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High-performance TOON (Token-Oriented Object Notation) encoder/decoder for Elixir with Phoenix Channels support.
TOON is a compact, human-readable data format optimized for LLM token efficiency.
Features
	🎯 Token Efficient: 30-60% fewer tokens for LLMs than JSON
	📖 Human Readable: Indentation-based structure like YAML
	✅ Spec Compliant: Tested against official TOON v4.1.0 specification
	🔌 Phoenix Channels: Built-in serializer with binary frame support
	🛠️ JSON Converter: Bidirectional JSON ↔ TOON conversion
	🔧 Extensible: Custom encoding via ToonEx.Encoder protocol
	⚡ High Performance: Zero-copy iodata encoding, binary pattern-matching decoder

Installation
Add toon_ex to your dependencies in mix.exs:
def deps do
  [
    {:toon_ex, "~> 1.2"}
  ]
end
Quick Start
Encoding
# Nested object
ToonEx.encode!(%{"user" => %{"name" => "Bob"}})
# => "user:\n  name: Bob"

# Arrays
ToonEx.encode!(["elixir", "toon"])
# => "[2]: elixir,toon"
Decoding
ToonEx.decode!("name: Alice\nage: 30")
# => %{"name" => "Alice", "age" => 30}

ToonEx.decode!("tags[2]: a,b")
# => %{"tags" => ["a", "b"]}
Phoenix Channels
# In your socket declaration (usually endpoint.ex)
socket "/socket", MyAppWeb.UserSocket,
  websocket: [
    serializer: [{ToonEx.Phoenix.Serializer, "~> 2.0.0"}]
  ]
Do not configure ToonEx.Btoon or ToonEx as Phoenix's global
:json_library when using the default Phoenix.Socket.V2.JSONSerializer.
That serializer will pass WebSocket text frames to the configured JSON library,
but BTOON is a binary format and requires its dedicated Phoenix serializer.
For BTOON WebSocket frames, configure the serializer explicitly:
socket "/socket", MyAppWeb.UserSocket,
  websocket: [
    serializer: [{ToonEx.Btoon.Phoenix.Serializer, "~> 2.0.0"}]
  ]
The serializer supports both text and binary frame encoding for Phoenix Channels.
Binary frames use a compact binary protocol for Phoenix.Socket.Message, Phoenix.Socket.Broadcast,
and Phoenix.Socket.Reply structs, reducing payload size for high-frequency channels.
Use fastlane!/1 for binary-encoded broadcasts and encode!/1 for binary-encoded replies.
See ToonEx.Phoenix.Serializer for details.
API Reference
Core Functions
	ToonEx.encode/2 - Encode data to TOON string (returns {:ok, string} | {:error, error})

	ToonEx.encode!/2 - Encode data to TOON string (raises on error)
	ToonEx.decode/2 - Decode TOON string to data (returns {:ok, data} | {:error, error})

	ToonEx.decode!/2 - Decode TOON string to data (raises on error)

Modules
	ToonEx - Main API
	ToonEx.Encode - Encoder implementation
	ToonEx.Decode - Decoder implementation
	ToonEx.JSON - JSON ↔ TOON converter
	ToonEx.Encoder - Protocol for custom struct encoding
	ToonEx.Phoenix.Serializer - Phoenix Channels serializer

Specification
This implementation follows TOON Specification v4.1.0 and is tested against official fixtures.
Testing
# Run all tests
mix test

# Run with coverage
mix coveralls

# Code quality checks
mix quality

Contributing
Contributions are welcome! Please open an issue or submit a pull request.
License
MIT License - see LICENSE.
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MIT License

Copyright (c) 2025 Kentaro Kuribayashi

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.
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TOON (Token-Oriented Object Notation) encoder and decoder for Elixir.
TOON is a compact data format optimized for LLM token efficiency, achieving
30-60% token reduction compared to JSON while maintaining readability.
Features
	Token Efficient: 30-60% fewer tokens than JSON
	Human Readable: Indentation-based structure like YAML
	Three Array Formats: Inline, tabular, and list formats
	Type Safe: Full Dialyzer support with comprehensive typespecs
	Protocol Support: Custom encoding via ToonEx.Encoder protocol
	Fragment Support: Inject pre-encoded TOON via ToonEx.Fragment
	Compile-time Helpers: Partial compile-time encoding via ToonEx.Helpers

Quick Start
# Encode Elixir data to TOON
iex> ToonEx.encode!(%{"name" => "Alice", "age" => 30})
"age: 30\nname: Alice"

# Decode TOON to Elixir data
iex> ToonEx.decode!("name: Alice\nage: 30")
%{"name" => "Alice", "age" => 30}

# Arrays
iex> ToonEx.encode!(%{"tags" => ["elixir", "toon"]})
"tags[2]: elixir,toon"

# Nested objects
iex> ToonEx.encode!(%{"user" => %{"name" => "Bob"}})
"user:\n  name: Bob"
Options
Encoding Options
	:indent - Number of spaces for indentation (default: 2)
	:delimiter - Delimiter for array values: "," | "\t" | "|" (default: ",")

	:length_marker - Prefix for array length marker (default: nil)
	:key_folding - Key folding mode: :off | :safe (default: :off)

	:flatten_depth - Max depth for key folding: non-negative integer or :infinity (default: :infinity)

Decoding Options
	:keys - How to decode map keys: :strings | :atoms | :atoms! (default: :strings)

	:strict - Enable strict mode validation (default: true)
	:indent_size - Expected indentation size in spaces (default: 2)
	:expand_paths - Path expansion mode: :off | :safe (default: :off)


Fragment Encoding
You can inject pre-encoded TOON data using ToonEx.Fragment to avoid
decode/encode round-trips (e.g., for cached or externally-generated TOON):
fragment = ToonEx.Fragment.new("name: Alice\nage: 30")
ToonEx.encode!(%{"user" => fragment})
#=> "user:\n  name: Alice\n  age: 30"
Compile-time Encoding
ToonEx.Helpers provides macros for partial compile-time encoding,
where keys are validated and encoded at compile time:
require ToonEx.Helpers
fragment = ToonEx.Helpers.toon_map(name: "Alice", age: 30)
ToonEx.encode!(fragment)
#=> "age: 30\nname: Alice"
Custom Encoding
You can implement the ToonEx.Encoder protocol for your structs:
defmodule User do
  @derive {ToonEx.Encoder, only: [:name, :email]}
  defstruct [:id, :name, :email, :password_hash]
end

user = %User{id: 1, name: "Alice", email: "alice@example.com"}
ToonEx.encode!(user)
#=> "name: Alice\nemail: alice@example.com"
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        decode(string, opts \\ [])

      


        Decodes TOON format string to Elixir data.



    


    
      
        decode!(string, opts \\ [])

      


        Decodes TOON format string to Elixir data, raising on error.



    


    
      
        encode(data, opts \\ [])

      


        Encodes Elixir data to TOON format.



    


    
      
        encode!(data, opts \\ [])

      


        Encodes Elixir data to TOON format, raising on error.



    


    
      
        encode_to_iodata!(data, opts \\ [])

      


        See ToonEx.Encode.encode_to_iodata!/2.
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          @spec decode(
  String.t(),
  keyword()
) :: {:ok, ToonEx.Types.encodable()} | {:error, ToonEx.DecodeError.t()}


      


Decodes TOON format string to Elixir data.
Returns {:ok, data} on success, or {:error, error} on failure.
Options
	:keys - How to decode map keys: :strings | :atoms | :atoms! (default: :strings)

	:strict - Enable strict mode validation (default: true)
	:indent_size - Expected indentation size in spaces (default: 2)
	:expand_paths - Path expansion mode: :off | :safe (default: :off)


Examples
iex> ToonEx.decode("name: Alice")
{:ok, %{"name" => "Alice"}}

iex> ToonEx.decode("tags[2]: a,b")
{:ok, %{"tags" => ["a", "b"]}}
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          @spec decode!(
  String.t(),
  keyword()
) :: ToonEx.Types.encodable()


      


Decodes TOON format string to Elixir data, raising on error.
Examples
iex> ToonEx.decode!("name: Alice")
%{"name" => "Alice"}
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          @spec encode(
  ToonEx.Types.input(),
  keyword()
) :: {:ok, String.t()} | {:error, ToonEx.EncodeError.t()}


      


Encodes Elixir data to TOON format.
Returns {:ok, toon_string} on success, or {:error, error} on failure.
Options
	:indent - Number of spaces for indentation (default: 2)
	:delimiter - Delimiter for array values: "," | "\t" | "|" (default: ",")

	:length_marker - Prefix for array length marker (default: nil)
	:key_folding - Key folding mode: :off | :safe (default: :off)

	:flatten_depth - Max depth for key folding: non-negative integer or :infinity (default: :infinity)

Examples
iex> ToonEx.encode(%{"name" => "Alice"})
{:ok, "name: Alice"}

iex> ToonEx.encode(%{"tags" => ["a", "b"]})
{:ok, "tags[2]: a,b"}

iex> ToonEx.encode(%{"user" => %{"name" => "Bob"}})
{:ok, "user:\n  name: Bob"}

iex> ToonEx.encode(%{"data" => [1, 2, 3]}, delimiter: "\t")
{:ok, "data[3\t]: 1\t2\t3"}
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          @spec encode!(
  ToonEx.Types.input(),
  keyword()
) :: String.t()


          @spec encode!(
  ToonEx.Types.input(),
  keyword()
) :: iodata()


      


Encodes Elixir data to TOON format, raising on error.
Examples
iex> ToonEx.encode!(%{"name" => "Alice"})
"name: Alice"

iex> ToonEx.encode!(%{"tags" => ["a", "b"]})
"tags[2]: a,b"

iex> ToonEx.encode!(%{"count" => 42, "active" => true})
"active: true\ncount: 42"
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See ToonEx.Encode.encode_to_iodata!/2.
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BTOON — a compact binary codec for the TOON data model.
BTOON is the binary transport encoding of the TOON data model (see the
BTOON specification in btoon_spec/spec.md). Unlike TOON's text form it
is optimized for CPU cost first and wire size second:
	a fixed 8-byte envelope ("BTON" magic, version, flags) with an
optional per-message string table, optional embedded schema and an
8-byte-aligned body;
	inline SmallInt values and fixed-width little-endian integers and
floats (never varints);
	strings deduplicated against a session dictionary and per-message
string table via StringRef;
	homogeneous numeric lists as TypedArray and homogeneous object lists
as columnar ObjectTable, both padded so decoders can expose zero-copy
views;
	optional schema mode that drops keys and tags entirely.

Every input maps to exactly one byte sequence (deterministic encoding).
Quick start
iex> bin = ToonEx.Btoon.encode!(%{"name" => "Alice", "age" => 30})
iex> ToonEx.Btoon.decode!(bin)
%{"name" => "Alice", "age" => 30}
Encodable values
nil, booleans, integers, floats, strings (binaries), ToonEx.Btoon.Binary
blobs, ToonEx.Btoon.TypedArray, ToonEx.Btoon.ObjectTable, lists and maps with
string keys. Map keys are sorted during encoding, so field order is
deterministic but not preserved.
Options
See ToonEx.Btoon.Encode.Options and ToonEx.Btoon.Decode.Options for the accepted
encode/decode options.
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        decode(binary, opts \\ [])

      


        Decodes a BTOON binary.



    


    
      
        decode!(binary, opts \\ [])

      


        Decodes a BTOON binary, raising Btoon.DecodeError on error.



    


    
      
        encode(data, opts \\ [])

      


        Encodes data to the BTOON binary format.



    


    
      
        encode!(data, opts \\ [])

      


        Encodes data to the BTOON binary format, raising Btoon.EncodeError on
error.



