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Embed the Deno TypeScript/JavaScript runtime in Elixir via a Rustler NIF.
Denox gives Elixir applications first-class access to the JS/TS ecosystem — evaluate JavaScript, transpile and run TypeScript, load ES modules, import from CDNs, and manage npm/jsr dependencies — all in-process, no external services required.
Features
	JavaScript evaluation — sub-millisecond V8 eval via deno_runtime
	TypeScript transpilation — native swc/deno_ast, no type-checking overhead
	ES module loading — import/export between .ts/.js files
	Async evaluation — await, dynamic import(), Promise resolution
	CDN imports — fetch from esm.sh, esm.run, etc. with in-memory + disk caching
	Dependency management — deno.json + deno install for npm/jsr packages
	Pre-bundling — deno bundle for self-contained JS files
	Runtime pool — round-robin across N V8 isolates for concurrent workloads
	Import maps — bare specifier resolution via import_map option
	JS → Elixir callbacks — call Elixir functions from JavaScript
	V8 snapshots — pre-initialize global state for faster cold starts
	Telemetry — built-in :telemetry events for eval timing
	Denox.Run — NIF-backed long-lived runtime with bidirectional stdio, OTP supervision, no external deno binary needed
	Denox.CLI — downloads and caches the official Deno binary for the current platform

Installation
Add denox to your list of dependencies in mix.exs:
def deps do
  [
    {:denox, "~> 0.5"}
  ]
end
Build requirements
The first compile takes ~20-30 minutes because V8 compiles from source. Subsequent compiles are fast.
	Rust (stable) — install via rustup
	Elixir 1.18+ / OTP 27+

To force a local build (instead of using precompiled binaries):
DENOX_BUILD=true mix compile

Static OTP NIF linking
Denox releases include Linux/musl static NIF archives for:
	x86_64-unknown-linux-musl
	aarch64-unknown-linux-musl

Each static release artifact is named like
denox_nif-vVERSION-nif-2.17-TARGET-static.tar.gz and contains
libdenox_nif.a.
When building OTP with static NIFs, pass the archive and Denox static NIF
library name:
./configure --enable-static-nifs=/path/to/libdenox_nif.a:denox_nif

The archive exports denox_nif_nif_init, which delegates to Rustler's
generated nif_init entrypoint for Elixir.Denox.Native. Static release
builds enable Denox's static_nif cargo feature so Rustler initializes from
the linked OTP enif_* symbols instead of dynamic symbol lookup.
After linking Denox into the static OTP build, run this smoke check in an
application that depends on Denox:
{:ok, rt} = Denox.runtime()
{:ok, "3"} = Denox.eval(rt, "1 + 2")
Quick Start
# Create a runtime
{:ok, rt} = Denox.runtime()

# Evaluate JavaScript
{:ok, "3"} = Denox.eval(rt, "1 + 2")

# Evaluate TypeScript (transpiled via swc, no type-checking)
{:ok, "42"} = Denox.eval_ts(rt, "const x: number = 42; x")

# Async evaluation (Promises, dynamic import)
{:ok, "99"} = Denox.eval_async(rt, "return await Promise.resolve(99)")

# Decode JSON results to Elixir terms
{:ok, %{"a" => 1}} = Denox.eval_decode(rt, "({a: 1})")

# Call JavaScript functions
Denox.exec(rt, "globalThis.double = (n) => n * 2")
{:ok, "10"} = Denox.call(rt, "double", [5])

# Load and evaluate files
{:ok, result} = Denox.eval_file(rt, "path/to/script.ts")

# Load ES modules with import/export
{:ok, _} = Denox.eval_module(rt, "path/to/module.ts")
Runtime Pool
For concurrent workloads, use a pool of V8 runtimes:
# In your supervision tree
children = [
  {Denox.Pool, name: :js_pool, size: 4}
]

# Use the pool (round-robin across runtimes)
{:ok, result} = Denox.Pool.eval(:js_pool, "1 + 2")
{:ok, result} = Denox.Pool.eval_ts(:js_pool, "const x: number = 42; x")
{:ok, result} = Denox.Pool.eval_async(:js_pool, "return await Promise.resolve(99)")
Long-lived Deno Runtime (Denox.Run)
Run full Deno programs as managed OTP processes with bidirectional stdio. Uses an in-process deno_runtime MainWorker via NIF — no external deno binary required. Ideal for running MCP servers, CLI tools, or any npm/jsr package.
# Run an MCP server from npm
{:ok, mcp} = Denox.Run.start_link(
  package: "@modelcontextprotocol/server-github",
  permissions: :all,
  env: %{"GITHUB_PERSONAL_ACCESS_TOKEN" => System.fetch_env!("GITHUB_TOKEN")}
)

# Send JSON-RPC initialize request via stdin
Denox.Run.send(mcp, Jason.encode!(%{
  jsonrpc: "2.0",
  method: "initialize",
  id: 1,
  params: %{
    protocolVersion: "2024-11-05",
    capabilities: %{},
    clientInfo: %{name: "denox", version: "0.5.0"}
  }
}))

# Read the response from stdout
{:ok, response} = Denox.Run.recv(mcp, timeout: 10_000)
%{"result" => %{"capabilities" => capabilities}} = Jason.decode!(response)
Running other MCP servers
# Filesystem MCP server
{:ok, fs} = Denox.Run.start_link(
  package: "@modelcontextprotocol/server-filesystem",
  permissions: :all,
  args: ["/path/to/allowed/directory"]
)

# Any npm package that provides a CLI
{:ok, pid} = Denox.Run.start_link(
  package: "cowsay",
  permissions: :all,
  args: ["Hello from Elixir!"]
)
Subscribe to output
{:ok, mcp} = Denox.Run.start_link(
  package: "@modelcontextprotocol/server-github",
  permissions: :all,
  env: %{"GITHUB_PERSONAL_ACCESS_TOKEN" => token}
)

# Subscribe to receive all stdout lines as messages
Denox.Run.subscribe(mcp)

# Messages arrive as:
#   {:denox_run_stdout, pid, line}
#   {:denox_run_exit, pid, exit_status}
Supervision
# Add to your supervision tree
children = [
  {Denox.Run,
   package: "@modelcontextprotocol/server-github",
   permissions: :all,
   env: %{"GITHUB_PERSONAL_ACCESS_TOKEN" => token},
   name: :github_mcp}
]

Supervisor.start_link(children, strategy: :one_for_one)

# Use the named process
Denox.Run.send(:github_mcp, request)
{:ok, response} = Denox.Run.recv(:github_mcp)
Bundled Deno Binary (Denox.CLI)
Download and cache the official Deno binary for the current platform (macOS/Linux, x86_64/aarch64). Similar to how tailwind or esbuild hex packages manage their binaries.
# config/config.exs
config :denox, :cli, version: "2.1.4"
# Download the binary
mix denox.cli.install

# Use in code
{:ok, path} = Denox.CLI.bin_path()   # downloads if needed
Denox.CLI.installed?()                # check without downloading
Denox.CLI.Run provides the same send/recv/subscribe API as Denox.Run, but uses the bundled binary as a subprocess:
{:ok, pid} = Denox.CLI.Run.start_link(
  file: "scripts/server.ts",
  permissions: :all,
  env: %{"API_KEY" => key}
)
Import Maps
Resolve bare specifiers to file paths or URLs:
{:ok, rt} = Denox.runtime(
  base_dir: "/path/to/project",
  import_map: %{
    "utils" => "file:///path/to/project/utils.js",
    "mylib/" => "file:///path/to/project/lib/"
  }
)

# JavaScript can now use bare specifiers
{:ok, _} = Denox.eval_async(rt, """
  const { helper } = await import("utils");
  const { add } = await import("mylib/math.ts");
""")
JS → Elixir Callbacks
Call Elixir functions from JavaScript:
# Create a runtime with callbacks
{:ok, rt, handler} = Denox.CallbackHandler.runtime(
  callbacks: %{
    "greet" => fn [name] -> "Hello, #{name}!" end,
    "add" => fn [a, b] -> a + b end,
    "get_user" => fn [id] -> %{id: id, name: "User #{id}"} end
  }
)

# JavaScript calls Elixir functions synchronously
{:ok, result} = Denox.eval(rt, ~s[Denox.callback("greet", "Alice")])
# result => "\"Hello, Alice!\""

{:ok, result} = Denox.eval(rt, ~s[Denox.callback("add", 10, 20)])
# result => "30"
V8 Snapshots
Note: Custom snapshots are currently not compatible with the deno_runtime MainWorker.
The snapshot: option is accepted for API compatibility but ignored at runtime.
Use eval/2 or exec/2 for initialization code instead.

create_snapshot/2 can still be used to serialize global JS state:
# Create a snapshot from setup code
{:ok, snapshot} = Denox.create_snapshot("""
  globalThis.helper = (x) => x * 2;
""")
assert is_binary(snapshot) and byte_size(snapshot) > 0

# TypeScript snapshots (transpiled before snapshotting)
{:ok, snapshot} = Denox.create_snapshot(
  "globalThis.add = (a: number, b: number): number => a + b",
  transpile: true
)
CDN Imports
Import directly from CDNs — no tooling required:
{:ok, rt} = Denox.runtime(cache_dir: "_denox/cache")

{:ok, result} = Denox.eval_async(rt, """
  const { z } = await import("https://esm.sh/zod@3.22");
  return z.string().parse("hello");
""")
Dependency Management
Manage npm/jsr packages via deno.json:
{
  "imports": {
    "zod": "npm:zod@^3.22",
    "lodash": "npm:lodash-es@^4.17",
    "@std/path": "jsr:@std/path@^1.0"
  }
}
# Install dependencies (requires deno CLI)
mix denox.install

# Add/remove dependencies
mix denox.add zod "npm:zod@^3.22"
mix denox.remove zod

# Create a runtime with installed deps
{:ok, rt} = Denox.Deps.runtime()
Pre-Bundling
Bundle npm packages into self-contained JS files:
mix denox.bundle npm:zod@3.22 priv/bundles/zod.js

{:ok, rt} = Denox.runtime()
:ok = Denox.Npm.load(rt, "priv/bundles/zod.js")
Telemetry
Denox emits telemetry events for all eval operations:
	Event	Measurements	Metadata
	[:denox, :eval, :start]	%{system_time: integer}	%{type: atom}
	[:denox, :eval, :stop]	%{duration: integer}	%{type: atom}
	[:denox, :eval, :exception]	%{duration: integer}	%{type: atom, kind: :error, reason: term}

Types: :eval, :eval_ts, :eval_async, :eval_ts_async, :eval_module, :eval_file
Architecture
	NIF bridge: Rustler connects Elixir to Rust
	V8 isolate: Each runtime gets a dedicated OS thread (V8 requires LIFO drop ordering)
	TypeScript: deno_ast/swc transpiles types away without type-checking
	Module loading: Custom ModuleLoader handles file:// and https:// schemes
	Async: Event loop pumping for Promises and dynamic imports
	Safety: All NIFs run on dirty CPU schedulers; V8 runtimes are Mutex-protected

License
MIT


  

    CHANGELOG

v0.7.0
Changes
	fix: return readable mkdir errors
	fix: return readable error strings from add_to_config/remove_from_config write failures
	fix: replace flaky Application.stop(:inets) with safe zero-redirects test
	fix: set MIX_ENV=test for E2E workflow (#2)

Changes (since previous release)
	fix: Denox.Deps.add_to_config/3 and remove_from_config/2 now return
{:error, "Failed to write ..."} (human-readable string) instead of
{:error, :eacces} (raw posix atom) when the config file is not writable

	test: add Denox.Deps.add/3 write failure test — verifies that readonly config
files produce a readable error string, not a raw posix error atom

	test: add Denox.Deps.runtime/1 empty import_map branch coverage — exercises
the map_size == 0 conditional skip in the runtime builder

	test: add CallbackHandler non-JSON-serializable return value test — verifies that
when a callback function returns a value that cannot be JSON-encoded (e.g., a PID),
the rescue clause catches the JSON.EncodeError and sends it to JS as an error
tuple rather than crashing the handler

	test: add stream/1 RuntimeError test — verifies that when start_link fails
(e.g., neither :file nor :package provided), the stream raises RuntimeError
when enumerated, as documented in the @doc warning block

	fix(test): replace flaky Application.stop(:inets) test in coverage_gaps_test.exs
with a safe synchronous test — the dangerous global state mutation was intermittently
causing TLS errors in concurrently running async test modules

	test: add Denox.CLI.find_deno/0 system PATH success test — verifies system deno
binary is found and returned as {:ok, path} when present on PATH, taking priority
over the bundled CLI (exercises the first branch of the 3-step fallback chain)

	test: add Denox.CLI.handle_response/2 edge case coverage — :exit reason tuples
(e.g., connection refused caught by download/2) and non-200 responses with empty
body are both handled and produce readable error messages

	test: add unsubscribe/1 idempotency tests — unsubscribing a PID that was never
subscribed, and calling unsubscribe twice after one subscribe, both return :ok
without error (verified against Denox.Run.Base.__handle_call__/4 logic)

	test: add stream_from/2 edge case — empty list returned when server exits
immediately without producing any output (complements stream/1 no-output test)

	fix(rust): log unexpected I/O errors in stdout pipe reader thread instead of
silently discarding them; normal pipe-close errors (BrokenPipe, UnexpectedEof)
remain silent as they are expected on runtime exit

	refactor: extract Denox.Permissions module to centralize NIF permission JSON
building — eliminates duplicate @valid_permission_keys and build_permissions_json
between Denox and Denox.Run

	refactor: deduplicate ts_extension?/1 between Denox and Denox.Pool

	test: add unit tests for Denox.Permissions (8 tests covering all code paths)

	test: add permission enforcement tests verifying Deno actually restricts env and
file read access under permissions: :none and allows under :all / granular

	fix: tag deno-dependent tests with :deno to skip in CI

	fix(ci): set MIX_ENV=test for E2E workflow

	refactor: replace JS polyfill I/O with native deno_io pipe bridging in runtime_run

