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    Pentiment
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Beautiful, compiler-style diagnostic messages for Elixir.
[image: State machine error example]
Features
	Rich source context — Highlighted code spans with line numbers and visual pointers
	Multiple labels — Primary and secondary annotations to show related code locations
	Helpful metadata — Error codes, notes, and actionable suggestions
	Flexible spans — Line/column positions, byte offsets, or deferred pattern search
	Elixir integration — Extract spans directly from AST metadata

Installation
def deps do
  [{:pentiment, "~> 0.1.0"}]
end
Quick Example
alias Pentiment.{Report, Label, Span, Source}

report =
  Report.error("Undefined variable")
  |> Report.with_code("E001")
  |> Report.with_source("lib/app.ex")
  |> Report.with_label(Label.primary(Span.position(10, 5), "not found in scope"))
  |> Report.with_help("did you mean `user`?")

source = Source.from_file("lib/app.ex")
IO.puts(Pentiment.format(report, source))
Use Cases
Pentiment is designed for:
	Compile-time macro errors — Validate DSL usage with precise source locations
	Parser error reporting — Convert parse failures into helpful diagnostics
	Configuration validation — Catch invalid keys and suggest corrections
	Custom linters — Build tools that report issues with rich context

Documentation
	Examples Overview — Integration patterns and quick start
	Config Validation — Compile-time config checking
	State Machine DSL — Multi-span errors
	Guard Restriction — AST walking patterns
	Parser Errors — NimbleParsec integration
	YAML Validation — Semantic file validation

Full API documentation available on HexDocs.


  

    Examples Overview

Pentiment helps you create beautiful, informative error messages for your Elixir
macros and DSLs. This guide walks through five example integrations demonstrating
different patterns.
Available Examples
	Example	Pattern	Dependencies
	Config Validation	Compile-time validation with typo detection	None
	State Machine DSL	Multi-span errors with related definitions	None
	Guard Restriction	AST walking with __before_compile__	None
	Parser Errors	Rich error messages from parsers	nimble_parsec
	YAML Validation	Semantic validation of parsed files	yamerl

Quick Start
The simplest integration pattern is:
	Extract span information from your AST or source
	Build a Pentiment.Report with labels pointing to the problem
	Format and raise the error

defmacro my_macro(expr) do
  if invalid?(expr) do
    span = Pentiment.Elixir.span_from_ast(expr)
    source = Pentiment.Elixir.source_from_env(__CALLER__)

    report = Pentiment.Report.error("Invalid expression")
      |> Pentiment.Report.with_code("E001")
      |> Pentiment.Report.with_source(__CALLER__.file)
      |> Pentiment.Report.with_label(Pentiment.Label.primary(span, "problem here"))
      |> Pentiment.Report.with_help("try this instead")

    raise CompileError, description: Pentiment.format(report, source, colors: false)
  end

  # ... normal macro expansion
end
Key Concepts
Spans
Spans identify regions in source code. Use Pentiment.Span.position/4 for
line/column ranges or Pentiment.Elixir.span_from_ast/1 to extract from AST:
# Manual span: line 10, columns 5-15
span = Pentiment.Span.position(10, 5, 10, 15)

# From Elixir AST
span = Pentiment.Elixir.span_from_ast(ast_node)

# From AST metadata
span = Pentiment.Elixir.span_from_meta([line: 10, column: 5])
Labels
Labels annotate spans with messages. Use primary labels for the main error
location and secondary labels for related context:
# Primary: the main problem
Pentiment.Label.primary(error_span, "expected integer")

# Secondary: supporting context
Pentiment.Label.secondary(definition_span, "declared here")
Reports
Reports combine everything into a formatted diagnostic:
Pentiment.Report.error("Type mismatch")
|> Pentiment.Report.with_code("E001")        # optional error code
|> Pentiment.Report.with_source(file_path)   # source file name
|> Pentiment.Report.with_label(label)        # add labels
|> Pentiment.Report.with_help("suggestion")  # add help text
|> Pentiment.Report.with_note("context")     # add notes
Formatting
Format reports with Pentiment.format/3:
# From file path
formatted = Pentiment.format(report, "lib/app.ex")

# From Source struct
source = Pentiment.Source.from_file("lib/app.ex")
formatted = Pentiment.format(report, source)

# From string content
source = Pentiment.Source.from_string("input.txt", content)
formatted = Pentiment.format(report, source, colors: false)
Example Output
[image: State machine error example]
Running the Examples
The examples are available in test/support/examples/ and tested in
test/examples/. To run the example tests:
mix test test/examples/

Examples requiring optional dependencies (nimble_parsec, yamerl) are
automatically skipped if the dependencies aren't available.


  

    Config Validation Example

This example demonstrates compile-time configuration validation with typo detection
and helpful suggestions.
Use Case
You're building a library that accepts configuration options, and you want to:
	Validate option keys at compile time
	Suggest corrections for typos
	Show which keys are valid

Example Error Output
[image: Config validation error]
Usage
defmodule MyApp.Config do
  use Pentiment.Examples.ConfigValidation

  config :database,
    host: "localhost",
    port: 5432,           # valid
    timeout: 30_000       # valid
end
Implementation
The full implementation is in test/support/examples/config_validation.ex.
Key Points
1. Define valid keys
@valid_keys [:host, :port, :timeout, :pool_size, :database, :username, :password]
2. Validate in the macro
defmacro config(name, opts) do
  caller = __CALLER__

  for {key, _value} <- opts do
    unless key in @valid_keys do
      span = extract_key_span(opts, key, caller)

      report =
        Pentiment.Report.error("Unknown configuration key `#{key}`")
        |> Pentiment.Report.with_code("CFG001")
        |> Pentiment.Report.with_source(caller.file)
        |> Pentiment.Report.with_label(Pentiment.Label.primary(span, "unknown key"))
        |> maybe_add_suggestion(key, @valid_keys)
        |> Pentiment.Report.with_note("valid keys are: #{Enum.join(@valid_keys, ", ")}")

      source = Pentiment.Elixir.source_from_env(caller)
      formatted = Pentiment.format(report, source, colors: false)
      raise CompileError, description: formatted
    end
  end

  quote do
    @configs {unquote(name), unquote(opts)}
  end
end
3. Suggest similar keys using Jaro distance
defp maybe_add_suggestion(report, key, valid_keys) do
  key_str = to_string(key)

  similar =
    valid_keys
    |> Enum.map(fn valid -> {valid, String.jaro_distance(key_str, to_string(valid))} end)
    |> Enum.filter(fn {_, score} -> score > 0.7 end)
    |> Enum.max_by(fn {_, score} -> score end, fn -> nil end)

  case similar do
    {match, _} -> Pentiment.Report.with_help(report, "did you mean `#{match}`?")
    nil -> report
  end
end
Key Techniques
	__CALLER__: Access the macro's call site for file and line information
	String.jaro_distance/2: Find similar strings for typo suggestions
	Pentiment.Elixir.source_from_env/1: Get source content from the environment
	colors: false: Disable ANSI colors for CompileError descriptions

Testing
test "invalid key raises CompileError with Pentiment formatting" do
  code = """
  defmodule TestConfig do
    use Pentiment.Examples.ConfigValidation
    config :database, prot: 5432
  end
  """

  error = assert_raise CompileError, fn -> Code.compile_string(code) end
  assert error.description =~ "Unknown configuration key `prot`"
  assert error.description =~ "did you mean `port`?"
end


  

    State Machine DSL Example

This example demonstrates a DSL for defining state machines with multi-span
error messages that show related code locations.
Use Case
You're building a state machine DSL and want to:
	Validate that transitions reference defined states
	Show both the error location and the similar state definition
	Provide helpful suggestions for typos

Example Error Output
[image: State machine error]
Usage
defmodule TrafficLight do
  use Pentiment.Examples.StateMachine

  defstate :green
  defstate :yellow
  defstate :red

  deftransition :change, from: :green, to: :yellow
  deftransition :change, from: :yellow, to: :red
  deftransition :change, from: :red, to: :green
end

# Runtime API
TrafficLight.states()                    # [:green, :yellow, :red]
TrafficLight.can_transition?(:green, :change)  # true
TrafficLight.transition(:green, :change)       # {:ok, :yellow}
Implementation
The full implementation is in test/support/examples/state_machine.ex.
Key Points
1. Track definitions with metadata
defmacro defstate(name) do
  caller = __CALLER__

  quote do
    @sm_states {
      unquote(name),
      %{
        file: unquote(caller.file),
        line: unquote(caller.line),
        column: 1
      }
    }
  end
end
2. Validate in __before_compile__
defmacro __before_compile__(env) do
  states = Module.get_attribute(env.module, :sm_states) || []
  transitions = Module.get_attribute(env.module, :sm_transitions) || []
  state_names = Enum.map(states, fn {name, _meta} -> name end)

  errors =
    transitions
    |> Enum.flat_map(fn {_event, from, to, trans_meta} ->
      undefined_refs = []
      undefined_refs = if from not in state_names, do: [{:from, from, trans_meta} | undefined_refs], else: undefined_refs
      undefined_refs = if to not in state_names, do: [{:to, to, trans_meta} | undefined_refs], else: undefined_refs
      undefined_refs
    end)

  if errors != [] do
    reports = Enum.map(errors, fn error ->
      build_undefined_state_error(error, states, env.file)
    end)

    source = Pentiment.Elixir.source_from_env(env)
    formatted = Pentiment.format_all(reports, source, colors: false)
    raise CompileError, description: formatted
  end