    


    
      
        encode_to_iodata!(data, opts \\ [])

      


        Encodes data to BTOON iodata without flattening to a single binary, raising
Btoon.EncodeError on error.
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          @spec decode(
  binary(),
  keyword()
) :: {:ok, term()} | {:error, ToonEx.Btoon.DecodeError.t()}


      


Decodes a BTOON binary.
Returns {:ok, value} or {:error, Btoon.DecodeError.t()}.
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          @spec decode!(
  binary(),
  keyword()
) :: term()


      


Decodes a BTOON binary, raising Btoon.DecodeError on error.
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          @spec encode(
  ToonEx.Btoon.Types.encodable(),
  keyword()
) :: {:ok, binary()} | {:error, ToonEx.Btoon.EncodeError.t()}


      


Encodes data to the BTOON binary format.
Returns {:ok, binary} or {:error, Btoon.EncodeError.t()}.
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          @spec encode!(
  ToonEx.Btoon.Types.encodable(),
  keyword()
) :: binary()


      


Encodes data to the BTOON binary format, raising Btoon.EncodeError on
error.
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          @spec encode_to_iodata!(
  ToonEx.Btoon.Types.encodable(),
  keyword()
) :: iodata()


      


Encodes data to BTOON iodata without flattening to a single binary, raising
Btoon.EncodeError on error.
Returns an iodata structure suitable for passing directly to IO functions or
IO.iodata_to_binary/1. This avoids an intermediate flattening step when the
caller intends to write the result to a socket or file.
Examples
iex> iodata = Btoon.encode_to_iodata!(%{"a" => [1, 2]})
iex> IO.iodata_to_binary(iodata) == Btoon.encode!(%{"a" => [1, 2]})
true
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Wraps a raw binary value so the encoder emits tag 0x08 (Binary) instead
of tag 0x07 (String). Plain Elixir binaries are always encoded as UTF-8
strings.
Examples
iex> Btoon.encode!(%{"blob" => Btoon.Binary.new(<<1, 2, 3>>)})
<<66, 84, 79, 78, 1, 0, 0, 0, 10, 1, 0, 0, 0, 8, 3, 0, 0, 0, 1, 2, 3>>
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        Unwraps the wrapped binary.
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        Wraps a binary.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.Btoon.Binary{data: binary()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      data(binary)



        
          
        

    

  


  

      

          @spec data(t()) :: binary()


      


Unwraps the wrapped binary.
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Wraps a binary.
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Binary constants for the BTOON wire format.
BTOON is the binary transport encoding of the TOON data model (see
Btoon). This module defines the byte-level constants: the envelope
magic/version, flag bits, value type tags and typed-array / schema
element type selectors.
Envelope
+------------------+
| Magic "BTON"     |  4 bytes
+------------------+
| Version          |  1 byte
+------------------+
| Flags            |  1 byte
+------------------+
| Reserved         |  2 bytes (MUST be zero)
+------------------+
| String Table     |  variable, zero-padded to a multiple of 8 bytes
+------------------+
| Schema           |  variable (only when the schema flag is set)
+------------------+
| Body             |  variable, 8-byte aligned
+------------------+
Flags
bit0 (0x01) reserved
bit1 (0x02) schema included
bit2 (0x04) string table present
bit3 (0x08) session dictionary active
bit4 (0x10) no per-message string table
bit5 (0x20) schema ID is UInt16
bits6-7      reserved
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      type_tag(arg1)



        
          
        

    

  


  

      

          @spec type_tag(atom()) :: byte()


      


Returns the type tag for a BTOON primitive value tag.

  



  
    
      
    
    
      version()



        
          
        

    

  


  


  


        

      


  

    
ToonEx.Btoon.Decode 
    



      
BTOON decoder.
Parses the BTOON wire format back into the data model:
	Envelope: "BTON" magic, version, flags, optional per-message string
table and embedded schema, then an 8-byte-aligned body.
	Tagged values with inline SmallInt, fixed-width little-endian
integers/floats, zero-copy strings and binaries (BEAM sub-binaries).
	StringRef ids resolved against the session dictionary first, then the
per-message string table.
	TypedArray and ObjectTable payloads materialized as lists or
exposed as zero-copy views (typed_arrays: :views).
	Schema mode: SchemaID followed by ordered, tagless fixed-width fields
decoded strictly according to the (embedded or supplied) schema.

API
iex> {:ok, value} = Btoon.Decode.decode(<<66, 84, 79, 78, 1, 0, 0, 0, 106>>)
iex> value
42

      


      
        Summary


  
    Functions
  


    
      
        decode(binary, opts \\ [])

      


        Decodes a BTOON binary.



    


    
      
        decode!(binary, opts \\ [])

      


        Decodes a BTOON binary, raising Btoon.DecodeError on error.



    


    
      
        decode_validated(binary, validated_opts)

      


        Decodes a BTOON binary using pre-validated options.



    


    
      
        decode_validated!(binary, validated_opts)

      


        Decodes a BTOON binary using pre-validated options, raising Btoon.DecodeError on error.



    





      


      
        Functions


        


    

  
    
      
    
    
      decode(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  binary(),
  keyword()
) :: {:ok, term()} | {:error, ToonEx.Btoon.DecodeError.t()}


      


Decodes a BTOON binary.
Returns {:ok, value} or {:error, ToonEx.Btoon.DecodeError.t()}.

  



    

  
    
      
    
    
      decode!(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec decode!(
  binary(),
  keyword()
) :: term()


      


Decodes a BTOON binary, raising Btoon.DecodeError on error.

  



  
    
      
    
    
      decode_validated(binary, validated_opts)



        
          
        

    

  


  

      

          @spec decode_validated(binary(), ToonEx.Btoon.Decode.Options.validated()) ::
  {:ok, term()} | {:error, ToonEx.Btoon.DecodeError.t()}


      


Decodes a BTOON binary using pre-validated options.
This skips option re-validation, improving throughput for repeated decoding
with the same options. Returns {:ok, value} or {:error, Btoon.DecodeError.t()}.

  



  
    
      
    
    
      decode_validated!(binary, validated_opts)



        
          
        

    

  


  

      

          @spec decode_validated!(binary(), ToonEx.Btoon.Decode.Options.validated()) :: term()


      


Decodes a BTOON binary using pre-validated options, raising Btoon.DecodeError on error.

  


        

      


  

    
ToonEx.Btoon.Decode.Options 
    



      
Validation and normalization of BTOON decoding options.
Options
	:dictionary - a Btoon.Dictionary session dictionary shared with the
encoder. StringRef ids are resolved against the session entries first,
then the per-message string table carried in the envelope.
	:schema - a Btoon.Schema used to decode a tagless schema body when
the envelope does not carry the schema flag (schema negotiated out of
band). When the schema flag is set, the embedded schema always wins.
	:keys - how object keys are returned: :strings (default),
:atoms (uses String.to_atom/1) or :atoms! (uses
String.to_existing_atom/1).
	:typed_arrays - :lists (default) materializes TypedArray and
ObjectTable payloads as lists; :views returns the wrapper structs
holding zero-copy sub-binary slices.
	:max_depth - maximum nesting depth for tagged values (default 100).
	:max_string_size - maximum inline string size in bytes (default 1_048_576).
	:max_binary_size - maximum binary size in bytes (default 16_777_216).
	:max_container_count - maximum array/object/table count (default 1_000_000).


      


      
        Summary


  
    Types
  


    
      
        validated()

      


        Validated decoding options.



    





  
    Functions
  


    
      
        decode_validated(binary, validated_opts)

      


        Decodes a BTOON binary using pre-validated options.



    


    
      
        decode_validated!(binary, validated_opts)

      


        Decodes a BTOON binary using pre-validated options, raising on error.



    


    
      
        defaults()

      


        Returns the default validated options.



    


    
      
        validate(opts)

      


        Validates decoding options.



    


    
      
        validate!(opts)

      


        Validates decoding options, raising ArgumentError on error.



    





      


      
        Types


        


  
    
      
    
    
      validated()



        
          
        

    

  


  

      

          @type validated() :: %{
  dictionary: ToonEx.Btoon.Dictionary.t() | nil,
  schema: ToonEx.Btoon.Schema.t() | nil,
  keys: :strings | :atoms | :atoms!,
  typed_arrays: :lists | :views,
  max_depth: pos_integer(),
  max_string_size: pos_integer(),
  max_binary_size: pos_integer(),
  max_container_count: pos_integer()
}


      


Validated decoding options.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode_validated(binary, validated_opts)



        
          
        

    

  


  

      

          @spec decode_validated(binary(), validated()) ::
  {:ok, term()} | {:error, ToonEx.Btoon.DecodeError.t()}


      


Decodes a BTOON binary using pre-validated options.
This avoids re-validating options on each call, improving performance for
repeated decoding with the same options.

  



  
    
      
    
    
      decode_validated!(binary, validated_opts)



        
          
        

    

  


  

      

          @spec decode_validated!(binary(), validated()) :: term()


      


Decodes a BTOON binary using pre-validated options, raising on error.
This avoids re-validating options on each call, improving performance for
repeated decoding with the same options.

  



  
    
      
    
    
      defaults()



        
          
        

    

  


  

      

          @spec defaults() :: validated()


      


Returns the default validated options.

  



  
    
      
    
    
      validate(opts)



        
          
        

    

  


  

      

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


      


Validates decoding options.
Returns {:ok, validated} or {:error, message}.

  



  
    
      
    
    
      validate!(opts)



        
          
        

    

  


  

      

          @spec validate!(keyword()) :: validated()


      


Validates decoding options, raising ArgumentError on error.

  


        

      


  

    
ToonEx.Btoon.Dictionary 
    



      
A session string dictionary.
A session dictionary is negotiated once per connection (see the BTOON
handshake in the specification) and shared between encoder and decoder.
Strings present in the dictionary are encoded as StringRef (tag 0x0B)
referencing their zero-based index, avoiding repeated UTF-8 transmission.
The per-message string table carried in the envelope is layered on top of
the session dictionary: entry i of the table gets ref id
length(dictionary) + i.
Persistent Term Storage
For sharing a session dictionary across many processes without deep-copying
on each message send, use :persistent_term:
iex> dict = Btoon.Dictionary.new(["player", "position", "velocity"])
iex> Btoon.Dictionary.put_persistent(:session_dict, dict)
iex> dict = Btoon.Dictionary.get_persistent(:session_dict)
iex> Btoon.Dictionary.ref(dict, "velocity")
2
Examples
iex> dict = ToonEx.Btoon.Dictionary.new(["player", "position", "velocity"])
iex> ToonEx.Btoon.Dictionary.entries(dict)
["player", "position", "velocity"]
iex> ToonEx.Btoon.Dictionary.ref(dict, "velocity")
2

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        delete_persistent(key)

      


        Deletes a dictionary from :persistent_term.



    


    
      
        entries(dictionary)

      


        Returns the dictionary entries in ref-id order.



    


    
      
        entries_tuple(dictionary)

      


        Returns the dictionary entries as a tuple for fast indexed access.



    


    
      
        get_persistent(key)

      


        Retrieves a dictionary from :persistent_term.



    


    
      
        lookup(dictionary)

      


        Returns the precomputed string → ref-id lookup map for the encoder's hot path.



    


    
      
        member?(dictionary, string)

      


        Returns true when the dictionary contains the string.



    


    
      
        new(entries)

      


        Builds a dictionary from a list of strings.



    


    
      
        put_persistent(key, dict)

      


        Stores a dictionary in :persistent_term under the given key.



    


    
      
        ref(dictionary, string)

      


        Returns the ref id for a string, or nil when absent.



    


    
      
        size(dictionary)

      


        Number of entries in the dictionary.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.Btoon.Dictionary{
  entries: [String.t()],
  entries_tuple: tuple(),
  index: map(),
  size: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      delete_persistent(key)



        
          
        

    

  


  

      

          @spec delete_persistent(term()) :: :ok


      


Deletes a dictionary from :persistent_term.
Warning: this triggers a full garbage collection sweep across all
processes on the node. Use sparingly.

  



  
    
      
    
    
      entries(dictionary)



        
          
        

    

  


  

      

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


      


Returns the dictionary entries in ref-id order.

  



  
    
      
    
    
      entries_tuple(dictionary)



        
          
        

    

  


  

      

          @spec entries_tuple(t()) :: tuple()


      


Returns the dictionary entries as a tuple for fast indexed access.

  



  
    
      
    
    
      get_persistent(key)



        
          
        

    

  


  

      

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


      


Retrieves a dictionary from :persistent_term.
Returns {:ok, dict} or :error if the key doesn't exist.

  



  
    
      
    
    
      lookup(dictionary)



        
          
        

    

  


  

      

          @spec lookup(t()) :: %{optional(String.t()) => non_neg_integer()}


      


Returns the precomputed string → ref-id lookup map for the encoder's hot path.

  



  
    
      
    
    
      member?(dictionary, string)



        
          
        

    

  


  

      

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


      


Returns true when the dictionary contains the string.

  



  
    
      
    
    
      new(entries)



        
          
        

    

  


  

      

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


      


Builds a dictionary from a list of strings.

  



  
    
      
    
    
      put_persistent(key, dict)



        
          
        

    

  


  

      

          @spec put_persistent(term(), t()) :: :ok


      


Stores a dictionary in :persistent_term under the given key.
Data in :persistent_term lives outside process heaps and is shared
across all processes on the node without copying on read. Updates are
expensive (global GC), so use only for write-once data like session
dictionaries negotiated at connection time.
Example
iex> dict = Btoon.Dictionary.new(["player", "position"])
iex> Btoon.Dictionary.put_persistent(:my_session_dict, dict)
:ok

  



  
    
      
    
    
      ref(dictionary, string)



        
          
        

    

  


  

      

          @spec ref(t(), String.t()) :: non_neg_integer() | nil


      


Returns the ref id for a string, or nil when absent.

  



  
    
      
    
    
      size(dictionary)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Number of entries in the dictionary.

  


        

      


  

    
ToonEx.Btoon.ElementType 
    



      
Element type selectors and raw numeric encoding helpers.
Element types cover the fixed-width numeric types shared by TypedArray
payloads and Schema fields (:int8, :uint8, :int16, :uint16,
:int32, :uint32, :int64, :uint64, :float32, :float64) plus
the composite types used only by Schema fields (:null, :bool,
:string, :binary, :array, :object).
All multi-byte values are little-endian (see ToonEx.Btoon design notes).
Deterministic type selection
detect_type/1 maps a homogeneous numeric list to the narrowest signed
integer type that represents every value losslessly, or :float32 when
every float survives the float32 round-trip and :float64 otherwise.
Every list therefore has exactly one encoding.

