initialized, canonical_path}} by default.
Options
	:as - set the addon's exports as a global JS variable with this name,
making the functions callable from eval/3 and call/3
	:allow_reinitialization - opt into calling the native initializer again
in a different JavaScript context. Defaults to false. Only enable this
when the addon explicitly documents multi-environment initialization as
safe; incompatible addons can terminate the BEAM VM.

Examples
QuickBEAM.load_addon(rt, "/path/to/addon.node")
QuickBEAM.load_addon(rt, "/path/to/crc32.node", as: "crc32")
QuickBEAM.eval(rt, "crc32.crc32('hello')")

  



  
    
      
    
    
      load_bytecode(runtime, bytecode)



        
          
        

    

  


  

      

          @spec load_bytecode(runtime(), binary()) :: js_result()


      


Execute precompiled bytecode from compile/2.
The bytecode runs in the current runtime's context, with access to all
globals, handlers, and builtins.

  



  
    
      
    
    
      load_module(runtime, name, code)



        
          
        

    

  


  

      

          @spec load_module(runtime(), String.t(), String.t()) :: :ok | {:error, String.t()}


      


Load an ES module into the runtime.
iex> {:ok, rt} = QuickBEAM.start()
iex> code = "export function add(a, b) { return a + b; }"
iex> QuickBEAM.load_module(rt, "math", code)
:ok
iex> QuickBEAM.stop(rt)
:ok

  



  
    
      
    
    
      memory_usage(runtime)



        
          
        

    

  


  

      

          @spec memory_usage(runtime()) :: map()


      


Return QuickJS memory usage statistics.
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          @spec reset(runtime()) :: :ok | {:error, String.t()}


      


Reset the runtime to a fresh JS context. Clears all state and functions.
iex> {:ok, rt} = QuickBEAM.start()
iex> QuickBEAM.eval(rt, "globalThis.x = 42")
iex> QuickBEAM.reset(rt)
:ok
iex> QuickBEAM.eval(rt, "typeof x")
{:ok, "undefined"}
iex> QuickBEAM.stop(rt)
:ok

  



  
    
      
    
    
      send_message(runtime, message)



        
          
        

    

  


  

      

          @spec send_message(runtime(), term()) :: :ok


      


Send a message to the runtime's JS handler.
The message is delivered to the callback registered via Beam.onMessage
in JS. If no handler is registered, the message is silently discarded.

  



  
    
      
    
    
      set_global(runtime, name, value)



        
          
        

    

  


  

      

          @spec set_global(runtime(), String.t(), term()) :: :ok


      


Set a JS global variable from Elixir.
The value is converted using the standard BEAM→JS conversion (no JSON).
Examples
QuickBEAM.set_global(rt, "config", %{"theme" => "dark", "limit" => 100})
{:ok, "dark"} = QuickBEAM.eval(rt, "config.theme")

QuickBEAM.set_global(rt, "items", [1, 2, 3])
{:ok, 3} = QuickBEAM.eval(rt, "items.length")

  



    

  
    
      
    
    
      start(opts \\ [])



        
          
        

    

  


  

      

          @spec start(keyword()) :: GenServer.on_start()


      


Start a new JavaScript runtime.
Returns {:ok, pid} on success.
Options
	:name — register the GenServer under this name

	:handlers — %{String.t() => function} map for Beam.call/Beam.callSync

	:script — path to a JS/TS file to evaluate on startup (auto-bundles imports)

	:apis — which API surfaces to load (default: [:browser])
	:browser — Web APIs (fetch, DOM, WebSocket, crypto, streams, …)
	:node — Node.js compat (process, path, fs, os)
	[:browser, :node] — both
	false — bare QuickJS engine, no polyfills


	:define — %{String.t() => term()} of globals to inject before the script runs.
Values are JSON-encoded. Useful for passing config without Beam.callSync.
QuickBEAM.start(script: "build.ts", define: %{"outputDir" => "/tmp/site"})

	:memory_limit — maximum JS heap in bytes (default: 256 MB)

	:max_stack_size — maximum JS call stack in bytes (default: 8 MB)

	:wasm_stack_size — WASM operand stack in bytes for guests started via the JS
WebAssembly.instantiate path (default: 65536). Distinct from :max_stack_size
(the JS call stack); raise it for guests whose deep init overflows the 64 KB default.

	:wasm_heap_size — WASM auxiliary heap in bytes for the same path (default: 65536)

	:max_convert_depth — maximum nesting depth for JS→BEAM value conversion (default: 32)

	:max_convert_nodes — maximum total nodes for JS→BEAM value conversion (default: 10,000)
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          @spec stop(runtime()) :: :ok


      


Stop a runtime and free its resources.

  


        

      


  

    
QuickBEAM.Bytecode 
    



      
Disassembled QuickJS bytecode.
Returned by QuickBEAM.disasm/1 and QuickBEAM.disasm/2. Contains the
function metadata, local/closure variable definitions, constant pool,
and the decoded opcode stream.
Opcodes
Each opcode is a tuple of {offset, name, ...operands}:
{0, :push_i32, 40}
{5, :push_i32, 2}
{10, :add}
{11, :return}
Labels in branch instructions are resolved to absolute byte offsets.
Local/arg/closure-var operands use numeric indices matching the
locals, args, and closure_vars lists.
Constant pool
Nested functions appear as %QuickBEAM.Bytecode{} structs in the
cpool list. Other constant pool entries are plain Elixir terms.
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          @type closure_var() :: %{
  name: String.t(),
  kind: String.t(),
  type: String.t(),
  index: integer()
}
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          @type local() :: %{name: String.t(), kind: String.t()}
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          @type t() :: %QuickBEAM.Bytecode{
  arg_count: integer(),
  args: [String.t()],
  byte_code_len: integer(),
  closure_vars: [closure_var()],
  column: integer() | nil,
  cpool: [t() | term()],
  defined_arg_count: integer(),
  filename: String.t() | nil,
  is_strict: boolean(),
  kind: String.t(),
  line: integer() | nil,
  locals: [local()],
  name: String.t() | nil,
  opcodes: [tuple()],
  source: String.t() | nil,
  stack_size: integer(),
  var_count: integer()
}