  # ... generate runtime code
end
3. Build multi-span errors
defp build_undefined_state_error(field, undefined_state, trans_meta, states, _file) do
  state_names = Enum.map(states, fn {name, _} -> name end)
  similar = find_similar(undefined_state, state_names)

  trans_span = Pentiment.Span.position(trans_meta.line, trans_meta.column)

  report =
    Pentiment.Report.error("Transition references undefined state `#{undefined_state}`")
    |> Pentiment.Report.with_code("SM001")
    |> Pentiment.Report.with_source(trans_meta.file)
    |> Pentiment.Report.with_label(Pentiment.Label.primary(trans_span, "undefined state"))

  report =
    if similar do
      {_name, similar_meta} = Enum.find(states, fn {n, _} -> n == similar end)
      def_span = Pentiment.Span.position(similar_meta.line, similar_meta.column)

      report
      |> Pentiment.Report.with_label(
        Pentiment.Label.secondary(def_span, "did you mean this state?", source: similar_meta.file)
      )
      |> Pentiment.Report.with_help("change `#{field}: :#{undefined_state}` to `#{field}: :#{similar}`")
    else
      report
    end

  Pentiment.Report.with_note(report, "defined states are: #{Enum.join(state_names, ", ")}")
end
Key Techniques
	Module attributes: Accumulate definitions with @sm_states
	@before_compile: Defer validation until all definitions are collected
	Multiple labels: Use primary for the error, secondary for context
	source: option: Labels can reference different source files

Testing
test "undefined state raises CompileError with multi-span error" do
  code = """
  defmodule TestStateMachine do
    use Pentiment.Examples.StateMachine
    defstate :green
    deftransition :change, from: :green, to: :yello
  end
  """

  error = assert_raise CompileError, fn -> Code.compile_string(code) end
  assert error.description =~ "undefined state"
  assert error.description =~ "change `to: :yello` to `to: :yellow`"
end


  

    Guard Restriction Example

This example demonstrates compile-time validation of guard usage by walking
the AST with Macro.prewalk/3 and using __before_compile__.
Use Case
You're building a library that restricts certain guards and want to:
	Ban specific guards in a module
	Walk the AST to find violations
	Provide clear error messages with alternatives

Example Error Output
[image: Guard restriction error]
Usage
defmodule MyApp.StrictModule do
  use Pentiment.Examples.GuardRestriction, ban: [:is_atom, :is_binary]

  # This will compile fine
  def process(x) when is_integer(x), do: x * 2

  # This will fail: is_atom is banned
  def handle(x) when is_atom(x), do: Atom.to_string(x)
end
Implementation
The full implementation is in test/support/examples/guard_restriction.ex.
Key Points
1. Override def to capture AST
defmacro __using__(opts) do
  banned = Keyword.get(opts, :ban, [])

  quote do
    @banned_guards unquote(banned)
    @before_compile Pentiment.Examples.GuardRestriction
    Module.register_attribute(__MODULE__, :guard_function_defs, accumulate: true)

    import Kernel, except: [def: 2]
    import Pentiment.Examples.GuardRestriction, only: [def: 2]
  end
end

defmacro def(call, do: body) do
  caller = __CALLER__

  quote do
    @guard_function_defs {
      unquote(Macro.escape(call)),
      unquote(Macro.escape(body)),
      unquote(caller.file),
      unquote(caller.line)
    }

    Kernel.def(unquote(call), do: unquote(body))
  end
end
2. Walk guards with Macro.prewalk/3
defp find_banned_guard_calls(nil, _banned), do: []

defp find_banned_guard_calls(ast, banned_guards) do
  {_, violations} =
    Macro.prewalk(ast, [], fn
      {guard_name, meta, args} = node, acc when is_atom(guard_name) and is_list(args) ->
        if guard_name in banned_guards do
          {node, [{guard_name, meta} | acc]}
        else
          {node, acc}
        end

      node, acc ->
        {node, acc}
    end)

  Enum.reverse(violations)
end
3. Extract function info including guards
defp extract_function_info({:when, _, [call, guards]}) do
  {name, args} = extract_name_and_args(call)
  {name, length(args), guards}
end

defp extract_function_info(call) do
  {name, args} = extract_name_and_args(call)
  {name, length(args), nil}
end
4. Build violation errors
defp build_guard_violation_error(guard_name, guard_meta, banned_guards, file) do
  span =
    if guard_meta != [] do
      Pentiment.Elixir.span_from_meta(guard_meta)
    else
      Pentiment.Span.position(1, 1)
    end

  Pentiment.Report.error("Use of banned guard `#{guard_name}/1`")
  |> Pentiment.Report.with_code("GUARD001")
  |> Pentiment.Report.with_source(file)
  |> Pentiment.Report.with_label(Pentiment.Label.primary(span, "banned guard"))
  |> Pentiment.Report.with_note("this module bans guards: #{Enum.join(banned_guards, ", ")}")
  |> Pentiment.Report.with_help("remove the `#{guard_name}` guard")
end
Key Techniques
	Override def: Capture function definitions with their AST
	Macro.escape/1: Store quoted expressions in module attributes
	Macro.prewalk/3: Walk the AST to find specific patterns
	Guard clause AST: Functions with guards use {:when, meta, [call, guards]}

Testing
test "banned guard raises CompileError" do
  code = """
  defmodule TestModule do
    use Pentiment.Examples.GuardRestriction, ban: [:is_atom]
    def handle(x) when is_atom(x), do: x
  end
  """

  error = assert_raise CompileError, fn -> Code.compile_string(code) end
  assert error.description =~ "Use of banned guard `is_atom/1`"
  assert error.description =~ "banned guard"
end

test "allowed guards compile normally" do
  code = """
  defmodule TestModule do
    use Pentiment.Examples.GuardRestriction, ban: [:is_atom]
    def process(x) when is_integer(x), do: x * 2
  end
  """

  assert [{module, _}] = Code.compile_string(code)
  assert module.process(5) == 10
end


  

    Parser Errors Example

This example demonstrates rich error messages from NimbleParsec parsers.
Requires: {:nimble_parsec, "~> 1.0"} as a test dependency

Use Case
You're building a parser and want to:
	Convert parse failures into helpful error messages
	Show the exact position where parsing failed
	Provide contextual hints about what went wrong

Example Error Output
[image: Parser error]
Usage
case Pentiment.Examples.ParserErrors.parse("expr.lang", "let x = 10") do
  {:ok, ast} ->
    evaluate(ast)

  {:error, formatted} ->
    IO.puts(formatted)
end
Implementation
The full implementation is in test/support/examples/parser_errors.ex.
Key Points
1. Define the parser with NimbleParsec
defmodule Pentiment.Examples.ParserErrors do
  import NimbleParsec

  identifier =
    ascii_char([?a..?z, ?_])
    |> repeat(ascii_char([?a..?z, ?A..?Z, ?0..?9, ?_]))
    |> reduce({List, :to_string, []})
    |> unwrap_and_tag(:ident)

  integer_literal =
    optional(ascii_char([?-]))
    |> ascii_string([?0..?9], min: 1)
    |> reduce({__MODULE__, :parse_integer, []})
    |> unwrap_and_tag(:int)

  # ... more grammar definitions

  defparsec(:parse_let, let_binding)
end
2. Convert parse positions to spans
NimbleParsec returns position information in its results:
case parse_let(input) do
  {:ok, tokens, "", _, _, _} ->
    {:ok, tokens}

  {:ok, _tokens, rest, _, {line, line_offset}, byte_offset} ->
    # Partial parse - unexpected content remains
    col = byte_offset - line_offset + 1
    span = Pentiment.Span.position(line, col, line, col + String.length(unexpected))
    # ... build error