      


      
        Summary


  
    Types
  


    
      
        numeric()

      


        Numeric element types (typed arrays and raw buffers).



    





  
    Functions
  


    
      
        buffer_to_list(type, data)

      


        Decodes a raw buffer into a list of numbers.



    


    
      
        decode_raw(type, arg2)

      


        Decodes the first element of a buffer, returning {value, rest}.



    


    
      
        detect_object_table(rows)

      


        Detects whether a list of maps is a valid columnar object table.



    


    
      
        detect_type(values)

      


        Detects the narrowest element type for a homogeneous numeric list.



    


    
      
        element_size(type)

      


        Alias of size/1 for numeric types (raises for composite types).



    


    
      
        encode_raw(type, value)

      


        Encodes a single number to its raw little-endian representation.



    


    
      
        f32_exact?(value)

      


        Whether a double survives the IEEE-754 float32 round-trip exactly.



    


    
      
        int_range(arg1)

      


        Integer range for a numeric type: {min, max} for integer types,
nil for float types.



    


    
      
        list_to_buffer(type, values)

      


        Encodes a list of numbers into a contiguous raw buffer.



    


    
      
        numeric?(type)

      


        Whether the type is a fixed-width numeric type.



    


    
      
        size(type)

      


        Element size in bytes (0 for variable-length composite types).



    


    
      
        type_atom(byte)

      


        Maps a wire selector byte to a type atom. Raises ArgumentError for
unknown selectors.



    


    
      
        type_atom_or_nil(byte)

      


        Maps a wire selector byte to a type atom or nil.



    


    
      
        type_byte(arg1)

      


        Maps a numeric type atom to its wire selector byte.



    


    
      
        typed_array_type?(type)

      


        Whether the type may appear as a TypedArray element type.



    





      


      
        Types


        


  
    
      
    
    
      numeric()



        
          
        

    

  


  

      

          @type numeric() ::
  :int8
  | :uint8
  | :int16
  | :uint16
  | :int32
  | :uint32
  | :int64
  | :uint64
  | :float32
  | :float64


      


Numeric element types (typed arrays and raw buffers).

  


        

      

      
        Functions


        


  
    
      
    
    
      buffer_to_list(type, data)



        
          
        

    

  


  

      

          @spec buffer_to_list(ToonEx.Btoon.Types.element_type(), binary()) :: [number()]


      


Decodes a raw buffer into a list of numbers.

  



  
    
      
    
    
      decode_raw(type, arg2)



        
          
        

    

  


  

      

          @spec decode_raw(ToonEx.Btoon.Types.element_type(), binary()) :: {number(), binary()}


      


Decodes the first element of a buffer, returning {value, rest}.

  



  
    
      
    
    
      detect_object_table(rows)



        
          
        

    

  


  

      

          @spec detect_object_table([%{optional(String.t()) => term()}]) ::
  {:ok, [String.t()], [ToonEx.Btoon.Types.element_type()], [[number()]]}
  | :error


      


Detects whether a list of maps is a valid columnar object table.
All maps must share the same (sorted) key set and each column must be a
homogeneous numeric column. Returns {:ok, names, types, columns} or :error.

  



  
    
      
    
    
      detect_type(values)



        
          
        

    

  


  

      

          @spec detect_type([number()]) :: {:ok, ToonEx.Btoon.Types.element_type()} | :error


      


Detects the narrowest element type for a homogeneous numeric list.
Returns {:ok, type} or :error when the list is empty, mixed, or
contains integers outside the int64 range.

  



  
    
      
    
    
      element_size(type)



        
          
        

    

  


  

      

          @spec element_size(ToonEx.Btoon.Types.element_type()) :: pos_integer()


      


Alias of size/1 for numeric types (raises for composite types).

  



  
    
      
    
    
      encode_raw(type, value)



        
          
        

    

  


  

      

          @spec encode_raw(ToonEx.Btoon.Types.element_type(), number()) :: binary()


      


Encodes a single number to its raw little-endian representation.

  



  
    
      
    
    
      f32_exact?(value)



        
          
        

    

  


  

      

          @spec f32_exact?(float()) :: boolean()


      


Whether a double survives the IEEE-754 float32 round-trip exactly.

  



  
    
      
    
    
      int_range(arg1)



        
          
        

    

  


  

      

          @spec int_range(ToonEx.Btoon.Types.element_type()) :: {integer(), integer()} | nil


      


Integer range for a numeric type: {min, max} for integer types,
nil for float types.

  



  
    
      
    
    
      list_to_buffer(type, values)



        
          
        

    

  


  

      

          @spec list_to_buffer(ToonEx.Btoon.Types.element_type(), [number()]) :: binary()


      


Encodes a list of numbers into a contiguous raw buffer.

  



  
    
      
    
    
      numeric?(type)



        
          
        

    

  


  

      

          @spec numeric?(ToonEx.Btoon.Types.element_type()) :: boolean()


      


Whether the type is a fixed-width numeric type.

  



  
    
      
    
    
      size(type)



        
          
        

    

  


  

      

          @spec size(ToonEx.Btoon.Types.element_type()) :: non_neg_integer()


      


Element size in bytes (0 for variable-length composite types).

  



  
    
      
    
    
      type_atom(byte)



        
          
        

    

  


  

      

          @spec type_atom(byte()) :: ToonEx.Btoon.Types.element_type()


      


Maps a wire selector byte to a type atom. Raises ArgumentError for
unknown selectors.

  



  
    
      
    
    
      type_atom_or_nil(byte)



        
          
        

    

  


  

      

          @spec type_atom_or_nil(byte()) :: ToonEx.Btoon.Types.element_type() | nil


      


Maps a wire selector byte to a type atom or nil.

  



  
    
      
    
    
      type_byte(arg1)



        
          
        

    

  


  

      

          @spec type_byte(ToonEx.Btoon.Types.element_type()) :: byte() | nil


      


Maps a numeric type atom to its wire selector byte.
Returns nil for unknown or composite types.

  



  
    
      
    
    
      typed_array_type?(type)



        
          
        

    

  


  

      

          @spec typed_array_type?(ToonEx.Btoon.Types.element_type()) :: boolean()


      


Whether the type may appear as a TypedArray element type.

  


        

      


  

    
ToonEx.Btoon.Encode 
    



      
BTOON encoder.
Encodes the BTOON data model (ToonEx.Btoon.Types.encodable/0) into the binary
wire format defined by the BTOON specification:
	Envelope: "BTON" magic, version, flags, reserved, optional string
table, optional embedded schema, then an 8-byte-aligned body.
	Value tags (Btoon.Constants) with inline SmallInt for integers in
-32..95 and fixed-width little-endian integers/floats otherwise.
	Strings deduplicated against a session dictionary and a per-message
string table via StringRef.
	Homogeneous numeric lists encoded as TypedArray and homogeneous
object lists as columnar ObjectTable, both with alignment padding
for zero-copy decoders.
	Optional schema mode emitting SchemaID + tagless fixed-width values.

Determinism
Every input maps to exactly one byte sequence: map keys are sorted, strings
are added to the per-message table in first-encounter order, and numeric
lists use Btoon.ElementType.detect_type/1 to pick a single legal type.
API
iex> Btoon.Encode.encode!(%{"name" => "Alice", "age" => 30})
<<66, 84, 79, 78, 1, 4, 0, 0, 3, 0, 0, 0, 3, 0, 0, 0, 97, 103, 101, 4, 0,
  0, 0, 110, 97, 109, 101, 5, 0, 0, 0, 65, 108, 105, 99, 101, 0, 0, 0, 0, 10,
  2, 0, 0, 0, 11, 64, 94, 11, 65, 11, 66>>

      


      
        Summary


  
    Functions
  


    
      
        encode(data, opts \\ [])

      


        Encodes data to the BTOON binary format.



    


    
      
        encode!(data, opts \\ [])

      


        Encodes data to the BTOON binary format, raising on error.



    


    
      
        encode_to_iodata!(data, opts \\ [])

      


        Encodes data to BTOON iodata without flattening to a single binary.



    


    
      
        encode_validated(data, validated_opts)

      


        Encodes data to the BTOON binary format using pre-validated options.



    


    
      
        encode_validated!(data, validated_opts)

      


        Encodes data to the BTOON binary format using pre-validated options, raising on error.



    





      


      
        Functions


        


    

  
    
      
    
    
      encode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(
  ToonEx.Btoon.Types.encodable(),
  keyword()
) :: {:ok, binary()} | {:error, ToonEx.Btoon.EncodeError.t()}


      


Encodes data to the BTOON binary format.
Returns {:ok, binary} or {:error, Btoon.EncodeError.t()}.

  



    

  
    
      
    
    
      encode!(data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode!(
  ToonEx.Btoon.Types.encodable(),
  keyword()
) :: binary()


      


Encodes data to the BTOON binary format, raising on error.

  



    

  
    
      
    
    
      encode_to_iodata!(data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode_to_iodata!(
  ToonEx.Btoon.Types.encodable(),
  keyword()
) :: iodata()


      


Encodes data to BTOON iodata without flattening to a single binary.

  



  
    
      
    
    
      encode_validated(data, validated_opts)



        
          
        

    

  


  

      

          @spec encode_validated(
  ToonEx.Btoon.Types.encodable(),
  ToonEx.Btoon.Encode.Options.validated()
) :: {:ok, binary()} | {:error, ToonEx.Btoon.EncodeError.t()}


      


Encodes data to the BTOON binary format using pre-validated options.
Returns {:ok, binary} or {:error, Btoon.EncodeError.t()}.
This avoids re-validating options on each call, improving performance for
repeated encoding with the same options.

  



  
    
      
    
    
      encode_validated!(data, validated_opts)



        
          
        

    

  


  

      

          @spec encode_validated!(
  ToonEx.Btoon.Types.encodable(),
  ToonEx.Btoon.Encode.Options.validated()
) :: binary()


      


Encodes data to the BTOON binary format using pre-validated options, raising on error.
This avoids re-validating options on each call, improving performance for
repeated encoding with the same options.

  


        

      


  

    
ToonEx.Btoon.Encode.Options 
    



      
Validation and normalization of BTOON encoding options.
Options
	:dictionary - a Btoon.Dictionary session dictionary, or nil.
Strings present in the dictionary are encoded as StringRef.
	:string_table - :auto (default) builds a per-message string table
for strings absent from the session dictionary; :off writes full
strings instead.
	:no_string_table - true omits the per-message string table entirely.
Requires :dictionary to be set. When enabled, all strings MUST be in
the session dictionary or written inline. Overrides :string_table.
	:schema - a Btoon.Schema to encode in schema mode, or nil.
	:schema_id_uint16 - true encodes the schema ID as UInt16 (2 bytes)
instead of UInt32 (4 bytes). Requires :schema to be set.
	:typed_arrays - true (default) encodes homogeneous numeric lists
as TypedArray (tag 0x0C).
	:object_tables - true (default) encodes homogeneous object lists as
columnar ObjectTable (tag 0x0D).


      


      
        Summary


  
    Types
  


    
      
        validated()

      


        Validated encoding options.



    





  
    Functions
  


    
      
        defaults()

      


        Returns the default validated options.



    


    
      
        validate(opts)

      


        Validates encoding options.



    


    
      
        validate!(opts)

      


        Validates encoding options, raising ArgumentError on error.



    





      


      
        Types


        


  
    
      
    
    
      validated()



        
          
        

    

  


  

      

          @type validated() :: %{
  dictionary: ToonEx.Btoon.Dictionary.t() | nil,
  string_table: :auto | :off,
  no_string_table: boolean(),
  schema: ToonEx.Btoon.Schema.t() | nil,
  schema_id_uint16: boolean(),
  typed_arrays: boolean(),
  object_tables: boolean()
}


      


Validated encoding options.

  


        

      

      
        Functions


        


  
    
      
    
    
      defaults()



        
          
        

    

  


  

      

          @spec defaults() :: validated()


      


Returns the default validated options.

  



  
    
      
    
    
      validate(opts)



        
          
        

    

  


  

      

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


      


Validates encoding options.
Returns {:ok, validated} or {:error, message}.

  



  
    
      
    
    
      validate!(opts)



        
          
        

    

  


  

      

          @spec validate!(keyword()) :: validated()


      


Validates encoding options, raising ArgumentError on error.

  


        

      


  

    
ToonEx.Btoon.Encoder protocol
    



      
Protocol for encoding custom data structures to BTOON format.
This protocol allows you to define how your custom structs should be
encoded to BTOON binary format, similar to ToonEx.Encoder for TOON text
and Jason.Encoder for JSON.
Deriving
The protocol leverages Elixir's @derive feature. Accepted options are:
	:only - encodes only values of specified keys.
	:except - encodes all struct fields except specified keys.