      



  


        

      


  

    
QuickBEAM.Context 
    



      
A lightweight JS execution context on a shared runtime thread.
Unlike a full runtime, a context does not spawn a dedicated OS thread.
Many contexts share a single JSRuntime thread managed by a
QuickBEAM.ContextPool. This makes each context ~58 KB (bare) to
~429 KB (full browser APIs) vs ~2 MB+ for a full runtime — ideal for
per-connection state in Phoenix LiveView.
Example
{:ok, pool} = QuickBEAM.ContextPool.start_link()
{:ok, ctx} = QuickBEAM.Context.start_link(pool: pool)
{:ok, 3} = QuickBEAM.Context.eval(ctx, "1 + 2")
QuickBEAM.Context.stop(ctx)
With LiveView
def mount(_params, _session, socket) do
  {:ok, ctx} = QuickBEAM.Context.start_link(
    pool: MyApp.JSPool,
    handlers: %{"db.query" => &MyApp.query/1}
  )
  {:ok, assign(socket, js: ctx)}
end

def handle_event("click", params, socket) do
  {:ok, html} = QuickBEAM.Context.call(socket.assigns.js, "handleClick", [params])
  {:noreply, push_event(socket, "update", %{html: html})}
end
start_link/1 links the context to the calling process, so it
automatically terminates (and cleans up its JS context) when the
LiveView process exits. No explicit terminate callback needed.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(server, fn_name, args \\ [], opts \\ [])

      


    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        dom_find(server, selector)

      


    


    
      
        dom_find_all(server, selector)

      


    


    
      
        dom_html(server)

      


    


    
      
        dom_text(server, selector)

      


    


    
      
        eval(server, code, opts \\ [])

      


    


    
      
        get_global(server, name)

      


    


    
      
        memory_usage(server)

      


    


    
      
        reset(server)

      


    


    
      
        send_message(server, message)

      


    


    
      
        set_global(server, name, value)

      


    


    
      
        start_link(opts)

      


    


    
      
        stop(server)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.Context{
  context_id: pos_integer(),
  handlers: map(),
  next_worker_id: pos_integer(),
  pending: map(),
  pool: GenServer.server() | nil,
  pool_resource: reference(),
  websockets: map(),
  workers: map()
}
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec dom_find_all(GenServer.server(), String.t()) :: {:ok, list()}
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          @spec dom_html(GenServer.server()) :: {:ok, String.t()}
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          @spec dom_text(GenServer.server(), String.t()) :: {:ok, String.t()}
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  {:ok, term()} | {:error, String.t()}
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          @spec memory_usage(GenServer.server()) :: {:ok, map()}
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          @spec reset(GenServer.server()) :: :ok | {:error, String.t()}
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QuickBEAM.ContextPool 
    



      
A pool of JS runtime threads that host lightweight contexts.
Each pool thread runs a single JSRuntime that can hold many
JSContext instances. Contexts are ~58 KB to ~429 KB each depending
on API surface (no dedicated OS thread), making it practical to run
thousands concurrently.
Example
# Start a pool with 4 runtime threads
{:ok, pool} = QuickBEAM.ContextPool.start_link(name: MyApp.JSPool, size: 4)

# Create lightweight contexts on it
{:ok, ctx} = QuickBEAM.Context.start_link(pool: MyApp.JSPool)
{:ok, 42} = QuickBEAM.Context.eval(ctx, "40 + 2")
Options
	:name — registered name for the pool
	:size — number of runtime threads (default: System.schedulers_online())
	:memory_limit — maximum JS heap per thread in bytes (default: 256 MB)
	:max_stack_size — maximum JS call stack in bytes (default: 8 MB)
	:wasm_stack_size — WASM operand stack in bytes for guests started via the JS
WebAssembly.instantiate path (default: 65536). Distinct from :max_stack_size
(the JS call stack); raise it for guests whose deep init overflows the 64 KB default.
	:wasm_heap_size — WASM auxiliary heap in bytes for the same path (default: 65536)
	:max_convert_depth — maximum nesting depth for JS→BEAM value conversion (default: 32)
	:max_convert_nodes — maximum total nodes for JS→BEAM value conversion (default: 10,000)
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Returns a specification to start this module under a supervisor.
See Supervisor.
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QuickBEAM.Cover 
    



      
JavaScript coverage tool for mix test --cover.
Reports line-level coverage for all JS/TS code executed through
QuickBEAM runtimes during the test suite, alongside standard
Elixir coverage.
Setup
# mix.exs
def project do
  [
    ...,
    test_coverage: [tool: QuickBEAM.Cover]
  ]
end
Then run:
$ mix test --cover

Elixir coverage works as normal (delegates to Erlang's :cover).
JS coverage is collected automatically from all QuickBEAM runtimes
that start during the test run.
Options
Accepts all standard :test_coverage options, plus:
	:js — keyword list of JS-specific options:	:ignore — file patterns to exclude (default: ["node_modules/**"])



Using with excoveralls
If you already use excoveralls, add JS coverage as a sidecar:
# test/test_helper.exs
QuickBEAM.Cover.start()
ExUnit.after_suite(fn _ -> QuickBEAM.Cover.stop() end)
JS coverage is written to cover/js_lcov.info.
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          @spec record(map()) :: :ok


      


Record JS coverage data collected from a runtime.
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Mix test coverage callback. Called by ExUnit when test_coverage: [tool: QuickBEAM.Cover] is set.
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QuickBEAM.JS 
    



      
JavaScript and TypeScript toolchain powered by OXC.
Provides parsing, transformation, minification, and bundling of JS/TS
code via Rust NIFs — no Node.js or Bun required.
These are thin wrappers around the OXC library. See OXC module docs
for full option details.
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        Parse JS/TS source into an AST.
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        Parse JS/TS source into an AST, raising on error.
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        Apply position-based patches to a source string.