  {:error, message, _rest, _, {line, line_offset}, byte_offset} ->
    col = byte_offset - line_offset + 1
    span = Pentiment.Span.position(line, col)
    # ... build error
end
3. Analyze unexpected input for context
defp analyze_unexpected(rest) do
  trimmed = String.trim_leading(rest)

  case trimmed do
    "+" <> _ -> {"+", "operator requires a right-hand operand"}
    "-" <> _ -> {"-", "operator requires a right-hand operand"}
    "*" <> _ -> {"*", "operator requires a right-hand operand"}
    "/" <> _ -> {"/", "operator requires a right-hand operand"}
    ")" <> _ -> {")", "unmatched closing parenthesis"}
    <<c, _::binary>> -> {<<c>>, nil}
    "" -> {"end of input", "expression is incomplete"}
  end
end
4. Build the error report
def parse(source_name, input) do
  source = Pentiment.Source.from_string(source_name, input)

  case parse_let(input) do
    {:ok, tokens, "", _, _, _} ->
      {:ok, tokens}

    {:ok, _tokens, rest, _, {line, line_offset}, byte_offset} ->
      col = byte_offset - line_offset + 1
      {unexpected, hint} = analyze_unexpected(rest)
      span = Pentiment.Span.position(line, col, line, col + String.length(unexpected))

      report =
        Pentiment.Report.error("Unexpected token")
        |> Pentiment.Report.with_code("PARSE001")
        |> Pentiment.Report.with_source(source_name)
        |> Pentiment.Report.with_label(
          Pentiment.Label.primary(span, "unexpected `#{unexpected}`")
        )
        |> maybe_add_note(hint)

      {:error, Pentiment.format(report, source, colors: false)}
  end
end
Key Techniques
	NimbleParsec position tuple: {line, line_offset} and byte_offset
	Column calculation: col = byte_offset - line_offset + 1
	Pentiment.Source.from_string/2: Create source from in-memory content
	Contextual hints: Analyze remaining input to provide helpful messages

Testing
test "valid input parses successfully" do
  assert {:ok, [let_binding: [:let, {:ident, "x"}, :equals, {:expr, [int: 10]}]]} =
    Pentiment.Examples.ParserErrors.parse("test.expr", "let x = 10")
end

test "unexpected token produces Pentiment error" do
  {:error, formatted} = Pentiment.Examples.ParserErrors.parse("test.expr", "let x = 10 extra")

  assert formatted =~ "Unexpected token"
  assert formatted =~ "PARSE001"
  assert formatted =~ "unexpected `e`"
end


  

    YAML Validation Example

This example demonstrates semantic validation of parsed YAML files using yamerl.
Requires: {:yamerl, "~> 0.10"} as a test dependency

Use Case
You're validating configuration files and want to:
	Parse YAML with position tracking
	Validate field types and known keys
	Show errors at the exact field location

Example Error Output
[image: YAML validation error]
Usage
case Pentiment.Examples.YamlValidation.validate("deploy.yml") do
  {:ok, config} ->
    deploy(config)

  {:error, formatted_errors} ->
    IO.puts(formatted_errors)
end
Implementation
The full implementation is in test/support/examples/yaml_validation.ex.
Key Points
1. Parse with position tracking
yamerl's detailed_constr: true option provides position information:
defp parse_with_positions(content) do
  opts = [
    detailed_constr: true,
    str_node_as_binary: true
  ]

  [doc] = :yamerl_constr.string(String.to_charlist(content), opts)
  doc = unwrap_doc(doc)
  {data, positions} = extract_with_positions(doc, [])
  {:ok, data, positions}
end
2. Extract data and build position map
yamerl returns tuples like {:yamerl_str, :yamerl_node_str, tag, [line: 1, column: 5], "value"}:
defp extract_with_positions({:yamerl_map, _, _tag, _pos, pairs}, path) do
  Enum.reduce(pairs, {%{}, %{}}, fn
    {{:yamerl_str, _, _tag2, key_pos, key}, value_node}, {map_acc, pos_acc} ->
      key_str = to_string(key)
      key_path = path ++ [key_str]
      key_span = span_from_yamerl_pos(key_pos)

      {value, value_positions} = extract_with_positions(value_node, key_path)

      new_pos =
        pos_acc
        |> Map.put(key_path, %{key_span: key_span, value_span: get_value_span(value_node)})
        |> Map.merge(value_positions)

      {Map.put(map_acc, key_str, value), new_pos}
  end)
end

defp span_from_yamerl_pos(pos) when is_list(pos) do
  line = Keyword.get(pos, :line, 1)
  col = Keyword.get(pos, :column, 1)
  Pentiment.Span.position(line, col)
end
3. Validate with position lookup
defp validate_field_types(errors, service, positions, path) do
  case Map.get(service, "replicas") do
    nil -> errors
    value when is_integer(value) -> errors
    value ->
      field_path = path ++ ["replicas"]
      %{value_span: span} = Map.get(positions, field_path)

      [%{
        message: "Field `replicas` has wrong type",
        span: span,
        severity: :error,
        code: "SCHEMA001",
        label: "expected integer, found #{type_name(value)} #{inspect(value)}",
        help: "use a number like `replicas: 3`"
      } | errors]
  end
end
4. Format all errors together
defp format_errors(errors, path, source) do
  errors
  |> Enum.reverse()
  |> Enum.map(fn err ->
    report =
      Pentiment.Report.build(err.severity, err.message)
      |> Pentiment.Report.with_code(err.code)
      |> Pentiment.Report.with_source(path)
      |> Pentiment.Report.with_label(Pentiment.Label.primary(err.span, err.label))

    if err.help do
      Pentiment.Report.with_help(report, err.help)
    else
      report
    end
  end)
  |> Pentiment.format_all(source, colors: false)
end
Key Techniques
	yamerl detailed_constr: Returns position metadata with each node
	Position map: Build a map from field paths to spans during parsing
	Validation separation: Parse first, validate second, format at the end
	Pentiment.format_all/3: Format multiple diagnostics together

Testing
test "valid YAML validates successfully" do
  yaml = """
  service:
    name: my-app
    replicas: 3
  """

  assert {:ok, data} = Pentiment.Examples.YamlValidation.validate_string("test.yml", yaml)
  assert get_in(data, ["service", "replicas"]) == 3
end

test "wrong type produces error" do
  yaml = """
  service:
    replicas: "three"
  """

  {:error, formatted} = Pentiment.Examples.YamlValidation.validate_string("test.yml", yaml)
  assert formatted =~ "Field `replicas` has wrong type"
  assert formatted =~ "expected integer"
end
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Beautiful, informative compiler-style error messages for Elixir.
Pentiment provides rich diagnostic formatting with highlighted source spans,
helpful suggestions, and clear error context. It's designed for:
	Compile-time macro errors
	DSL validation
	Parser error reporting
	Configuration file validation

Quick Start
# Create a diagnostic
report = Pentiment.Report.error("Type mismatch")
  |> Pentiment.Report.with_code("E0001")
  |> Pentiment.Report.with_source("lib/my_app.ex")
  |> Pentiment.Report.with_label(
    Pentiment.Label.primary(Pentiment.Span.position(15, 10), "expected `integer`, found `float`")
  )
  |> Pentiment.Report.with_help("Use `trunc/1` to convert")

# Format and display
IO.puts(Pentiment.format(report, source))
Output Example
error[E0001]: Type mismatch
   ╭─[lib/my_app.ex:15:10]
   │
14 │   add = fn x :: integer, y :: integer ->
15 │     x + y + 1.5
   •             ────┬────
   •                 ╰── expected `integer`, found `float`
   │
   ╰─────
      help: Use `trunc/1` to convert
Core Concepts
	Span - A region in source code (byte offset or line/column)
	Label - An annotated span with a message and priority
	Source - The source text to display context from
	Diagnostic - The complete error/warning with all metadata
	Report - A ready-to-use diagnostic struct with builder API

Modules
	Pentiment.Span - Span types (Byte and Position)
	Pentiment.Spannable - Protocol for custom span types
	Pentiment.Label - Labeled spans for annotations
	Pentiment.Source - Source text representation
	Pentiment.Diagnostic - Protocol for diagnostic types
	Pentiment.Report - Default diagnostic struct with builder API
	Pentiment.Formatter.Renderer - Rich multi-line formatter
	Pentiment.Formatter.Compact - Single-line formatter
	Pentiment.Elixir - Helpers for Elixir AST integration
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        format(diagnostic, sources, opts \\ [])

      


        Formats a diagnostic for display.



    


    
      
        format_all(diagnostics, sources, opts \\ [])

      


        Formats multiple diagnostics for display.