	refactor: extract RuntimeRunResource and NIF functions into runtime_run.rs

	fix: add panic safety (catch_unwind) to runtime threads

	chore: add @spec annotations to callback implementations in Denox.Run,
Denox.CLI.Run, and Denox.CallbackHandler

	chore: add @spec to injected GenServer callbacks (init/1, handle_call/3,
dispatch_line/2, handle_exit/2) in Denox.Run.Base

	chore: add @spec to private helpers in Denox.Pool and Denox.CLI.Run

	feat: validate unknown granular permission keys in Denox.runtime/1 and
Denox.Run.start_link/1 — raises ArgumentError instead of silently ignoring

	feat: move permission validation before CLI lookup in Denox.CLI.Run.init_backend/1
so callers get ArgumentError before any binary search

	test: add deny_* permission tests for both Denox.Run (NIF) and Denox.CLI.Run
(subprocess) backends

	test: add Pool error-path tests for eval_file, eval_file_decode, eval_module,
exec, exec_ts, and call/call_async with undefined functions

	test: add with_runtime/2 error-passthrough test (user function returning {:error, ...})

	docs: document deny_* keys and ArgumentError in Denox.runtime/1 :permissions option

	docs: expand Denox.Pool moduledoc with load_npm and exec usage patterns

	docs: clarify exec/2 and exec_ts/2: errors must still be handled (not fire-and-forget)

	docs: document with_runtime/2 error-passthrough semantics

	docs: clarify Denox.CLI.Run primary use case is npm/jsr packages

	fix: Denox.Pool.init/1 now returns {:stop, {:failed_to_create_runtime, msg}}
instead of raising when runtime creation fails — enables proper supervision tree
error propagation

	fix: Denox.Run.Base subscribe/1 now deduplicates by PID — calling subscribe
twice from the same process no longer creates duplicate monitor refs or sends
duplicate stdout messages

	fix: Denox.Permissions.to_nif_json/1 now raises ArgumentError on unknown
permission keys even when the value is false (previously silently ignored)

	test: add duplicate subscribe idempotency test

	test: add Pool init failure propagation test

	test: add CLI.Run invalid env type validation test

	test: add permission edge case tests (mixed allow/deny, empty lists, false unknown keys)


Improvements
	Denox.Run stdin/stdout now uses native OS pipe bridging via deno_io::Stdio/StdioPipe
instead of JS-level polyfills. This eliminates the 10ms busy-poll loop for stdin reads,
removes the console.log override, and implements the PRD-specified 2N+1 thread model
(event loop + pipe reader + pipe writer).
	Denox.Run.Base now has a proper @moduledoc documenting the shared behaviour
contract (init_backend/1, send_backend/2, stop_backend/1, alive_backend?/1)
for backend implementors.
	Denox.Run documentation now explicitly states that npm: and jsr: specifiers
are not supported by the NIF backend (TsModuleLoader only handles file://,
https://, and http:// schemes). Users are directed to Denox.CLI.Run for
npm/jsr packages.
	Test coverage expanded: pipe I/O edge cases (empty lines, Unicode, Deno.stdout.write,
long lines, rapid output), Web Streams API, Blob, MessageChannel, Promise
combinators, setTimeout/setInterval, granular permissions enforcement.
	PRD checklist fully verified (29/29 items passing).
	capture/1 convenience function added to Denox.Run.Base (and inherited by both
Denox.Run and Denox.CLI.Run): starts a runtime, collects all stdout lines until
exit or timeout, and returns them as {:ok, [String.t()]}. Uses the recv-poll pattern
to avoid subscribe race conditions on fast-completing scripts.
	stream/1 convenience function added to Denox.Run.Base: returns a lazy
Stream.resource/3 enumerable that yields stdout lines one-by-one, suitable for
large or streaming output. Halts on process exit or timeout.
	send_and_recv/3 convenience function added to Denox.Run.Base: one-shot
request/response helper for JSON-RPC over stdio (e.g. MCP servers). Sends a line
and returns the next line, wrapping send/2 + recv/2 in a single call.
	stream_from/2 convenience function added to Denox.Run.Base: returns a lazy
Stream.resource/3 enumerable from an already-running server PID. Unlike
stream/1, it does not start or stop the server — the caller retains ownership.
Pairs naturally with with_runtime/2 for request-response workflows.
	with_runtime/2 bracket-style resource management added to Denox.Run.Base:
starts a runtime, passes the PID to a user function, and guarantees cleanup via
an after block — even if the function raises. Returns {:error, reason} if
the runtime fails to start.

v0.5.0 — 2026-03-22
Features
	Denox.Run NIF backend — replaced subprocess deno run with an in-process deno_runtime MainWorker via Rustler NIF. No external deno binary required for Denox.Run. Supports stdin/stdout streaming, telemetry, OTP supervision, and all permission modes.
	Denox.CLI binary manager — downloads and caches the official Deno binary for the current platform (macOS/Linux, x86_64/aarch64). Configure with config :denox, :cli, version: "2.x.x" and run mix denox.cli.install.
	Denox.CLI.Run — subprocess-based runner using the bundled CLI binary; same API as Denox.Run but spawns a deno process per instance. Useful when full CLI features are needed.
	Shared Run.Base behaviour — shared GenServer dispatch logic extracted as a __using__ macro behaviour, supporting both NIF and CLI backends with a common send/recv/subscribe/unsubscribe/alive?/stop API.
	Granular permissions — both Denox.Run and Denox.CLI.Run support :all, nil/:none, or a keyword list of allow_*/deny_* permission flags.
	Telemetry — [:denox, :run, :start], [:denox, :run, :stop], [:denox, :run, :recv] events emitted for all backends.

Fixes
	deno_core replaced with deno_runtime MainWorker for full Deno API compatibility (fetch, timers, Deno.env, etc.)
	Monitor leak on unsubscribe/1: monitors are now properly demonitored when subscribers unsubscribe
	Stale recv_waiters on timeout: timed-out recv/2 callers are now monitored; dead waiters are removed before dispatching lines
	mix denox.run now uses Denox.CLI.find_deno() for bundled CLI fallback, consistent with Denox.Deps and Denox.Npm
	mix denox.run drains remaining port messages after exit_status to prevent dropping final output without trailing newline (race condition on Linux where {:exit_status, 0} arrives before {:noeol, chunk})
	Denox.Deps.ensure_vendor_config/1 refactored to reduce nesting depth
	File write errors in Denox.Deps.ensure_vendor_config now include the filename in the error message
	send/2 documentation updated to document automatic newline appending and {:error, :closed} return
	Denox.CLI.Run now documents the :deno_flags option for passing extra flags to deno run

v0.4.1
Features
	Added 206 comprehensive web/Node.js global polyfills
	Added globalThis.fetch polyfill with Headers/Request/Response

Fixes
	Added :mix to Dialyzer PLT apps for Mix.Task modules
	Added credo and dialyxir deps, resolved all credo issues
	Added Rust toolchain and DENOX_BUILD to CI workflow
	Fixed hello script and cleaned up .envrc

v0.4.0
Features
	Denox.Run subprocess runner — GenServer wrapping deno run with bidirectional stdio, enabling Elixir apps to run full Deno programs (MCP servers, CLI tools) with OTP supervision
	mix denox.run task — drop-in replacement for deno run with stdin forwarding, e.g. mix denox.run -A @modelcontextprotocol/server-github
	Deno permission mapping — :all for -A, or granular keyword list (allow_net, allow_env, etc.)
	Auto npm: prefix — bare @scope/name specifiers are automatically prefixed with npm:
	Pub/sub stdout — Denox.Run.subscribe/1 for receiving {:denox_run_stdout, pid, line} messages
	Real setTimeout — native op_sleep async op for millisecond-accurate delays in setTimeout/setInterval
	Convenience functions — added eval_async_decode, eval_ts_async_decode, eval_file_async, eval_file_decode, eval_file_async_decode for cleaner API

Fixes
	Fixed setTimeout returning immediately instead of waiting for the specified delay

v0.3.0
Breaking Changes
	Denox.eval_async/2, Denox.eval_ts_async/2, Denox.call_async/3, Denox.call_async_decode/3 now return Task.t() instead of {:ok, result} | {:error, message}. Call Denox.await(task) to get the result.

	Denox.eval/2 now pumps the event loop (supports Promises and dynamic imports in sync mode)

Features
	Unified event loop pumping — all eval modes now pump the event loop, making sync and async consistent
	Task-based async API — true concurrency with proper task management
	Denox.await/2 helper — delegates to Task.await for convenience

Playground Enhancements
	Added Preact JSX SSR demo with real JSX syntax support
	Added import map example showing bare specifier resolution
	Display import map content above code editor
	Fixed async examples to handle long CDN fetches without timing out

v0.2.2
Features
	JSX/TSX transpilation — changed from MediaType::TypeScript to MediaType::Tsx for native JSX support
	setTimeout polyfill — async-safe timer polyfill for microtask-based delays
	Preact SSR example — server-side rendering via preact-render-to-string

Playground
	12 example snippets including Preact JSX SSR demo
	CDN imports from esm.sh, esm.run, jsr
	Zod schema validation example

v0.2.1
Features
	Multiple CDN examples — lodash, Zod, JSR packages
	Import map support — Denox.runtime(import_map: %{...}) for bare specifier resolution
	Timer polyfill — basic setTimeout/setInterval (microtask-based, no real delays)

Playground
	10 example snippets
	Language toggle (JS/TS)
	Mode toggle (Sync/Async)
	Execution history with accordion view
	Theme switcher

v0.1.0
Initial release.
Features
	JavaScript evaluation — sub-millisecond V8 eval via deno_core 0.311
	TypeScript transpilation — native swc/deno_ast, transpile-only (no type-checking)
	ES module loading — import/export between .ts/.js files with eval_module/2
	Async evaluation — await, dynamic import(), Promise resolution via eval_async/2
	CDN imports — fetch from esm.sh, esm.run, etc. with in-memory + disk caching
	Dependency management — deno.json + mix denox.install for npm/jsr packages
	Pre-bundling — mix denox.bundle and Denox.Npm.load/2 for self-contained JS files
	Runtime pool — Denox.Pool GenServer with round-robin across N V8 isolates
	Import maps — bare specifier resolution via :import_map option
	JS → Elixir callbacks — Denox.callback() in JS, Denox.CallbackHandler GenServer
	V8 snapshots — Denox.create_snapshot/2 for faster cold starts
	Sandbox mode — strip extensions for reduced attack surface
	Telemetry — [:denox, :eval, :start | :stop | :exception] events

	Precompiled NIFs — via RustlerPrecompiled for macOS and Linux (x86_64, aarch64)

API
	Denox.runtime/1 — create a V8 runtime with options
	Denox.eval/2, Denox.eval_ts/2 — synchronous JS/TS evaluation
	Denox.eval_async/2, Denox.eval_ts_async/2 — async evaluation (event loop)
	Denox.exec/2, Denox.exec_ts/2 — evaluate, ignore return value
	Denox.call/3, Denox.call_async/3 — call named JS functions
	Denox.eval_decode/2, Denox.eval_ts_decode/2, Denox.call_decode/3, Denox.call_async_decode/3 — evaluate and decode JSON
	Denox.eval_module/2 — load ES module files
	Denox.eval_file/3 — read and evaluate JS/TS files
	Denox.create_snapshot/2 — create V8 snapshots
	Denox.Pool — runtime pool for concurrent workloads
	Denox.CallbackHandler — JS → Elixir callback handler
	Denox.Deps — dependency management via deno CLI
	Denox.Npm — pre-bundled npm package loading



  

    Denox — Design Document

Embed Deno TypeScript/JavaScript Runtime in Elixir
Version: 0.5.0
Status: Implemented
Inspired by: Pythonx (embeds CPython in Elixir)
Prior art: DenoRider (embeds Deno, JS-only eval)
Note: This document reflects the v0.1.0 design. As of v0.5.0, deno_runtime (MainWorker)
replaces deno_core, providing full Web API support, native permissions, and the NIF-backed
Denox.Run without requiring an external deno binary. See CHANGELOG.md for the full history.


1. Vision
Denox embeds a TypeScript/JavaScript runtime into the BEAM via a Rustler NIF, giving Elixir applications first-class access to the JS/TS ecosystem without external processes or HTTP bridges.
The key gap Denox fills: DenoRider already embeds Deno's V8 engine for JavaScript evaluation, but lacks TypeScript transpilation, ES module loading, dynamic import(), and npm/jsr package resolution — the features that make Deno valuable. Denox adds all of these.
Goals
	Evaluate JS and TS code in-process with sub-millisecond overhead
	Transparently transpile TypeScript via swc/deno_ast
	Load ES modules from the filesystem with import/export
	Fetch and cache remote modules from CDNs (esm.sh, esm.run, deno.land/x)
	Manage npm/jsr dependencies via deno.json + vendoring (parallel to Pythonx + uv)
	Provide async evaluation for dynamic import() and Promise resolution
	Maintain crash isolation — a V8 panic must not take down the BEAM

Non-Goals
	Type-checking (transpile-only, same as deno run without --check)
	WebSocket/HTTP server inside the runtime

v0.1.0 non-goals now implemented: The permissions model (granular allow/deny), in-process
npm:/jsr: specifier resolution, and long-lived runtime I/O (Denox.Run) were added in v0.5.0
via the deno_runtime MainWorker migration.