By default all keys except the :__struct__ key are encoded.
The generated implementation pre-computes key encoding at compile time
for maximum runtime efficiency (inspired by Jason.Encoder). The encoded
struct becomes a BTOON object with the resulting fields, which the encoder
recursively encodes using the normal BTOON dispatch (keys are sorted, etc.).
Example
defmodule User do
  @derive {ToonEx.Btoon.Encoder, only: [:name, :email]}
  defstruct [:id, :name, :email, :password_hash]
end

iex> bin = Btoon.encode!(%User{id: 1, name: "Alice", email: "a@example.com"})
iex> Btoon.decode!(bin)
%{"name" => "Alice", "email" => "a@example.com"}
Or implement the protocol manually:
defimpl ToonEx.Btoon.Encoder, for: User do
  def encode(user, _opts) do
    %{
      "name" => user.name,
      "email" => user.email
    }
  end
end
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        t()

      


        All the types that implement this protocol.
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        encode(value, opts)

      


        Encodes the given value to a BTOON-encodable form.
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          @type t() :: term()


      


All the types that implement this protocol.
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      encode(value, opts)



        
          
        

    

  


  

      

          @spec encode(
  t(),
  keyword()
) :: term()


      


Encodes the given value to a BTOON-encodable form.
Returns a map (or otherwise encodable term) that is then encoded to the
BTOON binary format by the encoder.

  


        

      


  

    
ToonEx.Btoon.ImplHelper 
    



      
Helper macro for generating ToonEx.Btoon.Encoder protocol implementations.
Allows modules to easily implement the ToonEx.Btoon.Encoder protocol by
providing a list of modules that have an encode! function. Mirrors
ToonEx.Btoon.ImplHelper for the TOON text encoder, but targets the BTOON
binary ToonEx.Btoon.Encoder protocol instead.
Usage
The target struct must have an encode! function for real encoding of the
struct data to BTOON in the module, returning a BTOON-encodable term (such
as a map with string keys):
use ToonEx.Btoon.ImplHelper, impl: [AModule1, AModule2, ...]
or directly:
ToonEx.Btoon.ImplHelper.gen_impl AModule
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ToonEx.Btoon.ObjectTable 
    



      
A columnar table of homogeneous numeric columns (tag 0x0D).
An object table is the binary equivalent of the TOON tabular array form:
each column holds the raw buffer for one field, decoded in bulk. Decoding
with typed_arrays: :views returns this struct; otherwise rows are
materialised as a list of maps.
Examples
iex> table = Btoon.ObjectTable.from_rows([%{"x" => 1, "y" => 2.5}, %{"x" => 3, "y" => 4.5}])
iex> Btoon.ObjectTable.rows(table)
[%{"x" => 1, "y" => 2.5}, %{"x" => 3, "y" => 4.5}]
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        t()
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        columns(object_table)

      


        Returns the column definitions.



    


    
      
        from_rows(rows)

      


        Builds an object table from a list of maps. All maps must share the same
keys and every column must be homogeneous numeric (Btoon.Types.encodable).



    


    
      
        row_count(object_table)

      


        Row count of the table.



    


    
      
        rows(object_table)

      


        Materialises the table as a list of maps.
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          @type t() :: %ToonEx.Btoon.ObjectTable{
  columns: [ToonEx.Btoon.ObjectTable.Column.t()],
  row_count: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      columns(object_table)



        
          
        

    

  


  

      

          @spec columns(t()) :: [ToonEx.Btoon.ObjectTable.Column.t()]


      


Returns the column definitions.

  



  
    
      
    
    
      from_rows(rows)



        
          
        

    

  


  

      

          @spec from_rows([%{optional(String.t()) => term()}]) :: t()


      


Builds an object table from a list of maps. All maps must share the same
keys and every column must be homogeneous numeric (Btoon.Types.encodable).
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          @spec row_count(t()) :: non_neg_integer()


      


Row count of the table.

  



  
    
      
    
    
      rows(object_table)



        
          
        

    

  


  

      

          @spec rows(t()) :: [%{optional(String.t()) => term()}]


      


Materialises the table as a list of maps.

  


        

      


  

    
ToonEx.Btoon.ObjectTable.Column 
    



      
A single column definition of an Btoon.ObjectTable.
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          @type t() :: %ToonEx.Btoon.ObjectTable.Column{
  data: binary(),
  name: String.t(),
  type: ToonEx.Btoon.Types.element_type()
}


      



  


        

      


  

    
ToonEx.Btoon.Phoenix.Serializer 
    



      
Satisfies the PhoenixClient JSON-parser contract, which requires
encode/2, encode!/2, decode/2, decode!/2 and encode_to_iodata!.  The
optional opts argument is accepted but intentionally ignored so that this
module can be dropped in wherever a standard JSON library is expected.
This is the BTOON binary variant of ToonEx.Phoenix.Serializer. Instead of
emitting TOON text frames, messages/replies/broadcasts with map payloads are
encoded with the compact BTOON binary format, while {:binary, data} payloads
use the same dedicated length-prefixed binary frame protocol.
Binary Frame Support
Binary frames use a length-prefixed binary protocol inherited from the TOON
serializer, so the same binary fast-path framing is supported. Map payloads
are BTOON-encoded rather than TOON-text-encoded.
Text (BTOON) Frames
Map payloads are serialized with Btoon.encode_to_iodata!/1 (BTOON binary),
and decode!/2 with opcode: :binary decodes them back as required by
Phoenix WebSockets. The :btoon opcode is also accepted for direct use in
applications and tests.
This serializer is BTOON-only: incoming :text frames must carry a BTOON
payload starting with the "BTON" magic. Anything else raises ArgumentError.
Use ToonEx.Phoenix.Serializer for TOON text frames.
Note: This is a workaround to avoid adding a Phoenix library dependency.
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ToonEx.Btoon.Schema 
    



      
A named, typed record schema for schema-mode encoding.
In schema mode the encoder omits keys and type tags entirely, emitting
SchemaID followed by ordered, fixed-width values. The decoder reads the
values strictly according to the schema, which is either embedded in the
envelope (schema flag) or supplied through Btoon.decode/2 options.
Field types are Btoon.ElementType atoms: fixed-width numeric types
(:int8..:float64), plus :null, :bool, :string, :binary, :array
and :object.
Persistent Term Storage
For sharing a schema across many processes without deep-copying
on each message send, use :persistent_term:
iex> schema = Btoon.Schema.new(100, "Player", [%{name: "id", type: :int32}])
iex> Btoon.Schema.put_persistent(:player_schema, schema)
iex> schema = Btoon.Schema.get_persistent(:player_schema)
iex> Btoon.Schema.fields(schema)
[%{name: "id", type: :int32}]
Examples
iex> schema = Btoon.Schema.new(100, "Player", [
...>   %{name: "id", type: :int32},
...>   %{name: "x", type: :float32},
...>   %{name: "y", type: :float32},
...>   %{name: "hp", type: :uint16}
...> ])
iex> Btoon.Schema.fields(schema)
[%{name: "id", type: :int32}, %{name: "x", type: :float32}, %{name: "y", type: :float32}, %{name: "hp", type: :uint16}]
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        delete_persistent(key)

      


        Deletes a schema from :persistent_term.



    


    
      
        field_count(schema)

      


        Number of fields.



    


    
      
        fields(schema)

      


        Returns the field definitions.



    


    
      
        get_persistent(key)

      


        Retrieves a schema from :persistent_term.



    


    
      
        id(schema)

      


        Returns the schema id.



    


    
      
        name(schema)

      


        Returns the schema name.



    


    
      
        new(id, name, fields)

      


        Builds a schema from an id, name and field list.



    


    
      
        put_persistent(key, schema)

      


        Stores a schema in :persistent_term under the given key.
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          @type field() :: %{name: String.t(), type: ToonEx.Btoon.Types.element_type()}
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          @type t() :: %ToonEx.Btoon.Schema{
  envelope: iodata(),
  envelope_size: non_neg_integer(),
  fields: [field()],
  id: integer(),
  name: String.t()
}
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          @spec delete_persistent(term()) :: :ok


      


Deletes a schema from :persistent_term.
Warning: this triggers a full garbage collection sweep across all
processes on the node. Use sparingly.
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          @spec field_count(t()) :: non_neg_integer()


      


Number of fields.

  



  
    
      
    
    
      fields(schema)



        
          
        

    

  


  

      

          @spec fields(t()) :: [field()]


      


Returns the field definitions.
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          @spec get_persistent(term()) :: {:ok, t()} | :error


      


Retrieves a schema from :persistent_term.
Returns {:ok, schema} or :error if the key doesn't exist.
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          @spec id(t()) :: integer()


      


Returns the schema id.
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          @spec name(t()) :: String.t()


      


Returns the schema name.

  



  
    
      
    
    
      new(id, name, fields)



        
          
        

    

  


  

      

          @spec new(integer(), String.t(), [field()]) :: t()


      


Builds a schema from an id, name and field list.
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          @spec put_persistent(term(), t()) :: :ok


      


Stores a schema in :persistent_term under the given key.
Data in :persistent_term lives outside process heaps and is shared
across all processes on the node without copying on read. Updates are
expensive (global GC), so use only for write-once data like schemas
defined at application startup.
Example
iex> schema = Btoon.Schema.new(100, "Player", [%{name: "id", type: :int32}])
iex> Btoon.Schema.put_persistent(:player_schema, schema)
:ok

  


        

      


  

    
ToonEx.Btoon.SchemaCompiler 
    



      
Compiles a BTOON schema into a specialized encoder function.
This eliminates runtime type dispatch and field name lookups during encoding.
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        Compiled schema with precomputed encoder functions.
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        compile(schema)

      


        Compiles a schema into a specialized encoder.



    


    
      
        encode_schema_body(compiled, map, ctx)

      


        Encodes a schema body using a compiled schema.
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          @type compiled_schema() :: %{
  id: integer(),
  name: String.t(),
  fields: [
    %{
      name: String.t(),
      type: Btoon.Types.element_type(),
      encoder: (term(), Btoon.Encode.Ctx ->
                  {iodata(), non_neg_integer(), Btoon.Encode.Ctx}),
      size: non_neg_integer()
    }
  ]
}


      


Compiled schema with precomputed encoder functions.
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          @spec compile(ToonEx.Btoon.Schema.t()) :: compiled_schema()


      


Compiles a schema into a specialized encoder.
Returns a map with the schema ID, name, and a list of fields with their
precomputed encoder functions.

  



  
    
      
    
    
      encode_schema_body(compiled, map, ctx)



        
          
        

    

  


  

      

          @spec encode_schema_body(compiled_schema(), map(), Btoon.Encode.Ctx) ::
  {iodata(), non_neg_integer(), Btoon.Encode.Ctx}


      


Encodes a schema body using a compiled schema.
This is significantly faster than the generic schema encoder because it:
	Precomputes encoder functions for each field type
	Eliminates Map.fetch for field names (uses ordered list)
	Avoids runtime type dispatch


  


        

      


  

    
ToonEx.Btoon.TypedArray 
    



      
A homogeneous numeric array stored as a contiguous binary buffer.
Encoding emits tag 0x0C (TypedArray): element type, element count,
alignment padding and the raw little-endian buffer. Decoding with
typed_arrays: :views returns this struct so callers can read the raw
bytes without per-element copies.
Examples
iex> ta = Btoon.TypedArray.new(:float64, <<1.5::64-little-float, 2.5::64-little-float>>)
iex> Btoon.TypedArray.type(ta)
:float64
iex> Btoon.TypedArray.to_list(ta)
[1.5, 2.5]
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        data(typed_array)

      


        Returns the raw buffer.



    


    
      
        from_list(values)

      


        Builds a typed array from a list of numbers, picking the narrowest type
that represents every value losslessly (:int8..:int64 for integers,
:float32/:float64 for floats).



    


    
      
        length(typed_array)

      


        Number of elements in the typed array.



    


    
      
        new(type, data)

      


        Builds a typed array from a raw buffer.



    


    
      
        to_list(typed_array)

      


        Converts the raw buffer into a list of numbers.



    


    
      
        type(typed_array)

      


        Returns the element type atom.
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          @type t() :: %ToonEx.Btoon.TypedArray{
  data: binary(),
  type: ToonEx.Btoon.Types.element_type()
}
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          @spec data(t()) :: binary()


      


Returns the raw buffer.
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          @spec from_list([number()]) :: t()


      


Builds a typed array from a list of numbers, picking the narrowest type
that represents every value losslessly (:int8..:int64 for integers,
:float32/:float64 for floats).
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          @spec length(t()) :: non_neg_integer()


      


Number of elements in the typed array.
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          @spec new(ToonEx.Btoon.Types.element_type(), binary()) :: t()


      


Builds a typed array from a raw buffer.
The buffer length must be a multiple of the element size of type.
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          @spec to_list(t()) :: [number()]


      


Converts the raw buffer into a list of numbers.
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          @spec type(t()) :: ToonEx.Btoon.Types.element_type()


      


Returns the element type atom.