    


    
      
        format_compact(diagnostic)

      


        Formats a diagnostic as a single line (compact format).
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      format_options()



    

  


  

      

          @type format_options() :: [
  colors: boolean(),
  context_lines: non_neg_integer(),
  formatter: module()
]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      format(diagnostic, sources, opts \\ [])



    

  


  

      

          @spec format(
  Pentiment.Diagnostic.t(),
  Pentiment.Source.t() | map() | String.t(),
  format_options()
) ::
  String.t()


      


Formats a diagnostic for display.
Arguments
	diagnostic - Any struct implementing Pentiment.Diagnostic
	sources - Source content, can be:	A Pentiment.Source struct
	A map of source names to content strings
	A map of source names to Pentiment.Source structs
	A file path string (will be read from disk)



Options
	:colors - Whether to use ANSI colors (default: true)
	:context_lines - Lines of context around labels (default: 2)
	:formatter - Formatter module (default: Pentiment.Formatter.Renderer)

Examples
# With a Source struct
source = Pentiment.Source.from_file("lib/app.ex")
Pentiment.format(report, source)

# With a map of sources
Pentiment.format(report, %{"lib/app.ex" => File.read!("lib/app.ex")})

# With a file path (reads from disk)
Pentiment.format(report, "lib/app.ex")

# Without colors
Pentiment.format(report, source, colors: false)

  



    

  
    
      
    
    
      format_all(diagnostics, sources, opts \\ [])



    

  


  

      

          @spec format_all(
  [Pentiment.Diagnostic.t()],
  Pentiment.Source.t() | map() | String.t(),
  format_options()
) :: String.t()


      


Formats multiple diagnostics for display.
Arguments
	diagnostics - List of structs implementing Pentiment.Diagnostic
	sources - Source content (same formats as format/3)
	opts - Formatting options (same as format/3)

Examples
errors = [error1, error2, error3]
IO.puts(Pentiment.format_all(errors, sources))

  



  
    
      
    
    
      format_compact(diagnostic)



    

  


  

      

          @spec format_compact(Pentiment.Diagnostic.t()) :: String.t()


      


Formats a diagnostic as a single line (compact format).
Useful for log output or machine-parseable formats.
Examples
report = Pentiment.Report.error("Type mismatch")
  |> Pentiment.Report.with_code("E0001")
  |> Pentiment.Report.with_source("lib/app.ex")
  |> Pentiment.Report.with_label(Pentiment.Label.primary(Pentiment.Span.position(15, 10), "here"))

Pentiment.format_compact(report)
# => "[E0001] Type mismatch (lib/app.ex:15:10)"

  


        

      


  

    
Pentiment.Diagnostic protocol
    



      
Protocol for types that can be rendered as diagnostics.
Implement this protocol to enable any struct to be formatted by Pentiment.
This is useful when you want to define domain-specific error types that
integrate with Pentiment's rendering.
Example Implementation
defmodule MyApp.TypeError do
  defstruct [:expected, :actual, :location, :file]

  defimpl Pentiment.Diagnostic do
    def message(%{expected: e, actual: a}) do
      "Expected `#{e}`, found `#{a}`"
    end

    def code(_), do: "T001"
    def severity(_), do: :error
    def source(%{file: f}), do: f

    def labels(%{location: {line, col}, actual: a}) do
      [Pentiment.Label.primary(Pentiment.Span.position(line, col), "has type `#{a}`")]
    end

    def help(_), do: ["Check your types"]
    def notes(_), do: []
  end
end
Required Callbacks
All callbacks have default implementations that return sensible defaults,
but you should implement at least message/1 and labels/1 for useful output.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        code(diagnostic)

      


        Returns an optional error code (e.g., "E0001", "PARSE001").



    


    
      
        help(diagnostic)

      


        Returns a list of help/suggestion messages.



    


    
      
        labels(diagnostic)

      


        Returns a list of labeled spans to highlight in the source.



    


    
      
        message(diagnostic)

      


        Returns the main diagnostic message.



    


    
      
        notes(diagnostic)

      


        Returns a list of additional notes.



    


    
      
        severity(diagnostic)

      


        Returns the severity level.



    


    
      
        source(diagnostic)

      


        Returns the primary source identifier for this diagnostic.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      code(diagnostic)



    

  


  

      

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


      


Returns an optional error code (e.g., "E0001", "PARSE001").
Error codes help users look up documentation for specific errors.
Return nil if no code is applicable.

  



  
    
      
    
    
      help(diagnostic)



    

  


  

      

          @spec help(t()) :: [String.t()]


      


Returns a list of help/suggestion messages.
These are actionable suggestions for fixing the issue, displayed
with a "help:" prefix.

  



  
    
      
    
    
      labels(diagnostic)



    

  


  

      

          @spec labels(t()) :: [Pentiment.Label.t()]


      


Returns a list of labeled spans to highlight in the source.
Labels annotate specific regions of source code with messages.
An empty list means no source highlighting.

  



  
    
      
    
    
      message(diagnostic)



    

  


  

      

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


      


Returns the main diagnostic message.
This is the primary description of the error/warning shown in the header.

  



  
    
      
    
    
      notes(diagnostic)



    

  


  

      

          @spec notes(t()) :: [String.t()]


      


Returns a list of additional notes.
Notes provide extra context about the error, displayed with a
"note:" prefix.

  



  
    
      
    
    
      severity(diagnostic)



    

  


  

      

          @spec severity(t()) :: :error | :warning | :info | :hint


      


Returns the severity level.
	:error - A problem that must be fixed
	:warning - A potential issue that should be reviewed
	:info - Informational message
	:hint - Suggestion for improvement


  



  
    
      
    
    
      source(diagnostic)



    

  


  

      

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


      


Returns the primary source identifier for this diagnostic.
This is typically a file path or source name. Return nil if no
specific source is associated with the diagnostic.

  


        

      


  

    
Pentiment.Elixir 
    



      
Helpers for extracting spans from Elixir AST metadata.
This module provides convenience functions for working with Elixir's
compile-time metadata, making it easy to integrate Pentiment with
macros and DSLs.
Usage in Macros
defmacro my_macro(expr) do
  span = Pentiment.Elixir.span_from_ast(expr)
  source = Pentiment.Elixir.source_from_env(__CALLER__)

  if invalid?(expr) do
    report = Pentiment.Report.error("Invalid expression")
      |> Pentiment.Report.with_source(__CALLER__.file)
      |> Pentiment.Report.with_label(Pentiment.Label.primary(span, "here"))

    raise CompileError, description: Pentiment.format(report, source)
  end

  # ... normal macro expansion
end
Metadata Keys
Elixir AST metadata typically includes:
	:line - Line number (1-indexed, always present)
	:column - Column number (1-indexed, often present)
	:end_line - End line for multi-line nodes (optional)
	:end_column - End column (optional)
	:file - File path (sometimes present)


      


      
        Summary


  
    Functions
  


    
      
        file_from_env(arg1)

      


        Extracts file path from a Macro.Env struct.



    


    
      
        leftmost_span(node1, node2)

      


        Extracts the leftmost span from two AST nodes.



    


    
      
        line_from_env(arg1)

      


        Extracts line number from a Macro.Env struct.



    


    
      
        source_from_env(arg1)

      


        Creates a Source from a Macro.Env struct.



    


    
      
        span_for_value(value, line, column)

      


        Creates a span for a literal value at a known position.



    


    
      
        span_from_ast(arg1)

      


        Extracts a span from an Elixir AST node.



    


    
      
        span_from_env(arg1)

      


        Extracts a span from a Macro.Env struct.



    


    
      
        span_from_meta(meta)

      


        Extracts a span from Elixir AST metadata.



    


    
      
        value_display_length(atom)

      


        Returns the display length of a value as it would appear in source code.



    





      


      
        Functions


        


  
    
      
    
    
      file_from_env(arg1)



    

  


  

      

          @spec file_from_env(Macro.Env.t()) :: String.t() | nil


      


Extracts file path from a Macro.Env struct.
Examples
iex> Pentiment.Elixir.file_from_env(__CALLER__)
"lib/my_app.ex"

  



  
    
      
    
    
      leftmost_span(node1, node2)



    

  


  

      

          @spec leftmost_span(term(), term()) :: Pentiment.Span.Position.t() | nil


      


Extracts the leftmost span from two AST nodes.
Useful for binary operators where the first operand typically has
better position information.
Examples
iex> left = quote do: x
iex> right = quote do: y
iex> Pentiment.Elixir.leftmost_span(left, right)
# Returns span from `left` if available, otherwise from `right`

  



  
    
      
    
    
      line_from_env(arg1)



    

  


  

      

          @spec line_from_env(Macro.Env.t()) :: pos_integer() | nil


      


Extracts line number from a Macro.Env struct.
Examples
iex> Pentiment.Elixir.line_from_env(__CALLER__)
42

  



  
    
      
    
    
      source_from_env(arg1)



    

  


  

      

          @spec source_from_env(Macro.Env.t()) :: Pentiment.Source.t() | nil


      


Creates a Source from a Macro.Env struct.
Reads the source file from the environment's file path.
Examples
defmacro my_macro(expr) do
  source = Pentiment.Elixir.source_from_env(__CALLER__)
  # ...
end

  



  
    
      
    
    
      span_for_value(value, line, column)



    

  


  

      

          @spec span_for_value(term(), pos_integer(), pos_integer()) ::
  Pentiment.Span.Position.t()


      


