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    RustQ

RustQ helps Elixir projects generate Rust without building Rust strings by hand.
It parses real Rust, validates generated fragments, and lets Elixir act as a
macro language for Rust codegen.
RustQ now has two complementary authoring styles:
	Rusty Elixir with defrust — write Rust implementation logic as valid
Elixir using @spec, @type, defmacro, quote, ordinary case, aliases,
calls, and pattern matching. RustQ lowers that Elixir AST into Rust AST.
	Real Rust templates and builders — generate Rust from .rs templates,
placeholders, Rust fragment builders, and Rustler helper generators.

The goal is not to embed Rust syntax in Elixir. The goal is to use Elixir as a
typed macro metalanguage for generating real Rust safely.
Installation
Add RustQ to mix.exs:
{:rustq, "~> 0.9", only: [:dev, :test], runtime: false}
RustQ compiles a Rustler NIF at generation time, so Rust/Cargo must be available
where mix rustq.gen or your own codegen task runs.
Agent skill included
RustQ ships an agent-facing skill file at SKILL.md. If you use a
coding agent to start a RustQ project, port existing bindings, or maintain a
RustQ-powered generator, give the agent that file first. It summarizes RustQ's
ideology, authoring order, inference features, and anti-patterns.
The same guidance is published in HexDocs as
Using RustQ Well. For
source-derived Rustler exports, Elixir stubs, atoms, and term encoders, see
Generating Rustler Boundaries.
For naming, target manifests, and generator organization, see
Designing RustQ Generators.
The skill itself is also available at
https://rustq.hexdocs.pm/skill.md.
Choose an authoring style
	Need	Use
	Write Rust implementation logic in Elixir	RustQ.Meta.defrust
	Compose reusable Rusty-Elixir body fragments	ordinary Elixir defmacro, quote, and unquote
	Generate from real .rs files	templates, ~R, placeholders, RustQ.render_file!/2
	Generate repetitive Rust declarations from data	RustQ.Rust builders or RustQ AST builders
	Generate Rustler boilerplate	RustQ.Rustler helpers or RustQ.Rustler.Schema
	Introspect existing Rust crates structurally	RustQ.Syn
	Keep generated files checked in and fresh	rustq.exs plus mix rustq.gen --check

Rusty Elixir with defrust
defrust is the high-level user-facing Rusty-Elixir surface. It reads normal
Elixir @spec and @type declarations, expands ordinary Elixir macros, and
lowers the resulting valid Elixir body into RustQ's Rust AST.
Low-level bridges such as RustQ.Meta.quoted are internal escape hatches for
generators, not the normal authoring API.
A Rusty-Elixir implementation can look like this:
defmodule MyApp.Native.GeneratedShapes do
  use RustQ.Meta

  alias RustQ.Type, as: R

  defmacro with_fill_paint(do: body) do
    quote do
      case opt_fill_paint(var!(raw_opts), Atoms.fill()) do
        {:some, var!(paint)} ->
          apply_blend_mode(var!(paint), var!(raw_opts))
          unquote(body)

        :none ->
          :ok
      end
    end
  end

  defmacro with_stroke_paint(width, do: body) do
    quote do
      case opt_color(var!(raw_opts), Atoms.stroke()) do
        {:some, var!(color)} ->
          var!(stroke_paint_value) = stroke_paint(var!(color), unquote(width), var!(raw_opts))
          unquote(body)

        :none ->
          :ok
      end
    end
  end

  @spec draw_circle_impl(
          R.ref(SkiaSafe.Canvas.t()),
          GeneratedOpts.CircleOpts.t(R.lifetime(:a)),
          R.slice({R.atom(), R.term()})
        ) :: R.nif_result(R.unit())
  defrust draw_circle_impl(canvas, opts, raw_opts) do
    center = Point.new(opts.x, opts.y)

    with_fill_paint do
      canvas.draw_circle(center, opts.radius, paint)
    end

    with_stroke_paint opts.stroke_width.unwrap_or(1.0) do
      canvas.draw_circle(center, opts.radius, stroke_paint_value)
    end

    :ok
  end
end
That is ordinary Elixir syntax. RustQ uses the typespec and lowering rules to
render Rust like:
fn draw_circle_impl<'a>(
    canvas: &skia_safe::Canvas,
    opts: generated_opts::CircleOpts<'a>,
    raw_opts: &[(Atom, Term<'a>)],
) -> NifResult<()> {
    // ... real Rust AST output ...
}
Rusty-Elixir rules
The intended style is:
	use @spec as the function signature source of truth
	use ordinary Elixir @type declarations for Rust enums/structs/decoders when
RustQ owns those shapes
	use ordinary external remote types for external Rust paths where possible:
SkiaSafe.Canvas.t() renders as skia_safe::Canvas, and
GeneratedOpts.OvalOpts.t(R.lifetime(:a)) renders as
generated_opts::OvalOpts<'a>
	use RustQ.Type (alias RustQ.Type, as: R) only where Elixir typespecs need
Rust-specific precision: R.ref/1, R.mut_ref/1, R.nif_result/1,
R.unit/0, R.slice/1, R.term/0, fixed-width numbers, lifetimes, options,
results, and vectors
	use ordinary aliases and calls in bodies; plural module aliases such as
Atoms.fill() render as snake-case Rust modules such as atoms::fill()
	use normal Elixir defmacro, quote, and unquote for reusable Rusty-Elixir
fragments; RustQ expands those macros before lowering
	keep Rust-owned concepts in the Rust-owning project or crate; do not invent
fake Elixir modules just to force a Rust path
	treat raw token escapes as last-resort escape hatches

R.path/1,2 exists as a low-level escape hatch for Rust paths that cannot be
expressed cleanly as ordinary remote types. It should not be the default style.
Rusty-Elixir body syntax
Current defrust lowering supports a growing valid-Elixir subset:
	ordinary assignment lowers to Rust let
	final expressions lower according to the @spec return type
	:ok under R.nif_result(R.unit()) lowers to Ok(())
	case lowers to Rust match
	Option cases can be written as {:some, value} and :none
	Result cases can be written as {:ok, value} and {:error, reason}
	fallible calls in argument, return, case-scrutinee, some(...), decode_as!,
and many local-binding positions can infer Rust ? from type metadata
	unwrap!(expr) explicitly spells Rust expr?; prefer inference when metadata
is available
	ok_or!(option_expr, error_expr) spells Rust
option_expr.ok_or(error_expr)?; use it for explicit Option<T> to
Result<T, E> boundaries such as ok_or!(paint.shader(), badarg())
	assign!(target, expr) spells Rust assignment for explicit mutation, and
return!(expr) spells early return
	ref(expr), mut_ref(expr), and deref(expr) explicitly spell Rust borrows
and dereference; many ordinary calls infer borrows from expected argument types
	decode_as(term, type) and decode_as!(term, type) spell Rustler typed
decode probes and required decodes
	array([...]), index(collection, index), and struct_literal(Path, fields)
lower to Rust array literals, indexing, and struct literals
	Bitwise.bsr/2 and Bitwise.band/2 lower to Rust >> and &
	aliases, remote calls, method calls, local calls, fields, tuples, nested tuple
patterns, literals, lists as vec![...], simple for comprehensions,
expression/item macro calls, and Enum.map/2 with anonymous functions or
named one-argument captures are supported; closures may contain ordinary
multi-statement Elixir blocks
	Rust-facing attributes such as @nif schedule: "DirtyCpu" and
@allow :dead_code are supported before defrust

Use semantic helpers such as expr!, pat!, stmt!, and arm! for
Rust-shaped values that are still authored as valid Elixir. Super.* calls mark
the boundary to nearby handwritten Rust primitives for Rustler term APIs,
generic syn parsing/assembly, or collection glue.
Ordinary Elixir defmacro and RustQ defrustmacro solve different problems.
Use defmacro when you want reusable Rusty-Elixir source; RustQ expands it
before lowering and the generated Rust does not contain a corresponding macro.
Use defrustmacro when repeated generated Rust should call one compact
macro_rules! helper while the helper body remains Rusty-Elixir:
defrustmacro field(term, name, type: :ty) do
  decode_as!(required_field(term, name), type)
end

@spec decode(R.term()) :: R.nif_result(R.u32())
defrust decode(term) do
  field!(term, "value", R.u32())
end
Plain macro arguments are Rust :expr fragments. Annotate type arguments with
:ty, and use :ident / :literal for identifier and literal captures. The
body is not Rust token syntax: use ordinary calls, decode_as!/2, inference, and
other Rusty-Elixir forms. Keep defrustmacro small and supportive; do not hide
large functions inside macro bodies. In short: defmacro improves the Elixir
authoring layer; defrustmacro intentionally changes the Rust output shape.
defrustmacro can emit Rust items when its body contains an inner defrust:
defrustmacro generated_decoder(
  fn: name(:ident),
  env: env(:ident),
  decoder: decoder(:ident),
  fields:
    repeat do
      field_id(:literal)
      field_name(:literal)
      field_decode(:ident)
    end
) do
  @spec name(R.path(:Env, R.lifetime(:a)), R.mut_ref(R.path(:Decoder))) ::
          R.nif_result(term())
  defrust name(env, decoder) do
    decode_fields(
      env,
      decoder,
      ref(
        array([
          repeat fields do
            struct_literal(Field, id: field_id, name: field_name, decode: field_decode)
          end
        ])
      )
    )
  end
end
In this context, declared captures lower to Rust macro variables and
repeat fields do ... end lowers to macro-template repetition, not a runtime
loop.
Raw token escapes (raw_expr!, raw_pat!, raw_stmt!, raw_arm!) are explicit
low-level escape hatches for cases not yet covered by semantic helpers. If an
escape grows beyond a small local syntax boundary, stop and add a RustQ semantic
helper or AST node instead.
RustQ dogfoods this layer in RustQ.Codegen.Decoders.* to generate much of
its own native AST decoder support.
For RustQ-owned helper modules that expose defrust functions for codegen,
RustQ.Meta.item(module, name), items(module, names), and ast!(module, name)
provide the internal bridge from a compiled defrust function to a reusable Rust
fragment or AST node:
RustQ.Meta.item(MyApp.Native.Generated, :save)
RustQ.Meta.items(MyApp.Native.Generated, [:save, :restore])
RustQ.Meta.ast!(MyApp.Native.Generated, :save)
These helpers are intentionally small; they are for reusing RustQ-generated Rust
items without adding a binding-level framework.
Callable metadata for propagation inference
RustQ can infer Rust ? propagation when it knows the signature of the function
or method being called. Local defrust functions contribute callable metadata
from their @spec; external Rust callables can be imported at the use RustQ.Meta
boundary:
defmodule MyApp.Native.GeneratedStyleHelpers do
  use RustQ.Meta,
    rust_sources: ["native/my_nif/src/style_helpers.rs"],
    rust_packages: [{"skia-safe", manifest_path: "native/my_nif/Cargo.toml"}],
    callable_modules: [MyApp.Native.GeneratedEnums]
end
Supported options are:
	:rust_sources — a Rust source path or list of paths. Relative paths are
expanded from the current project working directory. RustQ parses free
functions and impl methods from these files and refreshes cached metadata
when the source file mtime or size changes.
	:rust_packages — a Cargo package name or {package_name, opts} entry, or a
list of those entries. Options are passed to Cargo metadata lookup, commonly
manifest_path: "native/my_nif/Cargo.toml". RustQ indexes package Rust source
structurally through RustQ.Syn.Index.cached_package/2 and serializes initial
cache population so parallel Elixir compilation does not stampede Cargo's
package cache.
	:callable_modules — a RustQ module or list of modules that expose
__rustq_callables__/0, usually another module using RustQ.Meta.

These options are validated with structured RustQ.Diagnostic errors. Prefer
small rust_sources or callable modules for project-owned helpers; use
rust_packages when the source of truth is an external crate and RustQ needs to
learn method signatures or public alias relationships from that crate.
With callable metadata, RustQ can propagate ? through common Rust adapter
shapes without explicit unwrap! in Rusty Elixir, including local/remote/path
and method call arguments, downstream local bindings, receiver-method uses,
ref(...), as_ref(), as_slice(), tuple elements, Vec<T>.push(...),
impl Into<T>, impl Into<Option<T>>, From<A> for B evidence for
impl Into<B>, and impl IntoIterator<Item = T> vector arguments.
Advanced: RustQ-owned modules with defrustmod
defrustmod is for RustQ-owned Rust module structure. Use the block form when
RustQ itself is responsible for generating the Rust module and the functions
inside it:
defmodule MyApp.Native.Generated do
  use RustQ.Meta
  alias RustQ.Type, as: R

  defmodule Canvas do
    @type t :: term()
  end

  defrustmod GeneratedHelpers, as: :generated_helpers do
    @spec save(R.ref(Canvas.t())) :: R.nif_result(R.unit())
    defrust save(canvas) do
      canvas.save()
      :ok
    end
  end
end
This renders a Rust module such as:
mod generated_helpers {
    fn save(canvas: &Canvas) -> NifResult<()> {
        canvas.save();
        Ok(())
    }
}
Do not use defrustmod as a hand-written declaration for Rust modules that are
defined elsewhere by another generator or crate. If a downstream project already
generates or owns Rust like mod generated_opts;, express the type in the
@spec as an ordinary external remote type such as
GeneratedOpts.OvalOpts.t(R.lifetime(:a)) and write body calls normally.
Rust source introspection with RustQ.Syn
RustQ.Syn parses real Rust source with syn and returns Elixir metadata for
Rust items. It is for introspecting existing Rust crates, not for parsing Rust
with regex and not for producing Rusty-Elixir AST.
file = RustQ.Syn.parse_file!("native/foo/src/lib.rs")

[file_enum | _] = RustQ.Syn.enums(file)
methods = RustQ.Syn.methods(file)

index = RustQ.Syn.Index.from_paths(Path.wildcard("native/foo/src/**/*.rs"))
method = RustQ.Syn.Index.method!(index, "Canvas", "draw_rect")
Metadata includes docs and structured type information while keeping rendered
Rust type strings for display/debugging:
%RustQ.Syn.Method{
  name: "draw_rect",
  docs: ["Draws [`Rect`] rect using ..."],
  args: [
    %RustQ.Syn.Arg{
      name: "paint",
      type: "& Paint",
      type_ast: %RustQ.Syn.Type.Ref{
        inner: %RustQ.Syn.Type.Path{name: "Paint"}
      }
    }
  ]
}
Supported metadata currently covers top-level enums, structs, free functions,
impl blocks, methods, doc comments, and common Rust type shapes such as paths,
refs, tuples, Option, Result, impl Trait, slices, arrays, Self, and raw
fallbacks. RustQ.Syn.Type also provides small predicate helpers such as
path?/2, ref_to?/2, and impl_trait?/3 for semantic matching.
Generated files with rustq.exs
Create rustq.exs in your project root to keep generated files checked in and
fresh:
use RustQ.Config

alias RustQ.Rustler.Term

require_file "lib/my_app/codegen/content_schema.ex"

rust "native/my_nif/src/generated_term_helpers.rs" do
  Term.helpers(type_key: "atoms::r#type()")
end

rust "native/my_nif/src/generated_content.rs" do
  MyApp.Codegen.ContentSchema.rust_items()
end
The manifest is ordinary Elixir, so use aliases, helper functions, modules, and
macros to keep project-specific codegen readable.
Then run:
mix rustq.gen
mix rustq.gen --check
mix rustq.gen term_helpers

Path-only targets infer their name from the file name and strip a leading
generated_, so generated_term_helpers.rs is selectable as term_helpers.
Use mix rustq.gen --check in CI to fail when generated files are stale.
Generate from real Rust templates
Templates are ordinary Rust with parseable placeholder forms:
use RustQ.Sigil
alias RustQ.Rust.AST.Builder, as: A
alias RustQ.Rust.AST.ItemBuilder, as: I
import RustQ.Rust.AST.ItemBuilder, only: [function: 3]
require A
require I

template = ~R"""
pub struct __rq_Resource {
    __rq_fields: (),
}

impl __rq_Resource {
    __rq_methods!();

    pub fn table() -> &'static str {
        __rq_table_name!()
    }
}
"""

code =
  template
  |> RustQ.parse!("resource.rs")
  |> RustQ.bind(Resource: :User, table_name: {:literal, "users"})
  |> RustQ.splice(:fields, [
    I.field(:id, :i64, vis: :pub),
    I.field(:name, :String, vis: :pub)
  ])
  |> RustQ.splice(:methods, [
    function :new,
      vis: :pub,
      args: [id: :i64, name: :String],
      returns: :Self do
      A.return(A.struct_expr(:Self, id: A.var(:id), name: A.var(:name)))
    end
  ])
  |> RustQ.render!()
For file templates:
RustQ.render_file!("priv/templates/resource.rs",
  bind: [Resource: :User],
  splice: [fields: [RustQ.Rust.AST.ItemBuilder.field(:id, :i64, vis: :pub)]]
)
Large templates can be split into Rust partials. Includes are expanded before
Rust parsing and are resolved relative to the including file:
// priv/templates/resource.rs
pub struct __rq_Resource {
    __rq_include!("resource/fields.rs");
}

impl __rq_Resource {
    __rq_include!("resource/methods.rs");
}
For string templates, pass include_dir: "priv/templates" to enable include
expansion. Include errors return structured metadata, including
:include_stack, so callers can present their own diagnostics.
Placeholder forms
RustQ placeholders use the visually distinct __rq_ prefix. The exact shape
matches the Rust syntax position, but the name is consistent with the Elixir
bind: or splice: key:
	__rq_Name — identifier, type path, or lifetime replacement
	__rq_value!() — expression or type replacement
	__rq_items!(); — item splice point
	__rq_methods!(); — impl-item splice point
	__rq_body!(); — statement splice point
	__rq_arms => unreachable!(), — match-arm splice point
	__rq_fields: (), — struct-field splice point
	__rq_include!("relative/path.rs"); — file include expanded before parsing
	fn target(__rq_args: ()) {} — function-argument splice point

Placeholders are replaced in parsed Rust syntax positions, not inside arbitrary
macro token trees. If you need a generated value in a macro call, bind it outside
the macro first:
let value = __rq_value!();
println!("{}", value);
instead of:
println!("{}", __rq_value!());
Rust AST builders
Use RustQ.Rust.AST builders for generated declarations and keep values
structural until the template rendering boundary:
alias RustQ.Rust.AST.Builder, as: A
alias RustQ.Rust.AST.ItemBuilder, as: I
alias RustQ.Rust.AST.TypeBuilder, as: T

items = [
  A.use([:std, :sync, :OnceLock]),
  A.const(:TABLE, T.ref(:str), A.lit("users"), vis: :pub),
  %RustQ.Rust.AST.Struct{
    name: :User,
    vis: :pub,
    derive: [:Clone, :Debug],
    fields: [I.field(:id, :i64, vis: :pub)]
  }
]
rustq.exs and template splices accept these nodes directly. Use
RustQ.Rust.render/1 only when a caller explicitly needs rendered source. For
small unsupported syntax boundaries, use the visibly explicit
RustQ.Rust.fragment/2 escape.
The AST covers Rustler-friendly shapes such as lifetime-bearing impl blocks and
receiver arguments:
A.impl(A.type_path(:Content),
  lifetimes: [:a],
  trait: A.type_path([:rustler, :Decoder], lifetimes: [:a]),
  items: [decode_function]
)

%RustQ.Rust.AST.Function{
  name: :encode,
  lifetimes: [:a],
  args: [A.receiver(), A.arg(:env, A.type_path([:rustler, :Env], lifetimes: [:a]))],
  returns: A.type_path([:rustler, :Term], lifetimes: [:a]),
  body: [A.return(A.method(:value, :encode, [:env]))]
}
Rustler helpers
Rustler generation is organized into cohesive submodules that return structural
RustQ AST:
alias RustQ.Rustler.{Atom, Nif, Opts, Resource, Term}

Atom.declaration([:ok, :error, {"r#type", "type"}])
Atom.cached([:ok, node_changes: "nodeChanges"])

Nif.wrappers(
  render_png: [
    args: [env: "Env<'a>", batch: "Term<'a>"],
    returns: "NifResult<Term<'a>>",
    lifetimes: [:a],
    schedule: :dirty_cpu
  ]
)

Term.helpers(type_key: "atoms::r#type()")
Opts.helpers()
Term.decoder(:ProgramInput,
  fields: [
    body: [type: {:vec, "Term<'a>"}, key: "atoms::body()", required: true]
  ]
)

Resource.handle_items(:EncodedImage,
  fields: [bytes: "Vec<u8>"],
  handle_field: "ref"
)
Atom-based decoders and dispatchers are intentionally low-level so projects can
compose them into their own command, AST, or schema models:
RustQ.Rustler.Atom.decoder(:decode_blend_mode,
  returns: :BlendMode,
  cases: [src_over: "BlendMode::SrcOver", multiply: "BlendMode::Multiply"]
)

RustQ.Rustler.Atom.dispatch(:draw_command,
  args: [surface: "&mut Surface", command: "Term<'a>"],
  on: "command.map_get(atoms::op())?.decode::<Atom>()?",
  cases: [rect: "draw_rect(surface, command)"],
  unknown: "Ok(())"
)
Safe term builders use Term<'a>:
RustQ.Rustler.Term.builders(include: [:map_from_terms, :struct_from_terms])
Low-level raw NIF_TERM helpers are explicit:
RustQ.Rustler.Nif.raw_term_builders(include: [:map_from_nif_terms, :struct_from_nif_terms])
Rustler schema DSL
For larger Elixir struct surfaces, define a schema once and generate Rust NIF
structs plus tagged enums:
defmodule MyApp.Codegen.ContentSchema do
  use RustQ.Rustler.Schema

  schema MyApp.Content do
    default_attrs ["allow(dead_code)"]

    node Text do
      field :text, :String
      field :size, {:option, :String}
    end

    node Paragraph do
      field :body, {:vec, Content}
    end

    node Enum, rust: :ExEnum, module: MyApp.Content.EnumList do
      field :children, {:vec, Content}
    end

    tagged_enum Content do
      variants :all
      unknown :unknown_content_variant
    end
  end
end
Optionality is part of the Rust type ({:option, :String}), not a separate
boolean flag.
Composing splices
When multiple generators contribute to one template, pass nested splice sources
or use RustQ.Splice.merge/1. Duplicate names are concatenated:
RustQ.render_file!("native/src/generated.template.rs",
  splice: [
    MyApp.BaseGenerator.splices(schema),
    MyApp.NativeGenerator.splices(schema),
    items: RustQ.Rust.fragment(:item, "pub fn generated() {}")
  ]
)
For explicit composition:
splices =
  RustQ.Splice.merge([
    MyApp.BaseGenerator.splices(schema),
    MyApp.NativeGenerator.splices(schema),
    items: RustQ.Rust.fragment(:item, "pub fn generated() {}")
  ])
Optional rustfmt
Pass rustfmt: true to format generated source through rustfmt --emit stdout:
RustQ.render_file!("native/src/generated.template.rs",
  splice: [items: items],
  rustfmt: true
)
You can also pass a command path/string with rustfmt: "/path/to/rustfmt".
Rustfmt failures return structured :rustfmt_error metadata.
Fragment validation and native AST rendering
You can validate individual Rust fragments in the same contexts RustQ splices:
require RustQ.Rust.AST.Builder, as: A
alias RustQ.Rust.AST.PatternBuilder, as: P

RustQ.valid_fragment?(:field, "pub id: i64")
RustQ.parse_fragment!(:arm, A.arm(P.some(:value), do: :value))
Native AST rendering is the required backend for RustQ AST items. Unsupported
nodes fail visibly instead of falling back to a parallel Elixir renderer, so new
AST nodes must include native decoding/rendering coverage.
License
MIT


  

    Using RustQ Well

RustQ is for building readable Elixir↔Rust bridges. It gives you Rusty-Elixir,
defrust, RustQ AST, Rust source introspection, and generator validation so that
bridge code remains understandable as it grows.
RustQ also ships an agent skill file, SKILL.md, in the Hex package and source
repository. On HexDocs it is available at
https://rustq.hexdocs.pm/skill.md. If you
use a coding agent to start a RustQ bridge, port existing bindings, or maintain a
RustQ-powered generator, give the agent SKILL.md before it writes code. The
skill is the short operational version of this guide.
The goal is not to move Rust string concatenation from .rs files into .ex
files. The goal is to use Elixir as a semantic metaprogramming language for Rust
bridges.
The authoring ladder
Before writing generated Rust as a string, ask:
Can this be valid Elixir, defrust, an ordinary Elixir macro, RustQ AST, or
metadata inferred from Rust/source schemas instead?

Use this order:
	defrust for implementation logic
	ordinary Elixir macros for reusable Rusty-Elixir fragments
	RustQ AST/builders for generated structure
	Rust/Syn/schema/type introspection for metadata
	tiny raw escapes only where RustQ lacks a representation

defrust first
A defrust function is ordinary Elixir-shaped source that lowers to Rust:
defmodule MyApp.Native.Generated do
  use RustQ.Meta

  alias RustQ.Type, as: R

  @spec read_guid(R.mut_ref(Decoder.t())) :: R.nif_result(Guid.t())
  defrust read_guid(decoder) do
    session_id = decoder.read_var_uint()
    local_id = decoder.read_var_uint()
    {:ok, Guid.new(session_id, local_id)}
  end
end
When RustQ has callable metadata for the decoder methods and the function return
type is NifResult<Guid>, it can infer propagation and render the fallible calls
with ?.
Inference is a feature, not a trick
Older Rusty-Elixir code often used unwrap! everywhere to spell Rust ?.
Current RustQ can infer many propagation sites.
Return-position propagation
@spec maybe_path() :: R.option(Path.t())
defrust maybe_path() do
  find_path()
end
If find_path/0 is known to return Option<Path>, RustQ can propagate/shape the
return according to the expected return type.
Argument propagation and borrow inference
@spec decode_color(R.term()) :: R.nif_result(Color.t())
defrust decode_color(term) do
  value = decode_as!(term, R.u32())
  {:ok, Color.from_argb(255, 0, 0, value)}
end

@spec stroke(R.term(), R.slice({R.atom(), R.term()})) :: R.nif_result(Paint.t())
defrust stroke(term, opts) do
  stroke_paint(decode_color(term), 1.0, opts)
end
If stroke_paint/3 expects a Color and returns NifResult<Paint>, RustQ can
render decode_color(term)? and propagate the final call.
Expected reference and slice arguments can often be written as ordinary values:
@spec draw_path(R.ref(Canvas.t()), R.vec(R.term())) :: R.nif_result(R.unit())
defrust draw_path(canvas, args) do
  path = build_path(deref(args.first().ok_or(badarg())))
  canvas.draw_path(path, fill_paint(Color.BLACK))
  :ok
end
With callable metadata, RustQ can infer ?, &, and &mut at the call sites
instead of requiring unwrap!(...), ref(...), or mut_ref(...) in the source.
Downstream local inference
RustQ can infer the expected type of a binding from later uses:
@spec draw(R.term()) :: R.nif_result(R.unit())
defrust draw(term) do
  color = decode_color(term)
  canvas.draw_color(color)
  :ok
end
The later draw_color/1 call can tell RustQ that color should be the unwrapped
Color, not NifResult<Color>.
This also works through common wrapper construction and fallible access patterns:
@spec maybe_bounds(R.option(R.term())) :: R.nif_result(R.option(Rect.t()))
defrust maybe_bounds(term) do
  case term do
    {:some, term} -> some(rect_from_term(term))
    :none -> none()
  end
end

@spec decode_name(R.term()) :: R.nif_result(String.t())
defrust decode_name(term) do
  name = decode_as!(term.map_get(Atoms.name()), String.t())
  {:ok, name}
end
Those can lower to Some(rect_from_term(term)?) and
term.map_get(atoms::name())?.decode::<String>()? when the relevant types are
known.
When to use unwrap!
Use unwrap! only when you intentionally need to force ? and RustQ cannot infer the propagation yet.
Before reaching for it, check whether the callable is available from:
	a local @spec
	a configured callable_modules module
	configured rust_sources
	configured rust_packages
	a known receiver type and method lookup
	an expected argument or return type