    


    
      
        postwalk(node, fun)

      


        Depth-first post-order AST traversal. Like Macro.postwalk/2.
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        Depth-first post-order AST traversal with accumulator. Like Macro.postwalk/3.
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        Transform TypeScript/JSX to plain JavaScript.
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          @spec bundle(
  [{String.t(), String.t()}],
  keyword()
) :: {:ok, String.t() | map()} | {:error, String.t()}


      


Bundle multiple TS/JS modules into a single self-executing script.
Accepts a list of {filename, source} tuples. Resolves imports between
them, topologically sorts by dependencies, strips module syntax, and
wraps the result in an IIFE.
files = [
  {"utils.ts", "export function add(a: number, b: number) { return a + b }"},
  {"main.ts", "import { add } from './utils'\nconsole.log(add(1, 2))"}
]
{:ok, js} = QuickBEAM.JS.bundle(files)
Options
	:minify — minify the output (default: false)
	:banner — string to prepend before the IIFE
	:footer — string to append after the IIFE
	:sourcemap — generate source map (returns %{code, sourcemap})
	:define — compile-time identifier replacements
	:drop_console — remove console.* calls (default: false)
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          @spec bundle!(
  [{String.t(), String.t()}],
  keyword()
) :: String.t() | map()


      


Bundle multiple TS/JS modules, raising on error.
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          @spec bundle_file(
  String.t(),
  keyword()
) :: {:ok, String.t() | map()} | {:error, term()}


      


Bundle an entry file from disk with all its dependencies.
Recursively resolves imports — both relative paths (./utils) and
bare specifiers (lodash-es) via node_modules/. Reads all sources,
then bundles them with OXC.bundle/2.
{:ok, js} = QuickBEAM.JS.bundle_file("src/main.ts")
The node_modules/ directory is found by walking up from the entry file.
Override with the :node_modules option.
Accepts all options from bundle/2 plus:
	:node_modules — explicit path to node_modules/ directory


  



  
    
      
    
    
      collect(node, fun)



        
          
        

    

  


  

      

          @spec collect(map(), (map() -> {:keep, any()} | :skip)) :: [any()]


      


Collect values from an AST tree by walking and filtering nodes.
See OXC.collect/2 for details.

  



  
    
      
    
    
      imports(source, filename)



        
          
        

    

  


  

      

          @spec imports(String.t(), String.t()) :: {:ok, [String.t()]} | {:error, [OXC.error()]}


      


Extract import specifiers from JS/TS source.
Faster than parse/2 + collect/2 — skips full AST serialization
and returns only the import source strings. Type-only imports
(import type { ... }) are excluded.
{:ok, imports} = QuickBEAM.JS.imports("import { ref } from 'vue'", "test.ts")
# => {:ok, ["vue"]}

  



  
    
      
    
    
      imports!(source, filename)



        
          
        

    

  


  

      

          @spec imports!(String.t(), String.t()) :: [String.t()]


      


Like imports/2 but raises on errors.

  



    

  
    
      
    
    
      minify(source, filename, opts \\ [])



        
          
        

    

  


  

      

          @spec minify(String.t(), String.t(), keyword()) ::
  {:ok, String.t()} | {:error, [OXC.error()]}


      


Minify JavaScript source code.
{:ok, min} = QuickBEAM.JS.minify("const x = 1 + 2;", "file.js")
Options
	:compress — apply compression optimizations (default: true)
	:mangle — mangle variable names (default: true)


  



    

  
    
      
    
    
      minify!(source, filename, opts \\ [])



        
          
        

    

  


  

      

          @spec minify!(String.t(), String.t(), keyword()) :: String.t()


      


Minify JavaScript source code, raising on error.

  



  
    
      
    
    
      node_js()



        
          
        

    

  


  


  



  
    
      
    
    
      parse(source, filename)



        
          
        

    

  


  

      

          @spec parse(String.t(), String.t()) :: {:ok, map()} | {:error, [OXC.error()]}


      


Parse JS/TS source into an AST.
{:ok, ast} = QuickBEAM.JS.parse("const x: number = 1", "file.ts")

  



  
    
      
    
    
      parse!(source, filename)



        
          
        

    

  


  

      

          @spec parse!(String.t(), String.t()) :: map()


      


Parse JS/TS source into an AST, raising on error.

  



  
    
      
    
    
      patch_string(source, patches)



        
          
        

    

  


  

      

          @spec patch_string(String.t(), [map()]) :: String.t()


      


Apply position-based patches to a source string.
See OXC.patch_string/2 for details.

  



  
    
      
    
    
      postwalk(node, fun)



        
          
        

    

  


  

      

          @spec postwalk(map(), (map() -> map())) :: map()


      


Depth-first post-order AST traversal. Like Macro.postwalk/2.
See OXC.postwalk/2 for details.

  



  
    
      
    
    
      postwalk(node, acc, fun)



        
          
        

    

  


  

      

          @spec postwalk(map(), acc, (map(), acc -> {map(), acc})) :: {map(), acc}
when acc: term()


      


Depth-first post-order AST traversal with accumulator. Like Macro.postwalk/3.
See OXC.postwalk/3 for details.