2. Architecture Overview
┌─────────────────────────────────────────────────────┐
│  Elixir Application                                 │
│                                                     │
│  Denox.eval_ts(rt, "const x: number = 42; x")      │
│       │                                             │
│       ▼                                             │
│  ┌─────────────────────────────────────┐            │
│  │ Denox (Elixir API)                  │            │
│  │  - eval / eval_ts / eval_async      │            │
│  │  - call / call_async                │            │
│  │  - eval_module                      │            │
│  │  - JSON marshaling (Jason)          │            │
│  └──────────────┬──────────────────────┘            │
│                 │ Rustler NIF boundary              │
│                 ▼                                    │
│  ┌─────────────────────────────────────┐            │
│  │ denox_nif (Rust)                    │            │
│  │                                     │            │
│  │  RuntimeResource                    │            │
│  │    ├─ Mutex<JsRuntime>              │            │
│  │    └─ tokio::Runtime                │            │
│  │                                     │            │
│  │  TsModuleLoader                     │            │
│  │    ├─ file:// → read + transpile    │            │
│  │    ├─ https:// → fetch + cache      │            │
│  │    └─ transpile via deno_ast/swc    │            │
│  │                                     │            │
│  │  Inline transpiler                  │            │
│  │    └─ deno_ast::parse_module +      │            │
│  │       transpile for eval_ts         │            │
│  └──────────────┬──────────────────────┘            │
│                 │                                    │
│                 ▼                                    │
│  ┌─────────────────────────────────────┐            │
│  │ deno_core (V8 Isolate)              │            │
│  │  - execute_script (sync eval)       │            │
│  │  - load_main_es_module (modules)    │            │
│  │  - run_event_loop (async/promises)  │            │
│  └─────────────────────────────────────┘            │
└─────────────────────────────────────────────────────┘

Dependency Management (build-time only):

┌─────────────────┐     ┌──────────────────┐
│ deno.json        │────▶│ deno CLI          │
│ (import map)     │     │ (install + vendor)│
└─────────────────┘     └────────┬─────────┘
                                 │
                                 ▼
                        ┌──────────────────┐
                        │ _denox/vendor/    │
                        │ (vendored deps)   │
                        │ loaded via file://│
                        └──────────────────┘

3. Rust Crate Dependencies
	Crate	Purpose	Notes
	deno_core	V8 isolate, JsRuntime, ModuleLoader trait	Pin version carefully — API churn between releases
	deno_ast	TS→JS transpilation via swc	Enable transpiling feature
	rustler	Elixir NIF bindings	0.35+, handles ResourceArc, dirty schedulers, term encoding
	serde + serde_json	Elixir↔JS data marshaling via JSON	V8 values → serde_v8 → JSON → Elixir binary
	tokio	Async runtime for deno_core event loop	current_thread flavor, one per RuntimeResource
	url	URL parsing for module specifiers	Required by deno_core's ModuleSpecifier

Version Compatibility
deno_core and deno_ast versions must be compatible. The Deno monorepo's Cargo.lock is the source of truth. As of early 2026, approximate compatible versions:
	deno_core ~0.311+ and deno_ast ~0.53+ share compatible v8 crate versions
	serde_v8 may be re-exported from deno_core or need a separate dependency depending on version

Build time warning: First compile takes ~20-30 minutes because V8 compiles from source. V8 requires at least -O1 even in debug profile (add [profile.dev.package.v8] opt-level = 1 to Cargo.toml).

4. Core Abstractions
4.1 RuntimeResource
The central Rust struct held by Elixir as an opaque reference via Rustler's ResourceArc.
RuntimeResource
  ├── inner: Mutex<JsRuntime>     // V8 isolate, single-threaded
  └── tokio_rt: tokio::Runtime    // for pumping deno_core's event loop
Why Mutex: V8 isolates are single-threaded. The BEAM may schedule NIF calls from different dirty schedulers. The Mutex serializes access. This is safe because all NIF functions run on DirtyCpu schedulers, so the Mutex never blocks a normal scheduler.
Why per-resource tokio::Runtime: deno_core requires a tokio runtime for async module loading and event loop operations. Using a shared global tokio runtime would create contention. A per-resource current_thread runtime is lightweight and avoids cross-runtime interference.
Lifecycle: Created by runtime_new NIF, dropped when the Elixir process holding the reference is garbage collected. Rustler's ResourceArc handles ref-counting.
4.2 TsModuleLoader
Implements deno_core::ModuleLoader trait. This is the core extension point that makes Denox different from DenoRider.
Responsibilities:
	Resolve — convert import specifiers to absolute URLs via deno_core::resolve_import
	Load — fetch source code, determine media type, transpile if TypeScript
	Cache — in-memory HashMap + optional on-disk cache for remote modules

Dispatch by URL scheme:
	Scheme	Action
	file://	Read from filesystem, detect MediaType from extension, transpile if TS/TSX/JSX
	https://	HTTP fetch (curl or ureq), detect MediaType from Content-Type header or URL, cache result, transpile if TS
	http://	Same as https (with security warning)
	Others	Error

Transpilation via deno_ast:
source code → deno_ast::parse_module(ParseParams) → parsed.transpile(TranspileOptions, EmitOptions) → JavaScript string
Transpile decisions based on MediaType:
	MediaType	Action
	TypeScript, Mts, Cts, Tsx, Jsx, Dts	Transpile to JS
	JavaScript, Mjs, Cjs	Pass through
	Json	Pass through as ModuleType::Json
	Unknown	Default to JS (CDNs serve pre-transpiled)

Content-Type to MediaType mapping for remote modules:
	application/typescript → TypeScript (transpile)
	application/javascript, text/javascript → JavaScript (pass through)
	application/json → Json
	Fallback to URL extension-based detection
	CDNs like esm.sh serve pre-transpiled JS, so most remote imports need no transpilation

Caching strategy:
	In-memory: Arc<Mutex<HashMap<String, CachedModule>>> shared within a single TsModuleLoader instance. Lookup before every fetch.
	On-disk: Optional. Hash URL to filename (FNV-1a or similar), write to cache_dir. Check disk before network. No TTL/expiry — manual invalidation via directory deletion.

HTTP fetching options (choose one):
	Approach	Pros	Cons
	Shell out to curl	Zero Rust deps, follows redirects	Requires curl, process spawn overhead
	ureq crate	Small (~3 deps), blocking (fits dirty scheduler)	Additional compile time
	reqwest crate	Full-featured, async	~50 additional crates, heavy

Recommendation: Start with ureq (blocking, minimal). The fetch runs on dirty schedulers already, so blocking is fine.
4.3 Inline Transpiler
For eval_ts — transpiling a TypeScript string (not a file/module):
TS string → deno_ast::parse_module with specifier "file:///denox_inline.ts"
          → transpile with SourceMap::None
          → JS string → execute_script
This is separate from the ModuleLoader because execute_script doesn't go through the module loading pipeline.

5. NIF Functions
All NIF functions use schedule = "DirtyCpu" to avoid blocking BEAM normal schedulers.
5.1 runtime_new
runtime_new(base_dir: Option<String>, sandbox: bool, cache_dir: Option<String>)
  → {:ok, ResourceArc<RuntimeResource>} | {:error, String}
	Creates TsModuleLoader with base_dir and optional cache_dir
	Creates JsRuntime with the loader as module_loader
	If sandbox, sets extensions = vec![] (no fs/net ops)
	Creates tokio::Runtime (current_thread)
	Returns wrapped in ResourceArc

5.2 eval
eval(resource, code: String, transpile: bool)
  → {:ok, json_string} | {:error, message}
	If transpile, run inline transpiler first
	Call runtime.execute_script("<denox>", code) — synchronous, no event loop
	Convert V8 result via serde_v8::from_v8 → serde_json::to_string
	Fallback to to_rust_string_lossy if serde_v8 fails (handles non-JSON V8 types)

Limitation: Cannot resolve dynamic import() or Promises. Use eval_async for those.
5.3 eval_async
eval_async(resource, code: String, transpile: bool)
  → {:ok, json_string} | {:error, message}
	Optional transpile step
	Wraps code in async IIFE: (async () => { <code> })()
	Calls execute_script — returns a Promise (V8 Global)
	Pumps runtime.run_event_loop(Default::default()) via tokio_rt.block_on
	Inspects v8::Promise::state():	Fulfilled → extract resolved value via serde_v8
	Rejected → extract error, return {:error, message}
	Pending → error (should not happen after event loop drains)



This is the path for: dynamic import(), await, fetch(), any Promise-based code.
5.4 eval_module
eval_module(resource, path: String)
  → {:ok, "undefined"} | {:error, message}
	Canonicalize path → ModuleSpecifier::from_file_path
	runtime.load_main_es_module(&specifier).await — triggers TsModuleLoader for entire import graph
	runtime.mod_evaluate(mod_id) — execute module
	runtime.run_event_loop() — resolve top-level await
	Returns {:ok, "undefined"} on success (modules don't have a "return value")

5.5 eval_file
eval_file(resource, path: String, transpile: bool)
  → {:ok, json_string} | {:error, message}
	Read file to string
	Delegate to eval — simpler than eval_module (no import/export support, just script execution)

5.6 call_function / call_function_async
call_function(resource, func_name: String, args_json: String)
call_function_async(resource, func_name: String, args_json: String)
	Build JS expression: ((args) => funcName(...args))(argsJson)
	Delegate to eval or eval_async respectively


6. Elixir API Design
6.1 Core Module: Denox
# Runtime lifecycle
Denox.runtime(opts \\ [])                    # → {:ok, runtime} | {:error, msg}

# Synchronous eval (no event loop)
Denox.eval(rt, js_code)                      # → {:ok, json} | {:error, msg}
Denox.eval_ts(rt, ts_code)                   # → {:ok, json} | {:error, msg}

# Async eval (pumps event loop — for import(), await, Promises)
Denox.eval_async(rt, js_code)                # → {:ok, json} | {:error, msg}
Denox.eval_ts_async(rt, ts_code)             # → {:ok, json} | {:error, msg}

# Module loading
Denox.eval_module(rt, "path/to/module.ts")   # → :ok | {:error, msg}

# File evaluation
Denox.eval_file(rt, path, opts)              # → {:ok, json} | {:error, msg}

# Execute (ignore return value)
Denox.exec(rt, code)                         # → :ok | {:error, msg}
Denox.exec_ts(rt, code)                      # → :ok | {:error, msg}

# Function calls
Denox.call(rt, "funcName", [arg1, arg2])     # → {:ok, json} | {:error, msg}
Denox.call_async(rt, "asyncFunc", [args])    # → {:ok, json} | {:error, msg}

# Eval + JSON decode to Elixir terms
Denox.eval_decode(rt, code)                  # → {:ok, term} | {:error, msg}
Denox.eval_ts_decode(rt, code)               # → {:ok, term} | {:error, msg}
Denox.call_decode(rt, func, args)            # → {:ok, term} | {:error, msg}
Denox.call_async_decode(rt, func, args)      # → {:ok, term} | {:error, msg}
6.2 Runtime Options
Denox.runtime(
  base_dir: "lib/js",           # base directory for resolving relative module imports
  sandbox: true,                # disable deno_core extensions (no fs/net ops)
  cache_dir: "_denox/cache"     # on-disk cache for remote module fetches
)
6.3 Denox.Pool
GenServer-based pool of runtimes for concurrent workloads. V8 isolates are single-threaded, so the pool round-robins requests across N runtimes.
# Supervision tree
{Denox.Pool, name: :js_pool, size: 4, sandbox: true}

# Usage
Denox.Pool.eval(:js_pool, "1 + 1")
Denox.Pool.eval_ts(:js_pool, "const x: number = 42; x")
Denox.Pool.load_npm(:js_pool, "priv/bundles/zod.js")  # load into all runtimes
Pool implementation: Simple round-robin with a tuple of runtimes and rotating index. For production, consider NimblePool for checkout-based pooling with backpressure.
6.4 Denox.Deps — Dependency Management
Parallel to Pythonx using uv. Uses deno CLI as the package manager at build-time only.
Pythonx workflow:               Denox workflow:
  pyproject.toml                  deno.json
  uv sync                        mix denox.install
  venv/site-packages/             _denox/vendor/
  CPython loads from venv         V8 loads from vendor dir
deno.json format (Deno's standard import map):
{
  "imports": {
    "zod": "npm:zod@^3.22",
    "lodash": "npm:lodash-es@^4.17",
    "@std/path": "jsr:@std/path@^1.0",
    "oak": "https://deno.land/x/oak@v12/mod.ts"
  }
}
Install process (Denox.Deps.install/1 / mix denox.install):
	Read deno.json import map
	Run deno install --config deno.json — resolves and caches all dependencies
	Generate a temporary entrypoint that imports all declared deps
	Run deno vendor <entrypoint> --output _denox/vendor/ — copies resolved modules as plain files
	The vendored directory contains all dependencies as file://-loadable modules

Runtime creation (Denox.Deps.runtime/1):
	Creates a runtime with base_dir: "_denox/vendor/" so the TsModuleLoader resolves bare specifiers from the vendored directory
	The vendored import map handles "zod" → ./npm/registry.npmjs.org/zod/3.22.0/...

Mix tasks:
mix denox.install              # vendor all deps from deno.json
mix denox.add zod npm:zod@^3.22     # add dep + reinstall
mix denox.remove lodash              # remove dep + reinstall

Why not resolve npm in-process?
Deno's npm: resolution is implemented in deno_resolver, deno_npm, and deno_node crates, which are tightly coupled to the Deno CLI. They assume access to the npm registry, a global cache, and complex CJS↔ESM interop. Extracting these as embeddable libraries would require maintaining a Deno fork. The deno vendor approach delegates this complexity to the CLI at build-time, keeping the runtime NIF simple.
6.5 Denox.Npm — Pre-Bundling (Alternative to Vendoring)
For packages that don't vendor cleanly, bundle into a self-contained IIFE JS file.
Denox.Npm.bundle!("npm:zod@3.22", "priv/bundles/zod.js")

{:ok, rt} = Denox.runtime()
Denox.Npm.load(rt, "priv/bundles/zod.js")
Uses deno CLI + esbuild to produce a single file with all dependencies inlined. The bundled file assigns the module to globalThis.<PackageName>.
6.6 CDN Imports (Zero-Install)
For quick prototyping, import directly from CDNs. No tooling required.
{:ok, rt} = Denox.runtime(cache_dir: "_denox/cache")

{:ok, result} = Denox.eval_async(rt, """
  const { z } = await import("https://esm.sh/zod@3.22");
  const schema = z.object({ name: z.string() });
  JSON.stringify(schema.parse({ name: "hello" }))
""")
Must use eval_async because dynamic import() returns a Promise.