  


        

      


  

    
ToonEx.Btoon.Types 
    



      
Type definitions and wrapper types for the BTOON codec.
The BTOON data model mirrors TOON: nil, booleans, integers, floats,
UTF-8 strings, binary blobs, arrays and objects. Elixir strings are
binaries, so two wrapper structs exist to disambiguate values that are
otherwise indistinguishable:
	Btoon.Binary – a binary value (tag 0x08) as opposed to a string
(tag 0x07).
	Btoon.TypedArray – a contiguous, homogeneous numeric buffer (tag
0x0C).
	Btoon.ObjectTable – a columnar table of homogeneous numeric columns
(tag 0x0D).

Element types
Element types are named atoms (:int8, :uint8, :int16, :uint16,
:int32, :uint32, :int64, :uint64, :float32, :float64) and,
for schema fields only, :null, :bool, :string, :binary, :array
and :object. See Btoon.ElementType.
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        A single decoding option.
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        Options accepted by Btoon.decode/2 and Btoon.decode!/2.



    


    
      
        element_type()

      


        An element type selector atom.
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        Any value that can be encoded by Btoon.



    


    
      
        encode_opt()

      


        A single encoding option.



    


    
      
        encode_opts()

      


        Options accepted by Btoon.encode/2 and Btoon.encode!/2.
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        A BTOON primitive value.
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          @type decode_opt() ::
  {:dictionary, ToonEx.Btoon.Dictionary.t() | nil}
  | {:schema, ToonEx.Btoon.Schema.t() | nil}
  | {:keys, :strings | :atoms | :atoms!}
  | {:typed_arrays, :lists | :views}
  | {:max_depth, pos_integer()}


      


A single decoding option.
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          @type decode_opts() :: [decode_opt()]


      


Options accepted by Btoon.decode/2 and Btoon.decode!/2.
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          @type element_type() ::
  :int8
  | :uint8
  | :int16
  | :uint16
  | :int32
  | :uint32
  | :int64
  | :uint64
  | :float32
  | :float64
  | :null
  | :bool
  | :string
  | :binary
  | :array
  | :object


      


An element type selector atom.
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          @type encodable() ::
  nil
  | boolean()
  | integer()
  | float()
  | String.t()
  | ToonEx.Btoon.Binary.t()
  | ToonEx.Btoon.TypedArray.t()
  | ToonEx.Btoon.ObjectTable.t()
  | [encodable()]
  | %{optional(String.t()) => encodable()}


      


Any value that can be encoded by Btoon.
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          @type encode_opt() ::
  {:dictionary, ToonEx.Btoon.Dictionary.t() | nil}
  | {:string_table, :auto | :off}
  | {:schema, ToonEx.Btoon.Schema.t() | nil}
  | {:typed_arrays, boolean()}
  | {:object_tables, boolean()}


      


A single encoding option.
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          @type encode_opts() :: [encode_opt()]


      


Options accepted by Btoon.encode/2 and Btoon.encode!/2.
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          @type primitive() ::
  nil | boolean() | integer() | float() | String.t() | ToonEx.Btoon.Binary.t()


      


A BTOON primitive value.

  


        

      


  

    
ToonEx.Encode.Stream 
    



      
Streaming encoder for TOON format.
This module provides a way to encode large data structures incrementally,
yielding iodata chunks that can be sent over the network without materializing
the entire output in memory.
Usage
# For Plug/Phoenix chunked responses:
conn
|> put_resp_content_type("application/toon")
|> send_chunked(200, fn chunk ->
  ToonEx.Encode.Stream.encode_stream(large_dataset, opts)
  |> Enum.each(&chunk.(&1))
end)

# Or as a simple stream:
stream = ToonEx.Encode.Stream.encode_stream(data, opts)
|> Stream.map(&IO.iodata_to_binary/1)
|> Stream.each(&IO.write/1)
|> Stream.run()
Performance
The streaming encoder avoids allocating the full output binary upfront.
It yields iodata chunks that are converted to binaries only when consumed.
Memory usage stays constant regardless of output size.
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        Encodes an Elixir term to a stream of TOON iodata chunks.
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          @type iodata_chunk() :: iodata()
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          @type opts() :: keyword()
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          @spec encode_stream(ToonEx.Types.input(), opts()) :: Enumerable.t()


      


Encodes an Elixir term to a stream of TOON iodata chunks.
Returns an Enumerable.t() that yields iodata chunks. Each chunk is a valid
TOON fragment that can be concatenated to form the complete output.
Options
Same as ToonEx.encode/2:
	:indent - Number of spaces for indentation (default: 2)
	:delimiter - Delimiter for array values: "," | "    " | "|" (default: ",")

	:length_marker - Prefix for array length marker (default: nil)
	:key_folding - Key folding mode: :off | :safe (default: :off)

	:flatten_depth - Max depth for key folding (default: :infinity)

Example
stream = ToonEx.Encode.Stream.encode_stream(%{"users" => large_list}, indent: 4)
# Returns an Enumerable that yields iodata chunks

  


        

      


  

    
ToonEx.Fragment 
    



      
Provides a way to inject an already-encoded TOON structure into a
to-be-encoded structure in optimized fashion.
This avoids a decoding/encoding round-trip for the subpart.
This feature can be used for caching parts of the TOON output, or delegating
the generation of the TOON to a third-party system (e.g. Postgres).
Examples
# From pre-encoded iodata
fragment = ToonEx.Fragment.new("name: Alice")
ToonEx.encode!(%{"user" => fragment})
#=> "user:\n  name: Alice"

# From an encoding function (lazy evaluation)
fragment = ToonEx.Fragment.new(fn _opts -> "name: Alice" end)
ToonEx.encode!(%{"user" => fragment})
#=> "user:\n  name: Alice"
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        Creates a new fragment from pre-encoded iodata or an encoding function.
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          @type t() :: %ToonEx.Fragment{
  encode: (keyword() -> iodata()),
  encode_key: (keyword() -> iodata()) | nil
}
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      new(iodata)



        
          
        

    

  


  

      

          @spec new(iodata() | (keyword() -> iodata())) :: t()


      


Creates a new fragment from pre-encoded iodata or an encoding function.
When given iodata (a binary or list), it will be returned as-is when the
fragment is encoded. When given a function, it receives the encoding options
and must return iodata — this allows lazy evaluation of the fragment content.
Examples
# From pre-encoded iodata
fragment = ToonEx.Fragment.new("name: Alice")
ToonEx.encode!(%{"user" => fragment})
#=> "user:\n  name: Alice"

# From an encoding function (lazy evaluation)
fragment = ToonEx.Fragment.new(fn _opts -> "name: Alice" end)
ToonEx.encode!(%{"user" => fragment})
#=> "user:\n  name: Alice"

  


        

      


  

    
ToonEx.Helpers 
    



      
Provides macro facilities for partial compile-time encoding of TOON.
These macros encode keys at compile time and strive to create as flat an
iodata structure as possible to achieve maximum efficiency. The encoding
happens right at the call site, but returns a %ToonEx.Fragment{} struct
that needs to be passed to one of the "main" encoding functions — for example
ToonEx.encode!/2 for final encoding into TOON — this makes it completely
transparent for most uses.
Only allows keys that are safe unquoted TOON keys (matching ^[A-Za-z_][A-Za-z0-9_.]*$).
Example
# Compile-time encoded map fragment
fragment = ToonEx.Helpers.toon_map(foo: 1, bar: "hello")
ToonEx.encode!(%{"data" => fragment})
#=> "data:\n  bar: hello\n  foo: 1"

# Compile-time encoded map with variable values
x = 42
fragment = ToonEx.Helpers.toon_map(count: x, name: "test")
ToonEx.encode!(fragment)
#=> "count: 42\nname: test"

      


      
        Summary


  
    Functions
  


    
      
        toon_map(kv)

      


        Encodes a TOON map from a compile-time keyword list.



    


    
      
        toon_map_take(map, take)

      


        Encodes a TOON map from a variable containing a map and a compile-time
list of keys.



    





      


      
        Functions


        


  
    
      
    
    
      toon_map(kv)


        (macro)


        
          
        

    

  


  

Encodes a TOON map from a compile-time keyword list.
Keys are validated and encoded at compile time. Values are encoded at runtime.
The result is a %ToonEx.Fragment{} that can be embedded in any TOON encoding.
Only allows keys that are safe unquoted TOON keys (matching ^[A-Za-z_][A-Za-z0-9_.]*$).
Examples
fragment = toon_map(name: "Alice", age: 30)
ToonEx.encode!(fragment)
"age: 30\nname: Alice"

  



  
    
      
    
    
      toon_map_take(map, take)


        (macro)


        
          
        

    

  


  

Encodes a TOON map from a variable containing a map and a compile-time
list of keys.
It is equivalent to calling Map.take/2 before encoding. Keys are
encoded at compile time.
Examples
map = %{a: 1, b: 2, c: 3}
fragment = toon_map_take(map, [:c, :b])
ToonEx.encode!(fragment)
"b: 2\nc: 3"

  


        

      


  

    
ToonEx.OrderedObject 
    



      
A TOON object that preserves the order of its keys.
Elixir maps with 32 or fewer keys are stored in sorted order, so the
encoder cannot recover the original insertion order from a plain map.
Wrap your key-value pairs in a %ToonEx.OrderedObject{} (or use
ToonEx.OrderedObject.new/1) to control the order in which fields are
emitted.
Example
iex> obj = ToonEx.OrderedObject.new([{"id", 123}, {"name", "Ada"}, {"active", true}])
iex> ToonEx.encode!(obj)
"id: 123\nname: Ada\nactive: true"
Nested objects, tabular arrays, and keyed tabular objects all preserve
the order declared by the wrapping OrderedObject.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(values)

      


        Creates an ordered object from a list of key-value pairs.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.OrderedObject{values: [{String.t(), term()}]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(values)



        
          
        

    

  


  

      

          @spec new([{String.t(), term()}]) :: t()


      


Creates an ordered object from a list of key-value pairs.

  


        

      


  

    
ToonEx.Encode 
    



      
Main encoder for TOON format.
This module coordinates the encoding process, dispatching to specialized
encoders based on the type of value being encoded.

      


      
        Summary


  
    Functions
  


    
      
        encode(fragment, opts)

      


        Encodes Elixir data to TOON format string.



    


    
      
        encode!(fragment, opts)

      


        Encodes Elixir data to TOON format string, raising on error.



    


    
      
        encode_to_iodata!(fragment, opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      encode(fragment, opts)



        
          
        

    

  


  

      

          @spec encode(
  ToonEx.Types.input(),
  keyword()
) :: {:ok, String.t()} | {:error, ToonEx.EncodeError.t()}


      


Encodes Elixir data to TOON format string.
Options
	:indent - Number of spaces for indentation (default: 2)
	:delimiter - Delimiter for array values: "," | "\t" | "|" (default: ",")

	:length_marker - Prefix for array length marker (default: nil)
	:key_folding - Key folding mode: :off | :safe (default: :off)

	:flatten_depth - Max depth for key folding: non-negative integer or :infinity (default: :infinity)

Examples
iex> ToonEx.Encode.encode(%{"name" => "Alice", "age" => 30})
{:ok, "age: 30\nname: Alice"}

iex> ToonEx.Encode.encode(%{"tags" => ["elixir", "toon"]})
{:ok, "tags[2]: elixir,toon"}

iex> ToonEx.Encode.encode(nil)
{:ok, "null"}

iex> ToonEx.Encode.encode(%{"name" => "Alice"}, indent: 4)
{:ok, "name: Alice"}

  



  
    
      
    
    
      encode!(fragment, opts)



        
          
        

    

  


  

      

          @spec encode!(
  ToonEx.Types.input(),
  keyword()
) :: String.t()


      


Encodes Elixir data to TOON format string, raising on error.
Examples
iex> ToonEx.Encode.encode!(%{"name" => "Alice"})
"name: Alice"

iex> ToonEx.Encode.encode!(%{"tags" => ["a", "b"]})
"tags[2]: a,b"

  



  
    
      
    
    
      encode_to_iodata!(fragment, opts)



        
          
        

    

  


  

      

          @spec encode_to_iodata!(
  ToonEx.Types.input(),
  keyword()
) :: iodata()


      



  


        

      


  

    
ToonEx.Encode.Arrays 
    



      
Encoding of TOON arrays in three formats:
	Inline: for primitive arrays (e.g., tags[2]: reading,gaming)
	Tabular: for uniform object arrays (e.g., users[2]{name,age}: Alice,30 / Bob,25)
	List: for mixed or non-uniform arrays


      


      
        Summary


  
    Functions
  


    
      
        encode(key, list, depth, opts)

      


        Encodes an array with the given key.



    


    
      
        encode_empty(key, length_marker \\ nil)

      


        Encodes an empty array in object-field position using the key: [] form (§9.1).



    


    
      
        encode_inline(key, list, opts)

      


        Encodes a primitive array in inline format.



    


    
      
        encode_keyed(key, map, opts)

      


        Encodes an object in keyed tabular form (§9.5).