  



    

  
    
      
    
    
      transform(source, filename, opts \\ [])



        
          
        

    

  


  

      

          @spec transform(String.t(), String.t(), keyword()) ::
  {:ok, String.t()} | {:error, [OXC.error()]}


      


Transform TypeScript/JSX to plain JavaScript.
{:ok, js} = QuickBEAM.JS.transform("const x: number = 1", "file.ts")
# => {:ok, "const x = 1;\n"}
Options
	:jsx — enable JSX transformation (default: auto-detected from filename)


  



    

  
    
      
    
    
      transform!(source, filename, opts \\ [])



        
          
        

    

  


  

      

          @spec transform!(String.t(), String.t(), keyword()) :: String.t()


      


Transform TypeScript/JSX to plain JavaScript, raising on error.

  



  
    
      
    
    
      valid?(source, filename)



        
          
        

    

  


  

      

          @spec valid?(String.t(), String.t()) :: boolean()


      


Check if JS/TS source is syntactically valid.
QuickBEAM.JS.valid?("const x = 1", "file.js")
# => true

  



  
    
      
    
    
      walk(node, fun)



        
          
        

    

  


  

      

          @spec walk(map(), (map() -> any())) :: :ok


      


Walk an AST tree, calling fun on every node.
See OXC.walk/2 for details.

  


        

      


  

    
QuickBEAM.Pool 
    



      
A pool of JS runtimes for concurrent request handling.
Each runtime is initialized once with your setup code, then checked out
for individual requests. After each use, the runtime is reset and
re-initialized — giving you a clean slate with the setup already applied.
Example
{:ok, pool} = QuickBEAM.Pool.start_link(
  size: 10,
  init: fn rt ->
    QuickBEAM.eval(rt, File.read!("priv/js/app.js"))
  end
)

html = QuickBEAM.Pool.run(pool, fn rt ->
  {:ok, result} = QuickBEAM.call(rt, "renderPage", [assigns])
  result
end)
Options
	:size — number of runtimes in the pool (default: 10)
	:name — optional registered name for the pool
	:init — function called on each runtime after creation and after each reset.
Receives the runtime pid. Use it to load your JS code.
	:lazy — if true, runtimes are created on first checkout (default: false)

All other options are forwarded to QuickBEAM.start/1 (:handlers,
:memory_limit, :max_stack_size).

      


      
        Summary


  
    Functions
  


    
      
        run(pool, fun, timeout \\ 5000)

      


        Check out a runtime, run the given function, and check it back in.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(pool, fun, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec run(GenServer.server(), (QuickBEAM.runtime() -> result), timeout()) :: result
when result: var


      


Check out a runtime, run the given function, and check it back in.
The runtime is automatically reset and re-initialized after each use.
QuickBEAM.Pool.run(pool, fn rt ->
  {:ok, val} = QuickBEAM.eval(rt, "1 + 2")
  val
end)

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      



  


        

      


  

    
QuickBEAM.VM 
    



      
Compiles and executes verified QuickJS bytecode with an isolated BEAM interpreter.
Programs are immutable and version-locked. Each evaluation owns its frames,
heap, Promise state, host operations, and resource limits. The optional BEAM
compiler is an internal, release-quarantined subsystem and is not selected
through this public facade.
Execution model and limitations
eval/2 and call/4 create fresh mutable JavaScript state for every request.
call/4 runs program initialization and then invokes its named global in that
same fresh state; unlike QuickBEAM.call/4, mutations do not persist across
calls. Programs and bytecode are locked to the exact vendored QuickJS ABI and
must be recompiled after an incompatible upgrade.
The interpreter implements bounded, explicitly tested bytecode and builtin
profiles rather than every native QuickJS, browser, Node.js, DOM, WASM, or
addon feature. Unsupported behavior fails without native fallback.
:memory_limit governs deterministic logical VM allocation, while endpoint
BEAM process memory is reported separately by measurement APIs. An
evaluation may have at most 64 asynchronous BEAM handler operations
outstanding at once. Pinned storage is fixed-capacity, explicitly retired,
and never implicitly evicted.

      


      
        Summary


  
    Types
  


    
      
        compile_option()

      


    


    
      
        decode_option()

      


    


    
      
        error_reason()

      


    


    
      
        evaluation_option()

      


    


    
      
        pinned_program()

      


    


    
      
        program()

      


    


    
      
        result(value)

      


    


    
      
        verifier_option()

      


    





  
    Functions
  


    
      
        bytecode_version()

      


        Returns the vendored QuickJS bytecode version.



    


    
      
        call(program, name, arguments \\ [], opts \\ [])

      


        Initializes a fresh isolated heap and calls a named global JavaScript function.



    


    
      
        compile(source, opts \\ [])

      


        Compiles JavaScript with the vendored QuickJS compiler and returns a verified
immutable program.



    


    
      
        decode(bytecode, opts \\ [])

      


        Decodes and verifies bytecode from this exact QuickJS build.



    


    
      
        eval(program, opts \\ [])

      


        Evaluates a verified program with the isolated BEAM interpreter.



    


    
      
        fingerprint()

      


        Returns the exact vendored QuickJS bytecode ABI fingerprint.



    


    
      
        measure(program, opts \\ [])

      


        Evaluates with the same isolation and limits as eval/2 and returns resource
observations in a QuickBEAM.VM.Measurement.



    


    
      
        measure_call(program, name, arguments \\ [], opts \\ [])

      


        Calls a named global with the same fresh initialization and limits as call/4
and returns resource observations in a QuickBEAM.VM.Measurement.



    


    
      
        pin(program)

      


        Pins a verified program in bounded immutable storage.