7. Data Flow: eval vs eval_async vs eval_module
eval (synchronous)
Elixir string → [optional TS transpile] → runtime.execute_script()
  → v8::Global<Value> → serde_v8::from_v8 → JSON string → Elixir binary
No event loop. No module resolution. Fastest path.
eval_async (async — Promises, dynamic import)
Elixir string → [optional TS transpile] → wrap in async IIFE
  → runtime.execute_script() → v8::Global<Value> (Promise)
  → runtime.run_event_loop() → Promise settles
  → inspect Promise state → extract resolved value
  → serde_v8 → JSON string → Elixir binary
Event loop pumped. Dynamic imports resolved via TsModuleLoader. Promises awaited.
eval_module (ES module file)
file path → canonicalize → ModuleSpecifier
  → runtime.load_main_es_module() → TsModuleLoader traverses import graph
    → each file: read → detect type → transpile if TS → ModuleSource
  → runtime.mod_evaluate() → execute module
  → runtime.run_event_loop() → resolve top-level await
  → :ok
Full module semantics. Import/export. Top-level await. The TsModuleLoader is called for every module in the dependency graph.

8. Dependency Strategy — Three Tiers
	Tier	Mechanism	Tooling Required	Best For
	CDN	import("https://esm.sh/pkg")	None	Quick prototyping, small scripts
	Vendored	deno.json → mix denox.install → Denox.Deps.runtime()	deno CLI	Production apps, reproducible builds
	Bundled	mix denox.bundle → single IIFE file	deno CLI	Legacy packages, complex deps

Comparison with Pythonx + uv
	Aspect	Pythonx + uv	Denox + deno
	Package registry	PyPI	npm + jsr + HTTPS URLs
	Dependency file	pyproject.toml	deno.json
	Install command	uv sync	mix denox.install (wraps deno vendor)
	Local storage	venv/site-packages/	_denox/vendor/
	Lock file	uv.lock	deno.lock
	Runtime loads from	venv path	vendor directory (file://)
	Zero-install option	❌	✅ CDN imports
	Add dependency	uv add requests	mix denox.add zod npm:zod@^3.22
	CLI required at runtime	No (uv is build-time)	No (deno is build-time)


9. Thread Safety and Scheduler Model
BEAM Scheduler Interaction
Normal Schedulers (N)     Dirty CPU Schedulers (DirtyCpu)
  │                         │
  │ Elixir code             │ All Denox NIF calls
  │ message passing         │ V8 eval, transpilation
  │ lightweight             │ potentially long-running
  │                         │
  │                         ├── runtime_new
  │                         ├── eval / eval_ts
  │                         ├── eval_async
  │                         ├── eval_module
  │                         └── call_function
Every NIF is schedule = "DirtyCpu". This means:
	Normal schedulers are never blocked
	V8 execution runs alongside other dirty work
	The BEAM can preempt other Elixir processes normally

Mutex on JsRuntime
V8 isolates are single-threaded. Multiple BEAM processes calling Denox.eval(same_runtime, ...) concurrently will serialize at the Mutex. This is correct but means:
	One runtime = one concurrent eval at a time
	Use Denox.Pool for parallelism (N runtimes = N concurrent evals)
	Pool size should match expected concurrency, not CPU cores

Tokio Runtime
Each RuntimeResource owns a tokio::Runtime (current_thread flavor). This is used exclusively for:
	runtime.run_event_loop() in eval_async
	runtime.load_main_es_module() in eval_module

The tokio runtime is cheap (current_thread = no worker threads) and scoped to the RuntimeResource lifetime.

10. Error Handling
V8 Errors
execute_script returns Result<v8::Global<v8::Value>, deno_core::error::JsError>. JsError contains the JS stack trace. Propagate as {:error, message} to Elixir.
Transpilation Errors
deno_ast::parse_module returns parse errors (swc parse failures). These indicate syntax errors in the TypeScript source. Propagate as {:error, "Transpile error: ..."}.
Note: swc is a transpiler, not a type-checker. It strips type annotations without verifying correctness. const x: string = 42 will transpile to const x = 42 without error. This matches deno run behavior (no type-checking by default).
Network Errors (Remote Module Fetch)
HTTP fetch failures in TsModuleLoader propagate as module load errors, which surface as {:error, message} from eval_async or eval_module.
Mutex Poisoning
If a panic occurs inside a Mutex lock (e.g., V8 segfault caught by Rust's panic handler), the Mutex becomes poisoned. Subsequent calls return {:error, "Lock poisoned: ..."}. The runtime is unrecoverable — Elixir should drop the reference and create a new one.
Crash Isolation
A V8 crash (segfault in V8 native code) will crash the entire BEAM process. This is inherent to in-process NIF embedding. Mitigations:
	Use sandbox mode (no fs/net extensions) to reduce V8 attack surface
	Don't run untrusted code without careful consideration
	For untrusted code, consider a port/sidecar architecture instead


11. Implementation Plan
Phase 1: Minimal JS Eval (DenoRider parity)
	Scaffold Mix project with Rustler
	Implement runtime_new — create JsRuntime with default RuntimeOptions
	Implement eval — execute_script + serde_v8 result conversion
	Implement call_function — build JS expression, delegate to eval
	Elixir API: Denox.runtime/1, Denox.eval/2, Denox.call/3
	Tests: arithmetic, strings, objects, errors, runtime isolation

Milestone: {:ok, "3"} = Denox.eval(rt, "1 + 2") works.
Phase 2: TypeScript Transpilation
	Add deno_ast dependency with transpiling feature
	Implement transpile_inline function using deno_ast
	Add transpile boolean parameter to eval NIF
	Elixir API: Denox.eval_ts/2, Denox.exec_ts/2
	Tests: typed expressions, interfaces, generics, enums, parse errors

Milestone: TypeScript with interfaces and generics evaluates correctly.
Phase 3: ES Module Loading
	Implement TsModuleLoader — file:// only initially
	Wire loader into RuntimeOptions.module_loader
	Implement eval_module NIF — load_main_es_module + mod_evaluate + run_event_loop
	Elixir API: Denox.eval_module/2
	Tests: import/export between .ts files, top-level await

Milestone: import { add } from "./math.ts" resolves and evaluates.
Phase 4: Async Evaluation
	Implement eval_async NIF — async IIFE wrapper + event loop pump + Promise inspection
	Implement call_function_async NIF
	Elixir API: Denox.eval_async/2, Denox.eval_ts_async/2, Denox.call_async/3
	Tests: Promise resolution/rejection, chained promises, dynamic import

Milestone: await import("./module.ts") resolves correctly.
Phase 5: Remote Module Fetching (CDN)
	Extend TsModuleLoader to handle https:// scheme
	Implement HTTP fetching (ureq or curl)
	Implement in-memory cache (Arc<Mutex<HashMap>>)
	Implement optional on-disk cache
	Content-Type and URL-based MediaType detection
	Add cache_dir option to runtime_new
	Tests: esm.sh import, caching behavior (tag :cdn for optional network tests)

Milestone: await import("https://esm.sh/zod@3.22") works with caching.
Phase 6: Dependency Management
	Implement Denox.Deps module — wraps deno CLI for install/vendor
	Implement Denox.Deps.install/1 — deno install + deno vendor
	Implement Denox.Deps.runtime/1 — creates runtime with vendored base_dir
	Implement Denox.Deps.add/2, Denox.Deps.remove/2, Denox.Deps.list/1
	Mix tasks: mix denox.install, mix denox.add, mix denox.remove
	Tests: full workflow — declare deps, install, use in runtime

Milestone: mix denox.install vendors npm packages, Denox.Deps.runtime() loads them.
Phase 7: Pool and Production Hardening
	Implement Denox.Pool GenServer with round-robin
	Add load_npm to load bundles into all pool runtimes
	Consider NimblePool for checkout-based pooling
	RustlerPrecompiled setup for binary distribution
	Benchmarks: eval latency, transpile overhead, pool throughput
	CI: GitHub Actions with Rust + Elixir matrix

Phase 8: Nice-to-Haves (Post-MVP)
	JS → Elixir callbacks (like DenoRider's DenoRider.apply) ✅
	Import map support in eval_async (not just eval_module) ✅
	Denox.Npm.bundle for pre-bundling alternative ✅
	Warm-up / snapshot support (V8 snapshots for faster cold start) ✅
	Telemetry integration for eval timing ✅


12. Project Structure
denox/
├── mix.exs
├── deno.json.example
├── CLAUDE.md
├── README.md
├── .formatter.exs
├── .gitignore
│
├── lib/
│   ├── denox.ex                    # Main public API
│   ├── denox/
│   │   ├── native.ex               # Rustler NIF binding stubs
│   │   ├── pool.ex                 # GenServer runtime pool
│   │   ├── deps.ex                 # Dependency management (deno CLI wrapper)
│   │   └── npm.ex                  # Pre-bundling support
│   └── mix/
│       └── tasks/
│           ├── denox.install.ex    # mix denox.install / add / remove
│           └── denox.bundle.ex     # mix denox.bundle
│
├── native/
│   └── denox_nif/
│       ├── Cargo.toml
│       └── src/
│           ├── lib.rs              # NIF entry point, RuntimeResource, all NIF functions
│           └── ts_loader.rs        # TsModuleLoader implementation
│
└── test/
    ├── test_helper.exs
    ├── denox_test.exs              # Core eval/call tests
    ├── denox_ts_test.exs           # TypeScript-specific tests
    ├── denox_module_test.exs       # ES module loading tests
    ├── denox_async_test.exs        # Async eval / Promise tests
    ├── denox_cdn_test.exs          # CDN import tests (@tag :cdn)
    └── denox_deps_test.exs         # Dependency management tests (@tag :deno)

13. Testing Strategy
Unit Tests (no network, no deno CLI)
	JS eval: arithmetic, strings, objects, arrays, errors
	TS transpilation: typed expressions, interfaces, generics, enums, decorators
	Runtime isolation: separate runtimes don't share state
	State persistence: globalThis modifications persist across evals
	Error handling: syntax errors, runtime errors, type annotation edge cases

Integration Tests
	ES module loading: import/export between .ts/.js files
	Dynamic import: await import("./mod.ts") resolution
	Async evaluation: Promise resolution, rejection, chaining

Network Tests (tagged @tag :cdn)
	CDN imports from esm.sh, esm.run
	Caching: first fetch hits network, second hits cache
	Error handling: invalid URLs, 404s, timeouts

CLI Tests (tagged @tag :deno, require deno binary)
	Denox.Deps.install with a test deno.json
	Denox.Deps.add / remove
	Full workflow: install → runtime → eval with vendored deps


14. Known Risks and Mitigations
	Risk	Impact	Mitigation
	deno_core API churn between versions	Build failures	Pin exact versions, test upgrades in CI, follow Deno release notes
	V8 first-build time (~30 min)	Developer friction	RustlerPrecompiled for prebuilt binaries, CI caching
	V8 crash takes down BEAM	Process loss	Sandbox mode, don't run untrusted code in-process
	Mutex contention under high load	Latency spikes	Pool with appropriate size, NimblePool for backpressure
	deno vendor may not vendor all npm packages cleanly	Missing deps at runtime	Fallback to Denox.Npm.bundle for problematic packages
	curl dependency for HTTP fetch	Portability	Replace with ureq crate (blocking, minimal deps)
	serde_v8 fails on complex V8 types	Incorrect results	Fallback to string conversion, document limitations


15. Comparison Matrix
	Feature	Denox	DenoRider	Pythonx
	Language runtime	Deno (V8)	Deno (V8)	CPython
	NIF bridge	Rustler (Rust)	Rustler (Rust)	Erlang NIF (C)
	TypeScript	✅ (deno_ast/swc)	❌	N/A
	ES Modules	✅	❌	N/A
	Dynamic import()	✅ (eval_async)	❌	N/A
	CDN imports	✅	❌	❌
	Package manager	deno CLI (build-time)	❌	uv (build-time)
	Dep vendoring	✅ (deno vendor)	❌	✅ (venv)
	Runtime → Elixir callback	✅	✅	✅
	Import maps	✅	❌	N/A
	Precompiled binaries	❌ (planned)	✅	✅
	Sandbox mode	✅	❌	❌
	Runtime pooling	✅	❌ (single supervised)	❌



  

    
Denox 
    



      
Denox embeds a TypeScript/JavaScript runtime (Deno/V8) into Elixir via a Rustler NIF.
Telemetry Events
Denox emits the following telemetry events:
	[:denox, :eval, :start] — emitted before evaluating code
	Measurements: %{system_time: integer}
	Metadata: %{type: atom} — type is the function name atom (e.g. :eval, :eval_ts,
:eval_async, :eval_ts_async, :eval_module, :eval_file, :eval_file_async,
:call, :call_async, :eval_async_decode, :eval_ts_async_decode,
:eval_file_async_decode, :call_async_decode)
Note: sync *_decode variants (:eval_decode, :call_decode, etc.) emit the base
type (:eval, :call, etc.) since they delegate to the base function.


	[:denox, :eval, :stop] — emitted after successful evaluation
	Measurements: %{duration: integer} (native time units)
	Metadata: %{type: atom}


	[:denox, :eval, :exception] — emitted on evaluation error
	Measurements: %{duration: integer}
	Metadata: %{type: atom, kind: :error, reason: term}
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        runtime()

      


    





  
    Functions
  


    
      
        await(task, timeout \\ 5000)

      


        Await the result of an async evaluation task.



    


    
      
        call(rt, func_name, args \\ [])

      


        Call a named JavaScript function with arguments.



    


    
      
        call_async(rt, func_name, args \\ [])

      


        Call a named async JavaScript function with arguments, returning a Task.



    


    
      
        call_async_decode(rt, func_name, args \\ [])

      


        Call a named async JavaScript function and decode the JSON result.