    


    
      
        encode_keyed_encoded(encoded_key, map, opts)

      


    


    
      
        encode_keyed_fields(encoded_key, map, fields, opts)

      


    


    
      
        encode_list(key, list, depth, opts)

      


        Encodes an array in list format (for mixed or non-uniform arrays).



    


    
      
        encode_tabular(key, list, depth, opts)

      


        Encodes a uniform object array in tabular format.



    





      


      
        Functions


        


  
    
      
    
    
      encode(key, list, depth, opts)



        
          
        

    

  


  

      

          @spec encode(String.t(), list(), non_neg_integer(), map()) :: [iodata()]


      


Encodes an array with the given key.
Automatically detects the appropriate format based on array contents.

  



    

  
    
      
    
    
      encode_empty(key, length_marker \\ nil)



        
          
        

    

  


  

      

          @spec encode_empty(String.t(), String.t() | nil) :: [
  [binary() | [binary(), ...], ...],
  ...
]


      


Encodes an empty array in object-field position using the key: [] form (§9.1).
Examples
iex> result = ToonEx.Encode.Arrays.encode_empty("items", nil)
iex> IO.iodata_to_binary(result)
"items: []"

  



  
    
      
    
    
      encode_inline(key, list, opts)



        
          
        

    

  


  

      

          @spec encode_inline(String.t(), list(), map()) :: [iodata()]


      


Encodes a primitive array in inline format.
Examples
iex> opts = %{delimiter: ",", length_marker: nil}
iex> result = ToonEx.Encode.Arrays.encode_inline("tags", ["reading", "gaming"], opts)
iex> IO.iodata_to_binary(result)
"tags[2]: reading,gaming"

  



  
    
      
    
    
      encode_keyed(key, map, opts)



        
          
        

    

  


  

      

          @spec encode_keyed(String.t() | nil, map(), map()) :: [iodata()]


      


Encodes an object in keyed tabular form (§9.5).
Requires the caller to already have confirmed Utils.detect_keyed_tabular/1
succeeds on map. Returns [header | entry_rows] without base indentation;
the caller pushes the header at its depth and each entry row one level deeper.
When key is nil, emits a keyless keyed header ([N:]{...}:), valid only
at the root (§5).

  



  
    
      
    
    
      encode_keyed_encoded(encoded_key, map, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      encode_keyed_fields(encoded_key, map, fields, opts)



        
          
        

    

  


  

      

          @spec encode_keyed_fields(iodata() | nil, map(), list(), map()) :: [iodata()]


      



  



  
    
      
    
    
      encode_list(key, list, depth, opts)



        
          
        

    

  


  

      

          @spec encode_list(String.t(), list(), non_neg_integer(), map()) :: [iodata()]


      


Encodes an array in list format (for mixed or non-uniform arrays).
Returns a list where the first element is the header, and subsequent elements
are list items (without base indentation - indentation is added by the Writer).
Examples
iex> opts = %{delimiter: ",", length_marker: nil, indent_string: "  "}
iex> items = [%{"title" => "Book", "price" => 9}, %{"title" => "Movie", "duration" => 120}]
iex> [header | list_items] = ToonEx.Encode.Arrays.encode_list("items", items, 0, opts)
iex> IO.iodata_to_binary(header)
"items[2]:"
iex> Enum.map(list_items, &IO.iodata_to_binary/1)
["- price: 9", "  title: Book", "- duration: 120", "  title: Movie"]

  



  
    
      
    
    
      encode_tabular(key, list, depth, opts)



        
          
        

    

  


  

      

          @spec encode_tabular(String.t(), list(), non_neg_integer(), map()) :: [iodata()]


      


Encodes a uniform object array in tabular format.
Returns a list where the first element is the header, and subsequent elements
are data rows (without indentation - indentation is added by the Writer).
Examples
iex> opts = %{delimiter: ",", length_marker: nil, indent_string: "  "}
iex> users = [%{"name" => "Alice", "age" => 30}, %{"name" => "Bob", "age" => 25}]
iex> [header | rows] = ToonEx.Encode.Arrays.encode_tabular("users", users, 0, opts)
iex> IO.iodata_to_binary(header)
"users[2]{age,name}:"
iex> Enum.map(rows, &IO.iodata_to_binary/1)
["30,Alice", "25,Bob"]

  


        

      


  

    
ToonEx.Encode.Objects 
    



      
Encoding of TOON objects (maps).

      


      
        Summary


  
    Functions
  


    
      
        encode(map, depth, opts)

      


        Encodes a map to TOON format.



    


    
      
        encode_entry(writer, key, value, depth, opts, path_prefix \\ "")

      


        Encodes a single key-value pair.



    


    
      
        encode_to_lines(map, depth, opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      encode(map, depth, opts)



        
          
        

    

  


  

      

          @spec encode(map(), non_neg_integer(), map()) :: [iodata()]


      


Encodes a map to TOON format.
Examples
iex> opts = %{indent: 2, delimiter: ",", length_marker: nil}
iex> map = %{"name" => "Alice", "age" => 30}
iex> ToonEx.Encode.Objects.encode(map, 0, opts)

  



    

  
    
      
    
    
      encode_entry(writer, key, value, depth, opts, path_prefix \\ "")



        
          
        

    

  


  

      

          @spec encode_entry(
  ToonEx.Encode.Writer.t(),
  String.t(),
  term(),
  non_neg_integer(),
  map(),
  String.t()
) ::
  ToonEx.Encode.Writer.t()


      


Encodes a single key-value pair.

  



  
    
      
    
    
      encode_to_lines(map, depth, opts)



        
          
        

    

  


  


  


        

      


  

    
ToonEx.Encode.Options 
    



      
Validation and normalization of encoding options.

      


      
        Summary


  
    Types
  


    
      
        validated()

      


        Validated encoding options



    





  
    Functions
  


    
      
        schema()

      


        Returns the options schema.



    


    
      
        validate(opts)

      


        Validates and normalizes encoding options.



    


    
      
        validate!(opts)

      


        Validates and normalizes encoding options, raising on error.



    





      


      
        Types


        


  
    
      
    
    
      validated()



        
          
        

    

  


  

      

          @type validated() :: %{
  indent: pos_integer(),
  delimiter: String.t(),
  length_marker: String.t() | nil,
  key_order: term(),
  indent_string: String.t()
}


      


Validated encoding options

  


        

      

      
        Functions


        


  
    
      
    
    
      schema()



        
          
        

    

  


  

      

          @spec schema() :: keyword()


      


Returns the options schema.

  



  
    
      
    
    
      validate(opts)



        
          
        

    

  


  

      

          @spec validate(keyword()) :: {:ok, map()} | {:error, ToonEx.Options.Validator.t()}


      


Validates and normalizes encoding options.
Examples
iex> ToonEx.Encode.Options.validate([])
{:ok, %{indent: 2, delimiter: ",", length_marker: nil, indent_string: "  "}}

iex> ToonEx.Encode.Options.validate(indent: 4, delimiter: " ")
{:ok, %{indent: 4, delimiter: " ", length_marker: nil, indent_string: "    "}}

iex> match?({:error, _}, ToonEx.Encode.Options.validate(indent: -1))
true

iex> match?({:error, _}, ToonEx.Encode.Options.validate(delimiter: "invalid"))
true

  



  
    
      
    
    
      validate!(opts)



        
          
        

    

  


  

      

          @spec validate!(keyword()) :: validated()


      


Validates and normalizes encoding options, raising on error.
Examples
iex> ToonEx.Encode.Options.validate!([])
%{indent: 2, delimiter: ",", length_marker: nil, indent_string: "  "}

iex> ToonEx.Encode.Options.validate!(indent: 4)
%{indent: 4, delimiter: ",", length_marker: nil, indent_string: "    "}

  


        

      


  

    
ToonEx.Encode.Primitives 
    



      
Encoding of primitive TOON values (nil, boolean, number, string).

      


      
        Summary


  
    Functions
  


    
      
        encode(value, delimiter)

      


        Encodes a primitive value to TOON format.



    





      


      
        Functions


        


  
    
      
    
    
      encode(value, delimiter)



        
          
        

    

  


  

      

          @spec encode(term(), String.t()) :: iodata()


      


Encodes a primitive value to TOON format.
Examples
iex> ToonEx.Encode.Primitives.encode(nil, ",")
"null"

iex> ToonEx.Encode.Primitives.encode(true, ",")
"true"

iex> ToonEx.Encode.Primitives.encode(false, ",")
"false"

iex> ToonEx.Encode.Primitives.encode(42, ",")
"42"

iex> ToonEx.Encode.Primitives.encode(3.14, ",")
"3.14"

iex> ToonEx.Encode.Primitives.encode("hello", ",")
"hello"

iex> ToonEx.Encode.Primitives.encode("hello world", ",")
~s("hello world")

  


        

      


  

    
ToonEx.Encode.Strings 
    



      
String encoding utilities for TOON format.
Handles quote detection, escaping, and key validation.
Performance
Uses Jason-style chunk-based escaping with binary_part/3. Instead of
copying every byte into a new binary, this approach:
	Scans the input for bytes that need escaping
	Uses binary_part/3 to reference safe chunks without copying
	Builds an iodata list with chunk references and escape sequences

This significantly reduces allocations for strings with few escape characters.
The binary_part/3 call is O(1) — it creates a sub-binary reference rather
than copying the underlying data. Only when IO.iodata_to_binary/1 is called
at the top level does the final contiguous binary get allocated.

      


      
        Summary


  
    Functions
  


    
      
        encode_key(key)

      


        Encodes a key, adding quotes if necessary.



    


    
      
        encode_string(string, delimiter \\ ",")

      


        Encodes a string value, adding quotes if necessary.



    


    
      
        escape_string(data)

      


        Escapes special characters in a string using chunk-based approach.



    


    
      
        safe_key?(arg1)

      


        Checks if a string can be used as an unquoted key.



    


    
      
        safe_unquoted?(string, delimiter)

      


        Checks if a string can be used unquoted as a value.



    





      


      
        Functions


        


  
    
      
    
    
      encode_key(key)



        
          
        

    

  


  

      

          @spec encode_key(String.t()) :: iodata()


      


Encodes a key, adding quotes if necessary.
Keys have stricter requirements than values:
	Must match /^[A-Z_][\w.]*$/i (alphanumeric, underscore, dot)
	Numbers-only keys must be quoted
	Keys with special characters must be quoted

Returns iodata that can be converted to a string with IO.iodata_to_binary/1.
Examples
iex> ToonEx.Encode.Strings.encode_key("name") |> IO.iodata_to_binary()
"name"

iex> ToonEx.Encode.Strings.encode_key("user_name") |> IO.iodata_to_binary()
"user_name"

iex> ToonEx.Encode.Strings.encode_key("user.name") |> IO.iodata_to_binary()
"user.name"

iex> ToonEx.Encode.Strings.encode_key("user name") |> IO.iodata_to_binary()
~s("user name")

iex> ToonEx.Encode.Strings.encode_key("123") |> IO.iodata_to_binary()
~s("123")

  



    

  
    
      
    
    
      encode_string(string, delimiter \\ ",")



        
          
        

    

  


  

      

          @spec encode_string(String.t(), String.t()) :: iodata()


      


Encodes a string value, adding quotes if necessary.
Returns iodata that can be converted to a string with IO.iodata_to_binary/1.
Examples
iex> ToonEx.Encode.Strings.encode_string("hello") |> IO.iodata_to_binary()
"hello"

iex> ToonEx.Encode.Strings.encode_string("") |> IO.iodata_to_binary()
~s("")

iex> ToonEx.Encode.Strings.encode_string("hello world") |> IO.iodata_to_binary()
"hello world"

iex> ToonEx.Encode.Strings.encode_string("line1\nline2") |> IO.iodata_to_binary()
~s("line1\\nline2")

  



  
    
      
    
    
      escape_string(data)



        
          
        

    

  


  

      

          @spec escape_string(String.t()) :: iodata()


      


Escapes special characters in a string using chunk-based approach.
Instead of copying every byte into a new binary, this uses binary_part/3
to reference safe chunks of the original string without copying. Only the
escape sequences are newly allocated.
How it works
The algorithm uses two mutually recursive functions:
	escape_string/4 — main loop that scans for bytes needing escaping
	escape_string_chunk/5 — accumulates consecutive safe bytes into a chunk

When a safe byte is encountered, we enter chunk mode and keep extending the
chunk length. When we hit a byte that needs escaping, we flush the accumulated
chunk via binary_part(original, skip, len) (O(1) reference), append the
escape sequence, and continue scanning.
Examples
iex> ToonEx.Encode.Strings.escape_string("hello") |> IO.iodata_to_binary()
"hello"

iex> ToonEx.Encode.Strings.escape_string("line1\nline2") |> IO.iodata_to_binary()
"line1\\nline2"

iex> result = ToonEx.Encode.Strings.escape_string(~s(say "hello"))
iex> IO.iodata_to_binary(result) |> String.contains?(~s(\"))
true

iex> ToonEx.Encode.Strings.escape_string("") |> IO.iodata_to_binary()
""