    


    
      
        unpin(pinned)

      


        Unpins a handle after its current evaluations finish.



    





      


      
        Types


        


  
    
      
    
    
      compile_option()



        
          
        

    

  


  

      

          @type compile_option() ::
  {:filename, String.t()}
  | {:max_bytecode_bytes, pos_integer()}
  | verifier_option()


      



  



  
    
      
    
    
      decode_option()



        
          
        

    

  


  

      

          @type decode_option() :: {:max_bytecode_bytes, pos_integer()} | verifier_option()


      



  



  
    
      
    
    
      error_reason()



        
          
        

    

  


  

      

          @type error_reason() ::
  :invalid_program
  | :invalid_source
  | :invalid_bytecode
  | :invalid_function_name
  | :invalid_arguments
  | :invalid_pinned_program
  | :pinned_program_capacity
  | :pinned_program_unavailable
  | :program_too_large
  | :residency_budget
  | {:invalid_options, term()}
  | {:unknown_option, atom()}
  | {:invalid_option, atom(), term()}
  | {:limit_exceeded, atom(), term()}
  | {:unsupported, term()}
  | {:evaluation_process_exit, term()}
  | tuple()
  | atom()


      



  



  
    
      
    
    
      evaluation_option()



        
          
        

    

  


  

      

          @type evaluation_option() ::
  {:vars, map()}
  | {:handlers, %{optional(String.t()) => ([term()] -> term())}}
  | {:profile, :core | :ssr}
  | {:timeout, pos_integer() | :infinity}
  | {:max_steps, pos_integer()}
  | {:max_stack_depth, pos_integer()}
  | {:memory_limit, pos_integer() | :infinity}
  | {:isolation, :process | :caller}


      



  



  
    
      
    
    
      pinned_program()



        
          
        

    

  


  

      

          @type pinned_program() :: QuickBEAM.VM.Program.Pinned.t()


      



  



  
    
      
    
    
      program()



        
          
        

    

  


  

      

          @type program() :: QuickBEAM.VM.Program.t()


      



  



  
    
      
    
    
      result(value)



        
          
        

    

  


  

      

          @type result(value) :: {:ok, value} | {:error, QuickBEAM.JSError.t() | error_reason()}


      



  



  
    
      
    
    
      verifier_option()



        
          
        

    

  


  

      

          @type verifier_option() ::
  {:max_atoms, pos_integer()}
  | {:max_constants_per_function, pos_integer()}
  | {:max_function_depth, pos_integer()}
  | {:max_functions, pos_integer()}
  | {:max_instructions, pos_integer()}
  | {:max_stack_size, pos_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      bytecode_version()



        
          
        

    

  


  

      

          @spec bytecode_version() :: non_neg_integer()


      


Returns the vendored QuickJS bytecode version.

  



    

    

  
    
      
    
    
      call(program, name, arguments \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec call(
  QuickBEAM.VM.Program.t() | QuickBEAM.VM.Program.Pinned.t(),
  String.t(),
  [term()],
  [
    evaluation_option()
  ]
) :: result(term())


      


Initializes a fresh isolated heap and calls a named global JavaScript function.
Program initialization runs before every call, so globals mutated by one call
are not visible to the next. Arguments and Promise results use the same value
conversion, asynchronous handlers, isolation, and resource limits as eval/2.
Missing globals produce ReferenceError; non-callable globals produce
TypeError.

  



    

  
    
      
    
    
      compile(source, opts \\ [])



        
          
        

    

  


  

      

          @spec compile(String.t(), [compile_option()]) :: result(program())


      


Compiles JavaScript with the vendored QuickJS compiler and returns a verified
immutable program.
Compilation uses a short-lived bare native runtime. Supported options are
:filename, :max_bytecode_bytes, and the bounded verifier limit options.
Use decode/2 when bytecode has already been compiled by this exact QuickJS
build.

  



    

  
    
      
    
    
      decode(bytecode, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(binary(), [decode_option()]) :: result(program())


      


Decodes and verifies bytecode from this exact QuickJS build.
The :max_bytecode_bytes option and bounded verifier limits can only reduce
the built-in maximums; unknown options fail explicitly.

  



    

  
    
      
    
    
      eval(program, opts \\ [])



        
          
        

    

  


  

      

          @spec eval(QuickBEAM.VM.Program.t() | QuickBEAM.VM.Program.Pinned.t(), [
  evaluation_option()
]) ::
  result(term())


      


Evaluates a verified program with the isolated BEAM interpreter.
Supported options are :vars, asynchronous :handlers, builtin :profile,
:timeout, :max_steps, :max_stack_depth, :memory_limit, and
:isolation. The default isolation: :process provides timeout, process-heap,
and failure containment. isolation: :caller is only for trusted diagnostics.

  



  
    
      
    
    
      fingerprint()



        
          
        

    

  


  

      

          @spec fingerprint() :: String.t()


      


Returns the exact vendored QuickJS bytecode ABI fingerprint.

  



    

  
    
      
    
    
      measure(program, opts \\ [])



        
          
        

    

  


  

      

          @spec measure(QuickBEAM.VM.Program.t() | QuickBEAM.VM.Program.Pinned.t(), [
  evaluation_option()
]) ::
  result(QuickBEAM.VM.Measurement.t())


      


Evaluates with the same isolation and limits as eval/2 and returns resource
observations in a QuickBEAM.VM.Measurement.
Evaluation failures are stored in measurement.result. Invalid programs or
options return directly as {:error, reason} because no evaluation started.