    


    
      
        call_decode(rt, func_name, args \\ [])

      


        Call a named JavaScript function and decode the JSON result.



    


    
      
        create_snapshot(setup_code, opts \\ [])

      


        Create a V8 snapshot from setup code.



    


    
      
        eval(rt, code)

      


        Evaluate JavaScript code in the given runtime.



    


    
      
        eval_async(rt, code)

      


        Evaluate JavaScript code as an ES module, returning a Task.



    


    
      
        eval_async_decode(rt, code)

      


        Evaluate JavaScript code asynchronously and decode the JSON result.



    


    
      
        eval_decode(rt, code)

      


        Evaluate JavaScript code and decode the JSON result to Elixir terms.



    


    
      
        eval_file(rt, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file.



    


    
      
        eval_file_async(rt, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file asynchronously.



    


    
      
        eval_file_async_decode(rt, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file asynchronously and decode the JSON result.



    


    
      
        eval_file_decode(rt, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file and decode the JSON result.



    


    
      
        eval_module(rt, path)

      


        Load and evaluate an ES module file. Supports .ts/.js with import/export.



    


    
      
        eval_ts(rt, code)

      


        Evaluate TypeScript code in the given runtime.
Transpiles via deno_ast/swc then evaluates. No type-checking.



    


    
      
        eval_ts_async(rt, code)

      


        Evaluate TypeScript code as an ES module, returning a Task.



    


    
      
        eval_ts_async_decode(rt, code)

      


        Evaluate TypeScript code asynchronously and decode the JSON result.



    


    
      
        eval_ts_decode(rt, code)

      


        Evaluate TypeScript code and decode the JSON result to Elixir terms.



    


    
      
        exec(rt, code)

      


        Execute JavaScript code, ignoring the return value.



    


    
      
        exec_ts(rt, code)

      


        Execute TypeScript code, ignoring the return value.



    


    
      
        runtime(opts \\ [])

      


        Create a new JavaScript runtime.
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      runtime()



        
          
        

    

  


  

      

          @type runtime() :: reference()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      await(task, timeout \\ 5000)



        
          
        

    

  


  

Await the result of an async evaluation task.
Delegates to Task.await/2. Use with tasks returned by
eval_async/2, eval_ts_async/2, call_async/3, and call_async_decode/3.
Example
Denox.eval_async(rt, "export default await Promise.resolve(42)")
|> Denox.await()
#=> {:ok, "42"}

  



    

  
    
      
    
    
      call(rt, func_name, args \\ [])



        
          
        

    

  


  

      

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


      


Call a named JavaScript function with arguments.
Arguments are serialized to JSON. Returns {:ok, json_string} or {:error, message}.

  



    

  
    
      
    
    
      call_async(rt, func_name, args \\ [])



        
          
        

    

  


  

      

          @spec call_async(runtime(), String.t(), list()) :: Task.t()


      


Call a named async JavaScript function with arguments, returning a Task.
Use Task.await/2 to get the result.
Returns a Task that resolves to {:ok, json_string} or {:error, message}.

  



    

  
    
      
    
    
      call_async_decode(rt, func_name, args \\ [])



        
          
        

    

  


  

      

          @spec call_async_decode(runtime(), String.t(), list()) :: Task.t()


      


Call a named async JavaScript function and decode the JSON result.
Returns a Task that resolves to {:ok, term()} or {:error, term()}.

  



    

  
    
      
    
    
      call_decode(rt, func_name, args \\ [])



        
          
        

    

  


  

      

          @spec call_decode(runtime(), String.t(), list()) :: {:ok, term()} | {:error, term()}


      


Call a named JavaScript function and decode the JSON result.

  



    

  
    
      
    
    
      create_snapshot(setup_code, opts \\ [])



        
          
        

    

  


  

      

          @spec create_snapshot(
  String.t(),
  keyword()
) :: {:ok, binary()} | {:error, String.t()}


      


Create a V8 snapshot from setup code.
The snapshot captures all global state (variables, functions, etc.)
after executing the setup code.
Snapshot compatibility
Custom V8 snapshots created by create_snapshot/2 are not compatible
with the deno_runtime MainWorker backend currently used by Denox.runtime/1.
Passing a snapshot via runtime(snapshot: bytes) will emit a warning and the
snapshot will be ignored. Use Denox.eval/3 or Denox.exec/3 to run
initialization code instead.
Options:
	:transpile - if true, transpile TypeScript before executing (default: false)

Returns {:ok, snapshot_bytes} or {:error, message}.

  



  
    
      
    
    
      eval(rt, code)



        
          
        

    

  


  

      

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


      


Evaluate JavaScript code in the given runtime.
Pumps the event loop and resolves Promises automatically.
Supports import(), setTimeout, and other async operations.
Returns {:ok, json_string} or {:error, message}.

  



  
    
      
    
    
      eval_async(rt, code)



        
          
        

    

  


  

      

          @spec eval_async(runtime(), String.t()) :: Task.t()


      


Evaluate JavaScript code as an ES module, returning a Task.
The code is evaluated as a proper ES module, so static import/export
declarations and top-level await work natively. Use export default
to return a value.
Returns a Task that resolves to {:ok, json_string} or {:error, message}.
Example
task = Denox.eval_async(rt, "const status = (await fetch('https://httpbin.org/get')).status; export default status;")
{:ok, "200"} = Task.await(task)

# Static imports work:
task = Denox.eval_async(rt, """
  import { something } from './my_module.js';
  export default something;
""")

  



  
    
      
    
    
      eval_async_decode(rt, code)



        
          
        

    

  


  

      

          @spec eval_async_decode(runtime(), String.t()) :: Task.t()


      


Evaluate JavaScript code asynchronously and decode the JSON result.
Returns a Task that resolves to {:ok, term()} or {:error, term()}.

  



  
    
      
    
    
      eval_decode(rt, code)



        
          
        

    

  


  

      

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


      


Evaluate JavaScript code and decode the JSON result to Elixir terms.

  



    

  
    
      
    
    
      eval_file(rt, path, opts \\ [])



        
          
        

    

  


  

      

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


      


Read and evaluate a JavaScript or TypeScript file.
Simpler than eval_module/2 — no import/export support, just script execution.
TypeScript files (.ts, .tsx) are automatically transpiled.
Returns {:ok, json_string} or {:error, message}.

  



    

  
    
      
    
    
      eval_file_async(rt, path, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_file_async(runtime(), String.t(), keyword()) :: Task.t()


      


Read and evaluate a JavaScript or TypeScript file asynchronously.
Returns a Task that resolves to {:ok, json_string} or {:error, message}.

  



    

  
    
      
    
    
      eval_file_async_decode(rt, path, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_file_async_decode(runtime(), String.t(), keyword()) :: Task.t()


      


Read and evaluate a JavaScript or TypeScript file asynchronously and decode the JSON result.
Returns a Task that resolves to {:ok, term()} or {:error, term()}.

  



    

  
    
      
    
    
      eval_file_decode(rt, path, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_file_decode(runtime(), String.t(), keyword()) ::
  {:ok, term()} | {:error, term()}


      


Read and evaluate a JavaScript or TypeScript file and decode the JSON result.
Returns {:ok, term()} or {:error, term()}.

  



  
    
      
    
    
      eval_module(rt, path)



        
          
        

    

  


  

      

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


      


Load and evaluate an ES module file. Supports .ts/.js with import/export.
Returns {:ok, "undefined"} or {:error, message}.

  



  
    
      
    
    
      eval_ts(rt, code)



        
          
        

    

  


  

      

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


      


Evaluate TypeScript code in the given runtime.
Transpiles via deno_ast/swc then evaluates. No type-checking.
Pumps the event loop and resolves Promises automatically.
Returns {:ok, json_string} or {:error, message}.

  



  
    
      
    
    
      eval_ts_async(rt, code)



        
          
        

    

  


  

      

          @spec eval_ts_async(runtime(), String.t()) :: Task.t()


      


Evaluate TypeScript code as an ES module, returning a Task.
Supports static import/export declarations and top-level await.
Use export default to return a value.
Returns a Task that resolves to {:ok, json_string} or {:error, message}.

  



  
    
      
    
    
      eval_ts_async_decode(rt, code)



        
          
        

    

  


  

      

          @spec eval_ts_async_decode(runtime(), String.t()) :: Task.t()


      


Evaluate TypeScript code asynchronously and decode the JSON result.
Returns a Task that resolves to {:ok, term()} or {:error, term()}.

  



  
    
      
    
    
      eval_ts_decode(rt, code)



        
          
        

    

  


  

      

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


      


Evaluate TypeScript code and decode the JSON result to Elixir terms.

  



  
    
      
    
    
      exec(rt, code)



        
          
        

    

  


  

      

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


      


Execute JavaScript code, ignoring the return value.
Returns :ok or {:error, message}.

  



  
    
      
    
    
      exec_ts(rt, code)



        
          
        

    

  


  

      

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


      


Execute TypeScript code, ignoring the return value.
Returns :ok or {:error, message}.

  



  
    
      
    
    
      runtime(opts \\ [])



        
          
        

    

  


  

      

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


      


Create a new JavaScript runtime.
Options:
	:base_dir - base directory for resolving relative module imports
	:sandbox - (deprecated) if true, deny all permissions. Use :permissions instead
	:permissions - permission mode:	:all — allow everything (default)
	:none — deny everything (same as sandbox: true)
	keyword list — granular permissions. Supports both allow_* and deny_* keys.
E.g. [allow_net: true, allow_read: ["/tmp"], deny_env: true]. Values can be
true (blanket) or a list of strings (specific paths/hosts). false entries
are ignored. Unknown keys raise ArgumentError.


	:cache_dir - on-disk cache directory for remote module fetches
	:import_map - map of bare specifiers to resolved URLs/paths (e.g. %{"lodash" => "https://esm.sh/lodash"})
	:callback_pid - PID of the process that handles JS→Elixir callbacks (enables Denox.callback() in JS)
	:snapshot - V8 snapshot binary for faster cold start (created via create_snapshot/2)

Returns {:ok, runtime} or {:error, message}.

  


        

      


  

    
Denox.CallbackHandler 
    



      
GenServer that handles JS → Elixir callbacks for a Denox runtime.
When JavaScript code calls Denox.callback(name, arg1, arg2, ...),
this handler receives the request, invokes the registered Elixir function,
and sends the result back to JavaScript.
Usage
# 1. Start a callback handler with named functions
{:ok, handler} = Denox.CallbackHandler.start_link(
  callbacks: %{
    "greet" => fn [name] -> "Hello, #{name}!" end,
    "add" => fn [a, b] -> a + b end
  }
)

# 2. Create a runtime with the handler's PID
{:ok, rt} = Denox.runtime(callback_pid: handler)

# 3. JavaScript can now call back to Elixir
{:ok, result} = Denox.eval(rt, ~s[Denox.callback("greet", "Alice")])
# result => ""Hello, Alice!""
Convenience
Use Denox.CallbackHandler.runtime/1 to create both handler and runtime in one call:
{:ok, rt, handler} = Denox.CallbackHandler.runtime(
  callbacks: %{"add" => fn [a, b] -> a + b end},
  base_dir: "/some/path"
)

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        runtime(opts)

      


        Create a callback handler and runtime together.



    


    
      
        start_link(opts)

      


        Start a callback handler.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      runtime(opts)



        
          
        

    

  


  

      

          @spec runtime(keyword()) :: {:ok, Denox.runtime(), pid()} | {:error, String.t()}


      


Create a callback handler and runtime together.
Options:
	:callbacks - map of callback name to function (required)
	All other options are passed to Denox.runtime/1

Returns {:ok, runtime, handler_pid} or {:error, reason}.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Start a callback handler.
Options:
	:callbacks - map of callback name (string) to function (required).
Each function receives a list of decoded JSON arguments.


  


        

      


  

    
Denox.Pool 
    



      
GenServer-based pool of JavaScript runtimes for concurrent workloads.
V8 isolates are single-threaded, so the pool round-robins requests
across N runtimes to achieve parallelism.
Usage
# In your supervision tree
children = [
  {Denox.Pool, name: :js_pool, size: 4, permissions: :all}
]

# Then use the pool
{:ok, result} = Denox.Pool.eval(:js_pool, "1 + 2")
{:ok, result} = Denox.Pool.eval_ts(:js_pool, "const x: number = 42; x")
Pre-loading shared code
Use load_npm/2 to load a bundled JS file into all pool runtimes at once.
This is the recommended way to share npm packages across a pool:
Denox.Npm.bundle!("npm:zod@3.22", "priv/bundles/zod.js")
:ok = Denox.Pool.load_npm(:js_pool, "priv/bundles/zod.js")
Or use exec/2 to initialise shared globals:
:ok = Denox.Pool.exec(:js_pool, "globalThis.helper = (x) => x * 2")
Note that each runtime in the pool has independent state, so mutations made
via exec/2 are distributed round-robin and may not reach all runtimes.
Use load_npm/2 (which broadcasts to all runtimes) for shared initialisation.

      


      
        Summary


  
    Types
  


    
      
        pool()

      


    





  
    Functions
  


    
      
        call(pool, func_name, args \\ [])

      


        Call a named JavaScript function with arguments.



    


    
      
        call_async(pool, func_name, args \\ [])

      


        Call a named async JavaScript function with arguments, returning a Task.



    


    
      
        call_async_decode(pool, func_name, args \\ [])

      


        Call a named async JavaScript function and decode the JSON result, returning a Task.



    


    
      
        call_decode(pool, func_name, args \\ [])

      


        Call a named JavaScript function and decode the JSON result.



    


    
      
        child_spec(init_arg)

      


        Returns a child specification for the pool, using the :name option as the child id.



    


    
      
        eval(pool, code)

      


        Evaluate JavaScript code using the next runtime in the pool.



    


    
      
        eval_async(pool, code)

      


        Evaluate JavaScript code asynchronously, returning a Task.