If a fallible call is a method on a Rust type, read the Rust source that defines the method and expose it to RustQ before assuming inference is impossible.
value = unwrap!(legacy_decoder(term))
Do not use it reflexively around every fallible call. Prefer giving RustQ enough metadata to infer. If metadata is available but RustQ still cannot infer, treat that as a RustQ improvement candidate rather than normal downstream style.
Likewise, use explicit ref(...), mut_ref(...), .as_ref(), .as_deref(),
and .as_slice() when they are semantically meaningful, but do not add them just
because the generated Rust needs a borrow. RustQ can infer many borrows for
&T, &mut T, &[T], impl AsRef<T>, and impl Into<Option<T>> arguments.
Use ok_or! for explicit Option<T> to Result/NifResult conversion:
@spec shader(R.ref(Paint.t())) :: R.nif_result(Shader.t())
defrust shader(paint) do
  ok_or!(paint.shader(), badarg())
end
Feed RustQ real Rust metadata
Configure RustQ with real Rust sources and packages instead of copying Rust APIs
into Elixir:
defmodule MyApp.Native.Generated do
  use RustQ.Meta,
    rust_sources: ["native/my_app_nif/src/helpers.rs"],
    rust_packages: [{"skia-safe", manifest_path: "native/my_app_nif/Cargo.toml"}],
    callable_modules: [MyApp.Native.GeneratedEnums]

  alias RustQ.Type, as: R

  @spec run(R.mut_ref(Paint.t()), R.atom()) :: R.nif_result(R.unit())
  defrust run(paint, atom) do
    paint.set_stroke_cap(decode_cap(atom))
    :ok
  end
end
RustQ parses functions, impl methods, aliases, argument types, and return types through RustQ.Syn/binding metadata and uses that information while lowering.
For example, if generated code calls a downstream Rust Decoder method such as decoder.read_var_int64(), the right first step is to expose the Decoder implementation through rust_sources or equivalent callable metadata. Do not retype the method signature into an ad hoc Elixir table, and do not hide missing metadata behind unwrap!, verbose case propagation, or trivial wrappers.
Do not paper over missing metadata with trivial wrappers
A wrapper that only calls one Rust method and returns unit is usually a smell if it exists only because RustQ cannot infer propagation:
# Avoid this as a metadata workaround.
@spec skip_int64(R.mut_ref(R.path(:Decoder, R.lifetime(:_)))) :: R.nif_result(R.unit())
defrust skip_int64(decoder) do
  unwrap!(decoder.read_var_int64())
  :ok
end
First make the underlying Rust method visible through rust_sources, rust_packages, or callable_modules, or improve RustQ inference. Keep wrappers when they encode real bridge semantics or provide a stable function pointer shape, but do not use them to avoid reading the actual Rust API.
Prefer recursion and reducers over Rusty exits
Rust has return, loop, break, and continue. RustQ has internal AST nodes
for them. That does not mean product bridge code should be written in that style.
Prefer recursion for small state machines:
@spec skip_many(R.mut_ref(Decoder.t()), R.u32()) :: R.nif_result(R.unit())
defrust skip_many(decoder, remaining) do
  if remaining == 0 do
    :ok
  else
    skip_one(decoder)
    skip_many(decoder, remaining - 1)
  end
end
Prefer for ..., reduce: for accumulator loops:
@spec validate_all(R.vec(Item.t())) :: R.nif_result(R.unit())
defrust validate_all(items) do
  for item <- items, reduce: :ok do
    :ok -> validate_item(item)
  end
end
Reach for return! only when the early-exit shape is genuinely the clearest low-level Rust primitive.
Normal Elixir macros are the composition layer
defmacro with_saved_canvas(do: body) do
  quote do
    var!(canvas).save()
    unquote(body)
    var!(canvas).restore()
  end
end

@spec draw(R.ref(Canvas.t())) :: R.nif_result(R.unit())
defrust draw(canvas) do
  with_saved_canvas do
    canvas.translate({1.0, 2.0})
  end

  :ok
end
RustQ expands ordinary Elixir macros before lowering. Use that instead of
building a separate Rust string DSL.
Use ordinary Elixir macros when you want to make the Rusty-Elixir source
more reusable or readable. They run while compiling the Elixir generator and
usually disappear before Rust exists.
defrustmacro for compact generated Rust
Use defrustmacro for a different job: keeping the generated Rust output
small. When generated Rust repeats the same small implementation pattern many
times, defrustmacro can define one Rust macro_rules! helper from a
Rusty-Elixir body:
defrustmacro field(term, name, type: :ty) do
  decode_as!(required_field(term, name), type)
end

@spec decode(R.term()) :: R.nif_result(R.u32())
defrust decode(term) do
  field!(term, "value", R.u32())
end
Plain arguments are Rust :expr fragments. Annotate type arguments with :ty.
Use :ident and :literal for Rust identifier and literal captures. The body is
still Rusty-Elixir: use ordinary calls, decode_as!/2, propagation inference,
pattern matching, and semantic helpers rather than Rust token syntax. Keep these
macros small and supportive; they are for reducing generated Rust bulk, not for
hiding large bridge functions.
defrustmacro can emit Rust items too. The item implementation should still be
written as defrust, not as a hand-built function AST:
defrustmacro sparse_message(
  fn: name(:ident),
  env: env(:ident),
  decoder: decoder(:ident),
  module: module_name(:literal),
  capacity: capacity(:literal),
  fields:
    repeat do
      field_id(:literal)
      field_name(:literal)
      field_mode(:ident)
      field_decode(:ident)
    end
) do
  @spec name(R.path(:Env, R.lifetime(:a)), R.mut_ref(R.path(:Decoder))) ::
          R.nif_result(term())
  defrust name(env, decoder) do
    decode_sparse_fields(
      env,
      decoder,
      module_name,
      capacity,
      ref(
        array([
          repeat fields do
            struct_literal(Field,
              id: field_id,
              name: field_name,
              repeated: repeated!(field_mode),
              decode: field_decode
            )
          end
        ])
      )
    )
  end
end
Inside the macro body, declared captures such as env, module_name, and
field_id lower to Rust macro variables ($env, $module_name, $field_id).
repeat fields do ... end is macro-template repetition ($()*), not a runtime
loop. Use it for repeated token families that should stay compact in generated
Rust.
Rule of thumb:
	Use defmacro to reuse or generate Rusty-Elixir before lowering.
	Use defrustmacro only when the emitted Rust should contain and call a Rust
macro to avoid repeated Rust code.

Typespecs are the signature source of truth
Prefer ordinary Elixir and remote types where possible:
@spec draw(
        R.ref(SkiaSafe.Canvas.t()),
        GeneratedOpts.CircleOpts.t(R.lifetime(:a)),
        R.slice({R.atom(), R.term()})
      ) :: R.nif_result(R.unit())
Use RustQ.Type for Rust-specific forms:
	R.ref/1, R.mut_ref/1, R.slice/1
	R.u32(), R.i64(), R.f32(), etc.
	R.nif_result/1, R.result/2, R.option/1, R.vec/1
	R.lifetime/1
	R.raw/1 and R.path/1,2 as low-level escapes

Avoid fake Elixir modules that exist only to force Rust paths.
Generate Rust type items from @type
RustQ can use ordinary Elixir @type aliases as more than function-signature
metadata: aliases can also become Rust type items. Prefer this when a generator
needs small support structs, enums, tuple enums, or aliases for defrust
helpers.
Map types become Rust structs:
@type point :: %{
  required(:x) => R.f32(),
  required(:y) => R.f32()
}
This emits a Rust struct shaped like:
pub struct Point {
    pub x: f32,
    pub y: f32,
}
Elixir struct types also become Rust structs:
defmodule Click do
  defstruct [:name]
end

@type click :: %Click{name: String.t()}
Atom unions become Rust enums:
@type mode :: :src_over | :multiply
Unions of struct types become tuple enums:
@type event :: click() | resize() | scroll()
Use R.enum(...) for explicit Rust enum items with tuple payloads when ordinary
Elixir unions would be ambiguous or too implicit:
@type skip_kind :: R.enum(one: [skip_fn()], repeated: [skip_fn()], bytes: [])
Construct those variants in Rusty-Elixir with enum_variant/2+ rather than raw
Rust or token macros:
defrust kind(repeated, skip) do
  if repeated do
    enum_variant(SkipKind, :repeated, skip)
  else
    enum_variant(SkipKind, :one, skip)
  end
end
The generated items are exposed through __rustq_type_items__/0, alongside
__rustq_items__/0 for functions/macros. Generators can use those type items as
structural RustQ fragments instead of writing Rust declaration strings.
Use this path for descriptor/support records that are consumed by defrust
helpers. Reach for explicit RustQ AST builders only when @type cannot express
the shape; add RustQ support rather than falling back to large raw templates.
Semantic helpers and raw escapes
Use semantic helpers when you need Rust-shaped AST values inside Rusty-Elixir:
expr!({:ok, value})
pat!({:ok, value})
stmt!(canvas.clear(color))
arm!({:ok, value}, value)
Use structural AST for Rust-only constructs that have no honest Elixir-shaped
surface. For example, isolate a low-level operation without turning the whole
function into a string:
alias RustQ.Rust.AST.Builder, as: A

A.unsafe_block([
  A.return(A.path_call([:native, :make_term], [:env, :value]))
])
Use raw token escapes only when no semantic form or structural node exists. If
raw escapes spread or become repeated patterns, add a RustQ lowering rule, AST
node, or helper.
RustQ AST for generated structure
Use builders for declarations and data-shaped Rust generation:
alias RustQ.Rust.AST.Builder, as: A

A.const(:MAX_FIELDS, :usize, A.lit(128), vis: :pub)
If the AST cannot represent a needed construct, that is a RustQ feature request,
not permission to create large string templates.
Explicit escape boundaries
RustQ has explicit escape boundaries. They exist so low-level integration points
are honest about being low-level:
	render/template entry points validate real Rust text
	MacroItem, EscapeExpr, and TypeRaw are explicit AST escape nodes
	some Rustler helpers accept caller-provided Rust expressions for advanced dispatch or defaults
	the lowest-level raw NIF_TERM primitives may remain handwritten Rust, while generated control flow around them should use UnsafeBlock and ordinary AST nodes

Do not treat those boundaries as a normal generator style. Outside them, prefer
defrust, RustQ AST, or inferred metadata.
Bad patterns
String-built functions
RustQ.Rust.fragment(:item, [
  "fn decode_", name, "(decoder: &mut Decoder<'_>) -> NifResult<()> {\n",
  "    loop { ... }\n",
  "}\n"
])
This hides semantics and makes the generator hard to maintain.
Duplicated metadata
@primitive %{"uint" => "decoder.read_var_uint()?"}
@primitive_decoders [{"uint", :read_var_uint, []}]
Use one source of truth and derive the other forms.
Rewriting Rust metadata by hand
If Rust owns the type/function/method, parse the Rust. Do not maintain an Elixir
shadow registry unless there is no better source.
Porting existing Rustler bindings
	Keep clear domain Rust as Rust.
	Move repetitive NIF glue, decoders, option handling, and helper dispatch into
defrust or RustQ AST.
	Configure rust_sources/rust_packages before duplicating signatures.
	Use callable_modules to reuse metadata from generated RustQ modules.
	Generate via rustq.exs; check freshness in CI.
	Run generated Rust through format/check/clippy.

Dogfooding and downstream packages
The same rules apply more strictly inside RustQ and RustQ-powered generators:
	grow RustQ's semantic vocabulary before spreading string templates downstream
	keep generic machinery in generic packages and product semantics in product packages
	use behavioral tests and generated-output checks, not brittle policy grep tests
	treat raw escapes as candidates for future RustQ support

API references
Useful modules to read in HexDocs/source:
	RustQ.Meta
	RustQ.Type
	RustQ.Binding.Callable
	RustQ.Binding.Source
	RustQ.Binding.Index
	RustQ.Syn
	RustQ.Syn.Index
	RustQ.Rust.AST.Builder
	RustQ.Rust.AST.PatternBuilder
	RustQ.Rust.AST.TypeBuilder
	RustQ.Rustler
	RustQ.Rustler.Schema

Verification
	mix ci
	mix rustq.gen --check
	cargo fmt --check
	cargo check
	cargo clippy -- -D warnings
	downstream dogfood for shared generator changes

Generated Rust being Clippy-clean is necessary. It is not sufficient. The Elixir
that generates it should also be readable and beautiful.


  

    Generating Rustler Boundaries

RustQ can generate repetitive Rustler boundary code while keeping implementation
logic in ordinary Rust. Use structural manifests and Rust source metadata rather
than duplicating signatures across Rust and Elixir.
Atom registries
Discover atom calls structurally with RustQ.Syn.atom_references!/1, then emit
the registry with RustQ.Rustler.Atom.declaration/2. The scanner recognizes calls in
ordinary expressions and Rust macro token trees.
atoms =
  "native/my_nif/src/*.rs"
  |> Path.wildcard()
  |> Enum.flat_map(fn path -> path |> File.read!() |> RustQ.Syn.atom_references!() end)
  |> Enum.uniq()
  |> Enum.sort()

rust "native/my_nif/src/generated_atoms.rs" do
  RustQ.Rustler.Atom.declaration(atoms)
end
Exclude generated files from discovery. If another manifest introduces atom
keys, derive those keys directly from that manifest so generation reaches a
stable result in one pass.
Struct term encoders
term_encoder/2 generates a rustler::Encoder implementation backed by RustQ
AST. Simple fields are atoms; {key, field} renames the atom key.
RustQ.Rustler.Term.encoder(:EncodedLocation,
  fields: [:start, {:end_, :end}, :line]
)
Lifetime-bearing adapters use :target_lifetimes:
RustQ.Rustler.Term.encoder(:EncodedError,
  target_lifetimes: [:_],
  fields: [:message, code: [when_some: true, via: :as_str]]
)
Field metadata supports structural transformations:
	field: [:result, :code] — nested field path
	via: :as_str — zero-argument method before encoding
	with: :encode_value — helper called as encode_value(env, &value)
	borrow: false — pass the helper value without adding &
	when_some: true — omit the map entry when the option is None
	optional: [wrap: :EncodedValue] — encode Some through an adapter and None as nil
	map: [wrap: :EncodedValue] — map a collection into encoded terms
	map: [convert: :EncodedValue] — map through EncodedValue::from
	fallback: [field: [:result, :code], via: :as_str] — generate unwrap_or

These are typed operations, not raw Rust expression strings.
One NIF manifest for Rust and Elixir
Keep NIF bodies as handwritten implementation functions with an _impl suffix:
fn parse_nif_impl<'a>(env: Env<'a>, source: &str) -> NifResult<Term<'a>> {
    // domain implementation
}
Declare boundary policy once:
nifs = [
  parse_nif: [],
  compile_nif: [attrs: [A.attr(:allow, [A.path([:clippy, :too_many_arguments])])]]
]

rust "native/my_nif/src/generated_nifs.rs" do
  RustQ.Rustler.Nif.wrappers_from_source(
    "native/my_nif/src/lib.rs",
    nifs,
    schedule: :dirty_cpu
  )
end

generate "lib/my_app/generated_nif_stubs.ex" do
  content(
    RustQ.Rustler.Nif.stubs_from_source(
      "native/my_nif/src/lib.rs",
      nifs,
      MyApp.GeneratedNifStubs
    )
  )
end
The Rust wrapper signatures come from RustQ.Syn; they are not repeated in the
manifest. Elixir stub arities use the same signatures and structurally exclude
Rustler's injected Env argument.
Retain human-facing specs in the native module and install generated stubs once:
defmodule MyApp.Native do
  @spec parse_nif(String.t()) :: {:ok, map()} | {:error, term()}

  use MyApp.GeneratedNifStubs
end
Run both generation and compiler checks in CI:
lint: [
  "rustq.gen --check",
  "compile --warnings-as-errors"
]


  

    Designing RustQ Generators

A RustQ consumer should make the authored bridge easier to understand than the
Rust it replaces. The generator is part of the product architecture, not a bag
of build scripts.
Keep rustq.exs boring
Use rustq.exs as a composition root. Put domain metadata and build functions in
ordinary Elixir modules, then iterate over one target manifest.
use RustQ.Config

require_file("lib/my_app/codegen/atoms.ex")
require_file("lib/my_app/codegen/nifs.ex")
require_file("lib/my_app/codegen/targets.ex")

MyApp.Codegen.Targets.all()
|> Enum.map(fn {name, target} ->
  generate name, Keyword.fetch!(target, :path) do
    build(Keyword.fetch!(target, :build))
  end
end)
|> List.last()
Prefer this over large inline encoder tables, source parsing pipelines, and
manual implementation lookup in rustq.exs.
Use consistent layers
A useful naming convention is:
	MyApp.Codegen.* for schemas, manifests, and orchestration
	MyApp.Codegen.Rusty.* for defrust implementation modules
	MyApp.Codegen.Rust.* for Rust AST composition and rendering
	MyApp.Native for the runtime Rustler loader
	MyApp.Native.GeneratedStubs for generated fallback functions

Use _impl for handwritten Rust implementation functions behind generated NIF
wrappers. Avoid _nif on exported names when the surrounding Native module
already supplies that context.
Generated Rust files should use predictable responsibility-based names such as
generated_atoms.rs, generated_nifs.rs, generated_term_encoders.rs, and
generated_types.rs.
Prefer ordinary manifests
Use lists, maps, structs, functions, and normal Elixir modules before creating a
consumer-specific DSL. A manifest should own policy that cannot be inferred:
which functions are exported, scheduling, semantic atom renames, and intentional
field projections.
Do not repeat signatures, arities, lifetimes, or field types when RustQ can read
them from Rust source, Rusty-Elixir specs, schemas, or generated AST metadata.
Keep metadata near its owner
Long lists of generated function names should live beside the functions they
select. Shared defaults should have one owner. Generated atom keys should come
from source references or normalized encoder/schema metadata, with only true
identifier-to-value renames declared manually.
An explicit export-name list is useful policy. A second argument/return registry
for those exports is duplication.
Optimize for inspection
Generated output should be split by responsibility when practical. A small root
Rust module that includes generated atoms, types, wrappers, and domain helpers is
easier to inspect than one monolithic generated file.
Do not abstract merely to reduce line count. Repetition can be valuable when it
keeps public Elixir typespecs concrete and readable. Remove repetition when it
creates two sources of truth or forces consumers to understand RustQ's internal
manifest representation.


  

    RustQ Reach plugin

RustQ ships its Reach plugin with the rustq package. No separate RustQ plugin
package is required.
Add Reach to the consumer project's development dependencies, then enable the
checks the project wants in .reach.exs:
[
  smells: [
    strict: true,
    custom_checks: [
      RustQ.Reach.Smells.RawRustEscape,
      RustQ.Reach.Smells.DynamicRawRustEscape,
      RustQ.Reach.Smells.DefrustMissingSpec,
      RustQ.Reach.Smells.LowLevelControlFlow,
      RustQ.Reach.Smells.TrivialDefrustWrapper,
      RustQ.Reach.Smells.BlocklessDefrustmod
    ]
  ]
]
Consumers own their Reach strictness, ignore paths, and baselines; RustQ's
checks contain no consumer-specific path or function exemptions.


  

    SKILL


name: rustq
summary: Build readable Elixir↔Rust bridges with RustQ in new NIF projects, ports of existing bindings, and code generators. Use Rusty-Elixir/defrust, inference, Rust source metadata, Elixir macros, and RustQ AST before raw Rust strings.

RustQ Skill
Use this skill when starting a RustQ-powered NIF/bridge, porting existing Rustler bindings, adding generated Rust to an Elixir project, or working on RustQ itself.
RustQ's goal is a readable and maintainable Elixir↔Rust bridge. Generated Rust should be understandable through the Elixir that produced it. Do not turn RustQ projects into cryptic string emitters.
Full guide: https://rustq.hexdocs.pm/using-rustq-well.md
First principles
	Write bridge behavior as Rusty-Elixir. Prefer defrust functions with real @specs.
	Let RustQ infer. Do not sprinkle unwrap! everywhere. RustQ can infer many ? propagations from return types, argument types, receiver types, and Rust source callable metadata.
	Use Elixir metaprogramming. Use ordinary defmacro, quote, unquote, pattern matching, recursion, and schema transforms.
	Infer from Rust/source schemas. Use RustQ.Syn, rust_sources, rust_packages, and callable_modules instead of hand-copying Rust APIs.
	Use RustQ AST/builders for generated structure. If a construct is missing, prefer adding RustQ support over writing a large string template.
	Keep raw Rust strings tiny and local. Macro invocations and unavoidable syntax escapes are fine; large generated functions as strings are not.

Starting point for a new bridge
defmodule MyApp.Native.Generated do
  use RustQ.Meta,
    rust_sources: ["native/my_app_nif/src/helpers.rs"]

  alias RustQ.Type, as: R

  @spec decode_color(R.term()) :: R.nif_result(R.raw(:Color))
  defrust decode_color(term) do
    value = decode_as!(term, R.u32())
    {:ok, Color.from_argb(255, 0, 0, value)}
  end

  @spec draw(R.mut_ref(Canvas.t()), R.term()) :: R.nif_result(R.unit())
  defrust draw(canvas, term) do
    color = decode_color(term)
    canvas.draw_color(color)
    :ok
  end
end
If RustQ knows decode_color/1 returns NifResult<Color> and draw_color/1 expects Color, it can lower the call as decode_color(term)? in the argument position. You do not need to write unwrap! just to force ?.
Prefer inference over unwrap!
unwrap! still exists as an explicit ? escape hatch, but it should not be the default style for every fallible call. Before using it, first make sure RustQ can see the callable metadata that would let it infer propagation.
Prefer this when callable metadata is available:
@spec draw(R.term(), R.slice({R.atom(), R.term()})) :: R.nif_result(R.unit())
defrust draw(term, opts) do
  stroke_paint(decode_color(term), 1.0, opts)
  :ok
end
RustQ can infer propagation from:
	return-position expected wrappers (NifResult<T>, Result<T, E>, Option<T>)
	argument types from local @specs
	argument types from callable_modules
	Rust free functions and impl methods parsed from rust_sources / rust_packages
	receiver method calls when the receiver type is known
	downstream uses of previously-bound locals
	case scrutinees, some(...), decode_as!, map_get, and fallible ref access
	vector/slice borrows, list literals, vector pushes, and iterator-like argument expectations
	common adapters such as impl AsRef<T> and impl Into<Option<T>>

Before reaching for unwrap!, check:
	Is the callable defined by a local @spec?
	Is it exposed through a callable_modules module?
	Is it parseable from configured rust_sources?
	Is it available from configured rust_packages?
	Is the receiver type known well enough for method lookup?
	Is the expected return or argument type known?

If a fallible call is a method on a Rust type, read the Rust source that defines it and configure metadata before assuming RustQ cannot infer it. Do not use unwrap!, verbose case, or raw Rust wrappers to paper over missing metadata.
Use unwrap! only when you genuinely need to force propagation and metadata/inference cannot express the shape yet:
@spec decode_alpha(R.term()) :: R.nif_result(R.u8())
defrust decode_alpha(term) do
  value = decode_as!(term, R.u32())
  {:ok, cast(value, R.u8())}
end
Use ok_or! for explicit Option<T> to Result/NifResult boundaries:
@spec shader(R.ref(Paint.t())) :: R.nif_result(Shader.t())
defrust shader(paint) do
  ok_or!(paint.shader(), badarg())
end
Use Rust source metadata
Do not retype Rust APIs into Elixir registries when RustQ can read them.
defmodule MyApp.Native.Generated do
  use RustQ.Meta,
    rust_sources: [
      "native/my_app_nif/src/paint.rs",
      "native/my_app_nif/src/generated.rs"
    ],
    rust_packages: [{"skia-safe", manifest_path: "native/my_app_nif/Cargo.toml"}],
    callable_modules: [MyApp.Native.GeneratedEnums]

  alias RustQ.Type, as: R

  @spec run(R.mut_ref(Paint.t()), R.atom()) :: R.nif_result(R.unit())
  defrust run(paint, atom) do
    paint.set_stroke_cap(decode_cap(atom))
    :ok
  end
end
RustQ parses callable signatures and uses them for propagation/argument inference.
This is the preferred way to bridge existing Rust libraries.
When a defrust function calls a Rust method such as decoder.read_var_int64(), the correct first move is to expose the Decoder implementation through rust_sources or equivalent callable metadata. Do not duplicate the method signature in an ad hoc Elixir registry or hide missing metadata behind wrappers.
Do not create trivial wrappers for missing metadata
Do not create a new Rust or defrust helper merely to call one Rust method and return Ok(()):
# Bad if the only reason is that RustQ cannot see `Decoder.read_var_int64/0` yet.
@spec kiwi_skip_int64_value(R.mut_ref(R.path(:Decoder, R.lifetime(:_)))) :: R.nif_result(R.unit())
defrust kiwi_skip_int64_value(decoder) do
  unwrap!(decoder.read_var_int64())
  :ok
end
First make RustQ understand the underlying Rust method via rust_sources, rust_packages, or callable_modules, or improve RustQ inference if the metadata is present but unused. Wrappers are fine when they encode real bridge semantics or are required as stable function-pointer targets, but they should not be a workaround for skipped metadata.
Use recursion and reducers instead of return/break-driven product code
RustQ has internal AST nodes for Rust return, loop, break, and continue, but bridge/generator code should usually be written as Elixir-shaped control flow.
Prefer recursion for small state machines:
@spec skip_remaining(R.mut_ref(Decoder.t()), R.u32()) :: R.nif_result(R.unit())
defrust skip_remaining(decoder, remaining) do
  if remaining == 0 do
    :ok
  else
    skip_one(decoder)
    skip_remaining(decoder, remaining - 1)
  end
end
Prefer for ..., reduce: for accumulator loops:
@spec validate_all(R.vec(Item.t())) :: R.nif_result(R.unit())
defrust validate_all(items) do
  for item <- items, reduce: :ok do
    :ok -> validate_item(item)
  end
end
Use return!, break, and continue only when modelling an inherently Rusty low-level primitive or RustQ internals. They should be unusual in downstream product generators.
Use ordinary Elixir macros for reusable Rusty-Elixir
defmacro with_saved_canvas(do: body) do
  quote do
    var!(canvas).save()
    unquote(body)
    var!(canvas).restore()
  end
end

@spec draw(R.ref(Canvas.t())) :: R.nif_result(R.unit())
defrust draw(canvas) do
  with_saved_canvas do
    canvas.translate({1.0, 2.0})
  end

  :ok
end
RustQ expands normal Elixir macros before lowering. Use that power instead of generating Rust strings.
Use ordinary Elixir macros when you want reusable Rusty-Elixir source. They run
while compiling the Elixir generator and do not intentionally leave a Rust macro
in the output.
For repeated generated bridge code, first use normal Elixir metaprogramming:
helper functions that return quoted Rusty-Elixir, defmacro, quote, unquote,
unquote_splicing, schema transforms, Enum.map, recursion, and pattern
matching. RustQ is designed to lower valid Elixir-shaped Rusty-Elixir; do not
invent a separate mini-language or string template when ordinary Elixir can
produce the Rusty-Elixir you need.
Use defrustmacro for the different case where repeated generated Rust should
call one compact macro_rules! helper while the helper body remains
Rusty-Elixir:
defrustmacro field(term, name, type: :ty) do
  decode_as!(required_field(term, name), type)
end
Plain arguments are :expr fragments; annotate type arguments with :ty. Use
:ident and :literal when a macro captures Rust identifiers or literal tokens.
Do not write Rust syntax in the body. In short: defmacro improves the authoring
layer; defrustmacro intentionally changes the generated Rust shape.
defrustmacro can also emit Rust items when the body contains normal Rusty-Elixir
defrust. Keep the signature declarative and put the implementation in the inner
defrust body:
defrustmacro sparse_message(
  fn: name(:ident),
  env: env(:ident),
  decoder: decoder(:ident),
  module: module_name(:literal),
  capacity: capacity(:literal),
  fields:
    repeat do
      field_id(:literal)
      field_name(:literal)
      field_mode(:ident)
      field_decode(:ident)
    end
) do
  @spec name(R.path(:Env, R.lifetime(:a)), R.mut_ref(R.path(:Decoder))) ::
          R.nif_result(term())
  defrust name(env, decoder) do
    decode_sparse_fields(
      env,
      decoder,
      module_name,
      capacity,
      ref(
        array([
          repeat fields do
            struct_literal(Field,
              id: field_id,
              name: field_name,
              repeated: repeated!(field_mode),
              decode: field_decode
            )
          end
        ])
      )
    )
  end
end
Inside defrustmacro, declared captures such as env, module_name, and
field_id lower to Rust macro variables ($env, $module_name, $field_id).
repeat fields do ... end is a macro-template repetition, not a runtime loop.
Use it only in the documented defrustmacro capture/template positions. If you
need to assemble repeated Rusty-Elixir statements or helper bodies, prefer
ordinary Elixir quote/unquote_splicing or helper macros at the authoring
layer instead of adding new RustQ-specific syntax.
Use the supported Rusty-Elixir surface
Common supported forms include:
	@spec / @type driven function signatures
	ordinary assignments (let) and inferred mutability when later assigned
	case, if, with, guards, tuple patterns, {:ok, value}, {:error, reason}, {:some, value}, :none
	method calls, remote calls, local calls, aliases, pipelines
	decode_as/2 and decode_as!/2 for Rustler term decoding
	ref/1, mut_ref/1, deref/1, cast/2, array/1, index/2, struct_literal/2
	expr!, pat!, stmt!, and arm! for semantic Rust-shaped AST values authored as valid Elixir
	raw_expr!, raw_pat!, raw_stmt!, and raw_arm! only as explicit token escapes

Types: prefer clear specs
Use ordinary Elixir and remote types first:
@spec draw(R.ref(SkiaSafe.Canvas.t()), GeneratedOpts.CircleOpts.t(R.lifetime(:a))) ::
        R.nif_result(R.unit())
Use RustQ.Type (alias RustQ.Type, as: R) for Rust-specific precision:
	R.ref/1, R.mut_ref/1, R.slice/1
	fixed-width numbers: R.u32(), R.i64(), R.f32()
	R.nif_result/1, R.result/2, R.option/1, R.vec/1
	R.lifetime/1
	R.raw/1 and R.path/1,2 as low-level escapes

Do not invent fake Elixir modules solely to spell Rust paths.
Generate Rust type items from @type
RustQ can emit Rust type declarations from ordinary Elixir @type aliases.
Use this before hand-building Rust struct/enum/type-alias strings.
Map types become Rust structs:
@type point :: %{
  required(:x) => R.f32(),
  required(:y) => R.f32()
}
Struct types become Rust structs too:
defmodule Click do
  defstruct [:name]
end

@type click :: %Click{name: String.t()}
Atom unions become Rust enums, and struct unions become tuple enums:
@type mode :: :src_over | :multiply
@type event :: click() | resize() | scroll()
Use R.enum(...) when you need an explicit Rust enum with tuple payloads but do
not want to overload ordinary Elixir tuple unions:
@type skip_kind :: R.enum(one: [skip_fn()], repeated: [skip_fn()], bytes: [])
Construct those variants from defrust with enum_variant/2+, not token macros:
defrust kind(repeated, skip) do
  if repeated do
    enum_variant(SkipKind, :repeated, skip)
  else
    enum_variant(SkipKind, :one, skip)
  end
end
Type items are available through __rustq_type_items__/0; use them in
generators just like generated defrust items from __rustq_items__/0. This is
the preferred path for support structs such as small descriptor records used by
generated defrust helpers.
AST/builders for generated structure
When generating Rust declarations, prefer RustQ AST/builders:
alias RustQ.Rust.AST.Builder, as: A

A.const(:MAX_FIELDS, :usize, A.lit(128), vis: :pub)
If AST/native rendering rejects a shape you need, that is usually a RustQ capability gap. Add the missing node/decoder/rendering support rather than falling back to a giant template.
Raw Rust strings: last resort
RustQ itself still has a few explicit low-level escape boundaries. Treat these as
owned exceptions, not examples to copy:
	core renderers/validators that must accept Rust text (RustQ.render/3, splice validation)
	RustQ.Rust.AST.MacroItem, EscapeExpr, and TypeRaw nodes, which are explicit escape nodes
	Rustler helper APIs that accept caller-provided Rust expressions for advanced dispatch/defaults
	unsafe raw NIF_TERM primitives where Rustler exposes only low-level operations; compose surrounding generated structure with RustQ.Rust.AST.UnsafeBlock

Anything outside those boundaries should use defrust, RustQ AST, or inferred metadata first.
Acceptable:
A.macro_item("rustler::atoms! { ok, error }")
Not acceptable as normal style:
RustQ.Rust.fragment(:item, [
  "fn decode_", name, "(decoder: &mut Decoder<'_>) -> NifResult<()> {\n",
  "    loop { ... }\n",
  "}\n"
])
If a raw escape grows beyond a small syntax boundary, stop and add a semantic RustQ capability.
Porting checklist
When porting existing bindings:
	Keep clear handwritten Rust as Rust.
	Move repetitive bridge glue to defrust or AST-backed generation.
	Configure rust_sources / rust_packages before duplicating Rust signatures.
	Replace metadata registries with inference from Rust/schema/typespecs.
	Add rustq.exs, generate checked-in Rust if needed, and enforce mix rustq.gen --check.
	Run generated Rust through cargo fmt, cargo check, and cargo clippy -- -D warnings. For generator changes that call downstream Rust methods, run the downstream native crate too; Elixir tests alone can miss missing callable metadata or receiver-type drift.