  



  
    
      
    
    
      safe_key?(arg1)



        
          
        

    

  


  

      

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


      


Checks if a string can be used as an unquoted key.
A key is safe if it matches /^[A-Za-z][A-Za-z0-9.]*$/i
Examples
iex> ToonEx.Encode.Strings.safe_key?("name")
true

iex> ToonEx.Encode.Strings.safe_key?("user_name")
true

iex> ToonEx.Encode.Strings.safe_key?("User123")
true

iex> ToonEx.Encode.Strings.safe_key?("user.name")
true

iex> ToonEx.Encode.Strings.safe_key?("user-name")
false

iex> ToonEx.Encode.Strings.safe_key?("123")
false

  



  
    
      
    
    
      safe_unquoted?(string, delimiter)



        
          
        

    

  


  

      

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


      


Checks if a string can be used unquoted as a value.
A string is safe unquoted if:
	It's not empty
	It doesn't have leading or trailing spaces
	It's not a literal (true, false, null)
	It doesn't look like a number
	It doesn't contain structure characters or delimiters
	It doesn't contain control characters
	It doesn't start with a hyphen
	It doesn't start with a hash (#)

Examples
iex> ToonEx.Encode.Strings.safe_unquoted?("hello", ",")
true

iex> ToonEx.Encode.Strings.safe_unquoted?("", ",")
false

iex> ToonEx.Encode.Strings.safe_unquoted?(" hello", ",")
false

iex> ToonEx.Encode.Strings.safe_unquoted?("true", ",")
false

iex> ToonEx.Encode.Strings.safe_unquoted?("42", ",")
false

  


        

      


  

    
ToonEx.Encode.Writer 
    



      
Writer for building TOON output incrementally with efficient indentation handling.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        empty?(writer)

      


    


    
      
        line_count(writer)

      


    


    
      
        new(indent_size \\ 2)

      


    


    
      
        push(w, content, depth)

      


    


    
      
        push_many(w, lines, depth)

      


    


    
      
        to_iodata(w)

      


    


    
      
        to_lines(writer)

      


    


    
      
        to_string(w)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.Encode.Writer{
  indent_cache: map(),
  indent_string: String.t(),
  lines: [iodata()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      empty?(writer)



        
          
        

    

  


  


  



  
    
      
    
    
      line_count(writer)



        
          
        

    

  


  


  



    

  
    
      
    
    
      new(indent_size \\ 2)



        
          
        

    

  


  


  



  
    
      
    
    
      push(w, content, depth)



        
          
        

    

  


  


  



  
    
      
    
    
      push_many(w, lines, depth)



        
          
        

    

  


  


  



  
    
      
    
    
      to_iodata(w)



        
          
        

    

  


  

      

          @spec to_iodata(t()) :: iodata()


      



  



  
    
      
    
    
      to_lines(writer)



        
          
        

    

  


  

      

          @spec to_lines(t()) :: [iodata()]


      



  



  
    
      
    
    
      to_string(w)



        
          
        

    

  


  

      

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


      



  


        

      


  

    
ToonEx.Encoder protocol
    



      
Protocol for encoding custom data structures to TOON format.
This protocol allows you to define how your custom structs should be
encoded to TOON format, similar to Jason.Encoder.
Deriving
The protocol leverages Elixir's @derive feature. Accepted options are:
	:only - encodes only values of specified keys.
	:except - encodes all struct fields except specified keys.

By default all keys except the :__struct__ key are encoded.
The generated implementation pre-computes key encoding at compile time
for maximum runtime efficiency (inspired by Jason.Encoder).
Example
defmodule User do
  @derive {ToonEx.Encoder, only: [:name, :email]}
  defstruct [:id, :name, :email, :password_hash]
end
Or implement the protocol manually:
defimpl ToonEx.Encoder, for: User do
  def encode(user, opts) do
    %{
      "name" => user.name,
      "email" => user.email
    }
    |> ToonEx.Encode.encode!(opts)
  end
end

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        encode(value, opts)

      


        Encodes the given value to TOON format.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      encode(value, opts)



        
          
        

    

  


  

      

          @spec encode(
  t(),
  keyword()
) :: iodata() | map()


      


Encodes the given value to TOON format.
Returns IO data that can be converted to a string.

  


        

      


  

    
ToonEx.Decode 
    



      
Main decoder for TOON format.
Parses TOON format strings and converts them to Elixir data structures.

      


      
        Summary


  
    Types
  


    
      
        decoded()

      


        Decoded TOON value



    





  
    Functions
  


    
      
        decode(string, opts \\ [])

      


        Decodes a TOON format string to Elixir data.



    


    
      
        decode!(string, opts \\ [])

      


        Decodes a TOON format string to Elixir data, raising on error.



    





      


      
        Types


        


  
    
      
    
    
      decoded()



        
          
        

    

  


  

      

          @type decoded() :: nil | boolean() | binary() | number() | list() | map()


      


Decoded TOON value

  


        

      

      
        Functions


        


    

  
    
      
    
    
      decode(string, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  String.t(),
  keyword()
) :: {:ok, term()} | {:error, ToonEx.DecodeError.t()}


      


Decodes a TOON format string to Elixir data.
Options
	:keys - How to decode map keys: :strings | :atoms | :atoms! (default: :strings)

	:strict - Enable strict mode validation (default: true)
	:indent_size - Expected indentation size in spaces (default: 2)
	:expand_paths - Path expansion mode: :off | :safe (default: :off)


Examples
iex> ToonEx.Decode.decode("name: Alice")
{:ok, %{"name" => "Alice"}}

iex> ToonEx.Decode.decode("age: 30")
{:ok, %{"age" => 30}}

iex> ToonEx.Decode.decode("tags[2]: a,b")
{:ok, %{"tags" => ["a", "b"]}}

iex> ToonEx.Decode.decode("name: Alice", keys: :atoms)
{:ok, %{name: "Alice"}}

  



    

  
    
      
    
    
      decode!(string, opts \\ [])



        
          
        

    

  


  

      

          @spec decode!(
  String.t(),
  keyword()
) :: decoded()


      


Decodes a TOON format string to Elixir data, raising on error.
Examples
iex> ToonEx.Decode.decode!("name: Alice")
%{"name" => "Alice"}

iex> ToonEx.Decode.decode!("count: 42")
%{"count" => 42}

  


        

      


  

    
ToonEx.Decode.Fast.Decoder 
    



      
High-performance TOON decoder using pure binary pattern matching.
Performance Design
	No NimbleParsec – direct binary pattern matching replaces parser combinator overhead
	No regex in hot paths – binary pattern matching replaces all regex in the decode loop
	Line-by-line processing – tail-recursive accumulators with :lists.reverse/1
	Zero-copy slicing – binary_part/3 creates O(1) sub-binary references
	Erlang BIFs – :binary.split/3, :binary.match/2, :maps.from_list/1
	Compile-time inlining – @compile {:inline, [...]} for all hot functions
	Minimal allocations – tuple line info {content, indent, is_blank} instead of maps
	Fast-path splitting – :binary.split/3 when no quotes present; quote-aware fallback
	Skip metadata – no MapSet/key_order tracking when expand_paths is off (default)


      


      
        Summary


  
    Functions
  


    
      
        decode(input, opts \\ [])

      


    


    
      
        decode!(input, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      decode(input, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  binary(),
  keyword()
) :: {:ok, term()} | {:error, ToonEx.DecodeError.t()}


      



  



    

  
    
      
    
    
      decode!(input, opts \\ [])



        
          
        

    

  


  

      

          @spec decode!(
  binary(),
  keyword()
) :: term()


      



  


        

      


  

    
ToonEx.Decode.Options 
    



      
Validation and normalization of decoding options.

      


      
        Summary


  
    Functions
  


    
      
        schema()

      


        Returns the options schema.



    


    
      
        validate(opts)

      


        Validates and normalizes decoding options.



    


    
      
        validate!(opts)

      


        Validates and normalizes decoding options, raising on error.



    





      


      
        Functions


        


  
    
      
    
    
      schema()



        
          
        

    

  


  

      

          @spec schema() :: keyword()


      


Returns the options schema.

  



  
    
      
    
    
      validate(opts)



        
          
        

    

  


  

      

          @spec validate(keyword()) :: {:ok, map()} | {:error, ToonEx.Options.Validator.t()}


      


Validates and normalizes decoding options.
Examples
iex> ToonEx.Decode.Options.validate([])
{:ok, %{keys: :strings, strict: true, indent_size: 2}}

iex> ToonEx.Decode.Options.validate(keys: :atoms)
{:ok, %{keys: :atoms, strict: true, indent_size: 2}}

iex> match?({:error, _}, ToonEx.Decode.Options.validate(keys: :invalid))
true

  



  
    
      
    
    
      validate!(opts)



        
          
        

    

  


  

      

          @spec validate!(keyword()) :: map()


      


Validates and normalizes decoding options, raising on error.

  


        

      


  

    
ToonEx.JSON 
    



      
Transforms between JSON and TOON format.
Simply using Elixir JSON to transforms between JSON and TOON.
Example:
text =
"[4]:
  - 1
  - 2
  - hello
  - test:
      k1: 1"

json = ToonEx.JSON.from_toon!(text)
# "[1, 2, "hello ", {"test": {"k1": 1}}]"

      


      
        Summary


  
    Functions
  


    
      
        from_toon(toon)

      


    


    
      
        from_toon!(toon)

      


    


    
      
        to_toon(json)

      


    


    
      
        to_toon!(json)

      


    





      


      
        Functions


        


  
    
      
    
    
      from_toon(toon)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      from_toon!(toon)



        
          
        

    

  


  

      

          @spec from_toon!(binary()) :: binary()


      



  



  
    
      
    
    
      to_toon(json)



        
          
        

    

  


  

      

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


          @spec to_toon(binary()) :: binary()


      



  



  
    
      
    
    
      to_toon!(json)



        
          
        

    

  


  


  


        

      


  

    
ToonEx.ToonImplHelper 
    



      
Helper macro for generating ToonEx.Encoder protocol implementations.
Allows modules to easily implement the ToonEx.Encoder protocol by providing
a list of modules that have an encode! function.

      


      
        Summary


  
    Functions
  


    
      
        __using__(opts)

      


        Macro to generate simple implementation of protocol.
Support for easy to use with ToonEx.Encoder.



    


    
      
        gen_impl(mod)

      


    





      


      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Macro to generate simple implementation of protocol.
Support for easy to use with ToonEx.Encoder.
Utility macro to generate implementation for ToonEx.Encoder.
The target struct must have encode! function for real encoding struct data to TOON in module.
Usage:
use ToonEx.ToonImplHelper, impl: [AModule1, AModule2, ...]
Using macro without option in use keyword.
Target module must have encode! function
Generate implementation for ToonEx.Encoder like this:
gen_impl AModule

  



  
    
      
    
    
      gen_impl(mod)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
ToonEx.Phoenix.Serializer 
    



      
Satisfies the PhoenixClient JSON-parser contract, which requires
encode/2, encode!/2, decode/2, decode!/2 and encode_to_iodata!.  The optional
opts argument is accepted but intentionally ignored so that this
module can be dropped in wherever a standard JSON library is expected.
Updates endpoint.ex to use this serializer.
socket "/socket", MyAppWeb.ChannelSocket,
    websocket: [
      connect_info: [:peer_data],
      serializer: [{ToonEx.Phoenix.Serializer, "~> 2.0.0"}]
    ],
    longpoll: false
Binary Frame Support
In addition to text-based TOON encoding, this serializer supports compact
binary frames for Phoenix.Socket.Message, Phoenix.Socket.Broadcast, and
Phoenix.Socket.Reply structs. Binary frames use a length-prefixed binary
protocol that avoids the overhead of text serialization.
	fastlane!/1 — Binary-encoded broadcasts (Phoenix.Socket.Broadcast with {:binary, data} payload)
	encode!/1 — Binary-encoded replies and messages with {:binary, data} payloads
	decode!/2 — Decodes both text and binary frames (pass opcode: :text or opcode: :binary)

Note: This is a workround for avoid add Phoenix library dependency.

      


      
        Summary


  
    Functions
  


    
      
        decode!(raw_message, opts)

      


    


    
      
        decode_text(raw_message)

      


    


    
      
        encode!(reply)

      


    


    
      
        fastlane!(msg)

      


    





      


      
        Functions


        


  
    
      
    
    
      decode!(raw_message, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      decode_text(raw_message)



        
          
        

    

  


  


  



  
    
      
    
    
      encode!(reply)



        
          
        

    

  


  


  



  
    
      
    
    
      fastlane!(msg)



        
          
        

    

  


  


  


        

      


  

    
ToonEx.Constants 
    



      
Constants used throughout the TOON encoder and decoder.
This module defines all the string literals, delimiters, and special
characters used in the TOON format.
Performance
Constants are defined as module attributes and exposed via @compile {:inline}
functions. This allows the compiler to inline constant access at call sites,
avoiding function call overhead in the hot encoding path.
For use in @compile {:inline} contexts, the attribute values can be referenced
directly via the zero-arity functions, which the compiler will inline.