  



    

    

  
    
      
    
    
      measure_call(program, name, arguments \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec measure_call(
  QuickBEAM.VM.Program.t() | QuickBEAM.VM.Program.Pinned.t(),
  String.t(),
  [term()],
  [
    evaluation_option()
  ]
) :: result(QuickBEAM.VM.Measurement.t())


      


Calls a named global with the same fresh initialization and limits as call/4
and returns resource observations in a QuickBEAM.VM.Measurement.
Call failures are stored in measurement.result. Invalid names, arguments,
programs, or options return directly because no evaluation started.

  



  
    
      
    
    
      pin(program)



        
          
        

    

  


  

      

          @spec pin(QuickBEAM.VM.Program.t()) :: result(QuickBEAM.VM.Program.Pinned.t())


      


Pins a verified program in bounded immutable storage.
The default store has eight fixed slots. Serialized bytecode is limited to
2 MiB, decoded external-term residency to 32 MiB per program, and total
residency to 128 MiB. Concurrent pins of the same program identity are
idempotent and return the same lightweight handle. The application-supervised
store restores valid slots after its own restart; call unpin/1 explicitly
when the lifecycle owner no longer needs the program.

  



  
    
      
    
    
      unpin(pinned)



        
          
        

    

  


  

      

          @spec unpin(QuickBEAM.VM.Program.Pinned.t()) ::
  :ok | {:error, :pinned_program_unavailable | :invalid_pinned_program}


      


Unpins a handle after its current evaluations finish.
Returns {:error, :pinned_program_unavailable} when the handle is stale.
Because pins are idempotent by program identity rather than ownership-counted,
one lifecycle owner should coordinate pinning and unpinning.

  


        

      


  

    
QuickBEAM.VM.Measurement 
    



      
Resource and timing observations for one isolated VM evaluation.
steps and logical_memory_bytes come from deterministic VM accounting.
process_memory_bytes and reductions are endpoint observations from the
evaluation process, not sampled peaks. wall_time_us includes isolated
process startup, host waits, result conversion, and reply delivery.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.VM.Measurement{
  logical_memory_bytes: non_neg_integer() | nil,
  process_memory_bytes: non_neg_integer() | nil,
  reductions: non_neg_integer() | nil,
  result: {:ok, term()} | {:error, term()},
  steps: non_neg_integer() | nil,
  wall_time_us: non_neg_integer()
}


      



  


        

      


  

    
QuickBEAM.VM.Program 
    



      
Defines an immutable decoded JavaScript program.
bytecode_digest identifies the serialized QuickJS input. source_digest is
also present when the public source compiler produced the program. The
binary pin_key includes version, digest, and filename identity so bounded
pinned storage never derives atoms from input.
The fields are an advanced, version-locked decoded representation, not a
construction API. Obtain valid values through QuickBEAM.VM.compile/2 or
QuickBEAM.VM.decode/2; changing fields invalidates verification guarantees.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.VM.Program{
  atoms: tuple(),
  bytecode_digest: binary() | nil,
  bytecode_size: non_neg_integer() | nil,
  fingerprint: String.t(),
  pin_key: binary() | nil,
  root: QuickBEAM.VM.Program.Function.t(),
  source_digest: binary() | nil,
  version: non_neg_integer()
}


      



  


        

      


  

    
QuickBEAM.VM.Program.Function 
    



      
JavaScript function metadata and pre-resolved VM instructions used by the interpreter and BEAM compiler.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.VM.Program.Function{
  arg_count: non_neg_integer(),
  arguments_allowed: boolean(),
  atoms: tuple(),
  closure_vars: [QuickBEAM.VM.Program.Variable.Closure.t()],
  col_num: pos_integer(),
  constants: [term()],
  defined_arg_count: non_neg_integer(),
  filename: String.t() | nil,
  func_kind: non_neg_integer(),
  has_debug_info: boolean(),
  has_prototype: boolean(),
  has_simple_parameter_list: boolean(),
  id: non_neg_integer(),
  instructions: tuple(),
  is_derived_class_constructor: boolean(),
  is_strict_mode: boolean(),
  line_num: pos_integer(),
  locals: [QuickBEAM.VM.Program.Variable.t()],
  name: String.t(),
  need_home_object: boolean(),
  new_target_allowed: boolean(),
  pc2line: binary(),
  source: binary(),
  source_positions: tuple(),
  stack_size: non_neg_integer(),
  super_allowed: boolean(),
  super_call_allowed: boolean(),
  var_count: non_neg_integer(),
  var_ref_count: non_neg_integer()
}


      



  


        

      


  

    
QuickBEAM.VM.Program.Pinned 
    



      
A lightweight handle to a verified immutable program pinned in bounded storage.
Handles can be copied cheaply between request processes. The underlying
decoded program remains in a fixed QuickBEAM.VM.Program.Store slot until
explicitly removed with QuickBEAM.VM.unpin/1. A supervised store restart
restores valid slots. Once unpinning begins, new evaluations and replacement
pins are rejected while existing evaluation leases finish.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.VM.Program.Pinned{key: binary()}


      



  


        

      


  

    
QuickBEAM.VM.Program.Source 
    



      
Resolves VM instruction positions to source line and column metadata.

      


      
        Summary


  
    Types
  


    
      
        position()

      


    





  
    Functions
  


    
      
        source_position(fun, insn_index)

      


        Resolves a VM function instruction index to source line and column information.



    





      


      
        Types


        


  
    
      
    
    
      position()



        
          
        

    

  


  

      

          @type position() :: {pos_integer(), pos_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      source_position(fun, insn_index)



        
          
        

    

  


  

      

          @spec source_position(QuickBEAM.VM.Program.Function.t(), non_neg_integer()) ::
  position()


      


Resolves a VM function instruction index to source line and column information.