References
Read these in HexDocs/source when working with RustQ:
	RustQ.Meta — defrust, module options, Rusty-Elixir lowering entry point
	RustQ.Type — typespec vocabulary
	RustQ.Rust.AST.Builder — AST constructors
	RustQ.Rust.AST.PatternBuilder and RustQ.Rust.AST.TypeBuilder
	RustQ.Syn and RustQ.Syn.Index — Rust source introspection
	RustQ.Binding.Callable, RustQ.Binding.Source, RustQ.Binding.Index — callable metadata/inference inputs
	RustQ.Rustler and RustQ.Rustler.Schema — Rustler helper generation
	lib/rustq/meta/ — internal lowering and inference implementation
	guides/using-rustq-well.md — expanded guide with examples

Verification
For non-trivial changes:
	mix ci
	mix rustq.gen --check where applicable
	downstream dogfood CI when changing shared generators
	generated Rust: cargo fmt --check, cargo check, cargo clippy -- -D warnings
	compare generated size after the generator remains readable

Clippy-clean Rust is necessary, not sufficient. RustQ code should also be beautiful at the generator layer.


  

    Changelog

Unreleased
v0.11.1 - 2026-07-14
	Lower named Enum.map/2 function captures and multi-statement closure bodies,
and dogfood them for generated native AST collection decoders.
	Generate Rustler term decoders structurally, including cached struct keys, and
add an AST-backed unsafe block for isolated low-level Rustler operations.

v0.11.0 - 2026-07-13
	Require structural Rust type nodes at the native rendering boundary, normalize
builder type inputs, and add structural tuple types.
	Support multiple lifetimes on Rust struct AST nodes, hide the internal AST
renderer, and remove duplicate simple-item builder delegates.
	Validate atom-backed Rust identifiers and avoid callable metadata cache locks
during parallel compilation.

v0.10.0 - 2026-07-10
	Make RustQ.Rust.AST the canonical generated-Rust representation, including
source-derived NIF wrappers with multiple lifetimes, and remove the duplicate
legacy Rust builder model.
	Reorganize Rustler generation into focused Nif, Term, Atom, Opts,
Resource, and Schema APIs with concise wrapper, function-metadata, stub,
and encoder naming.
	Simplify generator manifests, template rendering, metadata selection, and
file-spec APIs; hide implementation modules and document the public API by
responsibility.

v0.9.11 - 2026-07-10
	Discover Rustler atom references through a configurable Rust module name,
including references nested in macro token trees.

v0.9.10 - 2026-07-10
	Preserve explicit nested Option constructors and infer Option::map(Some)
without adding extra wrappers or propagation.
	Add a source-generated optional-string map decoder and emit zero-arity Elixir
NIF stubs without parentheses.

v0.9.9 - 2026-07-10
	Preserve nested wrapper tuple binding types and lexical pre-shadow types so
downstream inference does not add propagation to infallible values.

v0.9.8 - 2026-07-10
	Select map-backed Rust struct items from Rusty-Elixir @type metadata with
configurable derives, attributes, struct visibility, and field visibility.

v0.9.7 - 2026-07-10
	Add structural schema field and shorthand-field splices for projection-driven
Rust struct declarations and literals.

v0.9.6 - 2026-07-10
	Generate one Elixir NIF stub module from mixed Rust source metadata and RustQ
AST functions, including automatic Rustler Env exclusion.

v0.9.5 - 2026-07-10
	Preserve no-parentheses function-pointer field access in expected-type
positions instead of lowering fields named decode as generic Rustler method
calls.

v0.9.4 - 2026-07-10
	Add AST-backed Rustler term encoders with nested, conditional, optional,
collection, adapter, helper, and fallback field projections.
	Add source-derived Rustler NIF wrappers and Elixir fallback stubs so one
manifest and the handwritten Rust implementation signatures determine both
sides of the boundary.
	Discover atom references inside Rust macro token trees and document stable,
structural Rustler generation workflows.
	Add optional Rustler map decoders and improve option/method result inference.

v0.9.3 - 2026-07-06
	Infer Option<T> author input for expected Option<&T> adapter arguments,
including fallible NifResult<Option<T>> values passed to
impl Into<Option<&T>> Rust methods.
	Preserve owned option locals while emitting .as_ref() at the eventual call
site to avoid borrowing from temporaries.

v0.9.2 - 2026-07-06
	Improve Rusty-Elixir propagation and borrow inference for fallible option
cases, some(...), unwrap_or, decode_as!, map_get, fallible reference
access, list/slice arguments, loop bindings, and method arguments.
	Improve callable metadata lookup for qualified method receivers and add corpus
coverage for impl Into<Option<T>> argument propagation.
	Refresh README, guide, skill, and module docs around inference-first authoring
with less explicit unwrap!, ref, and mut_ref boilerplate.

v0.9.1 - 2026-07-06
	Improve expected-input inference for callable arguments, including fallible
case scrutinees, associated calls, and slice/Vec borrow adaptation.
	Add corpus coverage for semantic defrustmacro item calls and recent
propagation/borrow inference regressions.

v0.9.0 - 2026-07-06
This release is a large Rusty-Elixir self-hosting and downstream dogfooding
release. It expands structural Rust generation, improves type-driven lowering,
and fixes a major compile-time performance regression exposed by Skia dogfood.
Added
	Add Rust type item generation from @type aliases, including type aliases,
structs, enums, and Rust-only support records that do not force generated
Rustler term decoders.
	Add R.enum(...) for explicit Rust enum type items and fix zero-arity type
alias resolution for bare @type name :: ... declarations.
	Add structural macro_rules! AST support and native validation/rendering for
macro variables, captures, repetitions, and macro repeat expressions.
	Add AST walking utilities for RustQ AST traversal and mutation analysis.
	Add golden corpus tooling for Rusty-Elixir lowering, with coverage reporting
by category.
	Add semantic enum_variant(Type, :variant, ...) lowering for constructing
Rust enum variants from Rusty-Elixir without token macros.
	Add semantic item-producing defrustmacro calls and macro item call support.
	Add defrustmacro support for compact skip_fields and sparse struct field
descriptor row patterns.
	Add idiomatic Clippy lint paths for Rust-facing attributes, such as
@allow Clippy.redundant_field_names rendering to
#[allow(clippy::redundant_field_names)].
	Add dev-only RustQ Reach smell checks and dogfood them in strict mode for raw
Rust escapes, low-level Rusty-Elixir control flow, trivial defrust wrappers,
and blockless defrustmod aliases.

Changed
	Extend defrustmacro with identifier/literal captures, item-generating inner
defrust bodies, multiple generated item bodies, and repeat ... do
macro-template repetitions.
	Lower calls to known defrustmacro helpers as generated Rust macro
invocations, and support remote Rust macro calls such as Debug.trace!(value).
	Replace ad hoc macro metavariable spacing cleanup with structural macro repeat
expression rendering.
	Remove the process dictionary from Rusty-Elixir lowering; lowering state is now
threaded explicitly through expression, call-argument, alias, array,
control-flow, return, and expected-expression lowering.
	Make context-aware expression lowering the primary lowering path.
	Expand type-driven checking for expected expression positions, including
returns, call arguments, struct fields, case arms, if branches,
with/for reduce bodies, closures, field access, statics, array literals,
and option some(...) wrappers.
	Infer downstream types through value uses such as comparisons,
binary_search_by_key, receiver method calls, mutable Vec::push, option
case bindings, option adapters, package free functions, and Self-based impl
callables.
	Import free functions from configured Cargo packages in addition to impl
methods.
	Resolve Self types in impl callable metadata to the concrete impl target.
	Keep __rustq_callables__/0 exports limited to local RustQ callables instead
of embedding all external/package callables into every module. External
callables are still available during compilation through cached source/package
resolution.
	Document item-generating defrustmacro patterns for compact generated Rust
that keeps implementation logic in Rusty-Elixir.
	Document when to use ordinary Elixir defmacro for authoring-layer reuse
versus defrustmacro for intentionally reducing generated Rust size.

Fixed
	Parse Rust bare function pointer types structurally through syn metadata
instead of regexing rendered Rust type strings.
	Mark function pointer types as non-decodable where Rustler decoding cannot be
derived safely.
	Auto-borrow binary-search keys, array literals expected as slices, call
arguments, option some(...) inners, option adapter inners, external statics,
and several downstream value-use patterns.
	Avoid applying ? to Option<T> values in Result/NifResult contexts where
Rust does not support that propagation boundary.
	Infer external static types and generated static types for auto-borrowing.
	Preserve explicit R.raw(...) as an escape hatch while using structured syn
metadata where available.
	Fix zero-cost package metadata reuse after Skia dogfood: generated checks that
previously ballooned to roughly 75–80 seconds now avoid duplicating thousands
of external callables into every module.

v0.8.3 - 2026-06-28
	Infer propagation for source-backed receiver method calls when the receiver type is known.
	Index Rust source callables by normalized receiver target names.
	Strengthen metadata guidance for avoiding unwrap! when Rust source metadata can be configured.

v0.8.2 - 2026-06-26
	Add the RustQ agent skill to the Hex package and documentation.
	Add guidance for authoring RustQ generators with defrust, AST builders,
metadata, inference, and explicit escape boundaries.
	Document expression-oriented Rusty-Elixir style and recursion/reducer patterns.

v0.8.1 - 2026-06-25
	Add Rustler fixed struct term helpers for cached keys, default values, and raw NIF_TERM map construction.
	Use Atom::from_str for generated cached atom helpers.
	Add missing Rust integer marker types to RustQ.Type.

v0.8.0 - 2026-06-25
	Add semantic control-flow lowering for expression-oriented Rusty-Elixir.
	Support macro-generated case clauses in defrust lowering.

v0.7.0 - 2026-06-25
	Add ok_or!(option_expr, error_expr) as the Rusty-Elixir idiom for explicit
Option<T> to Result<T, E> propagation boundaries.
	Extend type-driven propagation inference with nested Rust module function
metadata, downstream receiver-method let inference, as_slice() adapters,
source-backed From<A> for B compatibility for impl Into<B>, and
associated-type metadata such as impl IntoIterator<Item = T>.
	Add source-backed callable metadata from Rust source files, Cargo packages,
and callable modules.
	Dogfood native RustQ AST generation in Rustler atom dispatch, tagged enum,
macro item, and native codegen helper paths.
	Add structured diagnostics for RustQ configuration, source loading, lowering,
and native rendering failures.

v0.6.0 - 2026-06-19
	Reframe Rusty Elixir as the high-level defrust authoring surface.
	Add external Rust type specs through ordinary remote types such as
GeneratedOpts.OvalOpts.t(RustQ.Type.lifetime(:a)).
	Add ordinary Elixir macro expansion before defrust lowering so reusable
Rusty-Elixir body fragments can use defmacro, quote, and unquote.
	Lower plural alias calls such as Atoms.fill() to snake-case Rust module calls
such as atoms::fill().
	Demote RustQ.Meta.quoted and RustQ.Type.path to low-level escape
hatches instead of the normal authoring style.
	Add small AST reuse bridges for RustQ-owned codegen helpers:
RustQ.Rust.ast_item/1, RustQ.Rust.ast_items/1, and the internal
RustQ.Meta.item(module, name) / items(module, names) / ast!(module, name)
helpers.
	Add Rust AST support for receiver arguments and lifetime-bearing impl blocks,
including Rustler shapes such as impl<'a> rustler::Decoder<'a> for Type and
fn encode<'a>(&self, env: rustler::Env<'a>) -> rustler::Term<'a>.
	Dogfood Rustler helper generation through defrust and RustQ AST builders:
term helpers, opts helpers, term builders, cached atoms, atom decoders, tagged
enum decoders/encoders, resources, and term decoder shells no longer rely on
hand-written helper templates. Explicit raw NIF_TERM builders remain the
unsafe escape hatch.

v0.5.1 - 2026-06-15
	Add generic Rust expression builders:	Rust.call_expr/3
	Rust.some/1
	Rust.none/0
	Rust.tuple/1
	Rust.cast/2
	Rust.question/1
	Rust.ref_expr/2



v0.5.0 - 2026-06-15
	Add template includes.
	Add composable RustQ splice groups.
	Use plain keyword splices for composition.
	Add structured include diagnostics.
	Add rustfmt option.
	Add generic Rust body/control-flow builders:	Rust.block/1
	Rust.let_/2
	Rust.let_mut/2
	Rust.assign/2
	Rust.call_stmt/3
	Rust.return_if/2
	Rust.if_/3
	Rust.if_let/4
	Rust.match_/2


	Document macro token placeholder limitation.

v0.4.0 - 2026-06-06
	Add generic Rustler builders for atom decoders, atom dispatch functions, and
keyword/options helper functions.

v0.3.0 - 2026-06-06
	Remove the generic Rustler schema field group DSL. Prefer explicit fields in
RustQ schemas or project-specific macros for domain shorthand.

v0.2.2 - 2026-06-03
	Add RustQ.Rustler.resource_handle/2 for generating a Rustler resource plus
a decoder for Elixir-facing resource handle structs/maps.
	Add Rustler schema field groups for reusable field sets with use_fields/1.
	Let Rustler schema nodes override generated Rust type names and Elixir module
names with rust: and module:.

v0.2.1 - 2026-06-03
	Add RustQ.Rustler.nif_export/2 and nif_exports/1 for generating exported
Rustler NIF functions that delegate to handwritten implementation functions.

v0.2.0 - 2026-06-02
	Replace the separate __expr_, __type_, and __splice_ placeholder
prefixes with one visually distinct __rq_ placeholder prefix.
	Templates now use forms like __rq_Name, __rq_value!(),
__rq_fields: (),, and __rq_items!();.

v0.1.2 - 2026-06-02
	Let Rustler schema field types reference schema nodes and tagged enums by
schema name, so examples can use Content instead of generated Rust names
like ExContent.

v0.1.1 - 2026-06-02
	Keep the packaged NIF crate out of parent Cargo workspaces when RustQ is used
inside workspace-based projects.

v0.1.0 - 2026-06-02
Initial release.
	Parse, validate, render, bind, and splice Rust templates from Elixir.
	~R sigil for inline Rust templates.
	Rust fragment builders for functions, structs, enums, impls, fields, constants, uses, modules, and type aliases.
	Rustler helper generators for atoms, NIFs, resources, option decoders, term helpers, term decoders, NIF structs, tagged enums, cached atoms, safe term builders, and explicit raw NIF_TERM builders.
	rustq.exs manifest DSL plus mix rustq.gen for generated file syncing and stale checks.
	Rustler schema DSL for generating Rust NIF structs and tagged enums from Elixir schema definitions.



  

    LICENSE


MIT License

Copyright (c) 2026 Danila Poyarkov

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.



  

    
RustQ 
    



      
Rust template quasiquoting and code generation.
RustQ renders real Rust templates from Elixir. Parse a template, bind
placeholder identifiers/expressions, splice Rust fragments, then generate
formatted Rust source.
The most common entry points are:
	render!/3 for one-shot rendering from a string template.
	render_file!/2 for .rs template files.
	parse!/2, bind/2, splice/3, and render!/1,2 for pipeline-style generation.
	parse_fragment!/2 and valid_fragment?/2 for validating explicit escapes.

Use RustQ.Rust.AST builders for generated structure, the cohesive
RustQ.Rustler submodules for Rustler generation, and RustQ.Config plus
mix rustq.gen for project-level generated files.

      


      
        Summary


  
    Types
  


    
      
        source()

      


    





  
    Functions
  


    
      
        bind(template, bindings)

      


        Binds Rust placeholders in a parsed template.



    


    
      
        parse(source, filename)

      


        Parses and validates a Rust template.



    


    
      
        parse!(source, filename)

      


        Like parse/2, but returns the template directly or raises on errors.



    


    
      
        parse_file(path, opts \\ [])

      


        Reads and parses a Rust template file.



    


    
      
        parse_file!(path, opts \\ [])

      


        Like parse_file/1, but returns the template directly or raises on errors.



    


    
      
        parse_fragment(kind, fragment)

      


        Parses and validates a Rust fragment for a specific context.



    


    
      
        parse_fragment!(kind, fragment)

      


        Like parse_fragment/2, but returns the fragment directly or raises on errors.



    


    
      
        render(template)

      


        Parses and renders source, or renders an already parsed template.



    


    
      
        render(template, opts)

      


    


    
      
        render(source, filename, opts)

      


    


    
      
        render!(template)

      


        Like render/1,2,3, but raises on errors.



    


    
      
        render!(template, opts)

      


    


    
      
        render!(source, filename, opts)

      


    


    
      
        render_file(path, opts \\ [])

      


        Renders a Rust template file.



    


    
      
        render_file!(path, opts \\ [])

      


        Like render_file/2, but raises on errors.



    


    
      
        splice(template, splices)

      


        Splices a keyword/map/nested list of splice replacements.



    


    
      
        splice(template, name, replacement)

      


        Splices fragments into a parsed template.



    


    
      
        valid?(source, filename)

      


        Returns true when source is a valid Rust template.



    


    
      
        valid_fragment?(kind, fragment)

      


        Returns true when a Rust fragment is valid for the given context.



    





      


      
        Types


        


  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: iodata()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      bind(template, bindings)



        
          
        

    

  


  

      

          @spec bind(
  RustQ.Template.t(),
  keyword()
) :: RustQ.Template.t()


      


Binds Rust placeholders in a parsed template.
RustQ placeholders use the __rq_ prefix. Use __rq_Name where Rust expects
an identifier/type/lifetime, and __rq_name!() where Rust expects an
expression or type macro.
Values may be strings, atoms, {:literal, value}, {:expr, code}, or
{:type, type} where type is accepted by RustQ.Rust.AST.TypeBuilder.type/1.

  



  
    
      
    
    
      parse(source, filename)



        
          
        

    

  


  

      

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


      


Parses and validates a Rust template.
filename is used only in error messages; it does not need to exist on disk.

  



  
    
      
    
    
      parse!(source, filename)



        
          
        

    

  


  

      

          @spec parse!(source(), String.t()) :: RustQ.Template.t()


      


Like parse/2, but returns the template directly or raises on errors.

  



    

  
    
      
    
    
      parse_file(path, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_file(
  Path.t(),
  keyword()
) :: {:ok, RustQ.Template.t()} | {:error, [map()] | File.posix()}


      


Reads and parses a Rust template file.
Template files may include other Rust template files with
__rq_include!("relative/path.rs");. Includes are expanded before Rust
parsing and are resolved relative to the including file by default. Pass
:include_dir to override the root directory for the initial file.

  



    

  
    
      
    
    
      parse_file!(path, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_file!(
  Path.t(),
  keyword()
) :: RustQ.Template.t()


      


Like parse_file/1, but returns the template directly or raises on errors.

  



  
    
      
    
    
      parse_fragment(kind, fragment)



        
          
        

    

  


  

      

          @spec parse_fragment(atom(), term()) ::
  {:ok, RustQ.Rust.Fragment.t()} | {:error, [map()]}


      


Parses and validates a Rust fragment for a specific context.
Supported contexts are :item, :impl_item, :field, :stmt, :arg,
:arm, :expr, and :type.

  



  
    
      
    
    
      parse_fragment!(kind, fragment)



        
          
        

    

  


  

      

          @spec parse_fragment!(atom(), term()) :: RustQ.Rust.Fragment.t()


      


Like parse_fragment/2, but returns the fragment directly or raises on errors.

  



  
    
      
    
    
      render(template)



        
          
        

    

  


  

      

          @spec render(RustQ.Template.t()) :: {:ok, String.t()} | {:error, [map()]}


      


Parses and renders source, or renders an already parsed template.
Options:
	:bind - bindings passed to bind/2.
	:splice - splice replacements passed to splice/3.
	:preamble - optional text prepended after formatting.


  



  
    
      
    
    
      render(template, opts)



        
          
        

    

  


  

      

          @spec render(
  RustQ.Template.t(),
  keyword()
) :: {:ok, String.t()} | {:error, [map()]}


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


      



  



  
    
      
    
    
      render(source, filename, opts)



        
          
        

    

  


  

      

          @spec render(source(), String.t(), keyword()) :: {:ok, String.t()} | {:error, [map()]}


      



  



  
    
      
    
    
      render!(template)



        
          
        

    

  


  

      

          @spec render!(RustQ.Template.t()) :: String.t()


      


Like render/1,2,3, but raises on errors.

  



  
    
      
    
    
      render!(template, opts)



        
          
        

    

  


  

      

          @spec render!(
  RustQ.Template.t(),
  keyword()
) :: String.t()


          @spec render!(source(), String.t()) :: String.t()


      



  



  
    
      
    
    
      render!(source, filename, opts)



        
          
        

    

  


  

      

          @spec render!(source(), String.t(), keyword()) :: String.t()


      



  



    

  
    
      
    
    
      render_file(path, opts \\ [])



        
          
        

    

  


  

      

          @spec render_file(
  Path.t(),
  keyword()
) :: {:ok, String.t()} | {:error, [map()] | File.posix()}


      


Renders a Rust template file.
Accepts the same options as render/3.

  



    

  
    
      
    
    
      render_file!(path, opts \\ [])



        
          
        

    

  


  

      

          @spec render_file!(
  Path.t(),
  keyword()
) :: String.t()


      


Like render_file/2, but raises on errors.

  



  
    
      
    
    
      splice(template, splices)



        
          
        

    

  


  

      

          @spec splice(RustQ.Template.t(), RustQ.Splice.source()) :: RustQ.Template.t()


      


Splices a keyword/map/nested list of splice replacements.
Duplicate names are concatenated, which allows independent generators to
contribute fragments to the same splice point.

  



  
    
      
    
    
      splice(template, name, replacement)



        
          
        

    

  


  

      

          @spec splice(RustQ.Template.t(), atom(), term() | [term()]) :: RustQ.Template.t()


      


Splices fragments into a parsed template.
The splice name matches placeholders such as __rq_items!();,
__rq_fields: (),, or __rq_arms => unreachable!(),.

  



  
    
      
    
    
      valid?(source, filename)



        
          
        

    

  


  

      

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


      


Returns true when source is a valid Rust template.

  



  
    
      
    
    
      valid_fragment?(kind, fragment)



        
          
        

    

  


  

      

          @spec valid_fragment?(atom(), term()) :: boolean()


      


Returns true when a Rust fragment is valid for the given context.

  


        

      


  

    
RustQ.Config 
    



      
Concise manifest DSL for checked-in generated files.
Use rust/2 when a target is a list of RustQ AST items and generate/2
with content/1 for arbitrary generated content:
use RustQ.Config

alias RustQ.Rustler.Term

rust "native/my_nif/src/generated_term_helpers.rs" do
  Term.helpers()
end

generate "lib/my_app/native/generated_stubs.ex" do
  content(MyApp.Codegen.Native.stubs())
end
Run mix rustq.gen to write targets and mix rustq.gen --check in CI.

      


      
        Summary


  
    Functions
  


    
      
        build(fun)

      


        Sets a custom zero-arity build function for the current generate target.



    


    
      
        content(value)

      


        Sets content for the current generate target.



    


    
      
        generate(path, list)

      


        Declares an arbitrary generated target, inferring its name from the path.



    


    
      
        generate(name, path, list)

      


        Declares an arbitrary generated target with an explicit name.



    


    
      
        require_file(path)

      


        Requires a generator source file once and returns the current manifest.



    


    
      
        rust(path, list)

      


        Declares a generated Rust item target, inferring its name from the path.



    


    
      
        rust(name, path, list)

      


        Declares a generated Rust item target with an explicit name.



    





      


      
        Functions


        


  
    
      
    
    
      build(fun)


        (macro)


        
          
        

    

  


  

Sets a custom zero-arity build function for the current generate target.

  



  
    
      
    
    
      content(value)


        (macro)


        
          
        

    

  


  

Sets content for the current generate target.

  



  
    
      
    
    
      generate(path, list)


        (macro)


        
          
        

    

  


  

Declares an arbitrary generated target, inferring its name from the path.

  



  
    
      
    
    
      generate(name, path, list)


        (macro)


        
          
        

    

  


  

Declares an arbitrary generated target with an explicit name.

  



  
    
      
    
    
      require_file(path)


        (macro)


        
          
        

    

  


  

Requires a generator source file once and returns the current manifest.

  



  
    
      
    
    
      rust(path, list)


        (macro)


        
          
        

    

  


  

Declares a generated Rust item target, inferring its name from the path.

  



  
    
      
    
    
      rust(name, path, list)


        (macro)


        
          
        

    

  


  

Declares a generated Rust item target with an explicit name.