Creates a span for a literal value at a known position.
Computes the display length for common Elixir literals:
	Atoms: includes the leading colon (e.g., :foo = 4 chars)
	Integers: digit count
	Strings: includes quotes (e.g., "hi" = 4 chars)
	Variables/identifiers: string length

Examples
iex> Pentiment.Elixir.span_for_value(:foo, 5, 10)
%Pentiment.Span.Position{start_line: 5, start_column: 10, end_line: 5, end_column: 14}

iex> Pentiment.Elixir.span_for_value(12345, 1, 1)
%Pentiment.Span.Position{start_line: 1, start_column: 1, end_line: 1, end_column: 6}

  



  
    
      
    
    
      span_from_ast(arg1)



    

  


  

      

          @spec span_from_ast(Macro.t() | term()) :: Pentiment.Span.Position.t() | nil


      


Extracts a span from an Elixir AST node.
Works with:
	Raw Elixir AST tuples: {name, meta, args}
	Structs with a :meta field

When possible, computes the end column from the AST structure:
	Variables: uses the variable name length
	Function calls with :closing metadata: uses the closing paren/bracket position
	Maps, binaries, anonymous functions: uses closing metadata
	Aliases: uses :last metadata for multi-part aliases
	Block expressions (case, cond, etc.): uses :end metadata
	Otherwise: falls back to metadata only

Examples
iex> ast = quote do: x + y
iex> Pentiment.Elixir.span_from_ast(ast)
%Pentiment.Span.Position{start_line: ..., start_column: ...}

iex> Pentiment.Elixir.span_from_ast(:not_ast)
nil

  



  
    
      
    
    
      span_from_env(arg1)



    

  


  

      

          @spec span_from_env(Macro.Env.t()) :: Pentiment.Span.Position.t() | nil


      


Extracts a span from a Macro.Env struct.
Note: Macro.Env only provides line information, not column.
Examples
iex> Pentiment.Elixir.span_from_env(__CALLER__)
%Pentiment.Span.Position{start_line: 42, start_column: 1}

  



  
    
      
    
    
      span_from_meta(meta)



    

  


  

      

          @spec span_from_meta(keyword()) :: Pentiment.Span.Position.t() | nil


      


Extracts a span from Elixir AST metadata.
Accepts a keyword list of metadata (as found in AST nodes).
Examples
iex> Pentiment.Elixir.span_from_meta([line: 10, column: 5])
%Pentiment.Span.Position{start_line: 10, start_column: 5}

iex> Pentiment.Elixir.span_from_meta([line: 10, column: 5, end_line: 10, end_column: 15])
%Pentiment.Span.Position{start_line: 10, start_column: 5, end_line: 10, end_column: 15}

iex> Pentiment.Elixir.span_from_meta([])
nil

  



  
    
      
    
    
      value_display_length(atom)



    

  


  

      

          @spec value_display_length(term()) :: pos_integer()


      


Returns the display length of a value as it would appear in source code.
Examples
iex> Pentiment.Elixir.value_display_length(:foo)
4  # `:foo`

iex> Pentiment.Elixir.value_display_length(12345)
5

iex> Pentiment.Elixir.value_display_length("hello")
7  # `"hello"`

  


        

      


  

    
Pentiment.Formatter.Compact 
    



      
Single-line diagnostic formatter.
Produces concise output suitable for:
	Macro error messages
	Log output
	Machine-parseable formats

Example Output
[E0001] Type mismatch (lib/my_app.ex:15:10)

      


      
        Summary


  
    Functions
  


    
      
        format(diagnostic)

      


        Formats a diagnostic as a single line.



    


    
      
        format_all(diagnostics)

      


        Formats multiple diagnostics, one per line.



    





      


      
        Functions


        


  
    
      
    
    
      format(diagnostic)



    

  


  

      

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


      


Formats a diagnostic as a single line.
Examples
iex> Pentiment.Formatter.Compact.format(diagnostic)
"[E0001] Type mismatch (lib/my_app.ex:15:10)"

  



  
    
      
    
    
      format_all(diagnostics)



    

  


  

      

          @spec format_all([Pentiment.Diagnostic.t()]) :: String.t()


      


Formats multiple diagnostics, one per line.

  


        

      


  

    
Pentiment.Formatter.Renderer 
    



      
Rich diagnostic formatter with source context and highlighting.
This formatter produces compiler-style error output with:
	Severity and error code header
	Source location with unicode box-drawing frame
	Highlighted source context with underlines and branching labels
	Notes and help suggestions

Example Output
error[E0001]: Type mismatch
   ╭─[lib/my_app.ex:15:10]
   │
14 │   add = fn x :: integer, y :: integer ->
15 │     x + y + 1.5
   •             ─┬─
   •              ╰── expected `integer`, found `float`
   │
   ╰─────
      note: `+` with integer arguments returns integer
      help: consider using `trunc(1.5)`

      


      
        Summary


  
    Types
  


    
      
        format_options()

      


    





  
    Functions
  


    
      
        format(diagnostic, sources, opts \\ [])

      


        Formats a single diagnostic for display.



    


    
      
        format_all(diagnostics, sources, opts \\ [])

      


        Formats multiple diagnostics for display.



    





      


      
        Types


        


  
    
      
    
    
      format_options()



    

  


  

      

          @type format_options() :: [colors: boolean(), context_lines: non_neg_integer()]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      format(diagnostic, sources, opts \\ [])



    

  


  

      

          @spec format(Pentiment.Diagnostic.t(), Pentiment.Source.t() | map(), format_options()) ::
  String.t()


      


Formats a single diagnostic for display.
Options
	:colors - Whether to use ANSI colors (default: true, respects IO.ANSI.enabled?())
	:context_lines - Number of lines of context around labels (default: 2)

Sources
Sources can be provided as:
	A Pentiment.Source struct
	A map of source names to content strings: %{"file.ex" => "content..."}
	A map of source names to Pentiment.Source structs


  



    

  
    
      
    
    
      format_all(diagnostics, sources, opts \\ [])



    

  


  

      

          @spec format_all(
  [Pentiment.Diagnostic.t()],
  Pentiment.Source.t() | map(),
  format_options()
) ::
  String.t()


      


Formats multiple diagnostics for display.

  


        

      


  

    
Pentiment.Label 
    



      
A labeled span for annotating source code in diagnostics.
Labels combine a span with a message and visual priority. They are used to
highlight specific regions of source code and explain what's happening there.
Priority
Labels have two priority levels:
	:primary - The main error location, highlighted prominently (typically red)
	:secondary - Supporting context, highlighted less prominently (typically yellow)

Multi-file Diagnostics
For diagnostics that span multiple files, set the :source field to identify
which file this label refers to.
Examples
# Primary label at the error site
Label.primary(span, "expected `integer`, found `float`")

# Secondary label showing related context
Label.secondary(decl_span, "declared as `integer` here")

# Label in a different file
Label.primary(span, "error here", source: "lib/other.ex")

      


      
        Summary


  
    Types
  


    
      
        priority()

      


    


    
      
        style()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        bracket(span, message \\ nil, opts \\ [])

      


        Creates a bracket label that highlights a multi-line block.



    


    
      
        bracket?(label)

      


        Returns true if this is a bracket label.



    


    
      
        new(span, opts \\ [])

      


        Creates a new label.



    


    
      
        primary(span, message \\ nil, opts \\ [])

      


        Creates a primary (error site) label.



    


    
      
        primary?(label)

      


        Returns true if this is a primary label.



    


    
      
        resolved_span(label)

      


        Returns the resolved span as a Pentiment.Span.t().



    


    
      
        secondary(span, message \\ nil, opts \\ [])

      


        Creates a secondary (context) label.



    


    
      
        secondary?(label)

      


        Returns true if this is a secondary label.



    





      


      
        Types


        


  
    
      
    
    
      priority()



    

  


  

      

          @type priority() :: :primary | :secondary


      



  



  
    
      
    
    
      style()



    

  


  

      

          @type style() :: :inline | :bracket


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Pentiment.Label{
  message: String.t() | nil,
  priority: priority(),
  source: String.t() | nil,
  span: Pentiment.Span.t() | Pentiment.Spannable.t(),
  style: style()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      bracket(span, message \\ nil, opts \\ [])



    

  


  

      

          @spec bracket(
  Pentiment.Span.t() | Pentiment.Spannable.t(),
  String.t() | nil,
  keyword()
) :: t()


      


Creates a bracket label that highlights a multi-line block.
Bracket labels draw a vertical bar (┃) in the left margin across a range
of lines, with a ╰── message tail below. The span must cover the full
line range (use end_line in the position span).
Examples
iex> Label.bracket(span, "property `no_stuck_states` failed")
%Label{span: span, message: "property `no_stuck_states` failed", style: :bracket}

  



  
    
      
    
    
      bracket?(label)



    

  


  

      

          @spec bracket?(t()) :: boolean()


      


Returns true if this is a bracket label.