  


        

      


  

    
QuickBEAM.VM.Program.Variable 
    



      
JavaScript local variable definition metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.VM.Program.Variable{
  is_captured: boolean(),
  is_const: boolean(),
  is_lexical: boolean(),
  name: String.t(),
  scope_level: non_neg_integer(),
  scope_next: integer(),
  var_kind: non_neg_integer(),
  var_ref_idx: non_neg_integer() | nil
}


      



  


        

      


  

    
QuickBEAM.VM.Program.Variable.Closure 
    



      
JavaScript closure capture metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.VM.Program.Variable.Closure{
  closure_type: non_neg_integer(),
  is_const: boolean(),
  is_lexical: boolean(),
  name: String.t(),
  var_idx: non_neg_integer(),
  var_kind: non_neg_integer()
}


      



  


        

      


  

    
QuickBEAM.WASM 
    



      
WebAssembly runtime for the BEAM.
Compile .wasm binaries and run them as supervised WASM instances,
or use disasm/1 to decode them into structured Elixir data.
Quick start
wasm = File.read!("add.wasm")
{:ok, pid} = QuickBEAM.WASM.start(module: wasm)
{:ok, 42} = QuickBEAM.WASM.call(pid, "add", [40, 2])
QuickBEAM.WASM.stop(pid)
Supervision
children = [
  {QuickBEAM.WASM, name: :renderer, module: File.read!("priv/wasm/md.wasm")}
]
Supervisor.start_link(children, strategy: :one_for_one)

QuickBEAM.WASM.call(:renderer, "render", [...])
Disassembly
{:ok, mod} = QuickBEAM.WASM.disasm(wasm_bytes)
hd(mod.functions).opcodes
# [{0, :local_get, 0}, {2, :local_get, 1}, {4, :i32_add}, {5, :end}]
Options
	:module — WASM binary (required)
	:name — GenServer name registration
	:stack_size — execution stack in bytes (default: 65536)
	:heap_size — auxiliary heap in bytes (default: 65536)

JS WebAssembly path
These :stack_size/:heap_size options apply to this native NIF path. Guests
started from JavaScript via WebAssembly.instantiate instead take their WASM
operand stack / heap from the owning runtime's :wasm_stack_size /
:wasm_heap_size options (see QuickBEAM.Runtime / QuickBEAM.ContextPool),
which also default to 65536. Raise those for guests (e.g. Go GOOS=js) whose
deep initialization overflows the 64 KB default.

      


      
        Summary


  
    Types
  


    
      
        instance()

      


    





  
    Functions
  


    
      
        call(instance, func_name, params \\ [])

      


        Call an exported WASM function by name.



    


    
      
        disasm(wasm_bytes)

      


        Disassemble a .wasm binary into a %QuickBEAM.WASM.Module{} struct.



    


    
      
        exports(mod)

      


        List exports from a .wasm binary or a parsed module.



    


    
      
        imports(mod)

      


        List imports from a .wasm binary or a parsed module.



    


    
      
        memory_grow(instance, delta)

      


        Grow the memory of a WASM instance by delta pages (64KB each).



    


    
      
        memory_size(instance)

      


        Get the current memory size of a WASM instance in bytes.



    


    
      
        read_memory(instance, offset, length)

      


        Read bytes from a WASM instance's linear memory.



    


    
      
        start(opts)

      


        Start a WASM instance.



    


    
      
        start_link(opts)

      


        Start a WASM instance linked to the calling process.



    


    
      
        stop(instance)

      


        Stop a WASM instance.



    


    
      
        validate(wasm_bytes)

      


        Validate a .wasm binary (structural validation).



    


    
      
        write_memory(instance, offset, data)

      


        Write bytes to a WASM instance's linear memory.



    





      


      
        Types


        


  
    
      
    
    
      instance()



        
          
        

    

  


  

      

          @type instance() :: GenServer.server()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      call(instance, func_name, params \\ [])



        
          
        

    

  


  

      

          @spec call(instance(), String.t(), [number() | integer()]) ::
  {:ok, term()} | {:error, String.t()}


      


Call an exported WASM function by name.
{:ok, 42} = QuickBEAM.WASM.call(pid, "add", [40, 2])

  



  
    
      
    
    
      disasm(wasm_bytes)



        
          
        

    

  


  

      

          @spec disasm(binary()) :: {:ok, QuickBEAM.WASM.Module.t()} | {:error, String.t()}


      


Disassemble a .wasm binary into a %QuickBEAM.WASM.Module{} struct.
Decodes all sections including function bodies with opcodes. Does not
require a running instance.
{:ok, mod} = QuickBEAM.WASM.disasm(File.read!("add.wasm"))
hd(mod.functions).opcodes
# [{0, :local_get, 0}, {2, :local_get, 1}, {4, :i32_add}, {5, :end}]

  



  
    
      
    
    
      exports(mod)



        
          
        

    

  


  

      

          @spec exports(binary() | QuickBEAM.WASM.Module.t()) ::
  [QuickBEAM.WASM.Module.export_desc()] | {:error, String.t()}


      


List exports from a .wasm binary or a parsed module.

  



  
    
      
    
    
      imports(mod)



        
          
        

    

  


  

      

          @spec imports(binary() | QuickBEAM.WASM.Module.t()) ::
  [QuickBEAM.WASM.Module.import_desc()] | {:error, String.t()}


      


List imports from a .wasm binary or a parsed module.

  



  
    
      
    
    
      memory_grow(instance, delta)



        
          
        

    

  


  

      

          @spec memory_grow(instance(), non_neg_integer()) ::
  {:ok, non_neg_integer()} | {:error, String.t()}


      


Grow the memory of a WASM instance by delta pages (64KB each).