  


        

      


  

    
RustQ.Meta 
    



      
Valid-Elixir macro frontend for generating RustQ Rust fragments.
defrust captures a normal Elixir function-shaped body plus its preceding
@spec, lowers that quoted Elixir AST to Rust, and exposes generated Rust
items through __rustq_items__/0 and __rustq_source__/0.
defrustmod is for RustQ-owned Rust module structure. Prefer its block form
when RustQ is generating the Rust module and the nested functions. Do not use
it as a hand-written alias for Rust modules/types that are owned by another
generator or crate; those callers should derive/render their Rust paths at
their own codegen boundary instead of pretending external Rust modules are
Elixir modules.
defrustmacro defines a small macro_rules! item from a Rusty-Elixir body.
Its arguments are Rust macro fragments (:expr by default, with :ty
supported for type arguments) while the body still uses ordinary Rusty-Elixir
forms such as calls, decode_as!/2, and inference-backed propagation.
Prefer @spec plus defrust for user-facing Rusty Elixir. Generated or
external Rust paths should normally be expressed as ordinary remote types such
as GeneratedOpts.OvalOpts.t(R.lifetime(:a)); use RustQ.Type markers such
as R.ref/1, R.nif_result/1, R.unit/0, R.slice/1, and R.lifetime/1
only where Elixir typespecs need Rust-specific precision. The internal
RustQ.Meta.AST bridge is for generators that already hold RustQ AST
signature metadata; it is not the intended authoring surface.
Preferred Rusty-Elixir body forms are ordinary Elixir where possible:
	final :ok under NifResult<()> returns Ok(())
	name = expression lowers to Rust let name = expression
	method calls, field access, aliases, and Elixir tuples lower to their Rust
equivalents
	plural alias calls such as Atoms.fill() lower to snake-case Rust module
calls such as atoms::fill()
	ordinary Elixir macros are expanded before lowering, so reusable body
fragments can use defmacro, quote, and unquote
	fallible calls in argument, return, case-scrutinee, some(...),
decode_as!, and many local-binding positions can infer Rust ? from
type metadata
	unwrap!(expression) is the explicit spelling for Rust expression?;
prefer inference when callable metadata is available
	ref(expression) / mut_ref(expression) spell explicit Rust borrows;
many ordinary calls infer borrows from expected argument types
	deref(expression) spells Rust dereference and can propagate fallible
reference access such as args.first().ok_or(badarg())
	Option branching should use Elixir case, for example
case maybe do {:some, value} -> ...; :none -> ... end; do not introduce
Rust-shaped if_let syntax at the authoring layer

Escape hatches such as raw_expr! remain low-level last resorts, not the
normal way to reference project-owned Rust modules or types.

      


      
        Summary


  
    Functions
  


    
      
        defrust(call_ast, list)

      


    


    
      
        defrustmacro(call_ast, list)

      


    


    
      
        defrustmod(alias_ast, opts \\ [])

      


    


    
      
        defrustmod(alias_ast, opts, list)

      


    





      


      
        Functions


        


  
    
      
    
    
      defrust(call_ast, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      defrustmacro(call_ast, list)


        (macro)


        
          
        

    

  


  


  



    

  
    
      
    
    
      defrustmod(alias_ast, opts \\ [])


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      defrustmod(alias_ast, opts, list)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
RustQ.Rust 
    



      
Rendering boundary for structural RustQ AST and explicit Rust fragments.
Build generated Rust with RustQ.Rust.AST.Builder, ItemBuilder,
PatternBuilder, and TypeBuilder. Keep those values structural until they
are passed to a RustQ template or explicitly rendered here.
Use fragment/2 only for small Rust syntax escapes that RustQ cannot yet
represent as AST.

      


      
        Summary


  
    Types
  


    
      
        renderable()

      


    





  
    Functions
  


    
      
        fragment(kind, source)

      


        Builds an explicit Rust source fragment for a known splice context.



    


    
      
        render(value)

      


        Renders one Rust AST item, struct field, or explicit fragment.



    


    
      
        render_all(items)

      


        Renders a list of Rust items separated by blank lines.



    


    
      
        render_type(type)

      


        Renders a structural Rust type.



    





      


      
        Types


        


  
    
      
    
    
      renderable()



        
          
        

    

  


  

      

          @type renderable() ::
  RustQ.Rust.AST.item()
  | RustQ.Rust.AST.stmt()
  | RustQ.Rust.AST.expr()
  | RustQ.Rust.AST.pat()
  | RustQ.Rust.AST.type()
  | RustQ.Rust.AST.StructField.t()
  | RustQ.Rust.AST.Arm.t()
  | RustQ.Rust.Fragment.t()
  | iodata()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      fragment(kind, source)



        
          
        

    

  


  

      

          @spec fragment(RustQ.Rust.Fragment.kind(), iodata()) :: RustQ.Rust.Fragment.t()


      


Builds an explicit Rust source fragment for a known splice context.

  



  
    
      
    
    
      render(value)



        
          
        

    

  


  

      

          @spec render(renderable()) :: String.t()


      


Renders one Rust AST item, struct field, or explicit fragment.

  



  
    
      
    
    
      render_all(items)



        
          
        

    

  


  

      

          @spec render_all([RustQ.Rust.AST.item() | RustQ.Rust.Fragment.t()]) :: String.t()


      


Renders a list of Rust items separated by blank lines.

  



  
    
      
    
    
      render_type(type)



        
          
        

    

  


  

      

          @spec render_type(RustQ.Rust.AST.type() | atom() | String.t() | tuple() | [term()]) ::
  String.t()


      


Renders a structural Rust type.

  


        

      


  

    
RustQ.Rust.Identifier 
    



      
Safe conversion of finite generator names into Rust identifier atoms.
RustQ AST node names are represented as atoms for native decoding. Use
atom!/1 when a generator derives a Rust identifier from bounded structural
metadata rather than calling String.to_atom/1 directly.

      


      
        Summary


  
    Functions
  


    
      
        atom!(value)

      


        Returns a Rust identifier atom, rejecting invalid or oversized names.



    


    
      
        valid?(arg1)

      


        Returns whether a string is a plain Rust identifier accepted by atom!/1.



    





      


      
        Functions


        


  
    
      
    
    
      atom!(value)



        
          
        

    

  


  

      

          @spec atom!(atom() | String.t()) :: atom()


      


Returns a Rust identifier atom, rejecting invalid or oversized names.

  



  
    
      
    
    
      valid?(arg1)



        
          
        

    

  


  

      

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


      


Returns whether a string is a plain Rust identifier accepted by atom!/1.

  


        

      


  

    
RustQ.Rustler 
    



      
Structural Rustler code generation.
RustQ organizes Rustler generation by responsibility instead of repeating
nif_, term_, or resource_ prefixes on one large facade:
	RustQ.Rustler.Nif — NIF wrappers, source-derived function metadata,
Elixir stubs, NifStruct declarations, and rustler::init!
	RustQ.Rustler.Term — safe term builders, decoders, encoders, and helpers
	RustQ.Rustler.Atom — atom declarations, caches, decoders, and dispatch
	RustQ.Rustler.Opts — keyword/options helpers and decoders
	RustQ.Rustler.Resource — resource declarations and decoders
	RustQ.Rustler.Schema — schema-driven Rustler generation
	RustQ.Rustler.Decode — composable structural decode expressions

Alias the modules used by a generator:
alias RustQ.Rustler.{Atom, Nif, Term}

rust "native/my_nif/src/generated_atoms.rs" do
  Atom.declaration([:ok, :error])
end

rust "native/my_nif/src/generated_nifs.rs" do
  Nif.wrappers_from_sources(nif_sources, schedule: :dirty_cpu)
end

generate "lib/my_app/native/generated_stubs.ex" do
  content(Nif.stubs_from_sources(nif_sources, MyApp.Native.GeneratedStubs))
end

rust "native/my_nif/src/generated_term_helpers.rs" do
  Term.helpers()
end

      




  

    
RustQ.Syn 
    



      
Structural metadata for Rust source parsed with syn.
RustQ.Syn is for introspecting existing Rust source. It returns Elixir
metadata for Rust items such as enums, structs, free functions, impl blocks,
methods, docs, arguments, return types, and common Rust type shapes.
This is Rust AST metadata, not Rusty Elixir AST and not RustQ.Rust.AST.
Use it when a generator needs to understand Rust that already exists in an
upstream crate, for example to discover a crate's methods or enum variants
without parsing Rust text with regex.
Example
file = RustQ.Syn.parse_file!("native/my_crate/src/lib.rs")

file
|> RustQ.Syn.methods()
|> Enum.find(&(&1.name == "draw_rect"))
Arguments and returns keep both the rendered Rust type string and a structured
type node:
%RustQ.Syn.Arg{
  name: "paint",
  type: "& Paint",
  type_ast: %RustQ.Syn.Type.Ref{
    inner: %RustQ.Syn.Type.Path{name: "Paint"}
  }
}
The structured type vocabulary is intentionally partial. Unknown or currently
unsupported Rust type forms are represented as %RustQ.Syn.Type.Raw{} with
the original rendered code preserved.

      


      
        Summary


  
    Types
  


    
      
        item()

      


    


    
      
        type()

      


    





  
    Functions
  


    
      
        atom_references(source, opts \\ [])

      


        Returns atom names referenced as atoms::name() calls in Rust source.



    


    
      
        atom_references!(source, opts \\ [])

      


        Returns referenced atom names in Rust source, raising on failure.



    


    
      
        enum_variants(source, enum_name)

      


        Returns variants for a named top-level enum from Rust source.



    


    
      
        enum_variants!(source, enum_name)

      


        Returns variants for a named top-level enum from Rust source, raising on failure.



    


    
      
        enums(file)

      


        Returns top-level Rust enum metadata from a parsed file.



    


    
      
        functions(file)

      


        Returns top-level Rust free function metadata from a parsed file.



    


    
      
        impls(file)

      


        Returns top-level Rust impl block metadata from a parsed file.



    


    
      
        method_calls(source)

      


        Returns receiver method calls found in Rust source.



    


    
      
        method_calls!(source)

      


        Returns receiver method calls found in Rust source, raising on failure.



    


    
      
        method_references(source)

      


        Returns method names referenced as receiver method calls in Rust source.



    


    
      
        method_references!(source)

      


        Returns method names referenced as receiver method calls in Rust source, raising on failure.



    


    
      
        methods(file)

      


        Returns methods from all top-level Rust impl blocks in a parsed file.



    


    
      
        parse(source)

      


        Parses Rust source into structural metadata.



    


    
      
        parse!(source)

      


        Parses Rust source into structural metadata, raising RustQ.Error on failure.



    


    
      
        parse_file(path)

      


        Reads and parses a Rust source file.



    


    
      
        parse_file!(path)

      


        Reads and parses a Rust source file, raising on file or Rust parse errors.



    


    
      
        statics(file)

      


        Returns top-level Rust static item metadata from a parsed file.



    


    
      
        structs(file)

      


        Returns top-level Rust struct metadata from a parsed file.



    


    
      
        type_aliases(file)

      


        Returns top-level Rust type alias metadata from a parsed file.



    


    
      
        uses(file)

      


        Returns top-level Rust use alias metadata from a parsed file.



    





      


      
        Types


        


  
    
      
    
    
      item()



        
          
        

    

  


  

      

          @type item() ::
  RustQ.Syn.Enum.t()
  | RustQ.Syn.Use.t()
  | RustQ.Syn.Static.t()
  | RustQ.Syn.TypeAlias.t()
  | RustQ.Syn.Struct.t()
  | RustQ.Syn.Function.t()
  | RustQ.Syn.Impl.t()


      



  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() ::
  RustQ.Syn.Type.Path.t()
  | RustQ.Syn.Type.Ref.t()
  | RustQ.Syn.Type.Tuple.t()
  | RustQ.Syn.Type.Option.t()
  | RustQ.Syn.Type.Result.t()
  | RustQ.Syn.Type.ImplTrait.t()
  | RustQ.Syn.Type.Slice.t()
  | RustQ.Syn.Type.Array.t()
  | RustQ.Syn.Type.Self.t()
  | RustQ.Syn.Type.Fn.t()
  | RustQ.Syn.Type.Raw.t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      atom_references(source, opts \\ [])



        
          
        

    

  


  

      

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


      


Returns atom names referenced as atoms::name() calls in Rust source.
Pass module: "a" to discover calls through another atom module. This is
intended for generators that need to keep rustler::atoms! in sync with
existing Rust code without scraping source text. The source is parsed by
syn; invalid Rust returns a normal RustQ parse error.

  



    

  
    
      
    
    
      atom_references!(source, opts \\ [])



        
          
        

    

  


  

      

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


      


Returns referenced atom names in Rust source, raising on failure.

  



  
    
      
    
    
      enum_variants(source, enum_name)



        
          
        

    

  


  

      

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


      


Returns variants for a named top-level enum from Rust source.
This is a focused helper for code generators that only need enum variants and
do not need the full RustQ.Syn.File metadata.

  



  
    
      
    
    
      enum_variants!(source, enum_name)



        
          
        

    

  


  

      

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


      


Returns variants for a named top-level enum from Rust source, raising on failure.

  



  
    
      
    
    
      enums(file)



        
          
        

    

  


  

      

          @spec enums(RustQ.Syn.File.t()) :: [RustQ.Syn.Enum.t()]


      


Returns top-level Rust enum metadata from a parsed file.

  



  
    
      
    
    
      functions(file)



        
          
        

    

  


  

      

          @spec functions(RustQ.Syn.File.t()) :: [RustQ.Syn.Function.t()]


      


Returns top-level Rust free function metadata from a parsed file.

  



  
    
      
    
    
      impls(file)



        
          
        

    

  


  

      

          @spec impls(RustQ.Syn.File.t()) :: [RustQ.Syn.Impl.t()]


      


Returns top-level Rust impl block metadata from a parsed file.

  



  
    
      
    
    
      method_calls(source)



        
          
        

    

  


  

      

          @spec method_calls(String.t()) :: {:ok, [RustQ.Syn.MethodCall.t()]} | {:error, term()}


      


Returns receiver method calls found in Rust source.
For example, canvas.draw_rect(...) contributes
%RustQ.Syn.MethodCall{receiver: "canvas", method: "draw_rect"}.

  



  
    
      
    
    
      method_calls!(source)



        
          
        

    

  


  

      

          @spec method_calls!(String.t()) :: [RustQ.Syn.MethodCall.t()]


      


Returns receiver method calls found in Rust source, raising on failure.

  



  
    
      
    
    
      method_references(source)



        
          
        

    

  


  

      

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


      


Returns method names referenced as receiver method calls in Rust source.
For example, canvas.draw_rect(...) contributes "draw_rect".

  



  
    
      
    
    
      method_references!(source)



        
          
        

    

  


  

      

          @spec method_references!(String.t()) :: [String.t()]


      


Returns method names referenced as receiver method calls in Rust source, raising on failure.

  



  
    
      
    
    
      methods(file)



        
          
        

    

  


  

      

          @spec methods(RustQ.Syn.File.t()) :: [RustQ.Syn.Method.t()]


      


Returns methods from all top-level Rust impl blocks in a parsed file.
Use impls/1 when the containing impl target or trait matters.

  



  
    
      
    
    
      parse(source)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, RustQ.Syn.File.t()} | {:error, term()}


      


Parses Rust source into structural metadata.
Returns {:ok, %RustQ.Syn.File{}} on success. Parser errors are returned in
RustQ's normal template-error shape.

  



  
    
      
    
    
      parse!(source)



        
          
        

    

  


  

      

          @spec parse!(String.t()) :: RustQ.Syn.File.t()


      


Parses Rust source into structural metadata, raising RustQ.Error on failure.

  



  
    
      
    
    
      parse_file(path)



        
          
        

    

  


  

      

          @spec parse_file(Path.t()) :: {:ok, RustQ.Syn.File.t()} | {:error, term()}


      


Reads and parses a Rust source file.
File read errors are returned as {:error, reason}. Rust parse errors are
returned as {:error, errors}.

  



  
    
      
    
    
      parse_file!(path)



        
          
        

    

  


  

      

          @spec parse_file!(Path.t()) :: RustQ.Syn.File.t()


      


Reads and parses a Rust source file, raising on file or Rust parse errors.

  



  
    
      
    
    
      statics(file)



        
          
        

    

  


  

      

          @spec statics(RustQ.Syn.File.t()) :: [RustQ.Syn.Static.t()]


      


Returns top-level Rust static item metadata from a parsed file.

  



  
    
      
    
    
      structs(file)



        
          
        

    

  


  

      

          @spec structs(RustQ.Syn.File.t()) :: [RustQ.Syn.Struct.t()]


      


Returns top-level Rust struct metadata from a parsed file.

  



  
    
      
    
    
      type_aliases(file)



        
          
        

    

  


  

      

          @spec type_aliases(RustQ.Syn.File.t()) :: [RustQ.Syn.TypeAlias.t()]


      


Returns top-level Rust type alias metadata from a parsed file.

  



  
    
      
    
    
      uses(file)



        
          
        

    

  


  

      

          @spec uses(RustQ.Syn.File.t()) :: [RustQ.Syn.Use.t()]


      


Returns top-level Rust use alias metadata from a parsed file.

  


        

      


  

    
RustQ.Type 
    



      
Built-in Rust/Rustler type vocabulary for RustQ.Meta.defrust/2 specs.
Prefer ordinary Elixir types when they fit. RustQ.Meta maps built-ins such
as atom(), term(), boolean(), integer(), float(), and binary() to
Rust/Rustler types. Use ordinary remote types for external Rust paths where
possible: SkiaSafe.Canvas.t() renders as skia_safe::Canvas, and
GeneratedOpts.OvalOpts.t(R.lifetime(:a)) renders as
generated_opts::OvalOpts<'a>. Use this module where Rust needs extra
precision or syntax that Elixir types cannot express cleanly: fixed-width
numbers, enum intent markers, references, lifetimes, slices, NifResult,
Vec, and unit.
alias RustQ.Type, as: R

@spec draw(R.ref(SkiaSafe.Canvas.t()), R.f32(), R.f32()) :: R.nif_result(R.unit())
defrust draw(canvas, x, y) do
  canvas.translate({x, y})
  :ok
end

@spec decode_mode(atom()) :: R.nif_result(Mode.t())
defrust decode_mode(atom) do
  # atom() maps to Rustler Atom
end
The functions with matching names are marker helpers for non-typespec macro
contexts and for the reserved built-in names (R.atom(), R.bool(),
R.term()). They are not runtime APIs.

      


      
        Summary


  
    Types
  


    
      
        enum(name_or_variants)

      


        Enum intent marker for domain-specific descriptor resolution, or explicit Rust enum variants when used in a type alias.



    


    
      
        f32()

      


        Rust f32.



    


    
      
        f64()

      


        Rust f64.



    


    
      
        i8()

      


        Rust i8.



    


    
      
        i16()

      


        Rust i16.



    


    
      
        i32()

      


        Rust i32.



    


    
      
        i64()

      


        Rust i64.



    


    
      
        isize()

      


        Rust isize.



    


    
      
        lifetime(name)

      


        Rust lifetime marker for external remote types and low-level R.path/2.



    


    
      
        mut_ref(t)

      


        Rust mutable reference &mut T.



    


    
      
        nif_error()

      


        Rustler NIF error marker.



    


    
      
        nif_result(t)

      


        Rustler NifResult<T>.



    


    
      
        option(t)

      


        Rust Option<T>.



    


    
      
        path(parts)

      


        Low-level explicit Rust path marker. Prefer ordinary remote types such as GeneratedOpts.OvalOpts.t(...) when possible.



    


    
      
        path(parts, opts)

      


        Low-level explicit Rust path marker with options such as R.lifetime(:a). Prefer ordinary remote types when possible.



    


    
      
        raw(name)

      


        Raw Rust type fragment marker for syntax Elixir typespecs cannot model. Prefer structural markers such as R.slice/1 when possible.



    


    
      
        ref(t)

      


        Rust shared reference &T.



    


    
      
        result(ok, error)

      


        Rust Result<Ok, Error>.



    


    
      
        slice(t)

      


        Rust slice reference &[T].



    


    
      
        str()

      


        Rust string slice &str.



    


    
      
        u8()

      


        Rust u8.



    


    
      
        u16()

      


        Rust u16.



    


    
      
        u32()

      


        Rust u32.



    


    
      
        u64()

      


        Rust u64.



    


    
      
        unit()

      


        Rust (); represented as :ok/unit-ish data in Elixir specs.



    


    
      
        usize()

      


        Rust usize.



    


    
      
        vec(t)

      


        Rust Vec<T>.



    





  
    Functions
  


    
      
        atom()

      


    


    
      
        bool()

      


    


    
      
        enum(name_or_variants)

      


    


    
      
        f32()

      


    


    
      
        f64()

      


    


    
      
        i8()

      


    


    
      
        i16()

      


    


    
      
        i32()

      


    


    
      
        i64()

      


    


    
      
        isize()

      


    


    
      
        lifetime(name)

      


    


    
      
        mut_ref(type)

      


    


    
      
        nif_result(type)

      


    


    
      
        option(type)

      


    


    
      
        path(parts)

      


    


    
      
        path(parts, opts)

      


    


    
      
        raw(name)

      


    


    
      
        ref(type)

      


    


    
      
        result(ok, error)

      


    


    
      
        slice(type)

      


    


    
      
        str()

      


    


    
      
        term()

      


    


    
      
        u8()

      


    


    
      
        u16()

      


    


    
      
        u32()

      


    


    
      
        u64()

      


    


    
      
        unit()

      


    


    
      
        usize()

      


    


    
      
        vec(type)

      


    





      


      
        Types


        


  
    
      
    
    
      enum(name_or_variants)



        
          
        

    

  


  

      

          @type enum(name_or_variants) :: atom() | {name_or_variants}


      


Enum intent marker for domain-specific descriptor resolution, or explicit Rust enum variants when used in a type alias.

  



  
    
      
    
    
      f32()



        
          
        

    

  


  

      

          @type f32() :: float()


      


Rust f32.

  



  
    
      
    
    
      f64()



        
          
        

    

  


  

      

          @type f64() :: float()


      


Rust f64.

  



  
    
      
    
    
      i8()



        
          
        

    

  


  

      

          @type i8() :: integer()


      


Rust i8.

  



  
    
      
    
    
      i16()



        
          
        

    

  


  

      

          @type i16() :: integer()


      


Rust i16.

  



  
    
      
    
    
      i32()



        
          
        

    

  


  

      

          @type i32() :: integer()


      


Rust i32.

  



  
    
      
    
    
      i64()



        
          
        

    

  


  

      

          @type i64() :: integer()


      


Rust i64.

  



  
    
      
    
    
      isize()



        
          
        

    

  


  

      

          @type isize() :: integer()


      


Rust isize.

  



  
    
      
    
    
      lifetime(name)



        
          
        

    

  


  

      

          @type lifetime(name) :: {name, term()}


      


Rust lifetime marker for external remote types and low-level R.path/2.

  



  
    
      
    
    
      mut_ref(t)



        
          
        

    

  


  

      

          @type mut_ref(t) :: t


      


Rust mutable reference &mut T.

  



  
    
      
    
    
      nif_error()



        
          
        

    

  


  

      

          @type nif_error() :: atom()


      


Rustler NIF error marker.

  



  
    
      
    
    
      nif_result(t)



        
          
        

    

  


  

      

          @type nif_result(t) :: {:ok, t} | {:error, nif_error()}


      


Rustler NifResult<T>.

  



  
    
      
    
    
      option(t)



        
          
        

    

  


  

      

          @type option(t) :: nil | t


      


Rust Option<T>.

  



  
    
      
    
    
      path(parts)



        
          
        

    

  


  

      

          @type path(parts) :: {parts, term()}


      


Low-level explicit Rust path marker. Prefer ordinary remote types such as GeneratedOpts.OvalOpts.t(...) when possible.

  



  
    
      
    
    
      path(parts, opts)



        
          
        

    

  


  

      

          @type path(parts, opts) :: {parts, opts, term()}


      


Low-level explicit Rust path marker with options such as R.lifetime(:a). Prefer ordinary remote types when possible.

  



  
    
      
    
    
      raw(name)



        
          
        

    

  


  

      

          @type raw(name) :: {name, term()}


      


Raw Rust type fragment marker for syntax Elixir typespecs cannot model. Prefer structural markers such as R.slice/1 when possible.

  



  
    
      
    
    
      ref(t)



        
          
        

    

  


  

      

          @type ref(t) :: t


      


Rust shared reference &T.

  



  
    
      
    
    
      result(ok, error)



        
          
        

    

  


  

      

          @type result(ok, error) :: {:ok, ok} | {:error, error}


      


Rust Result<Ok, Error>.

  



  
    
      
    
    
      slice(t)



        
          
        

    

  


  

      

          @type slice(t) :: {t, term()}


      


Rust slice reference &[T].

  



  
    
      
    
    
      str()



        
          
        

    

  


  

      

          @type str() :: binary()


      


Rust string slice &str.

  



  
    
      
    
    
      u8()



        
          
        

    

  


  

      

          @type u8() :: 0..255


      


Rust u8.

  



  
    
      
    
    
      u16()



        
          
        

    

  


  

      

          @type u16() :: non_neg_integer()


      


Rust u16.

  



  
    
      
    
    
      u32()



        
          
        

    

  


  

      

          @type u32() :: non_neg_integer()


      


Rust u32.

  



  
    
      
    
    
      u64()



        
          
        

    

  


  

      

          @type u64() :: non_neg_integer()


      


Rust u64.

  



  
    
      
    
    
      unit()



        
          
        

    

  


  

      

          @type unit() :: :ok


      


Rust (); represented as :ok/unit-ish data in Elixir specs.

  



  
    
      
    
    
      usize()



        
          
        

    

  


  

      

          @type usize() :: non_neg_integer()


      


Rust usize.

  



  
    
      
    
    
      vec(t)



        
          
        

    

  


  

      

          @type vec(t) :: [t]


      


Rust Vec<T>.

  


        

      

      
        Functions


        


  
    
      
    
    
      atom()



        
          
        

    

  


  

      

          @spec atom() :: no_return()


      



  



  
    
      
    
    
      bool()



        
          
        

    

  


  

      

          @spec bool() :: no_return()


      



  



  
    
      
    
    
      enum(name_or_variants)



        
          
        

    

  


  

      

          @spec enum(term()) :: no_return()


      



  



  
    
      
    
    
      f32()



        
          
        

    

  


  

      

          @spec f32() :: no_return()


      



  



  
    
      
    
    
      f64()



        
          
        

    

  


  

      

          @spec f64() :: no_return()


      



  



  
    
      
    
    
      i8()



        
          
        

    

  


  

      

          @spec i8() :: no_return()


      



  



  
    
      
    
    
      i16()



        
          
        

    

  


  

      

          @spec i16() :: no_return()


      



  



  
    
      
    
    
      i32()



        
          
        

    

  


  

      

          @spec i32() :: no_return()


      



  



  
    
      
    
    
      i64()



        
          
        

    

  


  

      

          @spec i64() :: no_return()


      



  



  
    
      
    
    
      isize()



        
          
        

    

  


  

      

          @spec isize() :: no_return()


      



  



  
    
      
    
    
      lifetime(name)



        
          
        

    

  


  

      

          @spec lifetime(term()) :: no_return()


      



  



  
    
      
    
    
      mut_ref(type)



        
          
        

    

  


  

      

          @spec mut_ref(term()) :: no_return()


      



  



  
    
      
    
    
      nif_result(type)



        
          
        

    

  


  

      

          @spec nif_result(term()) :: no_return()


      



  



  
    
      
    
    
      option(type)



        
          
        

    

  


  

      

          @spec option(term()) :: no_return()


      



  



  
    
      
    
    
      path(parts)



        
          
        

    

  


  

      

          @spec path(term()) :: no_return()


      



  



  
    
      
    
    
      path(parts, opts)



        
          
        

    

  


  

      

          @spec path(term(), term()) :: no_return()


      



  



  
    
      
    
    
      raw(name)



        
          
        

    

  


  

      

          @spec raw(term()) :: no_return()


      



  



  
    
      
    
    
      ref(type)



        
          
        

    

  


  

      

          @spec ref(term()) :: no_return()


      



  



  
    
      
    
    
      result(ok, error)



        
          
        

    

  


  

      

          @spec result(term(), term()) :: no_return()


      



  



  
    
      
    
    
      slice(type)



        
          
        

    

  


  

      

          @spec slice(term()) :: no_return()


      



  



  
    
      
    
    
      str()



        
          
        

    

  


  

      

          @spec str() :: no_return()


      



  



  
    
      
    
    
      term()



        
          
        

    

  


  

      

          @spec term() :: no_return()


      



  



  
    
      
    
    
      u8()



        
          
        

    

  


  

      

          @spec u8() :: no_return()


      



  



  
    
      
    
    
      u16()



        
          
        

    

  


  

      

          @spec u16() :: no_return()


      



  



  
    
      
    
    
      u32()



        
          
        

    

  


  

      

          @spec u32() :: no_return()


      



  



  
    
      
    
    
      u64()



        
          
        

    

  


  

      

          @spec u64() :: no_return()


      



  



  
    
      
    
    
      unit()



        
          
        

    

  


  

      

          @spec unit() :: no_return()


      



  



  
    
      
    
    
      usize()



        
          
        

    

  


  

      

          @spec usize() :: no_return()


      



  



  
    
      
    
    
      vec(type)



        
          
        

    

  


  

      

          @spec vec(term()) :: no_return()


      



  


        

      


  

    
RustQ.Rustler.Atom 
    



      
Generates Rustler atom declarations, decoders, dispatchers, and cached atom helpers.
Decoder and dispatch helpers prefer RustQ AST. Options such as :on, :cases,
and :unknown may accept explicit Rust expression strings for advanced caller
escape hatches; prefer AST expressions when composing generated code.