  



    

  
    
      
    
    
      new(span, opts \\ [])



    

  


  

      

          @spec new(
  Pentiment.Span.t() | Pentiment.Spannable.t(),
  keyword()
) :: t()


      


Creates a new label.
Options
	:message - The annotation message (optional)
	:priority - :primary or :secondary (default: :primary)
	:style - :inline or :bracket (default: :inline)
	:source - Source identifier for multi-file diagnostics (optional)

Examples
iex> Label.new(span, message: "error here")
%Label{span: span, message: "error here", priority: :primary, source: nil}

  



    

    

  
    
      
    
    
      primary(span, message \\ nil, opts \\ [])



    

  


  

      

          @spec primary(
  Pentiment.Span.t() | Pentiment.Spannable.t(),
  String.t() | nil,
  keyword()
) :: t()


      


Creates a primary (error site) label.
Primary labels are highlighted prominently and represent the main location
of the diagnostic.
Examples
iex> Label.primary(span, "expected `integer`")
%Label{span: span, message: "expected `integer`", priority: :primary}

iex> Label.primary(span)
%Label{span: span, message: nil, priority: :primary}

  



  
    
      
    
    
      primary?(label)



    

  


  

      

          @spec primary?(t()) :: boolean()


      


Returns true if this is a primary label.

  



  
    
      
    
    
      resolved_span(label)



    

  


  

      

          @spec resolved_span(t()) :: Pentiment.Span.t()


      


Returns the resolved span as a Pentiment.Span.t().
If the label's span implements Pentiment.Spannable, it is converted.

  



    

    

  
    
      
    
    
      secondary(span, message \\ nil, opts \\ [])



    

  


  

      

          @spec secondary(
  Pentiment.Span.t() | Pentiment.Spannable.t(),
  String.t() | nil,
  keyword()
) :: t()


      


Creates a secondary (context) label.
Secondary labels provide supporting context and are highlighted less
prominently than primary labels.
Examples
iex> Label.secondary(span, "declared here")
%Label{span: span, message: "declared here", priority: :secondary}

  



  
    
      
    
    
      secondary?(label)



    

  


  

      

          @spec secondary?(t()) :: boolean()


      


Returns true if this is a secondary label.

  


        

      


  

    
Pentiment.Report 
    



      
A ready-to-use diagnostic struct with a builder API.
Report is the default implementation of Pentiment.Diagnostic and provides
a convenient builder pattern for constructing diagnostics incrementally.
Examples
# Simple error
Pentiment.Report.error("Unexpected token")
|> Pentiment.Report.with_code("PARSE001")
|> Pentiment.Report.with_source("input.txt")
|> Pentiment.Report.with_label(Pentiment.Label.primary(span, "here"))

# Warning with multiple labels and help
Pentiment.Report.warning("Unused variable `x`")
|> Pentiment.Report.with_labels([
  Pentiment.Label.primary(def_span, "defined here"),
  Pentiment.Label.secondary(scope_span, "in this scope")
])
|> Pentiment.Report.with_help("prefix with underscore: `_x`")
Builder Functions
All with_* functions return the modified report, allowing for chaining:
	with_code/2 - Set an error code
	with_source/2 - Set the primary source
	with_label/2 - Add a single label
	with_labels/2 - Add multiple labels
	with_help/2 - Add a help message
	with_note/2 - Add a note


      


      
        Summary


  
    Types
  


    
      
        severity()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        build(severity, message)

      


        Creates a new report with the given severity and message.



    


    
      
        error(message)

      


        Creates an error report.



    


    
      
        hint(message)

      


        Creates a hint report.



    


    
      
        info(message)

      


        Creates an info report.



    


    
      
        warning(message)

      


        Creates a warning report.



    


    
      
        with_code(report, code)

      


        Sets the error code.



    


    
      
        with_help(report, message)

      


        Adds a help message.



    


    
      
        with_label(report, label)

      


        Adds a single label.



    


    
      
        with_labels(report, new_labels)

      


        Adds multiple labels.



    


    
      
        with_note(report, message)

      


        Adds a note.



    


    
      
        with_source(report, source)

      


        Sets the primary source identifier.



    





      


      
        Types


        


  
    
      
    
    
      severity()



    

  


  

      

          @type severity() :: :error | :warning | :info | :hint


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Pentiment.Report{
  code: String.t() | nil,
  help: [String.t()],
  labels: [Pentiment.Label.t()],
  message: String.t(),
  notes: [String.t()],
  severity: severity(),
  source: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build(severity, message)



    

  


  

      

          @spec build(severity(), String.t()) :: t()


      


Creates a new report with the given severity and message.
Examples
iex> Pentiment.Report.build(:error, "Something went wrong")
%Pentiment.Report{severity: :error, message: "Something went wrong"}

  



  
    
      
    
    
      error(message)



    

  


  

      

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


      


Creates an error report.
Examples
iex> Pentiment.Report.error("Type mismatch")
%Pentiment.Report{severity: :error, message: "Type mismatch"}

  



  
    
      
    
    
      hint(message)



    

  


  

      

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


      


Creates a hint report.
Examples
iex> Pentiment.Report.hint("Consider using pattern matching")
%Pentiment.Report{severity: :hint, message: "Consider using pattern matching"}

  



  
    
      
    
    
      info(message)



    

  


  

      

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


      


Creates an info report.
Examples
iex> Pentiment.Report.info("Compiling module")
%Pentiment.Report{severity: :info, message: "Compiling module"}

  



  
    
      
    
    
      warning(message)



    

  


  

      

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


      


Creates a warning report.
Examples
iex> Pentiment.Report.warning("Unused variable")
%Pentiment.Report{severity: :warning, message: "Unused variable"}

  



  
    
      
    
    
      with_code(report, code)



    

  


  

      

          @spec with_code(t(), String.t()) :: t()


      


Sets the error code.
Examples
iex> report |> Pentiment.Report.with_code("E0001")

  



  
    
      
    
    
      with_help(report, message)



    

  


  

      

          @spec with_help(t(), String.t()) :: t()


      


Adds a help message.
Examples
iex> report |> Pentiment.Report.with_help("Try using `trunc/1`")

  



  
    
      
    
    
      with_label(report, label)



    

  


  

      

          @spec with_label(t(), Pentiment.Label.t()) :: t()


      


Adds a single label.
Examples
iex> report |> Pentiment.Report.with_label(Label.primary(span, "error here"))

  



  
    
      
    
    
      with_labels(report, new_labels)



    

  


  

      

          @spec with_labels(t(), [Pentiment.Label.t()]) :: t()


      


Adds multiple labels.
Examples
iex> report |> Pentiment.Report.with_labels([
...>   Label.secondary(decl_span, "declared here"),
...>   Label.primary(use_span, "used here")
...> ])

  



  
    
      
    
    
      with_note(report, message)



    

  


  

      

          @spec with_note(t(), String.t()) :: t()


      


Adds a note.
Examples
iex> report |> Pentiment.Report.with_note("Function expects integer arguments")

  



  
    
      
    
    
      with_source(report, source)



    

  


  

      

          @spec with_source(t(), String.t()) :: t()


      


Sets the primary source identifier.
Examples
iex> report |> Pentiment.Report.with_source("lib/my_app.ex")

  


        

      


  

    
Pentiment.Source 
    



      
Represents a source of text that diagnostics can reference.
Sources provide the content needed to display source code context in
diagnostic output. There are three ways to create a source:
Source Types
from_file/1 - File on disk
Reads content from a file path. The source name is the file path.
source = Pentiment.Source.from_file("lib/my_app.ex")
from_string/2 - In-memory content
Creates a source from a string with a display name. Useful for code that
isn't on disk (user input, test fixtures, generated code).
source = Pentiment.Source.from_string("<stdin>", user_input)
source = Pentiment.Source.from_string("generated.ex", generated_code)
named/1 - Deferred content
Creates a source with just a name, no content. Content is provided later
when formatting. Useful when accumulating diagnostics and deferring file reads.
source = Pentiment.Source.named("lib/app.ex")
# Later, when formatting:
Pentiment.format(report, %{"lib/app.ex" => File.read!("lib/app.ex")})
Accessing Content
Use lines/1 to get the source as a list of lines (for rendering), and
content/1 to get the raw string content.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        byte_to_position(source, offset)

      


        Converts a byte offset to a line and column position.



    


    
      
        content(source)

      


        Returns the raw string content of the source.



    


    
      
        from_file(path)

      


        Creates a source from a file path.



    


    
      
        from_string(name, content)

      


        Creates a source from a string with a display name.



    


    
      
        has_content?(source)

      


        Returns true if the source has content available.



    


    
      
        line(source, line_num)

      


        Returns a specific line from the source (1-indexed).



    


    
      
        line_count(source)

      


        Returns the total number of lines, or nil if content is not available.