    


    
      
        eval_async_decode(pool, code)

      


        Evaluate JavaScript asynchronously and decode JSON result, returning a Task.



    


    
      
        eval_decode(pool, code)

      


        Evaluate and decode JSON result.



    


    
      
        eval_file(pool, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file.



    


    
      
        eval_file_async(pool, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file asynchronously, returning a Task.



    


    
      
        eval_file_async_decode(pool, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file asynchronously and decode the JSON result, returning a Task.



    


    
      
        eval_file_decode(pool, path, opts \\ [])

      


        Read and evaluate a JavaScript or TypeScript file and decode the JSON result.



    


    
      
        eval_module(pool, path)

      


        Load and evaluate an ES module file. Supports .ts/.js with import/export.



    


    
      
        eval_ts(pool, code)

      


        Evaluate TypeScript code using the next runtime in the pool.



    


    
      
        eval_ts_async(pool, code)

      


        Evaluate TypeScript code asynchronously, returning a Task.



    


    
      
        eval_ts_async_decode(pool, code)

      


        Evaluate TypeScript asynchronously and decode JSON result, returning a Task.



    


    
      
        eval_ts_decode(pool, code)

      


        Evaluate TypeScript and decode JSON result.



    


    
      
        exec(pool, code)

      


        Execute JavaScript code, ignoring the return value.



    


    
      
        exec_ts(pool, code)

      


        Execute TypeScript code, ignoring the return value.



    


    
      
        load_npm(pool, bundle_path)

      


        Load a bundled JS file into all runtimes in the pool.



    


    
      
        size(pool)

      


        Return the pool size.



    


    
      
        start_link(opts)

      


        Start a pool of runtimes.
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          @type pool() :: GenServer.server()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      call(pool, func_name, args \\ [])



        
          
        

    

  


  

      

          @spec call(pool(), String.t(), list()) :: {:ok, String.t()} | {:error, String.t()}


      


Call a named JavaScript function with arguments.

  



    

  
    
      
    
    
      call_async(pool, func_name, args \\ [])



        
          
        

    

  


  

      

          @spec call_async(pool(), String.t(), list()) :: Task.t()


      


Call a named async JavaScript function with arguments, returning a Task.

  



    

  
    
      
    
    
      call_async_decode(pool, func_name, args \\ [])



        
          
        

    

  


  

      

          @spec call_async_decode(pool(), String.t(), list()) :: Task.t()


      


Call a named async JavaScript function and decode the JSON result, returning a Task.

  



    

  
    
      
    
    
      call_decode(pool, func_name, args \\ [])



        
          
        

    

  


  

      

          @spec call_decode(pool(), String.t(), list()) :: {:ok, term()} | {:error, term()}


      


Call a named JavaScript function and decode the JSON result.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      


Returns a child specification for the pool, using the :name option as the child id.
This allows multiple pools to coexist in the same supervisor without id conflicts.

  



  
    
      
    
    
      eval(pool, code)



        
          
        

    

  


  

      

          @spec eval(pool(), String.t()) :: {:ok, String.t()} | {:error, String.t()}


      


Evaluate JavaScript code using the next runtime in the pool.

  



  
    
      
    
    
      eval_async(pool, code)



        
          
        

    

  


  

      

          @spec eval_async(pool(), String.t()) :: Task.t()


      


Evaluate JavaScript code asynchronously, returning a Task.

  



  
    
      
    
    
      eval_async_decode(pool, code)



        
          
        

    

  


  

      

          @spec eval_async_decode(pool(), String.t()) :: Task.t()


      


Evaluate JavaScript asynchronously and decode JSON result, returning a Task.

  



  
    
      
    
    
      eval_decode(pool, code)



        
          
        

    

  


  

      

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


      


Evaluate and decode JSON result.

  



    

  
    
      
    
    
      eval_file(pool, path, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_file(pool(), String.t(), keyword()) ::
  {:ok, String.t()} | {:error, String.t()}


      


Read and evaluate a JavaScript or TypeScript file.

  



    

  
    
      
    
    
      eval_file_async(pool, path, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_file_async(pool(), String.t(), keyword()) :: Task.t()


      


Read and evaluate a JavaScript or TypeScript file asynchronously, returning a Task.

  



    

  
    
      
    
    
      eval_file_async_decode(pool, path, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_file_async_decode(pool(), String.t(), keyword()) :: Task.t()


      


Read and evaluate a JavaScript or TypeScript file asynchronously and decode the JSON result, returning a Task.

  



    

  
    
      
    
    
      eval_file_decode(pool, path, opts \\ [])



        
          
        

    

  


  

      

          @spec eval_file_decode(pool(), String.t(), keyword()) ::
  {:ok, term()} | {:error, term()}


      


Read and evaluate a JavaScript or TypeScript file and decode the JSON result.

  



  
    
      
    
    
      eval_module(pool, path)



        
          
        

    

  


  

      

          @spec eval_module(pool(), String.t()) :: {:ok, String.t()} | {:error, String.t()}


      


Load and evaluate an ES module file. Supports .ts/.js with import/export.

  



  
    
      
    
    
      eval_ts(pool, code)



        
          
        

    

  


  

      

          @spec eval_ts(pool(), String.t()) :: {:ok, String.t()} | {:error, String.t()}


      


Evaluate TypeScript code using the next runtime in the pool.

  



  
    
      
    
    
      eval_ts_async(pool, code)



        
          
        

    

  


  

      

          @spec eval_ts_async(pool(), String.t()) :: Task.t()


      


Evaluate TypeScript code asynchronously, returning a Task.

  



  
    
      
    
    
      eval_ts_async_decode(pool, code)



        
          
        

    

  


  

      

          @spec eval_ts_async_decode(pool(), String.t()) :: Task.t()


      


Evaluate TypeScript asynchronously and decode JSON result, returning a Task.

  



  
    
      
    
    
      eval_ts_decode(pool, code)



        
          
        

    

  


  

      

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


      


Evaluate TypeScript and decode JSON result.

  



  
    
      
    
    
      exec(pool, code)



        
          
        

    

  


  

      

          @spec exec(pool(), String.t()) :: :ok | {:error, String.t()}


      


Execute JavaScript code, ignoring the return value.
Returns :ok on success. Returns {:error, message} if the JavaScript
throws or if evaluation fails — callers must still handle the error.

  



  
    
      
    
    
      exec_ts(pool, code)



        
          
        

    

  


  

      

          @spec exec_ts(pool(), String.t()) :: :ok | {:error, String.t()}


      


Execute TypeScript code, ignoring the return value.
Returns :ok on success. Returns {:error, message} if the code
throws or if evaluation fails — callers must still handle the error.

  



  
    
      
    
    
      load_npm(pool, bundle_path)



        
          
        

    

  


  

      

          @spec load_npm(pool(), String.t()) :: :ok | {:error, String.t()}


      


Load a bundled JS file into all runtimes in the pool.
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          @spec size(pool()) :: non_neg_integer()


      


Return the pool size.
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          @spec start_link(keyword()) :: GenServer.on_start()


      


Start a pool of runtimes.
Options:
	:name - registered name for the pool (required)
	:size - number of runtimes (default: System.schedulers_online())
	:permissions - permission mode for all runtimes (:all, :none, or keyword list)
	:sandbox - (deprecated) use permissions: :none instead
	:base_dir - base directory for module resolution
	:cache_dir - cache directory for remote modules
	:import_map - map of bare specifiers to resolved URLs/paths
	:callback_pid - PID that handles JS→Elixir callbacks
	:snapshot - V8 snapshot binary for faster cold start (applied to all runtimes)


  


        

      


  

    
Denox.CLI.Run 
    



      
Run Deno programs as managed subprocesses using the bundled CLI.
Same API as Denox.Run, but spawns the bundled deno binary from
Denox.CLI as a subprocess instead of using the in-process NIF runtime.
The primary use case is npm: and jsr: packages, which require Deno's
full Node.js-compatible resolver and are not supported by the NIF backend.
Also useful when Deno CLI features such as --unstable-kv are needed.
Additional Options
All options from Denox.Run are supported. Additionally:
	:deno_flags - extra flags inserted after deno run and before the
specifier (e.g. ["--no-check", "--unstable-kv"])

Examples
{:ok, pid} = Denox.CLI.Run.start_link(
  package: "@modelcontextprotocol/server-github",
  permissions: :all,
  env: %{"GITHUB_PERSONAL_ACCESS_TOKEN" => token}
)

:ok = Denox.CLI.Run.send(pid, data)
{:ok, line} = Denox.CLI.Run.recv(pid, timeout: 5000)
Convenience Functions
All convenience helpers from Denox.Run.Base are available:
# One-shot capture
{:ok, lines} = Denox.CLI.Run.capture(
  package: "@modelcontextprotocol/server-github",
  permissions: :all,
  env: %{"GITHUB_PERSONAL_ACCESS_TOKEN" => token}
)

# Bracket-style with automatic cleanup
Denox.CLI.Run.with_runtime(
  [package: "npm:cowsay", permissions: :all],
  fn pid ->
    :ok = Denox.CLI.Run.send(pid, "hello")
    {:ok, line} = Denox.CLI.Run.recv(pid, timeout: 5000)
    line
  end
)
Telemetry Events
Denox.CLI.Run emits the following telemetry events:
	[:denox, :run, :start] — emitted when the runtime starts
	Measurements: %{system_time: integer}
	Metadata: %{package: string | nil, file: string | nil, backend: :cli}



	[:denox, :run, :stop] — emitted when the runtime exits
	Measurements: %{system_time: integer}
	Metadata: %{package: string | nil, file: string | nil, exit_status: integer, backend: :cli}



	[:denox, :run, :recv] — emitted for each stdout line received
	Measurements: %{system_time: integer}
	Metadata: %{line_bytes: integer, backend: :cli}
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          @type t() :: %Denox.CLI.Run{
  backend_state: term(),
  exit_status: term(),
  file: term(),
  package: term(),
  recv_waiters: term(),
  stdout_buffer: term(),
  subscribers: term()
}
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      alive?(server)



        
          
        

    

  


  

      

          @spec alive?(GenServer.server()) :: boolean()


      


Check if the runtime is still running.

  



  
    
      
    
    
      capture(opts)



        
          
        

    

  


  

      

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


      


Run a script and capture all stdout output.
Starts a managed runtime, collects all output lines until the script
exits or the per-line timeout is reached, then stops the runtime.
Returns {:ok, lines} where lines is a list of stdout lines in order,
or {:error, reason} if the runtime failed to start.
Options
Same as start_link/1, plus:
	:timeout - per-line receive timeout in milliseconds (default: 30_000).
If no new line arrives within this window, collection stops and the
lines collected so far are returned.

Example
{:ok, lines} = Denox.Run.capture(
  file: "scripts/generate.ts",
  permissions: :all
)
# lines => ["line 1", "line 2", ...]

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      os_pid(server)



        
          
        

    

  


  

      

          @spec os_pid(GenServer.server()) ::
  {:ok, non_neg_integer()} | {:error, :not_available | :not_running}


      


Return the OS PID of the process, if available.
Returns {:ok, pid} for CLI-backed runtimes or {:error, :not_available}
for NIF-backed runtimes where no separate OS process exists.

  



    

  
    
      
    
    
      recv(server, opts \\ [])



        
          
        

    

  


  

      

          @spec recv(
  GenServer.server(),
  keyword()
) :: {:ok, String.t()} | {:error, :timeout | :closed}


      


Receive the next line from stdout.
Options
	:timeout - milliseconds to wait (default: 5000)


  



  
    
      
    
    
      send(server, data)



        
          
        

    

  


  

      

          @spec send(GenServer.server(), String.t()) :: :ok | {:error, term()}


      


Send data to stdin of the running process.
A newline (\n) is automatically appended if data does not
already end with one.
Returns :ok on success, or {:error, :closed} if the process
has already exited.

  



    

  
    
      
    
    
      send_and_recv(server, data, opts \\ [])



        
          
        

    

  


  

      

          @spec send_and_recv(GenServer.server(), String.t(), keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Send data to stdin and wait for the next stdout line.
A convenience wrapper around send/2 + recv/2 for the common
request-response pattern (e.g. JSON-RPC over stdio, MCP servers).
Returns {:ok, response_line} or {:error, reason} where reason is
:timeout, :closed, or the send error.
Options
	:timeout - milliseconds to wait for a response (default: 5000)

Example
request = Jason.encode!(%{jsonrpc: "2.0", method: "ping", id: 1})
{:ok, response_line} = Denox.Run.send_and_recv(pid, request, timeout: 5000)
response = Jason.decode!(response_line)

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Start a managed Deno runtime.
Options
	:package - JSR/npm package specifier
	:file - local file path to run
	:permissions - permission mode; defaults to :none (deny all) when omitted:	:all — allow all permissions (-A in Deno CLI)
	:none — deny all permissions (Deno's default behaviour)
	keyword list — granular permissions, e.g. [allow_net: true, allow_read: ["/tmp"], deny_env: true]. Supports both allow_* and deny_* keys.


	:env - map of environment variables
	:args - extra arguments after the specifier
	:name - GenServer name for registration
	:buffer_size - (NIF backend only) stdout channel capacity in lines;
controls how many lines the NIF can buffer before applying backpressure.
Range [1, 100_000]; 0 or omitted uses the default of 1024 lines.
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          @spec stop(GenServer.server()) :: :ok


      


Stop the runtime.
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          @spec stream(keyword()) :: Enumerable.t()


      


Stream stdout lines from a script as a lazy Stream.
Starts a managed runtime and returns an Enumerable that yields
stdout lines one at a time. The runtime is automatically stopped
when the stream is fully consumed or halted (e.g. via Stream.take/2
or Enum.take/2).
This is useful for processing large outputs without buffering all
lines in memory, or for early termination once a condition is met.
Options
Same as start_link/1, plus:
	:timeout - per-line receive timeout in milliseconds (default: 30_000).
If no new line arrives within this window, the stream halts.