      


      
        Summary


  
    Functions
  


    
      
        cached(atoms, opts \\ [])

      


        Builds OnceLock<Atom> declarations and cached atom accessors.



    


    
      
        declaration(atoms, opts \\ [])

      


        Builds a rustler::atoms! declaration, optionally wrapped in a module.



    


    
      
        decoder(name, opts)

      


        Builds a function that decodes Rustler atoms into Rust values.



    


    
      
        dispatch(name, opts)

      


        Builds a function that dispatches an expression by atom value.



    





      


      
        Functions


        


    

  
    
      
    
    
      cached(atoms, opts \\ [])



        
          
        

    

  


  

      

          @spec cached(
  [atom() | String.t() | {atom() | String.t(), String.t()}],
  keyword()
) :: [RustQ.Rust.AST.item()]


      


Builds OnceLock<Atom> declarations and cached atom accessors.

  



    

  
    
      
    
    
      declaration(atoms, opts \\ [])



        
          
        

    

  


  

      

          @spec declaration(
  [atom() | String.t() | {atom() | String.t(), String.t()}],
  keyword()
) :: RustQ.Rust.AST.MacroItemCall.t() | RustQ.Rust.AST.Module.t()


      


Builds a rustler::atoms! declaration, optionally wrapped in a module.

  



  
    
      
    
    
      decoder(name, opts)



        
          
        

    

  


  

      

          @spec decoder(
  atom() | String.t(),
  keyword()
) :: RustQ.Rust.AST.Function.t()


      


Builds a function that decodes Rustler atoms into Rust values.

  



  
    
      
    
    
      dispatch(name, opts)



        
          
        

    

  


  

      

          @spec dispatch(
  atom() | String.t(),
  keyword()
) :: RustQ.Rust.AST.Function.t()


      


Builds a function that dispatches an expression by atom value.

  


        

      


  

    
RustQ.Rustler.Decode 
    



      
AST helpers for composing Rustler term decoding expressions.

      


      
        Summary


  
    Functions
  


    
      
        atom(name, opts \\ [])

      


        Builds an atom expression used as a decode key.



    


    
      
        opt_decode(helper, opts_var, atom_name, opts \\ [])

      


        Builds a fallible options-helper call.



    


    
      
        optional_term_decode(opts_var, atom_name, type, opts \\ [])

      


        Fetches and decodes an optional term as Option<type>.



    


    
      
        require_some(expression)

      


        Converts an optional expression into NifResult with BadArg when absent.



    


    
      
        required_opt_decode(helper, opts_var, atom_name, opts \\ [])

      


        Builds an options-helper call whose decoded option must be present.



    


    
      
        required_term(opts_var, atom_name, opts \\ [])

      


        Fetches a required term from decoded options.



    


    
      
        required_term_decode(opts_var, atom_name, type, opts \\ [])

      


        Fetches and decodes a required term as type.



    





      


      
        Functions


        


    

  
    
      
    
    
      atom(name, opts \\ [])



        
          
        

    

  


  

Builds an atom expression used as a decode key.

  



    

  
    
      
    
    
      opt_decode(helper, opts_var, atom_name, opts \\ [])



        
          
        

    

  


  

Builds a fallible options-helper call.

  



    

  
    
      
    
    
      optional_term_decode(opts_var, atom_name, type, opts \\ [])



        
          
        

    

  


  

Fetches and decodes an optional term as Option<type>.

  



  
    
      
    
    
      require_some(expression)



        
          
        

    

  


  

Converts an optional expression into NifResult with BadArg when absent.

  



    

  
    
      
    
    
      required_opt_decode(helper, opts_var, atom_name, opts \\ [])



        
          
        

    

  


  

Builds an options-helper call whose decoded option must be present.

  



    

  
    
      
    
    
      required_term(opts_var, atom_name, opts \\ [])



        
          
        

    

  


  

Fetches a required term from decoded options.

  



    

  
    
      
    
    
      required_term_decode(opts_var, atom_name, type, opts \\ [])



        
          
        

    

  


  

Fetches and decodes a required term as type.

  


        

      


  

    
RustQ.Rustler.Nif 
    



      
Generates Rustler NIF wrappers, stubs, NifStruct declarations, and raw NIF_TERM builders.
Most helpers in this module use RustQ AST. The raw NIF_TERM builders are an
explicit low-level Rustler escape boundary for unsafe wrapper APIs; prefer
RustQ.Rustler.Term helpers when normal Term<'a> values are available.

      


      
        Summary


  
    Types
  


    
      
        spec()

      


    





  
    Functions
  


    
      
        functions_from_source(path, specs, defaults \\ [])

      


        Returns selected, export-named Rust function metadata from one source file.



    


    
      
        functions_from_sources(groups, defaults \\ [])

      


        Returns selected, export-named Rust function metadata from multiple source groups.



    


    
      
        init(module)

      


        Builds the rustler::init! declaration for an Elixir module.



    


    
      
        raw_term_builders(opts \\ [])

      


        Builds unsafe raw NIF_TERM map and struct helpers.



    


    
      
        struct(name, module, opts \\ [])

      


        Builds a Rust struct deriving NifStruct for an Elixir struct module.



    


    
      
        stubs_from_functions(functions, module)

      


        Builds an Elixir stub module from mixed RustQ.Syn.Function and RustQ AST metadata.



    


    
      
        stubs_from_source(path, specs, module, defaults \\ [])

      


        Builds an Elixir NIF-not-loaded stub module from one Rust source file.



    


    
      
        stubs_from_sources(groups, module, defaults \\ [])

      


        Builds one Elixir NIF-not-loaded stub module from multiple Rust source groups.



    


    
      
        wrapper(name, opts)

      


        Builds one NIF wrapper that delegates to an implementation function.



    


    
      
        wrappers(specs)

      


        Builds NIF wrappers from explicit export specifications.



    


    
      
        wrappers_from_source(path, specs, defaults \\ [])

      


        Builds NIF wrappers whose signatures are derived from Rust functions in one source file.



    


    
      
        wrappers_from_sources(groups, defaults \\ [])

      


        Builds NIF wrappers from multiple {source_path, specs} groups.



    





      


      
        Types


        


  
    
      
    
    
      spec()



        
          
        

    

  


  

      

          @type spec() :: {atom() | String.t(), keyword()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      functions_from_source(path, specs, defaults \\ [])



        
          
        

    

  


  

      

          @spec functions_from_source(Path.t(), [spec()], keyword()) :: [
  {atom() | String.t(), RustQ.Syn.Function.t()}
]


      


Returns selected, export-named Rust function metadata from one source file.

  



    

  
    
      
    
    
      functions_from_sources(groups, defaults \\ [])



        
          
        

    

  


  

      

          @spec functions_from_sources(
  [{Path.t(), [spec()]}],
  keyword()
) :: [{atom() | String.t(), RustQ.Syn.Function.t()}]


      


Returns selected, export-named Rust function metadata from multiple source groups.

  



  
    
      
    
    
      init(module)



        
          
        

    

  


  

      

          @spec init(module() | String.t()) :: RustQ.Rust.AST.MacroItemCall.t()


      


Builds the rustler::init! declaration for an Elixir module.

  



    

  
    
      
    
    
      raw_term_builders(opts \\ [])



        
          
        

    

  


  

      

          @spec raw_term_builders(keyword()) :: [RustQ.Rust.Fragment.t()]


      


Builds unsafe raw NIF_TERM map and struct helpers.

  



    

  
    
      
    
    
      struct(name, module, opts \\ [])



        
          
        

    

  


  

      

          @spec struct(atom() | String.t(), module() | String.t(), keyword()) ::
  RustQ.Rust.AST.Struct.t()


      


Builds a Rust struct deriving NifStruct for an Elixir struct module.

  



  
    
      
    
    
      stubs_from_functions(functions, module)



        
          
        

    

  


  

      

          @spec stubs_from_functions(
  [RustQ.Syn.Function.t() | RustQ.Rust.AST.Function.t() | {term(), term()}],
  module()
) :: String.t()


      


Builds an Elixir stub module from mixed RustQ.Syn.Function and RustQ AST metadata.

  



    

  
    
      
    
    
      stubs_from_source(path, specs, module, defaults \\ [])



        
          
        

    

  


  

      

          @spec stubs_from_source(Path.t(), [spec()], module(), keyword()) :: String.t()


      


Builds an Elixir NIF-not-loaded stub module from one Rust source file.

  



    

  
    
      
    
    
      stubs_from_sources(groups, module, defaults \\ [])



        
          
        

    

  


  

      

          @spec stubs_from_sources([{Path.t(), [spec()]}], module(), keyword()) :: String.t()


      


Builds one Elixir NIF-not-loaded stub module from multiple Rust source groups.

  



  
    
      
    
    
      wrapper(name, opts)



        
          
        

    

  


  

      

          @spec wrapper(
  atom() | String.t(),
  keyword()
) :: RustQ.Rust.AST.Function.t()


      


Builds one NIF wrapper that delegates to an implementation function.

  



  
    
      
    
    
      wrappers(specs)



        
          
        

    

  


  

      

          @spec wrappers([spec()]) :: [RustQ.Rust.AST.Function.t()]


      


Builds NIF wrappers from explicit export specifications.

  



    

  
    
      
    
    
      wrappers_from_source(path, specs, defaults \\ [])



        
          
        

    

  


  

      

          @spec wrappers_from_source(Path.t(), [spec()], keyword()) :: [
  RustQ.Rust.AST.Function.t()
]


      


Builds NIF wrappers whose signatures are derived from Rust functions in one source file.

  



    

  
    
      
    
    
      wrappers_from_sources(groups, defaults \\ [])



        
          
        

    

  


  

      

          @spec wrappers_from_sources(
  [{Path.t(), [spec()]}],
  keyword()
) :: [RustQ.Rust.AST.Function.t()]


      


Builds NIF wrappers from multiple {source_path, specs} groups.

  


        

      


  

    
RustQ.Rustler.Opts 
    



      
Generates Rustler keyword/options structs, decoders, and option helper functions.

      


      
        Summary


  
    Functions
  


    
      
        decoder(name, opts)

      


        Builds an options struct and its decoder from structural field metadata.



    


    
      
        helpers(opts \\ [])

      


        Builds reusable keyword/options decoding helpers.



    





      


      
        Functions


        


  
    
      
    
    
      decoder(name, opts)



        
          
        

    

  


  

      

          @spec decoder(
  atom() | String.t(),
  keyword()
) :: [RustQ.Rust.AST.Struct.t() | RustQ.Rust.AST.Function.t()]


      


Builds an options struct and its decoder from structural field metadata.

  



    

  
    
      
    
    
      helpers(opts \\ [])



        
          
        

    

  


  

      

          @spec helpers(keyword()) :: [RustQ.Rust.AST.Function.t()]


      


Builds reusable keyword/options decoding helpers.

  


        

      


  

    
RustQ.Rustler.Resource 
    



      
Generates Rustler resource structs, handles, decoders, and initialization helpers.

      


      
        Summary


  
    Functions
  


    
      
        arc_type(name)

      


        Builds the ResourceArc<name> type.



    


    
      
        decoder(name, opts \\ [])

      


        Builds a decoder for ResourceArc<name>.



    


    
      
        handle_decoder(name, opts \\ [])

      


        Builds a decoder for an Elixir-facing resource handle.



    


    
      
        handle_items(name, opts \\ [])

      


        Builds resource items plus a decoder for an Elixir-facing handle.



    


    
      
        init(name)

      


        Builds the resource registration macro invocation.



    


    
      
        items(name, opts \\ [])

      


        Builds the resource struct and its rustler::Resource implementation.



    


    
      
        type_alias(name, opts \\ [])

      


        Builds a type alias for ResourceArc<name>.



    





      


      
        Functions


        


  
    
      
    
    
      arc_type(name)



        
          
        

    

  


  

      

          @spec arc_type(atom() | String.t()) :: RustQ.Rust.AST.TypePath.t()


      


Builds the ResourceArc<name> type.

  



    

  
    
      
    
    
      decoder(name, opts \\ [])



        
          
        

    

  


  

      

          @spec decoder(
  atom() | String.t(),
  keyword()
) :: RustQ.Rust.AST.Function.t()


      


Builds a decoder for ResourceArc<name>.

  



    

  
    
      
    
    
      handle_decoder(name, opts \\ [])



        
          
        

    

  


  

      

          @spec handle_decoder(
  atom() | String.t(),
  keyword()
) :: RustQ.Rust.AST.Function.t()


      


Builds a decoder for an Elixir-facing resource handle.

  



    

  
    
      
    
    
      handle_items(name, opts \\ [])



        
          
        

    

  


  

      

          @spec handle_items(
  atom() | String.t(),
  keyword()
) :: [RustQ.Rust.AST.item()]


      


Builds resource items plus a decoder for an Elixir-facing handle.

  



  
    
      
    
    
      init(name)



        
          
        

    

  


  

      

          @spec init(atom() | String.t()) :: RustQ.Rust.AST.MacroItemCall.t()


      


Builds the resource registration macro invocation.

  



    

  
    
      
    
    
      items(name, opts \\ [])



        
          
        

    

  


  

      

          @spec items(
  atom() | String.t(),
  keyword()
) :: [RustQ.Rust.AST.Struct.t() | RustQ.Rust.AST.Impl.t()]


      


Builds the resource struct and its rustler::Resource implementation.

  



    

  
    
      
    
    
      type_alias(name, opts \\ [])



        
          
        

    

  


  

      

          @spec type_alias(
  atom() | String.t(),
  keyword()
) :: RustQ.Rust.AST.TypeAlias.t()


      


Builds a type alias for ResourceArc<name>.

  


        

      


  

    
RustQ.Rustler.Schema 
    



      
Schema DSL for generating Rustler structs and tagged enums.
Use this when a group of Elixir structs should be mirrored in Rust. A schema
module defines nodes, fields, type aliases, and tagged enums; rust_items/1
returns Rust fragments ready for rustq.exs.
defmodule MyApp.Codegen.ContentSchema do
  use RustQ.Rustler.Schema

  schema MyApp.Content do
    node Text do
      field :text, :String
      field :size, {:option, :String}
    end

    node Paragraph do
      field :body, {:vec, Content}
    end

    tagged_enum Content do
      variants :all
    end
  end
end
Field optionality is encoded in the Rust type ({:option, :String}), keeping
the schema close to the generated Rust.

      


      
        Summary


  
    Types
  


    
      
        enum_decl()

      


    


    
      
        field()

      


    


    
      
        rust_type()

      


    


    
      
        schema_node()

      


    


    
      
        t()

      


    


    
      
        type_alias()

      


    





  
    Functions
  


    
      
        default_attrs(attrs)

      


        Sets default Rust attributes for generated schema items.



    


    
      
        node(name, opts \\ [], list)

      


        Declares an Elixir struct-backed Rust NifStruct node.



    


    
      
        rust_items(schema)

      


        Builds all structural Rust items for a schema.



    


    
      
        rust_prefix(prefix)

      


        Overrides the Rust type-name prefix for the current schema.



    


    
      
        schema(module_prefix, opts \\ [], list)

      


        Declares a Rustler schema for an Elixir module namespace.



    


    
      
        shorthand_fields(names)

      


        Builds shorthand field fragments for Rust template splices.



    


    
      
        struct_fields(fields, opts \\ [])

      


        Builds structural Rust field fragments from {name, type} pairs.



    


    
      
        tag_field(field)

      


        Sets the atom-keyed field used to identify tagged values.



    


    
      
        tagged_enum(name, opts \\ [], list)

      


        Declares a tagged enum over selected schema nodes.



    


    
      
        type(name, rust_type)

      


        Declares a reusable schema-local Rust type alias.



    





      


      
        Types


        


  
    
      
    
    
      enum_decl()



        
          
        

    

  


  

      

          @type enum_decl() :: {atom(), keyword()}


      



  



  
    
      
    
    
      field()



        
          
        

    

  


  

      

          @type field() :: {atom(), rust_type(), keyword()}


      



  



  
    
      
    
    
      rust_type()



        
          
        

    

  


  

      

          @type rust_type() :: RustQ.Rust.AST.type() | String.t() | atom() | tuple()


      



  



  
    
      
    
    
      schema_node()



        
          
        

    

  


  

      

          @type schema_node() :: {atom(), [field()], keyword()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rustler.Schema{
  default_attrs: [term()],
  enums: [enum_decl()],
  module_prefix: module(),
  nodes: [schema_node()],
  rust_prefix: String.t(),
  tag_field: atom(),
  type_aliases: [type_alias()]
}


      



  



  
    
      
    
    
      type_alias()



        
          
        

    

  


  

      

          @type type_alias() :: {atom(), rust_type()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      default_attrs(attrs)


        (macro)


        
          
        

    

  


  

Sets default Rust attributes for generated schema items.

  



    

  
    
      
    
    
      node(name, opts \\ [], list)


        (macro)


        
          
        

    

  


  

Declares an Elixir struct-backed Rust NifStruct node.

  



  
    
      
    
    
      rust_items(schema)



        
          
        

    

  


  

      

          @spec rust_items(%RustQ.Rustler.Schema{
  default_attrs: term(),
  enums: term(),
  module_prefix: term(),
  nodes: term(),
  rust_prefix: term(),
  tag_field: term(),
  type_aliases: term()
}) :: [RustQ.Rust.AST.item()]


      


Builds all structural Rust items for a schema.

  



  
    
      
    
    
      rust_prefix(prefix)


        (macro)


        
          
        

    

  


  

Overrides the Rust type-name prefix for the current schema.

  



    

  
    
      
    
    
      schema(module_prefix, opts \\ [], list)


        (macro)


        
          
        

    

  


  

Declares a Rustler schema for an Elixir module namespace.

  



  
    
      
    
    
      shorthand_fields(names)



        
          
        

    

  


  

      

          @spec shorthand_fields([atom() | String.t()]) :: [RustQ.Rust.Fragment.t()]


      


Builds shorthand field fragments for Rust template splices.

  



    

  
    
      
    
    
      struct_fields(fields, opts \\ [])



        
          
        

    

  


  

      

          @spec struct_fields(
  [{atom() | String.t(), RustQ.Rust.AST.type() | String.t()}],
  keyword()
) :: [RustQ.Rust.AST.StructField.t()]


      


Builds structural Rust field fragments from {name, type} pairs.

  



  
    
      
    
    
      tag_field(field)


        (macro)


        
          
        

    

  


  

Sets the atom-keyed field used to identify tagged values.

  



    

  
    
      
    
    
      tagged_enum(name, opts \\ [], list)


        (macro)


        
          
        

    

  


  

Declares a tagged enum over selected schema nodes.

  



  
    
      
    
    
      type(name, rust_type)


        (macro)


        
          
        

    

  


  

Declares a reusable schema-local Rust type alias.

  


        

      


  

    
RustQ.Rustler.TaggedEnum 
    



      
Generates Rust enums decoded from tagged Elixir struct or map terms.

      


      
        Summary


  
    Functions
  


    
      
        items(name, opts)

      


        Builds the enum and its Rustler decoder and encoder implementations.



    





      


      
        Functions


        


  
    
      
    
    
      items(name, opts)



        
          
        

    

  


  

      

          @spec items(
  atom() | String.t(),
  keyword()
) :: [RustQ.Rust.AST.Enum.t() | RustQ.Rust.AST.Impl.t()]


      


Builds the enum and its Rustler decoder and encoder implementations.

  


        

      


  

    
RustQ.Rustler.Term 
    



      
Generates Rustler Term<'a> builders, decoders, and map access helpers.
Most helpers are authored with defrust or RustQ AST. The remaining
EscapeExpr fragments are localized Rustler wrapper-boundary escapes for
unsafe raw term construction or caller-supplied decoder expressions.

      


      
        Summary


  
    Functions
  


    
      
        builders(opts \\ [])

      


        Builds safe Term<'a> map and struct construction helpers.



    


    
      
        decoder(name, opts)

      


        Builds a struct and decoder from an atom-keyed Rustler map term.



    


    
      
        encoder(name, opts)

      


        Builds a rustler::Encoder implementation from structural field metadata.



    


    
      
        encoder_atom_names(opts)

      


        Returns the Rust atom identifiers referenced by a term encoder manifest.



    


    
      
        helpers(opts \\ [])

      


        Builds common map access and term decoding helpers.



    





      


      
        Functions


        


    

  
    
      
    
    
      builders(opts \\ [])



        
          
        

    

  


  

      

          @spec builders(keyword()) :: [RustQ.Rust.AST.Function.t()]


      


Builds safe Term<'a> map and struct construction helpers.

  



  
    
      
    
    
      decoder(name, opts)



        
          
        

    

  


  

      

          @spec decoder(
  atom() | String.t(),
  keyword()
) :: [RustQ.Rust.AST.Struct.t() | RustQ.Rust.AST.Function.t()]


      


Builds a struct and decoder from an atom-keyed Rustler map term.

  



  
    
      
    
    
      encoder(name, opts)



        
          
        

    

  


  

      

          @spec encoder(
  atom() | String.t(),
  keyword()
) :: RustQ.Rust.AST.Impl.t()


      


Builds a rustler::Encoder implementation from structural field metadata.

  



  
    
      
    
    
      encoder_atom_names(opts)



        
          
        

    

  


  

      

          @spec encoder_atom_names(keyword()) :: [String.t()]


      


Returns the Rust atom identifiers referenced by a term encoder manifest.

  



    

  
    
      
    
    
      helpers(opts \\ [])



        
          
        

    

  


  

      

          @spec helpers(keyword()) :: [RustQ.Rust.AST.Function.t()]


      


Builds common map access and term decoding helpers.

  


        

      


  

    
RustQ.Rust.AST.Arm 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Arm{
  body: [RustQ.Rust.AST.stmt()],
  guard: RustQ.Rust.AST.expr() | nil,
  pattern: RustQ.Rust.AST.pat()
}


      



  


        

      


  

    
RustQ.Rust.AST.ArrayLiteral 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.ArrayLiteral{values: [RustQ.Rust.AST.expr()]}


      



  


        

      


  

    
RustQ.Rust.AST.Assign 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Assign{
  expr: RustQ.Rust.AST.expr(),
  target: RustQ.Rust.AST.expr()
}


      



  


        

      


  

    
RustQ.Rust.AST.AssignOp 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.AssignOp{
  expr: RustQ.Rust.AST.expr(),
  op: atom(),
  target: RustQ.Rust.AST.expr()
}


      



  


        

      


  

    
RustQ.Rust.AST.AtomValue 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.AtomValue{module: [atom() | String.t()], name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.Attribute 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Attribute{
  args:
    keyword()
    | [atom() | String.t() | RustQ.Rust.AST.Path.t()]
    | {:value, String.t() | atom()},
  path: [atom() | String.t()],
  style: :outer | :inner
}


      



  


        

      


  

    
RustQ.Rust.AST.BinaryOp 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.BinaryOp{
  left: RustQ.Rust.AST.expr(),
  op:
    :eq | :ne | :lt | :lte | :gt | :gte | :add | :sub | :mul | :div | :and | :or,
  right: RustQ.Rust.AST.expr()
}


      



  


        

      


  

    
RustQ.Rust.AST.BlockExpr 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.BlockExpr{body: [RustQ.Rust.AST.stmt()]}


      



  


        

      


  

    
RustQ.Rust.AST.Break 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Break{expr: RustQ.Rust.AST.expr() | nil}


      



  


        

      


  

    
RustQ.Rust.AST.ByteString 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.ByteString{value: String.t()}


      



  


        

      


  

    
RustQ.Rust.AST.Cast 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Cast{
  expr: RustQ.Rust.AST.expr(),
  type: RustQ.Rust.AST.type()
}


      



  


        

      


  

    
RustQ.Rust.AST.Closure 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Closure{args: [atom()], body: RustQ.Rust.AST.expr()}


      



  


        

      


  

    
RustQ.Rust.AST.Const 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Const{
  expr: RustQ.Rust.AST.expr(),
  name: atom(),
  type: RustQ.Rust.AST.type(),
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.Continue 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Continue{}


      



  


        

      


  

    
RustQ.Rust.AST.Derive 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Derive{
  paths: [[atom() | String.t()] | atom() | String.t()]
}


      



  


        

      


  

    
RustQ.Rust.AST.EarlyReturn 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.EarlyReturn{expr: RustQ.Rust.AST.expr()}


      



  


        

      


  

    
RustQ.Rust.AST.Enum 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Enum{
  attrs: [RustQ.Rust.AST.Attribute.t()],
  derive: [RustQ.Rust.AST.Derive.t() | atom()],
  name: atom(),
  variants: [RustQ.Rust.AST.EnumVariant.t()],
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.EnumVariant 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.EnumVariant{name: atom(), tuple: [RustQ.Rust.AST.type()]}


      



  


        

      


  

    
RustQ.Rust.AST.Err 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Err{expr: RustQ.Rust.AST.expr()}


      



  


        

      


  

    
RustQ.Rust.AST.EscapeExpr 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.EscapeExpr{source: String.t()}


      



  


        

      


  

    
RustQ.Rust.AST.ExprStmt 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.ExprStmt{expr: RustQ.Rust.AST.expr()}


      



  


        

      


  

    
RustQ.Rust.AST.Field 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Field{
  field: atom() | integer(),
  receiver: RustQ.Rust.AST.expr()
}


      



  


        

      


  

    
RustQ.Rust.AST.For 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.For{
  body: [RustQ.Rust.AST.stmt()],
  expr: RustQ.Rust.AST.expr(),
  pattern: RustQ.Rust.AST.pat()
}


      



  


        

      


  

    
RustQ.Rust.AST.Function 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Function{
  args: [RustQ.Rust.AST.FunctionArg.t()],
  attrs: [RustQ.Rust.AST.Attribute.t()],
  body: [RustQ.Rust.AST.stmt()],
  lifetimes: [atom()],
  name: atom(),
  returns: RustQ.Rust.AST.type(),
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.FunctionArg 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.FunctionArg{
  mutable: boolean(),
  name: atom(),
  receiver: boolean(),
  type: RustQ.Rust.AST.type() | nil
}


      



  


        

      


  

    
RustQ.Rust.AST.If 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.If{
  condition: RustQ.Rust.AST.expr(),
  else: [RustQ.Rust.AST.stmt()],
  then: [RustQ.Rust.AST.stmt()]
}


      



  


        

      


  

    
RustQ.Rust.AST.IfLet 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.IfLet{
  else: [RustQ.Rust.AST.stmt()],
  expr: RustQ.Rust.AST.expr(),
  pattern: RustQ.Rust.AST.pat(),
  then: [RustQ.Rust.AST.stmt()]
}


      



  


        

      


  

    
RustQ.Rust.AST.Impl 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Impl{
  attrs: [RustQ.Rust.AST.Attribute.t()],
  items: [RustQ.Rust.AST.item()],
  lifetimes: [atom()],
  target: RustQ.Rust.AST.type(),
  trait: RustQ.Rust.AST.type() | nil
}


      



  


        

      


  

    
RustQ.Rust.AST.Index 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Index{
  index: RustQ.Rust.AST.expr(),
  receiver: RustQ.Rust.AST.expr()
}


      



  


        

      


  

    
RustQ.Rust.AST.Let 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Let{
  expr: RustQ.Rust.AST.expr(),
  mutable: boolean(),
  pattern: RustQ.Rust.AST.pat(),
  type: RustQ.Rust.AST.type() | nil
}


      



  


        

      


  

    
RustQ.Rust.AST.LetElse 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.LetElse{
  else: [RustQ.Rust.AST.stmt()],
  expr: RustQ.Rust.AST.expr(),
  pattern: RustQ.Rust.AST.pat()
}


      



  


        

      


  

    
RustQ.Rust.AST.Literal 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Literal{
  value: String.t() | integer() | float() | boolean()
}


      



  


        

      


  

    
RustQ.Rust.AST.LocalCall 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.LocalCall{args: [RustQ.Rust.AST.expr()], name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.Loop 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Loop{body: [RustQ.Rust.AST.stmt()]}


      



  


        

      


  

    
RustQ.Rust.AST.MacroCall 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroCall{
  args: [RustQ.Rust.AST.expr()],
  path: RustQ.Rust.AST.Path.t()
}


      



  


        

      


  

    
RustQ.Rust.AST.MacroCapture 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroCapture{name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.MacroItem 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroItem{source: String.t()}


      



  


        

      


  

    
RustQ.Rust.AST.MacroItemCall 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroItemCall{
  args: [atom() | String.t() | {atom() | String.t(), String.t()}],
  path: RustQ.Rust.AST.Path.t(),
  tokens: [RustQ.Rust.AST.macro_token()] | nil
}


      



  


        

      


  

    
RustQ.Rust.AST.MacroRepeat 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroRepeat{
  operator: :* | :+ | :"?",
  separator: String.t() | nil,
  tokens: [RustQ.Rust.AST.macro_token()]
}


      



  


        

      


  

    
RustQ.Rust.AST.MacroRepeatExpr 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroRepeatExpr{
  expr: RustQ.Rust.AST.expr(),
  operator: String.t(),
  separator: String.t()
}


      



  


        

      


  