  



  
    
      
    
    
      memory_size(instance)



        
          
        

    

  


  

      

          @spec memory_size(instance()) :: {:ok, non_neg_integer()}


      


Get the current memory size of a WASM instance in bytes.

  



  
    
      
    
    
      read_memory(instance, offset, length)



        
          
        

    

  


  

      

          @spec read_memory(instance(), non_neg_integer(), non_neg_integer()) ::
  {:ok, binary()} | {:error, String.t()}


      


Read bytes from a WASM instance's linear memory.

  



  
    
      
    
    
      start(opts)



        
          
        

    

  


  

      

          @spec start(keyword()) :: GenServer.on_start()


      


Start a WASM instance.
{:ok, pid} = QuickBEAM.WASM.start(module: wasm_bytes)
{:ok, 42} = QuickBEAM.WASM.call(pid, "add", [40, 2])

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Start a WASM instance linked to the calling process.
Same as start/1 — the instance is always linked. Use in supervision
trees via child_spec/1.

  



  
    
      
    
    
      stop(instance)



        
          
        

    

  


  

      

          @spec stop(instance()) :: :ok


      


Stop a WASM instance.

  



  
    
      
    
    
      validate(wasm_bytes)



        
          
        

    

  


  

      

          @spec validate(binary()) :: boolean()


      


Validate a .wasm binary (structural validation).
QuickBEAM.WASM.validate(File.read!("add.wasm"))  # => true
QuickBEAM.WASM.validate("not wasm")               # => false

  



  
    
      
    
    
      write_memory(instance, offset, data)



        
          
        

    

  


  

      

          @spec write_memory(instance(), non_neg_integer(), binary()) ::
  :ok | {:error, String.t()}


      


Write bytes to a WASM instance's linear memory.

  


        

      


  

    
QuickBEAM.WASM.Function 
    



      
A decoded WebAssembly function.
Contains the function's type signature, local variables, and decoded
opcode stream. Opcodes use the same {offset, name, ...operands} tuple
format as QuickBEAM.Bytecode.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.WASM.Function{
  index: non_neg_integer(),
  locals: [atom()],
  name: String.t() | nil,
  opcodes: [tuple()],
  params: [atom()],
  results: [atom()],
  type_idx: non_neg_integer()
}


      



  


        

      


  

    
QuickBEAM.WASM.Module 
    



      
A decoded WebAssembly module.
Returned by QuickBEAM.WASM.disasm/1. Contains the module's type
signatures, imports, exports, function bodies with decoded opcodes,
memories, tables, globals, data segments, and custom sections.
Functions
Each function is a %QuickBEAM.WASM.Function{} struct with decoded
opcodes in the same {offset, name, ...operands} tuple format used
by QuickBEAM.Bytecode:
%QuickBEAM.WASM.Function{
  index: 0,
  name: "add",
  type_idx: 0,
  params: [:i32, :i32],
  results: [:i32],
  locals: [],
  opcodes: [
    {0, :local_get, 0},
    {2, :local_get, 1},
    {4, :i32_add},
    {5, :end}
  ]
}

      


      
        Summary


  
    Types
  


    
      
        export_desc()

      


    


    
      
        import_desc()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      export_desc()



        
          
        

    

  


  

      

          @type export_desc() :: map()


      



  



  
    
      
    
    
      import_desc()



        
          
        

    

  


  

      

          @type import_desc() :: map()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.WASM.Module{
  custom_sections: [map()],
  data: [map()],
  elements: [map()],
  exports: [export_desc()],
  functions: [QuickBEAM.WASM.Function.t()],
  globals: [map()],
  imports: [import_desc()],
  memories: [map()],
  start: non_neg_integer() | nil,
  tables: [map()],
  tags: [map()],
  types: [map()],
  version: non_neg_integer()
}


      



  


        

      


  

    
QuickBEAM.JSError exception
    



      
Represents an uncaught JavaScript exception at a QuickBEAM API boundary.
Errors include stable JavaScript source locations and structured JavaScript
frames without exposing Elixir handler stack traces.

      


      
        Summary


  
    Types
  


    
      
        frame()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_js_value(value)

      


        Converts a JavaScript error value returned by the native runtime.



    


    
      
        from_vm(reason, frames)

      


        Builds an exception from an uncaught VM value and JavaScript stack frames.



    


    
      
        vm_exception_value(reason)

      


        Converts a VM-generated exception reason into a catchable JavaScript value.



    





      


      
        Types


        


  
    
      
    
    
      frame()



        
          
        

    

  


  

      

          @type frame() :: %{
  function: String.t(),
  filename: String.t() | nil,
  line: pos_integer() | nil,
  column: pos_integer() | nil
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuickBEAM.JSError{
  __exception__: term(),
  column: pos_integer() | nil,
  filename: String.t() | nil,
  frames: [frame()],
  line: pos_integer() | nil,
  message: String.t(),
  name: String.t(),
  stack: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_js_value(value)



        
          
        

    

  


  

Converts a JavaScript error value returned by the native runtime.

  



  
    
      
    
    
      from_vm(reason, frames)



        
          
        

    

  


  

      

          @spec from_vm(term(), [frame()]) :: t()


      


Builds an exception from an uncaught VM value and JavaScript stack frames.

  



  
    
      
    
    
      vm_exception_value(reason)



        
          
        

    

  


  

Converts a VM-generated exception reason into a catchable JavaScript value.

  


        

      


  

    
mix quickbeam.vm.fuzz 
    



      
Runs the deterministic bytecode decoder and verifier mutation corpora.
mix quickbeam.vm.fuzz --iterations 10000 --seed 5325389
Every mutation is evaluated twice in a heap-limited monitored process. The
command exits unsuccessfully on a crash, timeout, nondeterministic result, or
accepted deliberately-invalid verifier mutation.
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