Example
# Collect the first 5 lines of a long-running script
Denox.Run.stream(file: "server.ts", permissions: :all)
|> Enum.take(5)

# Filter lines matching a pattern
Denox.Run.stream(file: "generate.ts", permissions: :all)
|> Stream.filter(&String.contains?(&1, "ERROR"))
|> Enum.to_list()
Errors on start
If the runtime fails to start, the stream raises a RuntimeError
when enumerated. Use capture/1 if you prefer an {:error, reason}
tuple instead.

  



    

  
    
      
    
    
      stream_from(server, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_from(
  GenServer.server(),
  keyword()
) :: Enumerable.t()


      


Stream stdout lines from an already-running server as a lazy Stream.
Unlike stream/1, which starts a new runtime, stream_from/2 works
with an existing server PID. The stream halts when the runtime exits or
a per-line timeout is reached. The server is not stopped when the
stream halts — the caller retains ownership.
This pairs naturally with with_runtime/2 when you want lazy output
enumeration after sending input:
Denox.Run.with_runtime([file: "script.ts", permissions: :all], fn pid ->
  :ok = Denox.Run.send(pid, Jason.encode!(request))
  Denox.Run.stream_from(pid) |> Enum.to_list()
end)
Options
	:timeout - per-line receive timeout in milliseconds (default: 5000).
If no new line arrives within this window, the stream halts.
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          @spec subscribe(GenServer.server()) :: :ok


      


Subscribe the calling process to stdout messages.
After subscribing, the calling process will receive:
	{:denox_run_stdout, server_pid, line} for each stdout line
	{:denox_run_exit, server_pid, exit_status} when the process exits

If the subscribing process dies, it is automatically removed from the
subscriber list without needing an explicit unsubscribe/1 call.

  



  
    
      
    
    
      unsubscribe(server)



        
          
        

    

  


  

      

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


      


Unsubscribe from stdout messages.
The calling process will stop receiving {:denox_run_stdout, ...} and
{:denox_run_exit, ...} messages from this server.

  



  
    
      
    
    
      with_runtime(opts, fun)



        
          
        

    

  


  

      

          @spec with_runtime(
  keyword(),
  (GenServer.server() -> result)
) :: result | {:error, term()}
when result: term()


      


Execute a function with a managed runtime, ensuring cleanup on exit.
Starts a runtime with opts, calls fun with the server PID, then
stops the runtime — even if fun raises an exception.
Returns the value returned by fun. If fun returns an error tuple,
that tuple is passed through as-is. Returns {:error, reason} if the
runtime failed to start.
Example
Denox.Run.with_runtime([file: "scripts/tool.ts", permissions: :all], fn pid ->
  :ok = Denox.Run.send(pid, Jason.encode!(%{method: "init"}))
  {:ok, line} = Denox.Run.recv(pid, timeout: 10_000)
  Jason.decode!(line)
end)
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Run Deno programs as NIF-backed long-lived runtimes.
Uses an in-process deno_runtime MainWorker (no external deno binary
required) wrapped in a GenServer with bidirectional stdio and OTP supervision.
Supported Specifiers
Denox.Run uses a built-in module loader that supports:
	Local files — file: "path/to/script.ts" (absolute or relative path)
	HTTPS/HTTP modules — package: "https://deno.land/x/pkg/mod.ts"

npm: and jsr: packages are not supported by the NIF backend.
The NIF module loader has no Node.js resolver or npm registry client.
For npm/jsr packages, use Denox.CLI.Run which delegates to the bundled
Deno binary that handles all module schemes natively.
Examples
# Run a local script
{:ok, pid} = Denox.Run.start_link(
  file: "scripts/server.ts",
  permissions: :all
)

# Send JSON-RPC via stdin
:ok = Denox.Run.send(pid, ~s|{"jsonrpc":"2.0","method":"initialize","id":1}|)

# Receive response from stdout
{:ok, line} = Denox.Run.recv(pid, timeout: 5000)

# Or subscribe to all output
Denox.Run.subscribe(pid)
# => receives {:denox_run_stdout, ^pid, line} messages

# Load an HTTPS module
{:ok, pid} = Denox.Run.start_link(
  package: "https://deno.land/x/cowsay/mod.ts",
  permissions: :all
)

# For npm/jsr packages, use Denox.CLI.Run instead:
{:ok, pid} = Denox.CLI.Run.start_link(
  package: "@modelcontextprotocol/server-github",
  permissions: :all,
  env: %{"GITHUB_PERSONAL_ACCESS_TOKEN" => token}
)

# Stop the process
Denox.Run.stop(pid)
Convenience Functions
Several higher-level helpers are available for common patterns:
# One-shot: collect all output and return a list
{:ok, lines} = Denox.Run.capture(file: "scripts/build.ts", permissions: :all)

# Lazy stream: process lines one at a time (early exit supported)
Denox.Run.stream(file: "scripts/generate.ts", permissions: :all)
|> Stream.filter(&String.contains?(&1, "ERROR"))
|> Enum.to_list()

# Bracket-style: guaranteed cleanup even on exception
Denox.Run.with_runtime([file: "scripts/server.ts", permissions: :all], fn pid ->
  :ok = Denox.Run.send(pid, Jason.encode!(%{method: "init"}))
  {:ok, response} = Denox.Run.recv(pid, timeout: 10_000)
  Jason.decode!(response)
end)

# Bracket + lazy stream from an existing PID
Denox.Run.with_runtime([file: "scripts/gen.ts", permissions: :all], fn pid ->
  :ok = Denox.Run.send(pid, Jason.encode!(request))
  Denox.Run.stream_from(pid, timeout: 10_000) |> Enum.to_list()
end)
Telemetry Events
Denox.Run emits the following telemetry events:
	[:denox, :run, :start] — emitted when the runtime starts
	Measurements: %{system_time: integer}
	Metadata: %{package: string | nil, file: string | nil, backend: :nif}



	[:denox, :run, :stop] — emitted when the runtime exits
	Measurements: %{system_time: integer}
	Metadata: %{package: string | nil, file: string | nil, exit_status: integer, backend: :nif}



	[:denox, :run, :recv] — emitted for each stdout line received
	Measurements: %{system_time: integer}
	Metadata: %{line_bytes: integer, backend: :nif}



Environment Variables
The :env option passes environment variables to the Deno runtime via
Deno.env.get(). The variables are set in the OS process environment
before the worker starts. Note: concurrent Denox.Run instances may
see each other's env vars if started simultaneously. For strict isolation,
use Denox.CLI.Run with a subprocess-per-instance model, or ensure env
var names are unique across instances.
Thread Scaling
Each Denox.Run instance occupies 1 OS thread (the event loop thread
running the V8 MainWorker) plus 1 dirty I/O scheduler slot while
runtime_run_recv blocks waiting for stdout.
OTP provides 10 dirty I/O schedulers by default. This limits concurrent
Denox.Run instances to approximately 10 before dirty I/O scheduler
contention occurs. For higher concurrency, increase the dirty I/O scheduler
count via the +SDio N BEAM flag (e.g. in vm.args or rel/vm.args.eex):
## rel/vm.args.eex
+SDio 32
For subprocess-based isolation without dirty scheduler limits, use
Denox.CLI.Run instead, which spawns a separate OS process per instance.
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          @type t() :: %Denox.Run{
  backend_state: term(),
  exit_status: term(),
  file: term(),
  package: term(),
  recv_waiters: term(),
  stdout_buffer: term(),
  subscribers: term()
}
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          @spec alive?(GenServer.server()) :: boolean()


      


Check if the runtime is still running.

  



  
    
      
    
    
      capture(opts)



        
          
        

    

  


  

      

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


      


Run a script and capture all stdout output.
Starts a managed runtime, collects all output lines until the script
exits or the per-line timeout is reached, then stops the runtime.
Returns {:ok, lines} where lines is a list of stdout lines in order,
or {:error, reason} if the runtime failed to start.
Options
Same as start_link/1, plus:
	:timeout - per-line receive timeout in milliseconds (default: 30_000).
If no new line arrives within this window, collection stops and the
lines collected so far are returned.

Example
{:ok, lines} = Denox.Run.capture(
  file: "scripts/generate.ts",
  permissions: :all
)
# lines => ["line 1", "line 2", ...]

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec os_pid(GenServer.server()) ::
  {:ok, non_neg_integer()} | {:error, :not_available | :not_running}


      


Return the OS PID of the process, if available.
Returns {:ok, pid} for CLI-backed runtimes or {:error, :not_available}
for NIF-backed runtimes where no separate OS process exists.
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          @spec recv(
  GenServer.server(),
  keyword()
) :: {:ok, String.t()} | {:error, :timeout | :closed}


      


Receive the next line from stdout.
Options
	:timeout - milliseconds to wait (default: 5000)
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          @spec send(GenServer.server(), String.t()) :: :ok | {:error, term()}


      


Send data to stdin of the running process.
A newline (\n) is automatically appended if data does not
already end with one.
Returns :ok on success, or {:error, :closed} if the process
has already exited.
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          @spec send_and_recv(GenServer.server(), String.t(), keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Send data to stdin and wait for the next stdout line.
A convenience wrapper around send/2 + recv/2 for the common
request-response pattern (e.g. JSON-RPC over stdio, MCP servers).
Returns {:ok, response_line} or {:error, reason} where reason is
:timeout, :closed, or the send error.
Options
	:timeout - milliseconds to wait for a response (default: 5000)

Example
request = Jason.encode!(%{jsonrpc: "2.0", method: "ping", id: 1})
{:ok, response_line} = Denox.Run.send_and_recv(pid, request, timeout: 5000)
response = Jason.decode!(response_line)
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          @spec start_link(keyword()) :: GenServer.on_start()


      


Start a managed Deno runtime.
Options
	:package - JSR/npm package specifier
	:file - local file path to run
	:permissions - permission mode; defaults to :none (deny all) when omitted:	:all — allow all permissions (-A in Deno CLI)
	:none — deny all permissions (Deno's default behaviour)
	keyword list — granular permissions, e.g. [allow_net: true, allow_read: ["/tmp"], deny_env: true]. Supports both allow_* and deny_* keys.


	:env - map of environment variables
	:args - extra arguments after the specifier
	:name - GenServer name for registration
	:buffer_size - (NIF backend only) stdout channel capacity in lines;
controls how many lines the NIF can buffer before applying backpressure.
Range [1, 100_000]; 0 or omitted uses the default of 1024 lines.
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          @spec stop(GenServer.server()) :: :ok


      


Stop the runtime.
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          @spec stream(keyword()) :: Enumerable.t()


      


Stream stdout lines from a script as a lazy Stream.
Starts a managed runtime and returns an Enumerable that yields
stdout lines one at a time. The runtime is automatically stopped
when the stream is fully consumed or halted (e.g. via Stream.take/2
or Enum.take/2).
This is useful for processing large outputs without buffering all
lines in memory, or for early termination once a condition is met.
Options
Same as start_link/1, plus:
	:timeout - per-line receive timeout in milliseconds (default: 30_000).
If no new line arrives within this window, the stream halts.

Example
# Collect the first 5 lines of a long-running script
Denox.Run.stream(file: "server.ts", permissions: :all)
|> Enum.take(5)

# Filter lines matching a pattern
Denox.Run.stream(file: "generate.ts", permissions: :all)
|> Stream.filter(&String.contains?(&1, "ERROR"))
|> Enum.to_list()
Errors on start
If the runtime fails to start, the stream raises a RuntimeError
when enumerated. Use capture/1 if you prefer an {:error, reason}
tuple instead.
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          @spec stream_from(
  GenServer.server(),
  keyword()
) :: Enumerable.t()


      


Stream stdout lines from an already-running server as a lazy Stream.
Unlike stream/1, which starts a new runtime, stream_from/2 works
with an existing server PID. The stream halts when the runtime exits or
a per-line timeout is reached. The server is not stopped when the
stream halts — the caller retains ownership.
This pairs naturally with with_runtime/2 when you want lazy output
enumeration after sending input:
Denox.Run.with_runtime([file: "script.ts", permissions: :all], fn pid ->
  :ok = Denox.Run.send(pid, Jason.encode!(request))
  Denox.Run.stream_from(pid) |> Enum.to_list()
end)
Options
	:timeout - per-line receive timeout in milliseconds (default: 5000).
If no new line arrives within this window, the stream halts.
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          @spec subscribe(GenServer.server()) :: :ok


      


Subscribe the calling process to stdout messages.
After subscribing, the calling process will receive:
	{:denox_run_stdout, server_pid, line} for each stdout line
	{:denox_run_exit, server_pid, exit_status} when the process exits

If the subscribing process dies, it is automatically removed from the
subscriber list without needing an explicit unsubscribe/1 call.
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          @spec unsubscribe(GenServer.server()) :: :ok


      


Unsubscribe from stdout messages.
The calling process will stop receiving {:denox_run_stdout, ...} and
{:denox_run_exit, ...} messages from this server.

  



  
    
      
    
    
      with_runtime(opts, fun)



        
          
        

    

  


  

      

          @spec with_runtime(
  keyword(),
  (GenServer.server() -> result)
) :: result | {:error, term()}
when result: term()


      


Execute a function with a managed runtime, ensuring cleanup on exit.
Starts a runtime with opts, calls fun with the server PID, then
stops the runtime — even if fun raises an exception.
Returns the value returned by fun. If fun returns an error tuple,
that tuple is passed through as-is. Returns {:error, reason} if the
runtime failed to start.
Example
Denox.Run.with_runtime([file: "scripts/tool.ts", permissions: :all], fn pid ->
  :ok = Denox.Run.send(pid, Jason.encode!(%{method: "init"}))
  {:ok, line} = Denox.Run.recv(pid, timeout: 10_000)
  Jason.decode!(line)
end)

  


        

      


  

    
Denox.CLI 
    



      
Manages a bundled Deno CLI binary.
Disabled by default. Enable by setting the version in config:
config :denox, :cli, version: "2.1.4"
The binary is downloaded from GitHub releases and cached in
_build/denox_cli-{version}/deno.