    
RustQ.Rust.AST.MacroRule 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroRule{
  expansion: [RustQ.Rust.AST.macro_token()],
  pattern: [RustQ.Rust.AST.macro_token()]
}


      



  


        

      


  

    
RustQ.Rust.AST.MacroRules 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroRules{
  attrs: [RustQ.Rust.AST.Attribute.t()],
  name: atom(),
  rules: [RustQ.Rust.AST.MacroRule.t()]
}


      



  


        

      


  

    
RustQ.Rust.AST.MacroVar 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MacroVar{fragment: atom(), name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.Match 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Match{
  arms: [RustQ.Rust.AST.Arm.t()],
  expr: RustQ.Rust.AST.expr()
}


      



  


        

      


  

    
RustQ.Rust.AST.MethodCall 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.MethodCall{
  args: [RustQ.Rust.AST.expr()],
  generics: [RustQ.Rust.AST.type()],
  method: atom(),
  receiver: RustQ.Rust.AST.expr()
}


      



  


        

      


  

    
RustQ.Rust.AST.Module 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Module{
  items: [RustQ.Rust.AST.item()],
  name: atom(),
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.NifRaiseAtom 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.NifRaiseAtom{name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.None 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.None{}


      



  


        

      


  

    
RustQ.Rust.AST.Ok 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Ok{expr: RustQ.Rust.AST.expr() | nil}


      



  


        

      


  

    
RustQ.Rust.AST.PatAtomGuard 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatAtomGuard{module: [atom() | String.t()], name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.PatErr 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatErr{pattern: RustQ.Rust.AST.pat()}


      



  


        

      


  

    
RustQ.Rust.AST.PatLiteral 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatLiteral{value: String.t() | atom()}


      



  


        

      


  

    
RustQ.Rust.AST.PatNone 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatNone{}


      



  


        

      


  

    
RustQ.Rust.AST.PatOk 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatOk{pattern: RustQ.Rust.AST.pat()}


      



  


        

      


  

    
RustQ.Rust.AST.PatPath 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatPath{path: RustQ.Rust.AST.Path.t()}


      



  


        

      


  

    
RustQ.Rust.AST.PatPathTuple 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatPathTuple{
  path: RustQ.Rust.AST.Path.t(),
  patterns: [RustQ.Rust.AST.pat()]
}


      



  


        

      


  

    
RustQ.Rust.AST.PatSome 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatSome{pattern: RustQ.Rust.AST.pat()}


      



  


        

      


  

    
RustQ.Rust.AST.PatStruct 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatStruct{
  fields: [{atom(), RustQ.Rust.AST.pat()}],
  path: RustQ.Rust.AST.Path.t()
}


      



  


        

      


  

    
RustQ.Rust.AST.PatTuple 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatTuple{patterns: [RustQ.Rust.AST.pat()]}


      



  


        

      


  

    
RustQ.Rust.AST.PatVar 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatVar{mutable: boolean(), name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.PatWildcard 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PatWildcard{}


      



  


        

      


  

    
RustQ.Rust.AST.Path 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Path{parts: [atom() | String.t()]}


      



  


        

      


  

    
RustQ.Rust.AST.PathCall 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.PathCall{
  args: [RustQ.Rust.AST.expr()],
  generics: [RustQ.Rust.AST.type()],
  path: RustQ.Rust.AST.Path.t()
}


      



  


        

      


  

    
RustQ.Rust.AST.Range 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Range{
  start: RustQ.Rust.AST.expr() | nil,
  stop: RustQ.Rust.AST.expr() | nil
}


      



  


        

      


  

    
RustQ.Rust.AST.Ref 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Ref{expr: RustQ.Rust.AST.expr(), mutable: boolean()}


      



  


        

      


  

    
RustQ.Rust.AST.Return 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Return{expr: RustQ.Rust.AST.expr()}


      



  


        

      


  

    
RustQ.Rust.AST.Some 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Some{expr: RustQ.Rust.AST.expr()}


      



  


        

      


  

    
RustQ.Rust.AST.Static 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Static{
  expr: RustQ.Rust.AST.expr(),
  mutable: boolean(),
  name: atom(),
  type: RustQ.Rust.AST.type(),
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.Struct 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Struct{
  attrs: [RustQ.Rust.AST.Attribute.t()],
  derive: [RustQ.Rust.AST.Derive.t() | atom()],
  fields: [RustQ.Rust.AST.StructField.t()],
  lifetimes: [atom()],
  name: atom(),
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.StructField 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.StructField{
  name: atom(),
  type: RustQ.Rust.AST.type(),
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.StructLiteral 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.StructLiteral{
  fields: [{atom(), RustQ.Rust.AST.expr()}],
  path: RustQ.Rust.AST.Path.t()
}


      



  


        

      


  

    
RustQ.Rust.AST.TokenMacro 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TokenMacro{
  path: RustQ.Rust.AST.Path.t(),
  tokens: String.t()
}


      



  


        

      


  

    
RustQ.Rust.AST.Try 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Try{expr: RustQ.Rust.AST.expr()}


      



  


        

      


  

    
RustQ.Rust.AST.Tuple 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Tuple{values: [RustQ.Rust.AST.expr()]}


      



  


        

      


  

    
RustQ.Rust.AST.TypeAlias 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeAlias{
  name: atom(),
  type: RustQ.Rust.AST.type(),
  vis: RustQ.Rust.AST.vis()
}


      



  


        

      


  

    
RustQ.Rust.AST.TypeArray 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeArray{
  inner: RustQ.Rust.AST.type(),
  size: String.t() | integer()
}


      



  


        

      


  

    
RustQ.Rust.AST.TypeNifResult 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeNifResult{inner: RustQ.Rust.AST.type()}


      



  


        

      


  

    
RustQ.Rust.AST.TypeOption 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeOption{inner: RustQ.Rust.AST.type()}


      



  


        

      


  

    
RustQ.Rust.AST.TypePath 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypePath{
  generics: [RustQ.Rust.AST.type()],
  lifetimes: [atom()],
  parts: [atom() | String.t()]
}


      



  


        

      


  

    
RustQ.Rust.AST.TypeRaw 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeRaw{source: String.t()}


      



  


        

      


  

    
RustQ.Rust.AST.TypeRef 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeRef{
  inner: RustQ.Rust.AST.type(),
  lifetime: atom() | nil,
  mutable: boolean()
}


      



  


        

      


  

    
RustQ.Rust.AST.TypeResult 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeResult{
  error: RustQ.Rust.AST.type(),
  ok: RustQ.Rust.AST.type()
}


      



  


        

      


  

    
RustQ.Rust.AST.TypeSlice 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeSlice{inner: RustQ.Rust.AST.type()}


      



  


        

      


  

    
RustQ.Rust.AST.TypeTuple 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeTuple{items: [RustQ.Rust.AST.type()]}


      



  


        

      


  

    
RustQ.Rust.AST.TypeUnit 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeUnit{}


      



  


        

      


  

    
RustQ.Rust.AST.TypeVec 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.TypeVec{inner: RustQ.Rust.AST.type()}


      



  


        

      


  

    
RustQ.Rust.AST.UnaryOp 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.UnaryOp{expr: RustQ.Rust.AST.expr(), op: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.UnsafeBlock 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.UnsafeBlock{body: [RustQ.Rust.AST.stmt()]}


      



  


        

      


  

    
RustQ.Rust.AST.Use 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Use{
  group: {[atom() | String.t()], [atom() | String.t()]} | nil,
  parts: [atom() | String.t()] | nil,
  tree: String.t() | nil
}


      



  


        

      


  

    
RustQ.Rust.AST.Var 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.Var{name: atom()}


      



  


        

      


  

    
RustQ.Rust.AST.VecLiteral 
    



      
Structural RustQ AST node. Prefer the focused builder modules for construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.AST.VecLiteral{values: [RustQ.Rust.AST.expr()]}


      



  


        

      


  

    
RustQ.Rust.AST 
    



      
Small Rust AST/IR used by macro frontends before final RustQ validation.
This is intentionally much smaller than Rust's full grammar. It captures the
Rust-shaped nodes that RustQ.Meta.defrust/2 can produce from valid Elixir
AST, then renders them only at the final fragment-validation boundary.

      


      
        Summary


  
    Types
  


    
      
        expr()

      


        Rust expression nodes supported by RustQ's compact AST.



    


    
      
        item()

      


        Rust item nodes supported by RustQ's compact AST.



    


    
      
        macro_token()

      


    


    
      
        pat()

      


        Rust pattern nodes supported by RustQ's compact AST.



    


    
      
        stmt()

      


        Rust statement nodes supported by RustQ's compact AST.



    


    
      
        type()

      


        Rust type nodes supported by RustQ's compact AST.



    


    
      
        vis()

      


    





  
    Functions
  


    
      
        expr_node?(term)

      


        Returns whether a value is a structural Rust expression node.



    


    
      
        pat_node?(term)

      


        Returns whether a value is a structural Rust pattern node.



    


    
      
        type_node?(term)

      


        Returns whether a value is a structural Rust type node.



    





      


      
        Types


        


  
    
      
    
    
      expr()



        
          
        

    

  


  

      

          @type expr() ::
  RustQ.Rust.AST.Var.t()
  | RustQ.Rust.AST.Path.t()
  | RustQ.Rust.AST.Field.t()
  | RustQ.Rust.AST.Index.t()
  | RustQ.Rust.AST.Range.t()
  | RustQ.Rust.AST.Cast.t()
  | RustQ.Rust.AST.UnaryOp.t()
  | RustQ.Rust.AST.PathCall.t()
  | RustQ.Rust.AST.MethodCall.t()
  | RustQ.Rust.AST.StructLiteral.t()
  | RustQ.Rust.AST.LocalCall.t()
  | RustQ.Rust.AST.Ref.t()
  | RustQ.Rust.AST.Try.t()
  | RustQ.Rust.AST.Tuple.t()
  | RustQ.Rust.AST.VecLiteral.t()
  | RustQ.Rust.AST.ArrayLiteral.t()
  | RustQ.Rust.AST.MacroRepeatExpr.t()
  | RustQ.Rust.AST.Closure.t()
  | RustQ.Rust.AST.Literal.t()
  | RustQ.Rust.AST.ByteString.t()
  | RustQ.Rust.AST.EscapeExpr.t()
  | RustQ.Rust.AST.TokenMacro.t()
  | RustQ.Rust.AST.MacroCall.t()
  | RustQ.Rust.AST.AtomValue.t()
  | RustQ.Rust.AST.None.t()
  | RustQ.Rust.AST.Some.t()
  | RustQ.Rust.AST.Ok.t()
  | RustQ.Rust.AST.Err.t()
  | RustQ.Rust.AST.NifRaiseAtom.t()
  | RustQ.Rust.AST.BlockExpr.t()
  | RustQ.Rust.AST.UnsafeBlock.t()
  | RustQ.Rust.AST.Match.t()
  | RustQ.Rust.AST.If.t()
  | RustQ.Rust.AST.BinaryOp.t()


      


Rust expression nodes supported by RustQ's compact AST.

  



  
    
      
    
    
      item()



        
          
        

    

  


  

      

          @type item() ::
  RustQ.Rust.AST.Use.t()
  | RustQ.Rust.AST.Module.t()
  | RustQ.Rust.AST.Const.t()
  | RustQ.Rust.AST.Static.t()
  | RustQ.Rust.AST.TypeAlias.t()
  | RustQ.Rust.AST.MacroItem.t()
  | RustQ.Rust.AST.MacroItemCall.t()
  | RustQ.Rust.AST.MacroRules.t()
  | RustQ.Rust.AST.Impl.t()
  | RustQ.Rust.AST.Function.t()
  | RustQ.Rust.AST.Struct.t()
  | RustQ.Rust.AST.Enum.t()


      


Rust item nodes supported by RustQ's compact AST.

  



  
    
      
    
    
      macro_token()



        
          
        

    

  


  

      

          @type macro_token() ::
  String.t()
  | atom()
  | RustQ.Rust.AST.Literal.t()
  | RustQ.Rust.AST.Path.t()
  | RustQ.Rust.AST.MacroVar.t()
  | RustQ.Rust.AST.MacroCapture.t()
  | RustQ.Rust.AST.MacroRepeat.t()


      



  



  
    
      
    
    
      pat()



        
          
        

    

  


  

      

          @type pat() ::
  RustQ.Rust.AST.PatVar.t()
  | RustQ.Rust.AST.PatWildcard.t()
  | RustQ.Rust.AST.PatPath.t()
  | RustQ.Rust.AST.PatLiteral.t()
  | RustQ.Rust.AST.PatNone.t()
  | RustQ.Rust.AST.PatSome.t()
  | RustQ.Rust.AST.PatAtomGuard.t()
  | RustQ.Rust.AST.PatTuple.t()
  | RustQ.Rust.AST.PatOk.t()
  | RustQ.Rust.AST.PatErr.t()
  | RustQ.Rust.AST.PatPathTuple.t()
  | RustQ.Rust.AST.PatStruct.t()


      


Rust pattern nodes supported by RustQ's compact AST.

  



  
    
      
    
    
      stmt()



        
          
        

    

  


  

      

          @type stmt() ::
  RustQ.Rust.AST.Let.t()
  | RustQ.Rust.AST.LetElse.t()
  | RustQ.Rust.AST.Assign.t()
  | RustQ.Rust.AST.AssignOp.t()
  | RustQ.Rust.AST.ExprStmt.t()
  | RustQ.Rust.AST.Return.t()
  | RustQ.Rust.AST.EarlyReturn.t()
  | RustQ.Rust.AST.IfLet.t()
  | RustQ.Rust.AST.For.t()
  | RustQ.Rust.AST.Loop.t()
  | RustQ.Rust.AST.Break.t()
  | RustQ.Rust.AST.Continue.t()


      


Rust statement nodes supported by RustQ's compact AST.

  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() ::
  RustQ.Rust.AST.TypePath.t()
  | RustQ.Rust.AST.TypeRef.t()
  | RustQ.Rust.AST.TypeOption.t()
  | RustQ.Rust.AST.TypeResult.t()
  | RustQ.Rust.AST.TypeNifResult.t()
  | RustQ.Rust.AST.TypeVec.t()
  | RustQ.Rust.AST.TypeSlice.t()
  | RustQ.Rust.AST.TypeArray.t()
  | RustQ.Rust.AST.TypeTuple.t()
  | RustQ.Rust.AST.TypeRaw.t()
  | RustQ.Rust.AST.TypeUnit.t()


      


Rust type nodes supported by RustQ's compact AST.

  



  
    
      
    
    
      vis()



        
          
        

    

  


  

      

          @type vis() :: :pub | :crate | nil


      



  


        

      

      
        Functions


        


  
    
      
    
    
      expr_node?(term)



        
          
        

    

  


  

      

          @spec expr_node?(term()) :: boolean()


      


Returns whether a value is a structural Rust expression node.

  



  
    
      
    
    
      pat_node?(term)



        
          
        

    

  


  

      

          @spec pat_node?(term()) :: boolean()


      


Returns whether a value is a structural Rust pattern node.

  



  
    
      
    
    
      type_node?(term)



        
          
        

    

  


  

      

          @spec type_node?(term()) :: boolean()


      


Returns whether a value is a structural Rust type node.

  


        

      


  

    
RustQ.Rust.AST.Builder 
    



      
Expression, statement, and simple item constructors for RustQ.Rust.AST.
Alias the focused builders together:
alias RustQ.Rust.AST.Builder, as: A
alias RustQ.Rust.AST.ItemBuilder, as: I
alias RustQ.Rust.AST.PatternBuilder, as: P
alias RustQ.Rust.AST.TypeBuilder, as: T
The main families are:
	items — use/1, module/3, const/4, static/4, type_alias/3,
impl/2, and macro-item constructors
	statements — let/3, assign/2, if_let/4, return_stmt/1, and
block-oriented macros such as block/1, match/2, and arm/3
	expressions — call/2, path_call/3, method/4, struct_expr/2,
constructors such as ok/1, and binary-operation helpers
	conversion — expr/1, pat_expr/1, type/1, and path normalization

struct_expr/2 builds a struct literal. Use I.struct/3 for a struct
declaration and I.function/3 for a function declaration.

      


      
        Summary


  
    Functions
  


    
      
        add(left, right)

      


    


    
      
        allow_attr(value)

      


    


    
      
        and_(left, right)

      


    


    
      
        arg(name, type)

      


    


    
      
        arm(pattern, opts \\ [], list)

      


    


    
      
        array(values)

      


    


    
      
        assign(target, expression)

      


    


    
      
        assign_op(target, op, expression)

      


    


    
      
        atom(name, opts \\ [])

      


    


    
      
        attr(path, args \\ [])

      


    


    
      
        attr_value(path, value)

      


    


    
      
        badarg()

      


    


    
      
        badarg_arm()

      


    


    
      
        binary(left, op, right)

      


    


    
      
        block(list)

      


    


    
      
        block_expr(body)

      


    


    
      
        break()

      


    


    
      
        break(expression)

      


    


    
      
        byte_string(value)

      


    


    
      
        call(name, args \\ [])

      


    


    
      
        cast(expression, type)

      


    


    
      
        closure(args, body)

      


    


    
      
        const(name, type, expression, opts \\ [])

      


    


    
      
        continue()

      


    


    
      
        deref(expression)

      


    


    
      
        derive(paths)

      


    


    
      
        div(left, right)

      


    


    
      
        early_return(expression)

      


    


    
      
        eq(left, right)

      


    


    
      
        err(expression)

      


    


    
      
        escape_expr(source)

      


    


    
      
        expr(value)

      


    


    
      
        expr_path(path)

      


    


    
      
        field(receiver, field)

      


    


    
      
        flatten(values)

      


    


    
      
        for_(pattern, expression, body)

      


    


    
      
        function_arg(arg)

      


    


    
      
        function_arg(name, type)

      


    


    
      
        function_args(args)

      


    


    
      
        gt(left, right)

      


    


    
      
        gte(left, right)

      


    


    
      
        if_expr(condition, list)

      


    


    
      
        if_expr(condition, then_body, else_body)

      


    


    
      
        if_let(pattern, expression, then_body, opts \\ [])

      


    


    
      
        impl(target, opts \\ [])

      


    


    
      
        index(receiver, index)

      


    


    
      
        let(name, expression, opts \\ [])

      


    


    
      
        let_else(pattern, expression, else_body)

      


    


    
      
        let_mut(name, expression, opts \\ [])

      


    


    
      
        lit(value)

      


    


    
      
        loop(body)

      


    


    
      
        lt(left, right)

      


    


    
      
        lte(left, right)

      


    


    
      
        macro_call(path, args \\ [])

      


    


    
      
        macro_capture(name)

      


    


    
      
        macro_item(source)

      


    


    
      
        macro_item_call(path, args \\ [])

      


    


    
      
        macro_item_token_call(path, tokens)

      


    


    
      
        macro_repeat(tokens, opts \\ [])

      


    


    
      
        macro_rule(pattern, expansion)

      


    


    
      
        macro_rules(name, rules, opts \\ [])

      


    


    
      
        macro_var(name, fragment)

      


    


    
      
        match(expr, list)

      


    


    
      
        match_expr(expression, arms)

      


    


    
      
        maybe_expr(value)

      


    


    
      
        method(receiver, method, args \\ [], opts \\ [])

      


    


    
      
        module(name, items, opts \\ [])

      


    


    
      
        mul(left, right)

      


    


    
      
        mut_ref(expression)

      


    


    
      
        ne(left, right)

      


    


    
      
        neg(expression)

      


    


    
      
        nif_attr(opts \\ [])

      


    


    
      
        none()

      


    


    
      
        not_(expression)

      


    


    
      
        ok()

      


    


    
      
        ok(expression)

      


    


    
      
        or_(left, right)

      


    


    
      
        pat(name)

      


    


    
      
        pat_expr(value)

      


    


    
      
        path(parts)

      


    


    
      
        path(first, second)

      


    


    
      
        path(first, second, third)

      


    


    
      
        path_call(parts, args \\ [], opts \\ [])

      


    


    
      
        path_parts(parts)

      


    


    
      
        path_value(parts)

      


    


    
      
        range(start, stop)

      


    


    
      
        receiver(opts \\ [])

      


    


    
      
        ref(expression)

      


    


    
      
        resource_impl_attr()

      


    


    
      
        return(expression)

      


    


    
      
        return_badarg()

      


    


    
      
        return_stmt(expression)

      


    


    
      
        slice(values)

      


    


    
      
        some(expression)

      


    


    
      
        static(name, type, expression, opts \\ [])

      


    


    
      
        stmt(expression)

      


    


    
      
        struct_expr(path, fields)

      


    


    
      
        sub(left, right)

      


    


    
      
        token_macro(path, tokens)

      


    


    
      
        trait_path(path)

      


    


    
      
        try(expression)

      


    


    
      
        tuple(values)

      


    


    
      
        type(value)

      


    


    
      
        type_alias(name, type, opts \\ [])

      


    


    
      
        type_path(parts_or_part, opts \\ [])

      


    


    
      
        unsafe_block(body)

      


    


    
      
        use(parts)

      


    


    
      
        var(name)

      


    


    
      
        vec(values)

      


    


    
      
        wildcard()

      


    





      


      
        Functions


        


  
    
      
    
    
      add(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      allow_attr(value)



        
          
        

    

  


  


  



  
    
      
    
    
      and_(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      arg(name, type)



        
          
        

    

  


  


  



    

  
    
      
    
    
      arm(pattern, opts \\ [], list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      array(values)



        
          
        

    

  


  


  



  
    
      
    
    
      assign(target, expression)



        
          
        

    

  


  


  



  
    
      
    
    
      assign_op(target, op, expression)



        
          
        

    

  


  


  



    

  
    
      
    
    
      atom(name, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      attr(path, args \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      attr_value(path, value)



        
          
        

    

  


  


  



  
    
      
    
    
      badarg()



        
          
        

    

  


  


  



  
    
      
    
    
      badarg_arm()



        
          
        

    

  


  


  



  
    
      
    
    
      binary(left, op, right)



        
          
        

    

  


  


  



  
    
      
    
    
      block(list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      block_expr(body)



        
          
        

    

  


  


  



  
    
      
    
    
      break()



        
          
        

    

  


  


  



  
    
      
    
    
      break(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      byte_string(value)



        
          
        

    

  


  


  



    

  
    
      
    
    
      call(name, args \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      cast(expression, type)



        
          
        

    

  


  


  



  
    
      
    
    
      closure(args, body)



        
          
        

    

  


  


  



    

  
    
      
    
    
      const(name, type, expression, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      continue()



        
          
        

    

  


  


  



  
    
      
    
    
      deref(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      derive(paths)



        
          
        

    

  


  


  



  
    
      
    
    
      div(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      early_return(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      eq(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      err(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      escape_expr(source)



        
          
        

    

  


  


  



  
    
      
    
    
      expr(value)



        
          
        

    

  


  


  



  
    
      
    
    
      expr_path(path)



        
          
        

    

  


  


  



  
    
      
    
    
      field(receiver, field)



        
          
        

    

  


  


  



  
    
      
    
    
      flatten(values)



        
          
        

    

  


  


  



  
    
      
    
    
      for_(pattern, expression, body)



        
          
        

    

  


  


  



  
    
      
    
    
      function_arg(arg)



        
          
        

    

  


  


  



  
    
      
    
    
      function_arg(name, type)



        
          
        

    

  


  


  



  
    
      
    
    
      function_args(args)



        
          
        

    

  


  


  



  
    
      
    
    
      gt(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      gte(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      if_expr(condition, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      if_expr(condition, then_body, else_body)



        
          
        

    

  


  


  



    

  
    
      
    
    
      if_let(pattern, expression, then_body, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      impl(target, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      index(receiver, index)



        
          
        

    

  


  


  



    

  
    
      
    
    
      let(name, expression, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      let_else(pattern, expression, else_body)



        
          
        

    

  


  


  



    

  
    
      
    
    
      let_mut(name, expression, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      lit(value)



        
          
        

    

  


  


  



  
    
      
    
    
      loop(body)



        
          
        

    

  


  


  



  
    
      
    
    
      lt(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      lte(left, right)



        
          
        

    

  


  


  



    

  
    
      
    
    
      macro_call(path, args \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      macro_capture(name)



        
          
        

    

  


  


  



  
    
      
    
    
      macro_item(source)



        
          
        

    

  


  


  



    

  
    
      
    
    
      macro_item_call(path, args \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      macro_item_token_call(path, tokens)



        
          
        

    

  


  


  



    

  
    
      
    
    
      macro_repeat(tokens, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      macro_rule(pattern, expansion)



        
          
        

    

  


  


  



    

  
    
      
    
    
      macro_rules(name, rules, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      macro_var(name, fragment)



        
          
        

    

  


  


  



  
    
      
    
    
      match(expr, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      match_expr(expression, arms)



        
          
        

    

  


  


  



  
    
      
    
    
      maybe_expr(value)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      method(receiver, method, args \\ [], opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      module(name, items, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      mul(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      mut_ref(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      ne(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      neg(expression)



        
          
        

    

  


  


  



    

  
    
      
    
    
      nif_attr(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      none()



        
          
        

    

  


  


  



  
    
      
    
    
      not_(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      ok()



        
          
        

    

  


  


  



  
    
      
    
    
      ok(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      or_(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      pat(name)



        
          
        

    

  


  


  



  
    
      
    
    
      pat_expr(value)



        
          
        

    

  


  


  



  
    
      
    
    
      path(parts)



        
          
        

    

  


  


  



  
    
      
    
    
      path(first, second)



        
          
        

    

  


  


  



  
    
      
    
    
      path(first, second, third)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      path_call(parts, args \\ [], opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      path_parts(parts)



        
          
        

    

  


  


  



  
    
      
    
    
      path_value(parts)



        
          
        

    

  


  


  



  
    
      
    
    
      range(start, stop)



        
          
        

    

  


  


  



    

  
    
      
    
    
      receiver(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      ref(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      resource_impl_attr()



        
          
        

    

  


  


  



  
    
      
    
    
      return(expression)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      return_badarg()



        
          
        

    

  


  


  



  
    
      
    
    
      return_stmt(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      slice(values)



        
          
        

    

  


  


  



  
    
      
    
    
      some(expression)



        
          
        

    

  


  


  



    

  
    
      
    
    
      static(name, type, expression, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      stmt(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      struct_expr(path, fields)



        
          
        

    

  


  


  



  
    
      
    
    
      sub(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      token_macro(path, tokens)



        
          
        

    

  


  


  



  
    
      
    
    
      trait_path(path)



        
          
        

    

  


  


  



  
    
      
    
    
      try(expression)



        
          
        

    

  


  


  



  
    
      
    
    
      tuple(values)



        
          
        

    

  


  


  



  
    
      
    
    
      type(value)



        
          
        

    

  


  


  



    

  
    
      
    
    
      type_alias(name, type, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      type_path(parts_or_part, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      unsafe_block(body)



        
          
        

    

  


  


  



  
    
      
    
    
      use(parts)



        
          
        

    

  


  


  



  
    
      
    
    
      var(name)



        
          
        

    

  


  


  



  
    
      
    
    
      vec(values)



        
          
        

    

  


  


  



  
    
      
    
    
      wildcard()



        
          
        

    

  


  


  


        

      


  

    
RustQ.Rust.AST.ItemBuilder 
    



      
Constructors for Rust item declarations with Elixir block syntax.
Use this module for declarations whose children read naturally as a block:
struct/3, impl/3, and function/3. RustQ.Rust.AST.Builder covers
expressions, statements, and simpler items.

      


      
        Summary


  
    Functions
  


    
      
        field(name, type, opts \\ [])

      


        Builds a structural Rust struct field.



    


    
      
        function(name, opts \\ [], list)

      


        Builds a Rust function item from structural arguments and statements.



    


    
      
        impl(target, opts \\ [], list)

      


        Builds a Rust impl declaration from structural items.



    


    
      
        struct(name, opts \\ [], list)

      


        Builds a Rust struct declaration from structural fields.



    





      


      
        Functions


        


    

  
    
      
    
    
      field(name, type, opts \\ [])



        
          
        

    

  


  

      

          @spec field(atom() | String.t(), term(), keyword()) :: RustQ.Rust.AST.StructField.t()


      


Builds a structural Rust struct field.

  



    

  
    
      
    
    
      function(name, opts \\ [], list)


        (macro)


        
          
        

    

  


  

Builds a Rust function item from structural arguments and statements.

  



    

  
    
      
    
    
      impl(target, opts \\ [], list)


        (macro)


        
          
        

    

  


  

Builds a Rust impl declaration from structural items.

  



    

  
    
      
    
    
      struct(name, opts \\ [], list)


        (macro)


        
          
        

    

  


  

Builds a Rust struct declaration from structural fields.

  


        

      


  

    
RustQ.Rust.AST.PatternBuilder 
    



      
Constructors and normalization for Rust pattern AST nodes.
pattern/1 accepts existing pattern nodes and atom variables. Named helpers
cover wildcard, literal, path, tuple-variant, struct, Some, Ok, and Err
patterns.