    


    
      
        line_range(source, start_line, end_line)

      


        Returns a range of lines from the source (1-indexed, inclusive).



    


    
      
        lines(source)

      


        Returns the source content as a list of lines.



    


    
      
        name(source)

      


        Returns the source name (file path or display name).



    


    
      
        named(name)

      


        Creates a named source without content.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Pentiment.Source{
  content: String.t() | nil,
  lines: [String.t()] | nil,
  name: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      byte_to_position(source, offset)



    

  


  

      

          @spec byte_to_position(t(), non_neg_integer()) :: {pos_integer(), pos_integer()} | nil


      


Converts a byte offset to a line and column position.
Returns {line, column} where both are 1-indexed, or nil if the offset
is out of bounds or no content is available.
Examples
iex> source = Pentiment.Source.from_string("test", "hello\nworld")
iex> Pentiment.Source.byte_to_position(source, 0)
{1, 1}

iex> source = Pentiment.Source.from_string("test", "hello\nworld")
iex> Pentiment.Source.byte_to_position(source, 6)
{2, 1}

iex> source = Pentiment.Source.from_string("test", "hello\nworld")
iex> Pentiment.Source.byte_to_position(source, 100)
nil

  



  
    
      
    
    
      content(source)



    

  


  

      

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


      


Returns the raw string content of the source.
Returns nil if no content is available.

  



  
    
      
    
    
      from_file(path)



    

  


  

      

          @spec from_file(Path.t()) :: t()


      


Creates a source from a file path.
Reads the file content immediately. Raises if the file cannot be read.
Examples
iex> source = Pentiment.Source.from_file("lib/my_app.ex")
%Pentiment.Source{name: "lib/my_app.ex", content: "..."}

  



  
    
      
    
    
      from_string(name, content)



    

  


  

      

          @spec from_string(String.t(), String.t()) :: t()


      


Creates a source from a string with a display name.
Use this for content that isn't on disk, like user input or generated code.
Examples
iex> source = Pentiment.Source.from_string("<stdin>", "x = 1 + 2")
%Pentiment.Source{name: "<stdin>", content: "x = 1 + 2"}

  



  
    
      
    
    
      has_content?(source)



    

  


  

      

          @spec has_content?(t()) :: boolean()


      


Returns true if the source has content available.

  



  
    
      
    
    
      line(source, line_num)



    

  


  

      

          @spec line(t(), pos_integer()) :: String.t() | nil


      


Returns a specific line from the source (1-indexed).
Returns nil if the line doesn't exist or content is not available.
Examples
iex> source = Pentiment.Source.from_string("test", "line1\nline2\nline3")
iex> Pentiment.Source.line(source, 2)
"line2"

iex> Pentiment.Source.line(source, 100)
nil

  



  
    
      
    
    
      line_count(source)



    

  


  

      

          @spec line_count(t()) :: non_neg_integer() | nil


      


Returns the total number of lines, or nil if content is not available.

  



  
    
      
    
    
      line_range(source, start_line, end_line)



    

  


  

      

          @spec line_range(t(), pos_integer(), pos_integer()) :: [{pos_integer(), String.t()}]


      


Returns a range of lines from the source (1-indexed, inclusive).
Returns an empty list if content is not available.
Examples
iex> source = Pentiment.Source.from_string("test", "a\nb\nc\nd\ne")
iex> Pentiment.Source.line_range(source, 2, 4)
[{2, "b"}, {3, "c"}, {4, "d"}]

  



  
    
      
    
    
      lines(source)



    

  


  

      

          @spec lines(t()) :: [String.t()] | nil


      


Returns the source content as a list of lines.
Lines are 1-indexed when accessed (line 1 is at index 0).
Returns nil if no content is available.
Examples
iex> source = Pentiment.Source.from_string("test", "line1\nline2\nline3")
iex> Pentiment.Source.lines(source)
["line1", "line2", "line3"]

  



  
    
      
    
    
      name(source)



    

  


  

      

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


      


Returns the source name (file path or display name).

  



  
    
      
    
    
      named(name)



    

  


  

      

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


      


Creates a named source without content.
The content must be provided later when formatting the diagnostic.
This is useful when you want to defer file reads or when the content
comes from an external source.
Examples
iex> source = Pentiment.Source.named("lib/app.ex")
%Pentiment.Source{name: "lib/app.ex", content: nil}

  


        

      


  

    
Pentiment.Span 
    



      
Span types for representing regions in source code.
Pentiment supports three span representations:
	Pentiment.Span.Byte - Byte offset spans, ideal for parsers that track byte positions
	Pentiment.Span.Position - Line/column spans, ideal for Elixir macros and AST metadata
	Pentiment.Span.Search - Deferred spans that search for a pattern at format time

The first two can be used interchangeably through the Pentiment.Spannable protocol.
Search spans are resolved to Position spans when the diagnostic is formatted.
Examples
# Byte offset span: starts at byte 42, spans 10 bytes
Pentiment.Span.byte(42, 10)

# Line/column span: line 5, columns 10-20
Pentiment.Span.position(5, 10, 5, 20)

# Single-point span (just a position)
Pentiment.Span.position(5, 10)

# Deferred search span: find "error" on line 5
Pentiment.Span.search(line: 5, pattern: "error")

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        byte(start, length)

      


        Creates a byte offset span.



    


    
      
        position(start_line, start_column \\ 1, end_line \\ nil, end_column \\ nil)

      


        Creates a line/column position span.



    


    
      
        search(opts)

      


        Creates a deferred search span.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() ::
  Pentiment.Span.Byte.t()
  | Pentiment.Span.Position.t()
  | Pentiment.Span.Search.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      byte(start, length)



    

  


  

      

          @spec byte(non_neg_integer(), pos_integer()) :: Pentiment.Span.Byte.t()


      


Creates a byte offset span.
Examples
iex> Pentiment.Span.byte(42, 10)
%Pentiment.Span.Byte{start: 42, length: 10}

  



    

    

    

  
    
      
    
    
      position(start_line, start_column \\ 1, end_line \\ nil, end_column \\ nil)



    

  


  

      

          @spec position(pos_integer(), pos_integer(), pos_integer() | nil, pos_integer() | nil) ::
  Pentiment.Span.Position.t()


      


Creates a line/column position span.
Can be called with 2 arguments for a single point, or 4 arguments for a range.
Examples
# Single point at line 5, column 10
iex> Pentiment.Span.position(5, 10)
%Pentiment.Span.Position{start_line: 5, start_column: 10, end_line: nil, end_column: nil}

# Range from line 5 col 10 to line 5 col 20
iex> Pentiment.Span.position(5, 10, 5, 20)
%Pentiment.Span.Position{start_line: 5, start_column: 10, end_line: 5, end_column: 20}

  



  
    
      
    
    
      search(opts)



    

  


  

      

          @spec search(keyword()) :: Pentiment.Span.Search.t()


      


Creates a deferred search span.
Search spans are resolved at format time by searching for the pattern in
the source content. This is useful when exact positions aren't available
at diagnostic creation time, such as in macros.
Options
	:line - The starting line number to search from (required)
	:pattern - The string pattern to find (required)
	:after_column - Only match patterns starting at or after this column on the first line (default: 1)
	:max_lines - Maximum number of lines to search (default: 1)

Examples
# Search for "hoost:" on line 3
iex> Pentiment.Span.search(line: 3, pattern: "hoost:")
%Pentiment.Span.Search{line: 3, pattern: "hoost:", after_column: 1, max_lines: 1}

# Search after column 10 to skip earlier matches
iex> Pentiment.Span.search(line: 3, pattern: "host", after_column: 10)
%Pentiment.Span.Search{line: 3, pattern: "host", after_column: 10, max_lines: 1}

# Search across multiple lines (for multi-line constructs)
iex> Pentiment.Span.search(line: 3, pattern: "key:", max_lines: 5)
%Pentiment.Span.Search{line: 3, pattern: "key:", after_column: 1, max_lines: 5}

  


        

      


  

    
Pentiment.Span.Byte 
    



      
A span defined by byte offset and length.
This representation is common in parsers (like nimble_parsec) where positions
are tracked as byte offsets into the source text.
Fields
	:start - The starting byte offset (0-indexed)
	:length - The number of bytes in the span (minimum 1)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(start, length)

      


        Creates a new byte span.