      


      
        Summary


  
    Functions
  


    
      
        bin_path()

      


        Path to the cached deno binary. Downloads if needed.



    


    
      
        configured_version()

      


        The configured deno version, or nil if not configured.



    


    
      
        find_deno()

      


        Find a deno executable, preferring the system PATH.



    


    
      
        install()

      


        Download the configured deno version for this platform.



    


    
      
        installed?()

      


        Check if the binary is already downloaded.



    





      


      
        Functions


        


  
    
      
    
    
      bin_path()



        
          
        

    

  


  

      

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


      


Path to the cached deno binary. Downloads if needed.
Returns {:ok, path} or {:error, reason}.

  



  
    
      
    
    
      configured_version()



        
          
        

    

  


  

      

          @spec configured_version() :: String.t() | nil


      


The configured deno version, or nil if not configured.

  



  
    
      
    
    
      find_deno()



        
          
        

    

  


  

      

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


      


Find a deno executable, preferring the system PATH.
Tries System.find_executable("deno") first, then falls back to
the bundled CLI binary via bin_path/0. Returns an actionable
error message if neither is available.

  



  
    
      
    
    
      install()



        
          
        

    

  


  

      

          @spec install() :: :ok | {:error, term()}


      


Download the configured deno version for this platform.
Returns :ok or {:error, reason}.

  



  
    
      
    
    
      installed?()



        
          
        

    

  


  

      

          @spec installed?() :: boolean()


      


Check if the binary is already downloaded.

  


        

      


  

    
Denox.Deps 
    



      
Dependency management for Denox using the deno CLI at build-time.
Manages npm/jsr packages declared in deno.json via deno install.
In Deno 2.x, vendoring is handled by setting "vendor": true in
deno.json and running deno install, which creates node_modules/
for npm packages in the same directory as deno.json.
The deno CLI is only required at build-time, not at runtime.
Workflow
# 1. Declare deps in deno.json
# 2. Install deps
Denox.Deps.install()

# 3. Create a runtime with installed deps
{:ok, rt} = Denox.Deps.runtime()

# 4. Use bare specifier imports
Denox.eval_async(rt, ~s[
  import { z } from "zod";
  export default z.string().parse("hello");
]) |> Task.await()

      


      
        Summary


  
    Functions
  


    
      
        add(name, specifier, opts \\ [])

      


        Add a dependency to deno.json and reinstall.



    


    
      
        check(opts \\ [])

      


        Check if dependencies have been installed.



    


    
      
        install(opts \\ [])

      


        Install all dependencies declared in deno.json.



    


    
      
        list(opts \\ [])

      


        List dependencies declared in deno.json.



    


    
      
        remove(name, opts \\ [])

      


        Remove a dependency from deno.json and reinstall.



    


    
      
        runtime(opts \\ [])

      


        Create a runtime configured to load from the installed deps directory.



    





      


      
        Functions


        


    

  
    
      
    
    
      add(name, specifier, opts \\ [])



        
          
        

    

  


  

      

          @spec add(String.t(), String.t(), keyword()) :: :ok | {:error, String.t()}


      


Add a dependency to deno.json and reinstall.
Examples
Denox.Deps.add("zod", "npm:zod@^3.22")
Denox.Deps.add("@std/path", "jsr:@std/path@^1.0")

  



    

  
    
      
    
    
      check(opts \\ [])



        
          
        

    

  


  

      

          @spec check(keyword()) :: :ok | {:error, String.t()}


      


Check if dependencies have been installed.
Looks for node_modules/ in the config directory as evidence
that deno install has been run.
Options:
	:config - path to deno.json (default: "deno.json")
	:vendor_dir - legacy option, checks if this directory exists

Returns :ok or {:error, message}.

  



    

  
    
      
    
    
      install(opts \\ [])



        
          
        

    

  


  

      

          @spec install(keyword()) :: :ok | {:error, String.t()}


      


Install all dependencies declared in deno.json.
Sets "vendor": true in the config and runs deno install,
which creates node_modules/ for npm packages in the config directory.
Options:
	:config - path to deno.json (default: "deno.json")

Returns :ok or {:error, message}.

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(keyword()) ::
  {:ok, %{required(String.t()) => String.t()}} | {:error, String.t()}


      


List dependencies declared in deno.json.
Returns {:ok, %{name => specifier}} or {:error, message}.

  



    

  
    
      
    
    
      remove(name, opts \\ [])



        
          
        

    

  


  

      

          @spec remove(
  String.t(),
  keyword()
) :: :ok | {:error, String.t()}


      


Remove a dependency from deno.json and reinstall.

  



    

  
    
      
    
    
      runtime(opts \\ [])



        
          
        

    

  


  

      

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


      


Create a runtime configured to load from the installed deps directory.
Options:
	:config - path to deno.json (default: "deno.json")
	:cache_dir - cache directory for remote fetches (default: "_denox/cache")
	:import_map - map of bare specifiers to resolved URLs/paths
	Additional options passed to Denox.runtime/1

Returns {:ok, runtime} or {:error, message}.

  


        

      


  

    
Denox.Npm 
    



      
Pre-bundling support for npm/jsr packages via deno bundle.
For packages that don't vendor cleanly, bundle them into a self-contained
JS file that can be loaded into any runtime.
Workflow
# 1. Bundle a package at build-time
Denox.Npm.bundle!("npm:zod@3.22", "priv/bundles/zod.js")

# 2. Load into a runtime
{:ok, rt} = Denox.runtime()
:ok = Denox.Npm.load(rt, "priv/bundles/zod.js")

# 3. Use the package
{:ok, result} = Denox.eval(rt, "globalThis.zod.string().parse('hello')")
The deno CLI is only required at bundle-time, not at runtime.

      


      
        Summary


  
    Functions
  


    
      
        bundle(specifier, output_path, opts \\ [])

      


        Bundle an npm/jsr package into a single JavaScript file.



    


    
      
        bundle!(specifier, output_path, opts \\ [])

      


        Bundle an npm/jsr package, raising on failure.



    


    
      
        bundle_file(entrypoint, output_path, opts \\ [])

      


        Bundle from an entrypoint file rather than a specifier.



    


    
      
        load(rt, bundle_path)

      


        Load a bundled JavaScript file into a runtime.



    





      


      
        Functions


        


    

  
    
      
    
    
      bundle(specifier, output_path, opts \\ [])



        
          
        

    

  


  

      

          @spec bundle(String.t(), String.t(), keyword()) :: :ok | {:error, String.t()}


      


Bundle an npm/jsr package into a single JavaScript file.
Uses deno bundle to produce a self-contained JS file with all
dependencies inlined. The output is an ES module.
Options
	:config - path to deno.json for import map resolution
	:platform - target platform: "deno" (default) or "browser"
	:minify - minify the output (default: false)

Returns :ok or {:error, message}.
Examples
Denox.Npm.bundle("npm:zod@3.22", "priv/bundles/zod.js")
Denox.Npm.bundle("npm:lodash-es@4.17", "priv/bundles/lodash.js", minify: true)

  



    

  
    
      
    
    
      bundle!(specifier, output_path, opts \\ [])



        
          
        

    

  


  

      

          @spec bundle!(String.t(), String.t(), keyword()) :: :ok


      


Bundle an npm/jsr package, raising on failure.
Same as bundle/3 but raises on error.

  



    

  
    
      
    
    
      bundle_file(entrypoint, output_path, opts \\ [])



        
          
        

    

  


  

      

          @spec bundle_file(String.t(), String.t(), keyword()) :: :ok | {:error, String.t()}


      


Bundle from an entrypoint file rather than a specifier.
Useful when you have a local .ts/.js entrypoint that imports
multiple packages.
Options
  Same as bundle/3.
Returns :ok or {:error, message}.
Examples
Denox.Npm.bundle_file("lib/js/entrypoint.ts", "priv/bundles/app.js")
Denox.Npm.bundle_file("lib/js/entrypoint.ts", "priv/bundles/app.js", minify: true)

  



  
    
      
    
    
      load(rt, bundle_path)



        
          
        

    

  


  

      

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


      


Load a bundled JavaScript file into a runtime.
Evaluates the bundle file contents in the runtime, making the
exported values available via globalThis.
Returns :ok or {:error, message}.

  


        

      


  

    
Denox.JSON 
    



      
Configurable JSON encoder/decoder for Denox.
By default uses Elixir's built-in JSON module (requires Elixir 1.18+).
Can be configured to use Jason or any module that implements
encode!/1 and decode/1.
Configuration
# Use built-in JSON (default)
config :denox, :json_module, JSON

# Use Jason
config :denox, :json_module, Jason

      




  

    
Denox.Run.Base behaviour
    



      
Shared GenServer dispatch logic for Run modules.
This module provides a __using__ macro that injects GenServer boilerplate,
a common public API, and stdout dispatch logic for both the NIF-backed
Denox.Run and the CLI-backed Denox.CLI.Run.
Public API (injected into using modules)
Lifecycle: start_link/1, stop/1
I/O: send/2, recv/2, send_and_recv/3
Pub/Sub: subscribe/1, unsubscribe/1
Introspection: alive?/1, os_pid/1
Convenience (one-shot):
	capture/1 — start, collect all lines, stop; returns {:ok, [String.t()]}
	stream/1 — start + lazy Stream (auto-stops on halt)
	stream_from/2 — lazy Stream from an existing PID (caller manages lifecycle)
	with_runtime/2 — start + user function + guaranteed stop via after

Implementing a Backend
Modules that use Denox.Run.Base, backend: :my_backend must implement four
callbacks:
	init_backend/1 — start the backend (NIF resource or Port)
	send_backend/2 — write data to the backend's stdin
	stop_backend/1 — shut down the backend
	alive_backend?/1 — check if the backend is still running

See Denox.Run (NIF backend) and Denox.CLI.Run (subprocess backend) for
concrete implementations.

      


      
        Summary


  
    Callbacks
  


    
      
        alive_backend?(backend_state)

      


    


    
      
        init_backend(keyword)

      


    


    
      
        send_backend(backend_state, t)

      


    


    
      
        stop_backend(backend_state)

      


    





  
    Functions
  


    
      
        resolve_specifier(spec)

      


        Resolve a specifier to a form suitable for the Deno runtime.



    





      


      
        Callbacks


        


  
    
      
    
    
      alive_backend?(backend_state)



        
          
        

    

  


  

      

          @callback alive_backend?(backend_state :: term()) :: boolean()


      



  



  
    
      
    
    
      init_backend(keyword)



        
          
        

    

  


  

      

          @callback init_backend(keyword()) :: {:ok, backend_state :: term()} | {:error, term()}


      



  



  
    
      
    
    
      send_backend(backend_state, t)



        
          
        

    

  


  

      

          @callback send_backend(backend_state :: term(), String.t()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      stop_backend(backend_state)



        
          
        

    

  


  

      

          @callback stop_backend(backend_state :: term()) :: :ok


      



  


        

      

      
        Functions


        


  
    
      
    
    
      resolve_specifier(spec)



        
          
        

    

  


  

      

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


      


Resolve a specifier to a form suitable for the Deno runtime.
Rules
	Specifiers already prefixed with npm:, jsr:, http://, https://,
or file:// are passed through unchanged.
	Scoped package names starting with @ are prefixed with npm:.
	Everything else is returned as-is (treated as a file path by the backend).

Examples
iex> Denox.Run.Base.resolve_specifier("npm:cowsay")
"npm:cowsay"

iex> Denox.Run.Base.resolve_specifier("@scope/pkg")
"npm:@scope/pkg"

iex> Denox.Run.Base.resolve_specifier("server.ts")
"server.ts"

  


        

      


  

    
mix denox.add 
    



      
Adds a dependency to deno.json and reinstalls.
$ mix denox.add zod npm:zod@^3.22
$ mix denox.add @std/path jsr:@std/path@^1.0


      




  

    
mix denox.bundle 
    



      
Bundles an npm/jsr package into a self-contained JavaScript file
using deno bundle.
$ mix denox.bundle npm:zod@3.22 priv/bundles/zod.js
$ mix denox.bundle npm:lodash-es@4.17 priv/bundles/lodash.js --minify

Options
	--config - path to deno.json for import map resolution
	--platform - target platform: "deno" (default) or "browser"
	--minify - minify the output


      




  

    
mix denox.cli.install 
    



      
Downloads the Deno CLI binary for the current platform.
$ mix denox.cli.install
$ mix denox.cli.install --force   # reinstall even if already present

The version is read from config:
config :denox, :cli, version: "2.1.4"
The binary is cached at _build/denox_cli-{version}/deno.

      




  

    
mix denox.install 
    



      
Installs all dependencies declared in deno.json.
$ mix denox.install

This runs deno install with vendor mode enabled, creating
node_modules/ for npm packages in the deno.json directory.
Options
	--config - path to deno.json (default: "deno.json")


      




  

    
mix denox.remove 
    



      
Removes a dependency from deno.json and reinstalls.
$ mix denox.remove zod


      




  

    
mix denox.run 
    



      
Runs a JSR/npm package or local script using the Deno runtime.
This is a drop-in replacement for deno run that integrates with
the Denox project configuration.
$ mix denox.run -A @modelcontextprotocol/server-github
$ mix denox.run --allow-net --allow-env=GITHUB_TOKEN npm:some-tool
$ mix denox.run -A scripts/server.ts -- --port 3000

Options
	-A / --allow-all - grant all permissions
	--allow-net[=hosts] - allow network access
	--allow-env[=vars] - allow environment variable access
	--allow-read[=paths] - allow file system read access
	--allow-write[=paths] - allow file system write access
	--allow-run[=programs] - allow running subprocesses
	--allow-ffi - allow loading dynamic libraries
	--allow-sys - allow system info access
	--allow-hrtime - allow high-resolution time measurement

Arguments after -- are passed to the script.
Stdin is forwarded to the subprocess, making this suitable for
stdio-based servers (e.g. MCP servers using JSON-RPC over stdio).
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