      


      
        Summary


  
    Functions
  


    
      
        err(pattern)

      


    


    
      
        lit(value)

      


    


    
      
        none()

      


    


    
      
        ok(pattern)

      


    


    
      
        path(path)

      


    


    
      
        path_tuple(path, patterns)

      


    


    
      
        pattern(value)

      


    


    
      
        some(pattern)

      


    


    
      
        struct(path, fields)

      


    


    
      
        var(name)

      


    


    
      
        wildcard()

      


    





      


      
        Functions


        


  
    
      
    
    
      err(pattern)



        
          
        

    

  


  


  



  
    
      
    
    
      lit(value)



        
          
        

    

  


  


  



  
    
      
    
    
      none()



        
          
        

    

  


  


  



  
    
      
    
    
      ok(pattern)



        
          
        

    

  


  


  



  
    
      
    
    
      path(path)



        
          
        

    

  


  


  



  
    
      
    
    
      path_tuple(path, patterns)



        
          
        

    

  


  


  



  
    
      
    
    
      pattern(value)



        
          
        

    

  


  


  



  
    
      
    
    
      some(pattern)



        
          
        

    

  


  


  



  
    
      
    
    
      struct(path, fields)



        
          
        

    

  


  


  



  
    
      
    
    
      var(name)



        
          
        

    

  


  


  



  
    
      
    
    
      wildcard()



        
          
        

    

  


  


  


        

      


  

    
RustQ.Rust.AST.TypeBuilder 
    



      
Constructors and normalization for Rust type AST nodes.
type/1 accepts existing type nodes, atom/list Rust paths, raw binary source,
and structural tuples such as {:option, type}, {:result, ok, error},
{:vec, type}, tuple types, references, slices, and arrays. Binary source is
normalized to RustQ.Rust.AST.TypeRaw; prefer raw/1 when an explicit escape
makes generator intent clearer.

      


      
        Summary


  
    Functions
  


    
      
        array(inner, size)

      


    


    
      
        mut_ref(inner, opts \\ [])

      


    


    
      
        nif_result(inner)

      


    


    
      
        option(inner)

      


    


    
      
        path(parts_or_part, opts \\ [])

      


    


    
      
        raw(source)

      


    


    
      
        ref(inner, opts \\ [])

      


    


    
      
        result(ok, error)

      


    


    
      
        slice(inner)

      


    


    
      
        term(lifetime \\ :a)

      


    


    
      
        tuple(items)

      


    


    
      
        type(value)

      


    


    
      
        unit()

      


    


    
      
        vec(inner)

      


    





      


      
        Functions


        


  
    
      
    
    
      array(inner, size)



        
          
        

    

  


  


  



    

  
    
      
    
    
      mut_ref(inner, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      nif_result(inner)



        
          
        

    

  


  


  



  
    
      
    
    
      option(inner)



        
          
        

    

  


  


  



    

  
    
      
    
    
      path(parts_or_part, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      raw(source)



        
          
        

    

  


  


  



    

  
    
      
    
    
      ref(inner, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      result(ok, error)



        
          
        

    

  


  


  



  
    
      
    
    
      slice(inner)



        
          
        

    

  


  


  



    

  
    
      
    
    
      term(lifetime \\ :a)



        
          
        

    

  


  


  



  
    
      
    
    
      tuple(items)



        
          
        

    

  


  


  



  
    
      
    
    
      type(value)



        
          
        

    

  


  


  



  
    
      
    
    
      unit()



        
          
        

    

  


  


  



  
    
      
    
    
      vec(inner)



        
          
        

    

  


  


  


        

      


  

    
RustQ.Rust.AST.Walk 
    



      
Generic traversal helpers for RustQ AST nodes.
Traversal is driven by RustQ AST node structs, so passes do not need to
hand-maintain structural recursion every time a node gains a field.

      


      
        Summary


  
    Types
  


    
      
        ast_node()

      


    





  
    Functions
  


    
      
        node?(arg1)

      


        Returns true when term is one of RustQ's schema-backed AST nodes.



    


    
      
        postwalk(term, fun)

      


        Walks an AST tree in post-order, applying fun after children are visited.



    


    
      
        prewalk(term, fun)

      


        Walks an AST tree in pre-order, applying fun before children are visited.



    


    
      
        reduce(term, acc, fun)

      


        Reduces an AST tree in pre-order.



    





      


      
        Types


        


  
    
      
    
    
      ast_node()



        
          
        

    

  


  

      

          @type ast_node() :: struct()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      node?(arg1)



        
          
        

    

  


  

      

          @spec node?(term()) :: boolean()


      


Returns true when term is one of RustQ's schema-backed AST nodes.

  



  
    
      
    
    
      postwalk(term, fun)



        
          
        

    

  


  

      

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


      


Walks an AST tree in post-order, applying fun after children are visited.

  



  
    
      
    
    
      prewalk(term, fun)



        
          
        

    

  


  

      

          @spec prewalk(term(), (term() -> term())) :: term()


      


Walks an AST tree in pre-order, applying fun before children are visited.

  



  
    
      
    
    
      reduce(term, acc, fun)



        
          
        

    

  


  

      

          @spec reduce(term(), acc, (term(), acc -> acc)) :: acc when acc: term()


      


Reduces an AST tree in pre-order.

  


        

      


  

    
RustQ.Cargo 
    



      
Helpers for discovering Rust package metadata through Cargo.
This module wraps cargo metadata so generators can find source roots for
registry, git, and path dependencies without assuming Cargo's on-disk cache
layout.

      


      
        Summary


  
    Functions
  


    
      
        clear_cached_metadata(opts \\ [])

      


        Clears cached Cargo metadata for a manifest.



    


    
      
        metadata!(opts \\ [])

      


        Returns decoded cargo metadata for a manifest.



    


    
      
        package!(package_name, opts \\ [])

      


        Returns package metadata by name.



    


    
      
        package_source!(package_name, opts \\ [])

      


        Returns the source root for a package by name.



    


    
      
        package_sources!(opts \\ [])

      


        Returns all package source roots from Cargo metadata.



    


    
      
        source_link(package, source_path, line)

      


        Returns a web source link for a package source path and line.



    


    
      
        source_link(package_name, source_path, line, opts \\ [])

      


        Returns a web source link for a package by name, path, and line.



    





      


      
        Functions


        


    

  
    
      
    
    
      clear_cached_metadata(opts \\ [])



        
          
        

    

  


  

      

          @spec clear_cached_metadata(keyword()) :: :ok


      


Clears cached Cargo metadata for a manifest.

  



    

  
    
      
    
    
      metadata!(opts \\ [])



        
          
        

    

  


  

      

          @spec metadata!(keyword()) :: RustQ.Cargo.Metadata.t()


      


Returns decoded cargo metadata for a manifest.
Options:
	:manifest_path - path to Cargo.toml. Defaults to "Cargo.toml".


  



    

  
    
      
    
    
      package!(package_name, opts \\ [])



        
          
        

    

  


  

      

          @spec package!(
  String.t(),
  keyword()
) :: RustQ.Cargo.Package.t()


      


Returns package metadata by name.
Raises if the package is not present in cargo metadata output.

  



    

  
    
      
    
    
      package_source!(package_name, opts \\ [])



        
          
        

    

  


  

      

          @spec package_source!(
  String.t(),
  keyword()
) :: Path.t()


      


Returns the source root for a package by name.
Raises if the package is not present in cargo metadata output.

  



    

  
    
      
    
    
      package_sources!(opts \\ [])



        
          
        

    

  


  

      

          @spec package_sources!(keyword()) :: %{required(String.t()) => Path.t()}


      


Returns all package source roots from Cargo metadata.
The returned map keys are package names and values are source directories
derived from each package's manifest_path.

  



  
    
      
    
    
      source_link(package, source_path, line)



        
          
        

    

  


  

      

          @spec source_link(RustQ.Cargo.Package.t(), Path.t(), pos_integer()) ::
  String.t() | nil


      


Returns a web source link for a package source path and line.
Registry packages currently link to docs.rs source pages. Path packages or
paths outside the package root return nil.

  



  
    
      
    
    
      source_link(package_name, source_path, line, opts \\ [])



        
          
        

    

  


  

      

          @spec source_link(String.t(), Path.t(), pos_integer(), keyword()) :: String.t() | nil


      


Returns a web source link for a package by name, path, and line.

  


        

      


  

    
RustQ.Cargo.Metadata 
    



      
Decoded subset of cargo metadata used by RustQ.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        json_schema()

      


        Returns a JSON Schema-compatible schema map.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    


    
      
        to_map(struct)

      


        Converts this struct into a JSON-shaped map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Cargo.Metadata{packages: [RustQ.Cargo.Package.t()]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



  
    
      
    
    
      json_schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  



  
    
      
    
    
      to_map(struct)



        
          
        

    

  


  

Converts this struct into a JSON-shaped map.

  


        

      


  

    
RustQ.Cargo.Package 
    



      
Package entry from cargo metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        json_schema()

      


        Returns a JSON Schema-compatible schema map.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    


    
      
        to_map(struct)

      


        Converts this struct into a JSON-shaped map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Cargo.Package{
  manifest_path: String.t(),
  name: String.t(),
  repository: String.t() | nil,
  source: String.t() | nil,
  version: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



  
    
      
    
    
      json_schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  



  
    
      
    
    
      to_map(struct)



        
          
        

    

  


  

Converts this struct into a JSON-shaped map.

  


        

      


  

    
RustQ.Native 
    



      
Native Rust source metadata used by bindings and generators.
RustQ.Native.Ref, RustQ.Native.Descriptor, and
RustQ.Native.EnumDescriptor describe resolved Rust items. The private NIF
bridge that powers parsing and rendering is intentionally not part of this
public API.

      




  

    
RustQ.Native.Descriptor 
    



      
Resolved metadata for a RustQ.Native.Ref.
A descriptor combines a native reference with parsed RustQ.Syn method
metadata and, when available, a web source link derived from Cargo metadata.

      


      
        Summary


  
    Types
  


    
      
        expected_arg()

      


    


    
      
        expected_return()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        assert_shape!(descriptor, opts)

      


        Validates a descriptor's method argument/return shape.



    


    
      
        resolve!(index, ref)

      


        Resolves a native method reference through a RustQ.Syn.Index.



    


    
      
        resolve!(index, ref, opts)

      


        Resolves a native method reference and validates its argument/return shape.



    





      


      
        Types


        


  
    
      
    
    
      expected_arg()



        
          
        

    

  


  

      

          @type expected_arg() ::
  :self_ref
  | {:ref, String.t()}
  | {:impl_trait, String.t(), [String.t()]}
  | {:path, String.t()}
  | :any


      



  



  
    
      
    
    
      expected_return()



        
          
        

    

  


  

      

          @type expected_return() :: {:ref, String.t()} | {:path, String.t()} | :none | :any


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Native.Descriptor{
  method: RustQ.Syn.Method.t(),
  ref: RustQ.Native.Ref.t(),
  source_url: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      assert_shape!(descriptor, opts)



        
          
        

    

  


  

      

          @spec assert_shape!(
  t(),
  keyword()
) :: t()


      


Validates a descriptor's method argument/return shape.

  



  
    
      
    
    
      resolve!(index, ref)



        
          
        

    

  


  

      

          @spec resolve!(RustQ.Syn.Index.t(), RustQ.Native.Ref.t()) :: t()


      


Resolves a native method reference through a RustQ.Syn.Index.

  



  
    
      
    
    
      resolve!(index, ref, opts)



        
          
        

    

  


  

      

          @spec resolve!(RustQ.Syn.Index.t(), RustQ.Native.Ref.t(), keyword()) :: t()


      


Resolves a native method reference and validates its argument/return shape.

  


        

      


  

    
RustQ.Native.EnumDescriptor 
    



      
Resolved metadata for a native Rust enum.
A descriptor combines package-scoped enum identity with parsed RustQ.Syn.Enum
metadata and, when available, a web source link derived from Cargo metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        resolve!(index, name, opts \\ [])

      


        Resolves a native enum through a RustQ.Syn.Index.



    


    
      
        variants(enum_descriptor)

      


        Returns descriptor variants as {atom_name, rust_variant} pairs.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Native.EnumDescriptor{
  enum: RustQ.Syn.Enum.t(),
  name: String.t(),
  package: String.t() | nil,
  source_url: String.t() | nil
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      resolve!(index, name, opts \\ [])



        
          
        

    

  


  

      

          @spec resolve!(RustQ.Syn.Index.t(), String.t(), keyword()) :: t()


      


Resolves a native enum through a RustQ.Syn.Index.

  



  
    
      
    
    
      variants(enum_descriptor)



        
          
        

    

  


  

      

          @spec variants(t()) :: [{atom(), String.t()}]


      


Returns descriptor variants as {atom_name, rust_variant} pairs.

  


        

      


  

    
RustQ.Native.Ref 
    



      
Reference to a Rust native item used by code generators.
A native ref names the Rust package plus a target/member pair, for example
skia-safe::Canvas::draw_rect. Package is optional for local or
caller-scoped references.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        format(ref)

      


        Formats a native reference as a Rust path.



    


    
      
        new(target, member, opts \\ [])

      


        Builds a native reference.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Native.Ref{
  member: String.t(),
  package: String.t() | nil,
  target: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      format(ref)



        
          
        

    

  


  

      

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


      


Formats a native reference as a Rust path.

  



    

  
    
      
    
    
      new(target, member, opts \\ [])



        
          
        

    

  


  

      

          @spec new(String.t(), String.t(), keyword()) :: t()


      


Builds a native reference.

  


        

      


  

    
RustQ.Syn.Arg 
    



      
Rust function or method argument metadata. type is rendered Rust; type_ast is structured metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Arg{
  name: String.t() | nil,
  type: String.t(),
  type_ast: RustQ.Syn.type()
}


      



  


        

      


  

    
RustQ.Syn.Enum 
    



      
Rust enum metadata, including doc comments and variant names.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Enum{
  docs: [String.t()],
  name: String.t(),
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  variants: [String.t()],
  visibility: :public | :private
}


      



  


        

      


  

    
RustQ.Syn.Field 
    



      
Rust struct field metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Field{
  name: String.t() | nil,
  type: String.t(),
  type_ast: RustQ.Syn.type()
}


      



  


        

      


  

    
RustQ.Syn.File 
    



      
Rust source file metadata.
The items list contains top-level item metadata structs such as
RustQ.Syn.Enum, RustQ.Syn.Struct, RustQ.Syn.Function, and
RustQ.Syn.Impl.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.File{items: [RustQ.Syn.item()]}


      



  


        

      


  

    
RustQ.Syn.Function 
    



      
Rust free function metadata, including doc comments, arguments, and return type.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Function{
  args: [RustQ.Syn.Arg.t()],
  docs: [String.t()],
  lifetimes: [String.t()],
  module_path: [String.t()] | nil,
  name: String.t(),
  returns: String.t() | nil,
  returns_ast: RustQ.Syn.type() | nil,
  signature: String.t() | nil,
  signature_ast: RustQ.Syn.Signature.t() | nil,
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  visibility: :public | :private
}


      



  


        

      


  

    
RustQ.Syn.Impl 
    



      
Rust impl block metadata, including target type, optional trait, doc comments, and methods.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Impl{
  docs: [String.t()],
  methods: [RustQ.Syn.Method.t()],
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  target: String.t(),
  target_ast: RustQ.Syn.type(),
  trait: String.t() | nil
}


      



  


        

      


  

    
RustQ.Syn.Index 
    



      
In-memory index of Rust source metadata parsed by RustQ.Syn.
Use an index when a generator needs to query many Rust files without keeping
project-specific source maps. The index stores parsed files by path and offers
lookup helpers for impl blocks and methods by target type.
It also indexes Rust use items and type aliases. Generators can inspect
them directly with uses/1 and type_aliases/1, or ask for the public Rust
name that exposes a native/bindings type with public_type_name/2 and
public_type_name!/2. Reexport chains such as pub use paint::Cap as PaintCap; are followed so callers can prefer the crate's public API surface
over internal module names.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        cached_package(package_name, opts \\ [])

      


        Returns a cached index for all Rust sources in a Cargo package.



    


    
      
        clear_cached_package(package_name, opts \\ [])

      


        Clears a cached package index.



    


    
      
        enum(index, name)

      


        Fetches an enum by name.



    


    
      
        enum!(index, name)

      


        Fetches an enum by name, raising if missing.



    


    
      
        enums(index)

      


        Returns all indexed top-level enums.



    


    
      
        from_package(package_name, opts \\ [])

      


        Builds an index for all Rust sources in a Cargo package.



    


    
      
        from_paths(paths, opts \\ [])

      


        Builds an index from Rust source file paths.



    


    
      
        impls(index)

      


        Returns all indexed top-level impl blocks.



    


    
      
        impls(index, target)

      


        Returns impl blocks whose target type matches target.



    


    
      
        method(index, target, name)

      


        Fetches a method from impl blocks matching target.



    


    
      
        method!(index, target, name)

      


        Fetches a method from impl blocks matching target, raising if missing.



    


    
      
        methods(index, target)

      


        Returns all methods from impl blocks matching target.



    


    
      
        public_type_name(index, target)

      


        Finds the public Rust type name that aliases a target Rust type name.



    


    
      
        public_type_name!(index, target)

      


        Finds the public Rust type name that aliases a target Rust type name, raising if missing.



    


    
      
        static(index, name)

      


        Fetches a top-level static item by name.



    


    
      
        statics(index)

      


        Returns all indexed top-level static items.



    


    
      
        type_alias(index, name)

      


        Fetches a top-level type alias by name.



    


    
      
        type_alias!(index, name)

      


        Fetches a top-level type alias by name, raising if missing.



    


    
      
        type_aliases(index)

      


        Returns all indexed top-level type aliases.



    


    
      
        use_alias(index, alias)

      


        Fetches a top-level use alias by alias name.



    


    
      
        use_alias!(index, alias)

      


        Fetches a top-level use alias by alias name, raising if missing.



    


    
      
        uses(index)

      


        Returns all indexed top-level use aliases.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Index{
  files: %{required(Path.t()) => RustQ.Syn.File.t()},
  package: RustQ.Cargo.Package.t() | nil
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      cached_package(package_name, opts \\ [])



        
          
        

    

  


  

      

          @spec cached_package(
  String.t(),
  keyword()
) :: t()


      


Returns a cached index for all Rust sources in a Cargo package.
The first caller builds a structural package index from Cargo metadata and the
package's Rust source files. Concurrent callers for the same package/config are
serialized so parallel compilation does not stampede Cargo metadata or package
cache access; later callers read the already-built index from :persistent_term.
Cached entries are fingerprinted from the Cargo manifest/lockfile inputs and
indexed Rust source file mtimes/sizes. If any of those files change, the next
caller rebuilds the package index.

  



    

  
    
      
    
    
      clear_cached_package(package_name, opts \\ [])



        
          
        

    

  


  

      

          @spec clear_cached_package(
  String.t(),
  keyword()
) :: :ok


      


Clears a cached package index.

  



  
    
      
    
    
      enum(index, name)



        
          
        

    

  


  

      

          @spec enum(t(), String.t()) :: {:ok, RustQ.Syn.Enum.t()} | :error


      


Fetches an enum by name.

  



  
    
      
    
    
      enum!(index, name)



        
          
        

    

  


  

      

          @spec enum!(t(), String.t()) :: RustQ.Syn.Enum.t()


      


Fetches an enum by name, raising if missing.

  



  
    
      
    
    
      enums(index)



        
          
        

    

  


  

      

          @spec enums(t()) :: [RustQ.Syn.Enum.t()]


      


Returns all indexed top-level enums.

  



    

  
    
      
    
    
      from_package(package_name, opts \\ [])



        
          
        

    

  


  

      

          @spec from_package(
  String.t(),
  keyword()
) :: t()


      


Builds an index for all Rust sources in a Cargo package.

  



    

  
    
      
    
    
      from_paths(paths, opts \\ [])



        
          
        

    

  


  

      

          @spec from_paths(
  [Path.t()],
  keyword()
) :: t()


      


Builds an index from Rust source file paths.

  



  
    
      
    
    
      impls(index)



        
          
        

    

  


  

      

          @spec impls(t()) :: [RustQ.Syn.Impl.t()]


      


Returns all indexed top-level impl blocks.

  



  
    
      
    
    
      impls(index, target)



        
          
        

    

  


  

      

          @spec impls(t(), String.t()) :: [RustQ.Syn.Impl.t()]


      


Returns impl blocks whose target type matches target.

  



  
    
      
    
    
      method(index, target, name)



        
          
        

    

  


  

      

          @spec method(t(), String.t(), String.t()) :: {:ok, RustQ.Syn.Method.t()} | :error


      


Fetches a method from impl blocks matching target.

  



  
    
      
    
    
      method!(index, target, name)



        
          
        

    

  


  

      

          @spec method!(t(), String.t(), String.t()) :: RustQ.Syn.Method.t()


      


Fetches a method from impl blocks matching target, raising if missing.

  



  
    
      
    
    
      methods(index, target)



        
          
        

    

  


  

      

          @spec methods(t(), String.t()) :: [RustQ.Syn.Method.t()]


      


Returns all methods from impl blocks matching target.

  



  
    
      
    
    
      public_type_name(index, target)



        
          
        

    

  


  

      

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


      


Finds the public Rust type name that aliases a target Rust type name.

  



  
    
      
    
    
      public_type_name!(index, target)



        
          
        

    

  


  

      

          @spec public_type_name!(t(), String.t()) :: String.t()


      


Finds the public Rust type name that aliases a target Rust type name, raising if missing.

  



  
    
      
    
    
      static(index, name)



        
          
        

    

  


  

      

          @spec static(t(), String.t()) :: {:ok, RustQ.Syn.Static.t()} | :error


      


Fetches a top-level static item by name.

  



  
    
      
    
    
      statics(index)



        
          
        

    

  


  

      

          @spec statics(t()) :: [RustQ.Syn.Static.t()]


      


Returns all indexed top-level static items.

  



  
    
      
    
    
      type_alias(index, name)



        
          
        

    

  


  

      

          @spec type_alias(t(), String.t()) :: {:ok, RustQ.Syn.TypeAlias.t()} | :error


      


Fetches a top-level type alias by name.

  



  
    
      
    
    
      type_alias!(index, name)



        
          
        

    

  


  

      

          @spec type_alias!(t(), String.t()) :: RustQ.Syn.TypeAlias.t()


      


Fetches a top-level type alias by name, raising if missing.

  



  
    
      
    
    
      type_aliases(index)



        
          
        

    

  


  

      

          @spec type_aliases(t()) :: [RustQ.Syn.TypeAlias.t()]


      


Returns all indexed top-level type aliases.

  



  
    
      
    
    
      use_alias(index, alias)



        
          
        

    

  


  

      

          @spec use_alias(t(), String.t()) :: {:ok, RustQ.Syn.Use.t()} | :error


      


Fetches a top-level use alias by alias name.

  



  
    
      
    
    
      use_alias!(index, alias)



        
          
        

    

  


  

      

          @spec use_alias!(t(), String.t()) :: RustQ.Syn.Use.t()


      


Fetches a top-level use alias by alias name, raising if missing.

  



  
    
      
    
    
      uses(index)



        
          
        

    

  


  

      

          @spec uses(t()) :: [RustQ.Syn.Use.t()]


      


Returns all indexed top-level use aliases.

  


        

      


  

    
RustQ.Syn.Method 
    



      
Rust impl method metadata, including doc comments, arguments, and return type.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Method{
  args: [RustQ.Syn.Arg.t()],
  docs: [String.t()],
  name: String.t(),
  returns: String.t() | nil,
  returns_ast: RustQ.Syn.type() | nil,
  signature: String.t() | nil,
  signature_ast: RustQ.Syn.Signature.t() | nil,
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  visibility: :public | :private
}


      



  


        

      


  

    
RustQ.Syn.MethodCall 
    



      
Receiver method call metadata found in Rust source.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.MethodCall{method: String.t(), receiver: String.t()}


      



  


        

      


  

    
RustQ.Syn.Signature 
    



      
Structured Rust function or method signature metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        render(signature)

      


        Renders a signature from structured type metadata.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Signature{
  args: [RustQ.Syn.Arg.t()],
  name: String.t(),
  returns: RustQ.Syn.type() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      render(signature)



        
          
        

    

  


  

      

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


      


Renders a signature from structured type metadata.

  


        

      


  

    
RustQ.Syn.Static 
    



      
Rust static item metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Static{
  docs: [String.t()],
  mutable: boolean(),
  name: String.t(),
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  type: String.t(),
  type_ast: RustQ.Syn.type(),
  visibility: :public | :private
}


      



  


        

      


  

    
RustQ.Syn.Struct 
    



      
Rust struct metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Struct{
  docs: [String.t()],
  fields: [RustQ.Syn.Field.t()],
  name: String.t(),
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  visibility: :public | :private
}


      



  


        

      


  

    
RustQ.Syn.Type 
    



      
Namespace for structured Rust type metadata.
Each type node includes code, the rendered Rust tokens for display or
diagnostics. Prefer matching on the structured fields when making semantic
decisions.

      


      
        Summary


  
    Functions
  


    
      
        impl_trait?(type, trait, args \\ [])

      


        Returns true when type is impl Trait<Args...> matching the requested trait and args.



    


    
      
        path?(arg1, name)

      


        Returns true when type is a path whose final segment is name.



    


    
      
        ref_to?(arg1, name)

      


        Returns true when type is a reference to a path whose final segment is name.



    


    
      
        type_name(arg1)

      


        Returns the final path-like name for common type metadata nodes.



    





      


      
        Functions


        


    

  
    
      
    
    
      impl_trait?(type, trait, args \\ [])



        
          
        

    

  


  

      

          @spec impl_trait?(RustQ.Syn.type(), String.t(), [String.t()]) :: boolean()


      


Returns true when type is impl Trait<Args...> matching the requested trait and args.

  



  
    
      
    
    
      path?(arg1, name)



        
          
        

    

  


  

      

          @spec path?(RustQ.Syn.type(), String.t()) :: boolean()


      


Returns true when type is a path whose final segment is name.

  



  
    
      
    
    
      ref_to?(arg1, name)



        
          
        

    

  


  

      

          @spec ref_to?(RustQ.Syn.type(), String.t()) :: boolean()


      


Returns true when type is a reference to a path whose final segment is name.

  



  
    
      
    
    
      type_name(arg1)



        
          
        

    

  


  

      

          @spec type_name(RustQ.Syn.type()) :: String.t() | nil


      


Returns the final path-like name for common type metadata nodes.

  


        

      


  

    
RustQ.Syn.Type.Array 
    



      
Rust array type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Array{code: String.t(), inner: RustQ.Syn.type()}


      



  


        

      


  

    
RustQ.Syn.Type.Fn 
    



      
Rust bare function pointer type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Fn{
  args: [RustQ.Syn.type()],
  code: String.t(),
  returns: RustQ.Syn.type() | nil
}


      



  


        

      


  

    
RustQ.Syn.Type.ImplTrait 
    



      
Rust impl Trait type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.ImplTrait{code: String.t(), traits: [RustQ.Syn.type()]}


      



  


        

      


  

    
RustQ.Syn.Type.Option 
    



      
Rust Option<T> type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Option{code: String.t(), inner: RustQ.Syn.type()}


      



  


        

      


  

    
RustQ.Syn.Type.Path 
    



      
Rust path type metadata, for example Paint, skia_safe::Canvas, or AsRef<Rect>.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Path{
  args: [RustQ.Syn.type()],
  assoc: %{optional(String.t()) => RustQ.Syn.type()},
  code: String.t(),
  name: String.t(),
  segments: [String.t()]
}


      



  


        

      


  

    
RustQ.Syn.Type.Raw 
    



      
Fallback Rust type metadata for type forms RustQ does not model structurally yet.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Raw{code: String.t()}


      



  


        

      


  

    
RustQ.Syn.Type.Ref 
    



      
Rust reference type metadata, for example &Paint or &mut Path.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Ref{
  code: String.t(),
  inner: RustQ.Syn.type(),
  mutable: boolean()
}


      



  


        

      


  

    
RustQ.Syn.Type.Result 
    



      
Rust Result<T, E> type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Result{
  code: String.t(),
  error: RustQ.Syn.type(),
  ok: RustQ.Syn.type()
}


      



  


        

      


  

    
RustQ.Syn.Type.Self 
    



      
Rust Self type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Self{code: String.t()}


      



  


        

      


  

    
RustQ.Syn.Type.Slice 
    



      
Rust slice type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Slice{code: String.t(), inner: RustQ.Syn.type()}


      



  


        

      


  

    
RustQ.Syn.Type.Tuple 
    



      
Rust tuple type metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Type.Tuple{code: String.t(), elems: [RustQ.Syn.type()]}


      



  


        

      


  

    
RustQ.Syn.TypeAlias 
    



      
Rust type alias metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.TypeAlias{
  docs: [String.t()],
  name: String.t(),
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  type: String.t(),
  type_ast: RustQ.Syn.type(),
  visibility: :public | :private
}


      



  


        

      


  

    
RustQ.Syn.Use 
    



      
Rust use item metadata, including reexport aliases.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Syn.Use{
  alias: String.t() | nil,
  docs: [String.t()],
  glob?: boolean(),
  path: String.t(),
  segments: [String.t()],
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  visibility: :public | :private
}


      



  


        

      


  

    
RustQ.Binding.Callable 
    



      
Normalized callable signature metadata for RustQ lowering and binding generation.
A callable turns parsed RustQ.Syn function/method metadata into a shape that
Rusty-Elixir lowering can query without depending on raw Syn nodes. Argument
and return types are converted to RustQ.Meta.Type via RustQ.Spec.from_syn/1.
This is the lookup-friendly signature layer needed before type-driven
propagation inference can decide whether a call should lower with Rust ?.