    


    
      
        resolve(byte, source)

      


        Resolves a byte span against source content, returning a Position span.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Pentiment.Span.Byte{length: pos_integer(), start: non_neg_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(start, length)



    

  


  

      

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


      


Creates a new byte span.
Examples
iex> Pentiment.Span.Byte.new(42, 10)
%Pentiment.Span.Byte{start: 42, length: 10}

  



  
    
      
    
    
      resolve(byte, source)



    

  


  

      

          @spec resolve(t(), Pentiment.Source.t() | nil) :: Pentiment.Span.Position.t()


      


Resolves a byte span against source content, returning a Position span.
Converts byte offsets to line/column positions using the source content.
Returns a Position span covering the byte range, or falls back to a point
span at line 1, column 1 if the source is nil or offsets are invalid.
Examples
iex> source = Pentiment.Source.from_string("test", "hello world")
iex> byte_span = Pentiment.Span.Byte.new(6, 5)
iex> Pentiment.Span.Byte.resolve(byte_span, source)
%Pentiment.Span.Position{start_line: 1, start_column: 7, end_line: 1, end_column: 12}

  


        

      


  

    
Pentiment.Span.Position 
    



      
A span defined by line and column positions.
This representation matches Elixir's AST metadata format, making it ideal
for compile-time macros and DSLs. Lines are 1-indexed, columns are 1-indexed.
Fields
	:start_line - The starting line number (1-indexed, required)
	:start_column - The starting column number (1-indexed, optional, defaults to 1)
	:end_line - The ending line number (optional, defaults to start_line)
	:end_column - The ending column number (optional)

When end_line and end_column are nil, the span represents a single point.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(start_line, start_column \\ 1, end_line \\ nil, end_column \\ nil)

      


        Creates a new position span.



    


    
      
        point?(position)

      


        Returns true if this span represents a single point (no end position).



    


    
      
        single_line_range(position)

      


        Returns the span as a range on a single line, or nil if it spans multiple lines.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Pentiment.Span.Position{
  end_column: pos_integer() | nil,
  end_line: pos_integer() | nil,
  start_column: pos_integer(),
  start_line: pos_integer()
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(start_line, start_column \\ 1, end_line \\ nil, end_column \\ nil)



    

  


  

      

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


      


Creates a new position span.
Examples
# Full range
iex> Pentiment.Span.Position.new(5, 10, 5, 20)
%Pentiment.Span.Position{start_line: 5, start_column: 10, end_line: 5, end_column: 20}

# Single point
iex> Pentiment.Span.Position.new(5, 10)
%Pentiment.Span.Position{start_line: 5, start_column: 10, end_line: nil, end_column: nil}

  



  
    
      
    
    
      point?(position)



    

  


  

      

          @spec point?(t()) :: boolean()


      


Returns true if this span represents a single point (no end position).

  



  
    
      
    
    
      single_line_range(position)



    

  


  

      

          @spec single_line_range(t()) :: {pos_integer(), pos_integer(), pos_integer()} | nil


      


Returns the span as a range on a single line, or nil if it spans multiple lines.
Returns {line, start_col, end_col} if on a single line, nil otherwise.

  


        

      


  

    
Pentiment.Span.Search 
    



      
A deferred span that searches for a pattern at format time.
Search spans are resolved when the diagnostic is formatted, using the
source content to find the pattern and determine exact positions. This
is useful when span positions aren't known at diagnostic creation time,
such as in macros where keyword argument positions aren't in the AST.
Fields
	:line - The starting line number to search from (1-indexed, required)
	:pattern - The string pattern to find (required)
	:after_column - Only match patterns starting at or after this column on the first line (optional, defaults to 1)
	:max_lines - Maximum number of lines to search (optional, defaults to 1)

Resolution
At format time, the search span is resolved to a Position span:
	If the pattern is found, returns a span covering the match
	If not found, falls back to a point span at {line, after_column}

Examples
# Search for "hoost:" on line 3
Pentiment.Span.search(line: 3, pattern: "hoost:")

# Search after column 10 (skip earlier matches)
Pentiment.Span.search(line: 3, pattern: "host", after_column: 10)

# Search across multiple lines (for multi-line constructs)
Pentiment.Span.search(line: 3, pattern: "my_key:", max_lines: 5)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts)

      


        Creates a new search span.



    


    
      
        resolve(search, source)

      


        Resolves a search span against source content, returning a Position span.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Pentiment.Span.Search{
  after_column: pos_integer(),
  line: pos_integer(),
  max_lines: pos_integer(),
  pattern: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(opts)



    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new search span.
Options
	:line - The line number to start searching from (required)
	:pattern - The pattern to find (required)
	:after_column - Start searching at this column on the first line (default: 1)
	:max_lines - Maximum number of lines to search (default: 1)

Examples
iex> Pentiment.Span.Search.new(line: 3, pattern: "hoost:")
%Pentiment.Span.Search{line: 3, pattern: "hoost:", after_column: 1, max_lines: 1}

iex> Pentiment.Span.Search.new(line: 3, pattern: "host", after_column: 10)
%Pentiment.Span.Search{line: 3, pattern: "host", after_column: 10, max_lines: 1}

iex> Pentiment.Span.Search.new(line: 3, pattern: "key:", max_lines: 5)
%Pentiment.Span.Search{line: 3, pattern: "key:", after_column: 1, max_lines: 5}

  



  
    
      
    
    
      resolve(search, source)



    

  


  

      

          @spec resolve(t(), Pentiment.Source.t() | nil) :: Pentiment.Span.Position.t()


      


Resolves a search span against source content, returning a Position span.
Searches for the pattern starting from the specified line, optionally
spanning multiple lines. Returns a Position span covering the match,
or a point span at {line, after_column} if not found.

  


        

      


  

    
Pentiment.Spannable protocol
    



      
Protocol for converting values to spans.
This protocol allows any type to be used as a span source. Built-in implementations
are provided for:
	Pentiment.Span.Byte and Pentiment.Span.Position structs (identity)
	Tuples in common formats (see below)
	Ranges for byte spans

Tuple Formats
The following tuple formats are supported:
	{start, length} - Byte offset span (2-tuple of integers)
	{line, column} - Single-point position span (when both are positive)
	{start_line, start_col, end_line, end_col} - Position range (4-tuple)

Note: {start, length} and {line, column} are ambiguous for 2-tuples.
By default, 2-tuples are interpreted as byte spans. Use Pentiment.Span.position/2
explicitly for line/column positions, or implement this protocol for your own types.
Custom Implementations
You can implement this protocol for your own types:
defimpl Pentiment.Spannable, for: MyApp.Token do
  def to_span(%MyApp.Token{line: l, col: c, length: len}) do
    Pentiment.Span.position(l, c, l, c + len)
  end
end

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        to_span(value)

      


        Converts the value to a Pentiment.Span.t().



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      to_span(value)



    

  


  

      

          @spec to_span(t()) :: Pentiment.Span.t()


      


Converts the value to a Pentiment.Span.t().
Returns a Pentiment.Span.Byte or Pentiment.Span.Position struct.
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(CompileError) error[CFGOOL1]: Unknown configuration key ‘hoost’
—[/Users/quinn/dev/pentiment/demos/config_validation_error.ex:11:5]

config :database,
hoost: "localhost",

. [:: unknown key

port: 5432
end

-

note: valid keys are: host, port, timeout, pool_size, database, username, password
help: did you mean ‘host'?
test/support/examples/config_validation.ex:81: anonymous fn/4 in Pentiment.Examples.ConfigValidation."MACRO-config"/3
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*% (CompileError) error[GUARDOO1]: Use of banned guard 'is_atom/1°
—[/Users/quinn/dev/pentiment/demos/guard_restriction_error.ex:16:22]

14
15 # This will trigger an error - is_atom is banned
16 def handle(x) when is_atom(x) do
. [:: banned guard
17 Atom.to_string(x)
18 end
-

note: this module bans guards: is_atom, is_binary
help: remove the ‘is_atom' guard

1 error emitted

expanding macro: Pentiment.Examples.GuardRestriction.__before_compile__/1
demos/guard_restriction_error.ex:7: Demo.GuardRestriction (module)
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*% (CompileError) error[SMOO1]: Transition references undefined state ‘yello®
—[/Users/quinn/dev/pentiment/demos/state_machine_error.ex:15:44]

10
11 defstate(:green)
12 defstate(:yellow)
. [:: did you mean this state?
13 defstate(:red)
14
15 deftransition(:change, from: :green, to: :yello)
- [:: undefined state
16 | end
17
-

note: defined states are: red, yellow, green
help: change "to: :yello' to 'to: :yellow’

1 error emitted
expanding macro: Pentiment.Examples.StateMachine.__before_compile__/1
demos/state_machine_error.ex:8: Demo.StateMachine (module)
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error[SCHEMAGO1]: Field "replicas’ has wrong type
—[/Users/quinn/dev/pentiment/demos/deploy_error.yml:10:13]

8 | service:
9 name: my-app
10 replicas: "three"
. [:: expected integer, found string "three"
11 ports:
12 - 8080

help: use a number like ‘replicas: 3'

warning [SCHEMAGO2]: Unknown field ‘environmnet’
—[/Users/quinn/dev/pentiment/demos/deploy_error.yml:14:3]

12 - 8080
13 - 8081
14 environmnet:
. unknown field
15 LOG_LEVEL: debug
16

help: did you mean ‘environment'?
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