      


      
        Summary


  
    Types
  


    
      
        arg()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_native_descriptor(descriptor)

      


        Builds callable metadata from a resolved native method descriptor.



    


    
      
        from_spec(name, args, returns)

      


        Builds callable metadata from a RustQ @spec.



    


    
      
        from_syn_function(function)

      


        Builds callable metadata from a parsed Rust free function.



    


    
      
        from_syn_method(method, opts \\ [])

      


        Builds callable metadata from a parsed Rust impl method.



    


    
      
        return_type!(callable)

      


        Returns the callable return type or raises when the callable returns unit.



    





      


      
        Types


        


  
    
      
    
    
      arg()



        
          
        

    

  


  

      

          @type arg() :: %{
  name: String.t() | nil,
  type: RustQ.Meta.Type.t(),
  syn: RustQ.Syn.Arg.t()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Binding.Callable{
  args: [arg()],
  docs: [String.t()],
  kind: :function | :method,
  name: String.t(),
  native_ref: RustQ.Native.Ref.t() | nil,
  returns: RustQ.Meta.Type.t() | nil,
  source_line: pos_integer() | nil,
  source_path: Path.t() | nil,
  source_url: String.t() | nil,
  syn: RustQ.Syn.Function.t() | RustQ.Syn.Method.t() | nil,
  target: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_native_descriptor(descriptor)



        
          
        

    

  


  

      

          @spec from_native_descriptor(RustQ.Native.Descriptor.t()) :: t()


      


Builds callable metadata from a resolved native method descriptor.

  



  
    
      
    
    
      from_spec(name, args, returns)



        
          
        

    

  


  

      

          @spec from_spec(atom(), [RustQ.Meta.Type.t()], RustQ.Meta.Type.t()) :: t()


      


Builds callable metadata from a RustQ @spec.

  



  
    
      
    
    
      from_syn_function(function)



        
          
        

    

  


  

      

          @spec from_syn_function(RustQ.Syn.Function.t()) :: t()


      


Builds callable metadata from a parsed Rust free function.

  



    

  
    
      
    
    
      from_syn_method(method, opts \\ [])



        
          
        

    

  


  

      

          @spec from_syn_method(
  RustQ.Syn.Method.t(),
  keyword()
) :: t()


      


Builds callable metadata from a parsed Rust impl method.

  



  
    
      
    
    
      return_type!(callable)



        
          
        

    

  


  

      

          @spec return_type!(t()) :: RustQ.Meta.Type.t()


      


Returns the callable return type or raises when the callable returns unit.

  


        

      


  

    
RustQ.Binding.Index 
    



      
Lookup table for normalized RustQ callable metadata.
The index stores RustQ.Binding.Callable values under local and target-qualified
call keys. Method callables are indexed both by their full Rust signature arity
and, when they include a receiver/self argument, by the Elixir-style call arity
that excludes the receiver. This lets lowering ask for Canvas.draw_rect(rect)
even when the Rust signature is draw_rect(&self, rect: Rect).

      


      
        Summary


  
    Types
  


    
      
        key()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        argument_types(index, target, name, arity)

      


        Returns expected argument types for a callable lookup.



    


    
      
        fetch(index, target, name, arity)

      


        Fetches a callable by optional target, function name, and call arity.



    


    
      
        get(index, target, name, arity)

      


        Returns a callable by optional target, function name, and call arity or nil.



    


    
      
        method_targets(index, name, arity)

      


        Returns method receiver targets for a method name and Elixir-style call arity.



    


    
      
        new(index)

      


        Builds a callable lookup index.



    


    
      
        put(index, callable)

      


        Adds a callable to the index under all lookup keys it supports.



    


    
      
        return_type(index, target, name, arity)

      


        Returns the return type for a callable lookup or nil when unknown/unit.



    


    
      
        unqualified_argument_types(index, name, arity)

      


        Returns an unqualified free-function signature only when it is unambiguous.



    


    
      
        unqualified_return_type(index, name, arity)

      


        Returns an unqualified free-function return type only when it is unambiguous.



    





      


      
        Types


        


  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: {String.t() | nil, String.t(), non_neg_integer()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Binding.Index{
  by_key: %{optional(key()) => RustQ.Binding.Callable.t()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      argument_types(index, target, name, arity)



        
          
        

    

  


  

      

          @spec argument_types(
  t(),
  String.t() | atom() | nil,
  String.t() | atom(),
  non_neg_integer()
) ::
  [RustQ.Meta.Type.t()] | nil


      


Returns expected argument types for a callable lookup.

  



  
    
      
    
    
      fetch(index, target, name, arity)



        
          
        

    

  


  

      

          @spec fetch(t(), String.t() | atom() | nil, String.t() | atom(), non_neg_integer()) ::
  {:ok, RustQ.Binding.Callable.t()} | :error


      


Fetches a callable by optional target, function name, and call arity.

  



  
    
      
    
    
      get(index, target, name, arity)



        
          
        

    

  


  

      

          @spec get(t(), String.t() | atom() | nil, String.t() | atom(), non_neg_integer()) ::
  RustQ.Binding.Callable.t() | nil


      


Returns a callable by optional target, function name, and call arity or nil.

  



  
    
      
    
    
      method_targets(index, name, arity)



        
          
        

    

  


  

      

          @spec method_targets(t(), String.t() | atom(), non_neg_integer()) :: [String.t()]


      


Returns method receiver targets for a method name and Elixir-style call arity.

  



  
    
      
    
    
      new(index)



        
          
        

    

  


  

      

          @spec new([RustQ.Binding.Callable.t()] | t() | nil) :: t()


      


Builds a callable lookup index.

  



  
    
      
    
    
      put(index, callable)



        
          
        

    

  


  

      

          @spec put(t(), RustQ.Binding.Callable.t()) :: t()


      


Adds a callable to the index under all lookup keys it supports.

  



  
    
      
    
    
      return_type(index, target, name, arity)



        
          
        

    

  


  

      

          @spec return_type(
  t(),
  String.t() | atom() | nil,
  String.t() | atom(),
  non_neg_integer()
) ::
  RustQ.Meta.Type.t() | nil


      


Returns the return type for a callable lookup or nil when unknown/unit.

  



  
    
      
    
    
      unqualified_argument_types(index, name, arity)



        
          
        

    

  


  

      

          @spec unqualified_argument_types(t(), String.t() | atom(), non_neg_integer()) ::
  [RustQ.Meta.Type.t()] | nil


      


Returns an unqualified free-function signature only when it is unambiguous.

  



  
    
      
    
    
      unqualified_return_type(index, name, arity)



        
          
        

    

  


  

      

          @spec unqualified_return_type(t(), String.t() | atom(), non_neg_integer()) ::
  RustQ.Meta.Type.t() | nil


      


Returns an unqualified free-function return type only when it is unambiguous.

  


        

      


  

    
RustQ.Binding.Source 
    



      
Resolves callable metadata from RustQ modules, Rust source files, and Cargo packages.
This module is the source-backed callable metadata boundary used by
RustQ.Meta. It keeps parsing, package indexing, alias-equivalence annotation,
caching, and configuration diagnostics out of the macro frontend.

      


      
        Summary


  
    Types
  


    
      
        rust_package()

      


    





  
    Functions
  


    
      
        external_callables(module)

      


        Resolves external callable metadata configured on a use RustQ.Meta module.



    


    
      
        external_static_types(module)

      


        Resolves external static item types configured on a use RustQ.Meta module.



    


    
      
        rust_source_paths(paths)

      


        Expands Rust source paths relative to the current project working directory.



    





      


      
        Types


        


  
    
      
    
    
      rust_package()



        
          
        

    

  


  

      

          @type rust_package() :: String.t() | {String.t(), keyword()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      external_callables(module)



        
          
        

    

  


  

      

          @spec external_callables(module()) :: [RustQ.Binding.Callable.t()]


      


Resolves external callable metadata configured on a use RustQ.Meta module.

  



  
    
      
    
    
      external_static_types(module)



        
          
        

    

  


  

      

          @spec external_static_types(module()) :: %{optional(atom()) => RustQ.Meta.Type.t()}


      


Resolves external static item types configured on a use RustQ.Meta module.

  



  
    
      
    
    
      rust_source_paths(paths)



        
          
        

    

  


  

      

          @spec rust_source_paths([Path.t()] | Path.t() | nil) :: [Path.t()]


      


Expands Rust source paths relative to the current project working directory.

  


        

      


  

    
RustQ.Meta.AST 
    



      
Builds RustQ AST items from defrust metadata and explicit quoted bodies.

      


      
        Summary


  
    Functions
  


    
      
        function!(module, name)

      


        Returns one generated defrust function AST by name, raising when absent.



    


    
      
        functions!(module, names)

      


        Returns selected generated defrust function AST nodes.



    


    
      
        macro_call!(module, name, args)

      


        Builds a structural invocation of a generated Rust item macro.



    


    
      
        macro_item!(module, name)

      


        Returns one generated defrustmacro item AST by name, raising when absent.



    


    
      
        macro_items!(module, names)

      


        Returns selected generated defrustmacro item AST nodes.



    


    
      
        struct_type_items(module, names, opts \\ [])

      


        Builds Rust struct items for selected map-backed @type declarations.



    





      


      
        Functions


        


  
    
      
    
    
      function!(module, name)



        
          
        

    

  


  

      

          @spec function!(module(), atom() | String.t()) :: RustQ.Rust.AST.Function.t()


      


Returns one generated defrust function AST by name, raising when absent.

  



  
    
      
    
    
      functions!(module, names)



        
          
        

    

  


  

      

          @spec functions!(module(), [atom() | String.t()]) :: [RustQ.Rust.AST.Function.t()]


      


Returns selected generated defrust function AST nodes.

  



  
    
      
    
    
      macro_call!(module, name, args)



        
          
        

    

  


  

      

          @spec macro_call!(module(), atom() | String.t(), keyword()) ::
  RustQ.Rust.AST.MacroItemCall.t()


      


Builds a structural invocation of a generated Rust item macro.

  



  
    
      
    
    
      macro_item!(module, name)



        
          
        

    

  


  

      

          @spec macro_item!(module(), atom() | String.t()) :: RustQ.Rust.AST.MacroItem.t()


      


Returns one generated defrustmacro item AST by name, raising when absent.

  



  
    
      
    
    
      macro_items!(module, names)



        
          
        

    

  


  

      

          @spec macro_items!(module(), [atom() | String.t()]) :: [RustQ.Rust.AST.MacroItem.t()]


      


Returns selected generated defrustmacro item AST nodes.

  



    

  
    
      
    
    
      struct_type_items(module, names, opts \\ [])



        
          
        

    

  


  

      

          @spec struct_type_items(module(), [atom()], keyword()) :: [RustQ.Rust.AST.Struct.t()]


      


Builds Rust struct items for selected map-backed @type declarations.
Use :derive, :attrs, and :vis to adapt the structural type item at a
boundary such as Rustler encoding without duplicating its fields.

  


        

      


  

    
RustQ.Meta.Type 
    



      
Structural metadata for an Elixir typespec lowered by RustQ.
RustQ.Spec.type/2 and RustQ.Spec.aliases/1 return this struct. The
:kind field is the primary semantic classification (:f64, :bool,
:tuple, :struct, :enum, :type, and so on). The :ast field carries
the RustQ Rust type AST used for rendering, :rust is its rendered Rust type,
and :meta carries shape-specific metadata such as:
	:elements for tuple element types
	:fields for map/struct field types
	:elixir_name for local aliases and enum aliases
	:elixir_module, :elixir_type, and :elixir_args for external
Elixir remote types such as Skia.Path.t()

Prefer consuming this structure directly at codegen boundaries instead of
parsing rendered Rust type strings.

      


      
        Summary


  
    Types
  


    
      
        category()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        callable_target(type)

      


        Returns a callable lookup target normalized from structural type metadata.



    


    
      
        category(type)

      


        Returns the semantic category for a lowered RustQ type.



    


    
      
        compatible?(left, right)

      


        Returns true when two lowered types are semantically compatible.



    


    
      
        compatible_with_expected?(value, expected)

      


        Returns true when a value type can satisfy a callable expected argument type.



    


    
      
        expected_input(type)

      


        Returns the natural Rusty-Elixir input type for a callable expected type.



    


    
      
        expected_value(type)

      


        Returns the concrete value type expected by a callable argument.



    


    
      
        external?(type, module, type)

      


        Returns true when a type originated from a specific Elixir remote type.



    


    
      
        field_type(type, field)

      


        Returns a named structural field type, when available.



    


    
      
        from_syn(path)

      


        Converts structured RustQ.Syn.Type metadata into a RustQ meta type.



    


    
      
        inner(type)

      


        Returns the success/inner type of Result, NifResult, or Option wrappers.



    


    
      
        lifetime?(type, lifetime \\ :a)

      


        Returns true when the type AST structurally contains the given lifetime.



    


    
      
        option(inner)

      


        Constructs option type metadata for an inner type.



    


    
      
        parse(union, aliases)

      


    


    
      
        propagates?(type)

      


        Returns true for wrapper types that can propagate with Rust ?.



    


    
      
        ref(inner)

      


        Constructs reference type metadata for an inner type.



    


    
      
        ref_inner(type)

      


        Returns the referenced inner type for &T or &mut T metadata.



    


    
      
        slice_inner(type)

      


        Returns the element type for [T] / &[T] metadata.



    


    
      
        vec(inner)

      


        Constructs Vec<T> type metadata.



    


    
      
        vec_inner(type)

      


        Returns the element type for Vec<T> metadata.



    





      


      
        Types


        


  
    
      
    
    
      category()



        
          
        

    

  


  

      

          @type category() ::
  :number
  | :integer
  | :boolean
  | :atom
  | :string
  | :term
  | :enum
  | {:tuple, [t()]}
  | {:alias, atom()}
  | :type


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Meta.Type{
  ast: term(),
  kind: atom(),
  meta: map(),
  rust: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      callable_target(type)



        
          
        

    

  


  

      

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


      


Returns a callable lookup target normalized from structural type metadata.

  



  
    
      
    
    
      category(type)



        
          
        

    

  


  

      

          @spec category(t()) :: category()


      


Returns the semantic category for a lowered RustQ type.

  



  
    
      
    
    
      compatible?(left, right)



        
          
        

    

  


  

      

          @spec compatible?(t() | nil, t() | nil) :: boolean()


      


Returns true when two lowered types are semantically compatible.

  



  
    
      
    
    
      compatible_with_expected?(value, expected)



        
          
        

    

  


  

      

          @spec compatible_with_expected?(t() | nil, t() | nil) :: boolean()


      


Returns true when a value type can satisfy a callable expected argument type.

  



  
    
      
    
    
      expected_input(type)



        
          
        

    

  


  

      

          @spec expected_input(t()) :: t()


      


Returns the natural Rusty-Elixir input type for a callable expected type.
This normalizes Rust adapter types into the value shape an author should pass
before call-site coercions are emitted. For example, &T expects an authored
T, &[T] expects an authored Vec<T>, and impl IntoIterator<Item = T>
expects an authored Vec<T>.

  



  
    
      
    
    
      expected_value(type)



        
          
        

    

  


  

      

          @spec expected_value(t()) :: t()


      


Returns the concrete value type expected by a callable argument.
This peels structural argument adapters such as impl Into<T> and the common
impl Into<Option<(A, B)>> tuple case so propagation inference can compare a
decoder's success type with the value the Rust call actually expects.

  



  
    
      
    
    
      external?(type, module, type)



        
          
        

    

  


  

      

          @spec external?(t(), module(), atom()) :: boolean()


      


Returns true when a type originated from a specific Elixir remote type.

  



  
    
      
    
    
      field_type(type, field)



        
          
        

    

  


  

      

          @spec field_type(t(), atom()) :: t() | nil


      


Returns a named structural field type, when available.

  



  
    
      
    
    
      from_syn(path)



        
          
        

    

  


  

      

          @spec from_syn(RustQ.Syn.type()) :: t()


      


Converts structured RustQ.Syn.Type metadata into a RustQ meta type.
This is the first bridge from upstream Rust signatures into Rusty-Elixir type
metadata. It preserves structured wrappers such as refs, options, results,
slices, and paths, while falling back to TypeRaw for Syn shapes that do not
yet expose enough structure to rebuild a richer RustQ AST node.

  



  
    
      
    
    
      inner(type)



        
          
        

    

  


  

      

          @spec inner(t()) :: t() | nil


      


Returns the success/inner type of Result, NifResult, or Option wrappers.

  



    

  
    
      
    
    
      lifetime?(type, lifetime \\ :a)



        
          
        

    

  


  

      

          @spec lifetime?(t(), atom()) :: boolean()


      


Returns true when the type AST structurally contains the given lifetime.

  



  
    
      
    
    
      option(inner)



        
          
        

    

  


  

      

          @spec option(t()) :: t()


      


Constructs option type metadata for an inner type.

  



  
    
      
    
    
      parse(union, aliases)



        
          
        

    

  


  

      

          @spec parse(Macro.t(), map()) :: t()


      



  



  
    
      
    
    
      propagates?(type)



        
          
        

    

  


  

      

          @spec propagates?(t()) :: boolean()


      


Returns true for wrapper types that can propagate with Rust ?.

  



  
    
      
    
    
      ref(inner)



        
          
        

    

  


  

      

          @spec ref(t()) :: t()


      


Constructs reference type metadata for an inner type.

  



  
    
      
    
    
      ref_inner(type)



        
          
        

    

  


  

      

          @spec ref_inner(t()) :: t() | nil


      


Returns the referenced inner type for &T or &mut T metadata.

  



  
    
      
    
    
      slice_inner(type)



        
          
        

    

  


  

      

          @spec slice_inner(t()) :: t() | nil


      


Returns the element type for [T] / &[T] metadata.

  



  
    
      
    
    
      vec(inner)



        
          
        

    

  


  

      

          @spec vec(t()) :: t()


      


Constructs Vec<T> type metadata.

  



  
    
      
    
    
      vec_inner(type)



        
          
        

    

  


  

      

          @spec vec_inner(t()) :: t() | nil


      


Returns the element type for Vec<T> metadata.

  


        

      


  

    
RustQ.Spec 
    



      
Public helpers for lowering Elixir typespec forms into RustQ type metadata.
RustQ.Spec accepts both ordinary quoted typespec AST and Erlang/BEAM
abstract typespec forms returned by the standard library Code.Typespec fetch
helpers.

      


      
        Summary


  
    Functions
  


    
      
        aliases(types)

      


        Builds type aliases from quoted or BEAM abstract type declarations.



    


    
      
        declarations(quoted)

      


        Extracts aliases, function specs, and argument names from quoted module AST.



    


    
      
        declarations_file!(path)

      


        Extracts aliases, function specs, and argument names from an Elixir source file.



    


    
      
        from_syn(type)

      


        Converts structured RustQ.Syn.Type metadata into RustQ.Meta.Type metadata.



    


    
      
        normalize(ast)

      


        Normalizes a quoted or BEAM abstract typespec form to quoted AST.



    


    
      
        type(spec, aliases \\ %{})

      


        Lowers a typespec type form to RustQ.Meta.Type metadata.



    





      


      
        Functions


        


  
    
      
    
    
      aliases(types)



        
          
        

    

  


  

      

          @spec aliases([term()]) :: map()


      


Builds type aliases from quoted or BEAM abstract type declarations.

  



  
    
      
    
    
      declarations(quoted)



        
          
        

    

  


  

      

          @spec declarations(Macro.t()) :: %{
  aliases: %{optional({atom(), non_neg_integer()}) => RustQ.Meta.Type.t()},
  specs: [{atom(), [Macro.t()]}],
  defs: %{optional(atom()) => [atom()]}
}


      


Extracts aliases, function specs, and argument names from quoted module AST.

  



  
    
      
    
    
      declarations_file!(path)



        
          
        

    

  


  

      

          @spec declarations_file!(Path.t()) :: %{
  aliases: %{optional({atom(), non_neg_integer()}) => RustQ.Meta.Type.t()},
  specs: [{atom(), [Macro.t()]}],
  defs: %{optional(atom()) => [atom()]}
}


      


Extracts aliases, function specs, and argument names from an Elixir source file.

  



  
    
      
    
    
      from_syn(type)



        
          
        

    

  


  

      

          @spec from_syn(RustQ.Syn.type()) :: RustQ.Meta.Type.t()


      


Converts structured RustQ.Syn.Type metadata into RustQ.Meta.Type metadata.

  



  
    
      
    
    
      normalize(ast)



        
          
        

    

  


  

      

          @spec normalize(term()) :: Macro.t()


      


Normalizes a quoted or BEAM abstract typespec form to quoted AST.

  



    

  
    
      
    
    
      type(spec, aliases \\ %{})



        
          
        

    

  


  

      

          @spec type(term(), map()) :: RustQ.Meta.Type.t()


      


Lowers a typespec type form to RustQ.Meta.Type metadata.

  


        

      


  

    
RustQ.Generated 
    



      
File sync helpers for RustQ-generated sources.
Most projects should use rustq.exs with mix rustq.gen. Use this module
directly when a project already has its own Mix task and only needs RustQ's
write/check behavior.
RustQ.Generated.sync!(:helpers,
  path: "native/my_nif/src/generated_helpers.rs",
  build: fn -> render_helpers() end
)
Pass check: true to compare without writing, which is useful in CI.

      


      
        Summary


  
    Types
  


    
      
        target()

      


    





  
    Functions
  


    
      
        check!(path, expected, opts \\ [])

      


        Raises StaleError when a generated file differs from expected content.



    


    
      
        load_manifest!(path \\ "rustq.exs")

      


        Loads and normalizes generated targets from a RustQ manifest.



    


    
      
        sync!(name, target, opts \\ [])

      


        Writes or checks one named generated target.



    


    
      
        sync_all!(targets, opts \\ [])

      


        Writes or checks all selected generated targets.



    


    
      
        write!(path, contents)

      


        Writes normalized generated content, creating parent directories.



    





      


      
        Types


        


  
    
      
    
    
      target()



        
          
        

    

  


  

      

          @type target() :: {atom() | String.t(), keyword()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      check!(path, expected, opts \\ [])



        
          
        

    

  


  

      

          @spec check!(Path.t(), iodata(), keyword()) :: :ok


      


Raises StaleError when a generated file differs from expected content.

  



    

  
    
      
    
    
      load_manifest!(path \\ "rustq.exs")



        
          
        

    

  


  

      

          @spec load_manifest!(Path.t()) :: [target()]


      


Loads and normalizes generated targets from a RustQ manifest.

  



    

  
    
      
    
    
      sync!(name, target, opts \\ [])



        
          
        

    

  


  

      

          @spec sync!(atom() | String.t(), keyword(), keyword()) :: :ok


      


Writes or checks one named generated target.

  



    

  
    
      
    
    
      sync_all!(targets, opts \\ [])



        
          
        

    

  


  

      

          @spec sync_all!(
  [target()],
  keyword()
) :: :ok


      


Writes or checks all selected generated targets.

  



  
    
      
    
    
      write!(path, contents)



        
          
        

    

  


  

      

          @spec write!(Path.t(), iodata()) :: :ok


      


Writes normalized generated content, creating parent directories.

  


        

      


  

    
RustQ.Generated.StaleError exception
    



      
Raised when generated files differ from the contents produced by the manifest.

      




  

    
RustQ.Rust.Fragment 
    



      
Explicit Rust source fragment used at template splice boundaries.
Prefer RustQ.Rust.AST nodes for generated structure. A fragment is the
deliberate escape hatch for syntax RustQ does not yet model structurally.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() ::
  :raw | :item | :impl_item | :field | :stmt | :arg | :arm | :expr | :type


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Rust.Fragment{kind: kind(), source: iodata()}


      



  


        

      


  

    
RustQ.Sigil 
    



      
Provides the ~R sigil for inline Rust templates.
Use use RustQ.Sigil instead of importing this module directly. It excludes
Kernel's built-in ~R sigil and imports RustQ's version.
defmodule MyCodegen do
  use RustQ.Sigil

  @template ~R'''
  fn answer() -> i32 { 42 }
  '''
end

      


      
        Summary


  
    Functions
  


    
      
        sigil_R(arg, modifiers)

      


        Returns Rust source as a binary.



    





      


      
        Functions


        


  
    
      
    
    
      sigil_R(arg, modifiers)


        (macro)


        
          
        

    

  


  

Returns Rust source as a binary.

  


        

      


  

    
RustQ.Splice 
    



      
Helpers for composing RustQ splice replacements as plain keyword lists.
Splices use the same shape accepted by RustQ.render/3:
[items: [RustQ.Rust.fragment(:item, "pub fn generated() {}")]]
merge/1 also accepts nested splice sources, so manifests can compose output
from several generators without wrapper structs.

      


      
        Summary


  
    Types
  


    
      
        name()

      


    


    
      
        replacement()

      


    


    
      
        source()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        append(splices, name, replacement)

      


        Appends replacement fragments to a splice name.



    


    
      
        merge(splices)

      


        Merges splice sources, concatenating duplicate names.



    


    
      
        put(splices, name, replacement)

      


        Replaces all fragments for a splice name.



    





      


      
        Types


        


  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: atom()


      



  



  
    
      
    
    
      replacement()



        
          
        

    

  


  

      

          @type replacement() :: term() | [term()]


      



  



  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: t() | map() | [source() | {name(), replacement()}]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: keyword([term()])


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(splices, name, replacement)



        
          
        

    

  


  

      

          @spec append(t(), name(), replacement()) :: t()


      


Appends replacement fragments to a splice name.

  



  
    
      
    
    
      merge(splices)



        
          
        

    

  


  

      

          @spec merge(source()) :: t()


      


Merges splice sources, concatenating duplicate names.
Accepts ordinary keywords, maps, or nested lists of splice sources:
RustQ.Splice.merge([
  BaseGenerator.splices(schema),
  NativeGenerator.splices(schema),
  items: RustQ.Rust.fragment(:item, "pub fn generated() {}")
])

  



  
    
      
    
    
      put(splices, name, replacement)



        
          
        

    

  


  

      

          @spec put(t(), name(), replacement()) :: t()


      


Replaces all fragments for a splice name.

  


        

      


  

    
RustQ.Template 
    



      
Parsed Rust template plus pending substitutions.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Template{
  bindings: keyword(),
  filename: String.t(),
  source: String.t(),
  splices: [{atom(), term()}]
}


      



  


        

      


  

    
RustQ.Diagnostic 
    



      
Structured RustQ diagnostic data for lowering/rendering failures.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(phase, kind, node, message, opts \\ [])

      


        Builds structured diagnostic data for extension and tooling errors.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Diagnostic{
  details: map(),
  kind: atom(),
  message: String.t(),
  node: Macro.t() | nil,
  phase: atom(),
  snippet: String.t() | nil,
  suggestion: String.t() | nil
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(phase, kind, node, message, opts \\ [])



        
          
        

    

  


  

      

          @spec new(atom(), atom(), Macro.t() | nil, String.t(), keyword()) :: t()


      


Builds structured diagnostic data for extension and tooling errors.

  


        

      


  

    
RustQ.Diagnostic.Error exception
    



      
Exception wrapper carrying a structured RustQ.Diagnostic value.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RustQ.Diagnostic.Error{
  __exception__: term(),
  diagnostic: RustQ.Diagnostic.t(),
  message: String.t()
}


      



  


        

      


  

    
RustQ.Error exception
    



      
Exception raised by bang-style RustQ parsing and rendering APIs.

      




  

    
RustQ.Reach 
    



      
Reach plugin for RustQ dogfooding rules.
The plugin contributes smell checks that encode RustQ's Rusty-Elixir doctrine
as architecture tooling instead of ad hoc source-grep tests.

      




  

    
mix rustq.corpus 
    



      
Checks or updates the RustQ golden lowering corpus.
mix rustq.corpus
mix rustq.corpus --update
mix rustq.corpus --coverage

      




  

    
mix rustq.gen 
    



      
Generates files declared in rustq.exs.
mix rustq.gen
mix rustq.gen --check
mix rustq.gen term_helpers
mix rustq.gen --config path/to/rustq.exs
Use --check in CI to verify that generated files are up to date without
writing them. Passing one or more target names generates only those targets.

      




  

    
mix rustq.templates.check 
    



      
Verifies that RustQ template fixtures still compile against the generated Rust support code.
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