      


      
        Summary


  
    Functions
  


    
      
        backslash()

      


    


    
      
        close_brace()

      


    


    
      
        close_bracket()

      


    


    
      
        close_paren()

      


    


    
      
        colon()

      


    


    
      
        comma()

      


    


    
      
        control_chars()

      


        Returns the list of control characters that need escaping.



    


    
      
        default_delimiter()

      


    


    
      
        default_indent()

      


    


    
      
        delimiters()

      


    


    
      
        double_quote()

      


    


    
      
        escape_sequences()

      


    


    
      
        false_literal()

      


    


    
      
        list_item_marker()

      


    


    
      
        list_item_prefix()

      


    


    
      
        newline()

      


    


    
      
        null_literal()

      


    


    
      
        open_brace()

      


    


    
      
        open_bracket()

      


    


    
      
        open_paren()

      


    


    
      
        pipe()

      


    


    
      
        space()

      


    


    
      
        structure_chars()

      


        Returns the list of structure characters that require quoting in keys and values.
Note: Comma is NOT included here as it's only special when it's the active delimiter.



    


    
      
        tab()

      


    


    
      
        true_literal()

      


    


    
      
        unescape_sequences()

      


    


    
      
        valid_delimiter?(delimiter)

      


        Checks if a delimiter is valid.



    


    
      
        valid_delimiters()

      


        Returns the list of valid delimiter values.



    





      


      
        Functions


        


  
    
      
    
    
      backslash()



        
          
        

    

  


  


  



  
    
      
    
    
      close_brace()



        
          
        

    

  


  


  



  
    
      
    
    
      close_bracket()



        
          
        

    

  


  


  



  
    
      
    
    
      close_paren()



        
          
        

    

  


  


  



  
    
      
    
    
      colon()



        
          
        

    

  


  


  



  
    
      
    
    
      comma()



        
          
        

    

  


  


  



  
    
      
    
    
      control_chars()



        
          
        

    

  


  

      

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


      


Returns the list of control characters that need escaping.

  



  
    
      
    
    
      default_delimiter()



        
          
        

    

  


  


  



  
    
      
    
    
      default_indent()



        
          
        

    

  


  


  



  
    
      
    
    
      delimiters()



        
          
        

    

  


  


  



  
    
      
    
    
      double_quote()



        
          
        

    

  


  


  



  
    
      
    
    
      escape_sequences()



        
          
        

    

  


  


  



  
    
      
    
    
      false_literal()



        
          
        

    

  


  


  



  
    
      
    
    
      list_item_marker()



        
          
        

    

  


  


  



  
    
      
    
    
      list_item_prefix()



        
          
        

    

  


  


  



  
    
      
    
    
      newline()



        
          
        

    

  


  


  



  
    
      
    
    
      null_literal()



        
          
        

    

  


  


  



  
    
      
    
    
      open_brace()



        
          
        

    

  


  


  



  
    
      
    
    
      open_bracket()



        
          
        

    

  


  


  



  
    
      
    
    
      open_paren()



        
          
        

    

  


  


  



  
    
      
    
    
      pipe()



        
          
        

    

  


  


  



  
    
      
    
    
      space()



        
          
        

    

  


  


  



  
    
      
    
    
      structure_chars()



        
          
        

    

  


  

      

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


      


Returns the list of structure characters that require quoting in keys and values.
Note: Comma is NOT included here as it's only special when it's the active delimiter.

  



  
    
      
    
    
      tab()



        
          
        

    

  


  


  



  
    
      
    
    
      true_literal()



        
          
        

    

  


  


  



  
    
      
    
    
      unescape_sequences()



        
          
        

    

  


  


  



  
    
      
    
    
      valid_delimiter?(delimiter)



        
          
        

    

  


  

      

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


      


Checks if a delimiter is valid.

  



  
    
      
    
    
      valid_delimiters()



        
          
        

    

  


  

      

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


      


Returns the list of valid delimiter values.

  


        

      


  

    
ToonEx.Types 
    



      
Type definitions for TOON encoder and decoder.
This module defines all the types used throughout the TOON library,
ensuring type safety and better documentation.

      


      
        Summary


  
    Types
  


    
      
        decode_opt()

      


        A single decoding option.



    


    
      
        decode_opts()

      


        Options for decoding TOON format.



    


    
      
        delimiter()

      


        Valid delimiters for array values.



    


    
      
        depth()

      


        Indentation depth level.



    


    
      
        encodable()

      


        A normalized JSON-compatible value (output of encoding).



    


    
      
        encode_opt()

      


        A single encoding option.



    


    
      
        encode_opts()

      


        Options for encoding TOON format.



    


    
      
        input()

      


        Any value that can be passed to the encoder.



    


    
      
        iodata_result()

      


        IO data that can be efficiently concatenated.



    


    
      
        primitive()

      


        A JSON-compatible primitive value.



    





      


      
        Types


        


  
    
      
    
    
      decode_opt()



        
          
        

    

  


  

      

          @type decode_opt() ::
  {:keys, :strings | :atoms | :atoms!}
  | {:strict, boolean()}
  | {:indent_size, pos_integer()}
  | {:expand_paths, :off | :safe}


      


A single decoding option.

  



  
    
      
    
    
      decode_opts()



        
          
        

    

  


  

      

          @type decode_opts() :: [decode_opt()]


      


Options for decoding TOON format.
Options
	:keys - How to decode map keys (default: :strings)
	:strict - Enable strict mode validation (default: true)
	:indent_size - Expected indentation size in spaces (default: 2)
	:expand_paths - Path expansion mode: :off | :safe (default: :off)


Examples
ToonEx.decode!(toon, keys: :strings)
ToonEx.decode!(toon, keys: :atoms)
ToonEx.decode!(toon, strict: false)
ToonEx.decode!(toon, expand_paths: :safe)

  



  
    
      
    
    
      delimiter()



        
          
        

    

  


  

      

          @type delimiter() :: binary()


      


Valid delimiters for array values.
Can be comma, tab, or pipe character.

  



  
    
      
    
    
      depth()



        
          
        

    

  


  

      

          @type depth() :: non_neg_integer()


      


Indentation depth level.

  



  
    
      
    
    
      encodable()



        
          
        

    

  


  

      

          @type encodable() ::
  nil
  | boolean()
  | number()
  | String.t()
  | %{optional(String.t()) => encodable()}
  | [encodable()]


      


A normalized JSON-compatible value (output of encoding).
After the Encoder protocol processes input, the result is:
	Primitives: nil, boolean(), number(), String.t()
	Maps with string keys: %{optional(String.t()) => encodable()}
	Lists: [encodable()]


  



  
    
      
    
    
      encode_opt()



        
          
        

    

  


  

      

          @type encode_opt() ::
  {:indent, pos_integer()}
  | {:delimiter, delimiter()}
  | {:length_marker, String.t() | nil}
  | {:key_folding, :off | :safe}
  | {:flatten_depth, non_neg_integer() | :infinity}


      


A single encoding option.

  



  
    
      
    
    
      encode_opts()



        
          
        

    

  


  

      

          @type encode_opts() :: [encode_opt()]


      


Options for encoding TOON format.
Options
	:indent - Number of spaces for indentation (default: 2)
	:delimiter - Delimiter for array values (default: ",")
	:length_marker - Prefix for array length marker (default: nil)
	:key_folding - Key folding mode: :off | :safe (default: :off)

	:flatten_depth - Max depth for key folding: non-negative integer or :infinity (default: :infinity)

Examples
ToonEx.encode!(data, indent: 4)
ToonEx.encode!(data, delimiter: "\t")
ToonEx.encode!(data, length_marker: "#")
ToonEx.encode!(data, key_folding: :safe)

  



  
    
      
    
    
      input()



        
          
        

    

  


  

      

          @type input() :: term()


      


Any value that can be passed to the encoder.
The ToonEx.Encoder protocol normalizes input before encoding:
	Structs via @derive ToonEx.Encoder or explicit implementations
	Maps with atom keys are converted to string keys
	Custom types implement the protocol to define their encoding

This is term() because any type with an Encoder implementation is valid.

  



  
    
      
    
    
      iodata_result()



        
          
        

    

  


  

      

          @type iodata_result() :: iodata()


      


IO data that can be efficiently concatenated.

  



  
    
      
    
    
      primitive()



        
          
        

    

  


  

      

          @type primitive() :: nil | boolean() | number() | String.t()


      


A JSON-compatible primitive value.

  


        

      


  

    
ToonEx.DecodeError exception
    



      
Exception raised when decoding fails.
This exception is raised when the decoder encounters an error while
parsing TOON format strings. It includes detailed information about
the error location and context.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        exception(msg)

      


        Creates a new DecodeError.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.DecodeError{
  __exception__: true,
  column: pos_integer() | nil,
  context: String.t() | nil,
  input: String.t() | nil,
  line: pos_integer() | nil,
  message: String.t(),
  reason: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      exception(msg)



        
          
        

    

  


  

Creates a new DecodeError.
Examples
iex> ToonEx.DecodeError.exception(message: "Unexpected token", line: 1, column: 5)
%ToonEx.DecodeError{
  message: "Unexpected token",
  input: nil,
  line: 1,
  column: 5,
  context: nil,
  reason: nil
}

  


        

      


  

    
ToonEx.EncodeError exception
    



      
Exception raised when encoding fails.
This exception is raised when the encoder encounters an error while
converting Elixir data structures to TOON format.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        exception(msg)

      


        Creates a new EncodeError.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.EncodeError{
  __exception__: true,
  message: String.t(),
  reason: term(),
  value: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      exception(msg)



        
          
        

    

  


  

Creates a new EncodeError.
Examples
iex> ToonEx.EncodeError.exception(message: "Invalid value", value: :atom)
%ToonEx.EncodeError{message: "Invalid value", value: :atom, reason: nil}

  


        

      


  

    
ToonEx.Btoon.DecodeError exception
    



      
Exception raised when BTOON decoding fails.
Raised when the input is malformed: bad magic, unsupported version,
truncated data, invalid type tags, out-of-range string refs, alignment or
nesting-limit violations.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.Btoon.DecodeError{
  __exception__: true,
  input: binary() | nil,
  message: String.t(),
  offset: non_neg_integer() | nil,
  reason: term()
}


      



  


        

      


  

    
ToonEx.Btoon.EncodeError exception
    



      
Exception raised when BTOON encoding fails.
Raised when a value cannot be represented in the BTOON data model, a
schema field is missing or has the wrong type, or an integer overflows
its declared width.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.Btoon.EncodeError{
  __exception__: true,
  message: String.t(),
  reason: term(),
  value: term()
}


      



  


        

      


  

    
ToonEx.Options.Validator exception
    



      
Pure Elixir options validator to replace NimbleOptions.
Provides schema-based validation with support for common types,
default values, and custom validation rules.

      


      
        Summary


  
    Types
  


    
      
        option_config()

      


    


    
      
        schema_option()

      


    


    
      
        t()

      


    


    
      
        validation_result()

      


    





  
    Functions
  


    
      
        message(validator)

      


        Returns a human-readable error message.



    


    
      
        validate(opts, schema)

      


        Validates options against a schema.



    


    
      
        validate(opts, schema, schema_keys)

      


    





      


      
        Types


        


  
    
      
    
    
      option_config()



        
          
        

    

  


  

      

          @type option_config() :: keyword()


      



  



  
    
      
    
    
      schema_option()



        
          
        

    

  


  

      

          @type schema_option() :: {atom(), option_config()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ToonEx.Options.Validator{
  __exception__: true,
  key: atom(),
  message: String.t(),
  value: term()
}


      



  



  
    
      
    
    
      validation_result()



        
          
        

    

  


  

      

          @type validation_result() :: {:ok, keyword()} | {:error, t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      message(validator)



        
          
        

    

  


  

Returns a human-readable error message.

  



  
    
      
    
    
      validate(opts, schema)



        
          
        

    

  


  

      

          @spec validate(
  keyword(),
  [schema_option()]
) :: validation_result()


      


Validates options against a schema.
Schema Configuration
Each option in the schema supports:
	:type - Type specification (see supported types below)
	:default - Default value if option is not provided
	:required - Whether the option is required (default: false)
	:doc - Documentation string (ignored during validation)

Supported Types
	:any - Any value
	:boolean - true or false
	:atom - Any atom
	:string - Binary string
	:integer - Any integer
	:pos_integer - Positive integer (> 0)
	:non_neg_integer - Non-negative integer (>= 0)
	:float - Float number
	:number - Integer or float
	:keyword - Keyword list
	:list - List
	:map - Map
	{:in, values} - Value must be in the given list
	{:or, types} - Value must match one of the given types
	{:custom, fun} - Custom validation function

Examples
schema = [
  name: [type: :string, required: true],
  age: [type: :pos_integer, default: 0],
  role: [type: {:in, [:admin, :user]}, default: :user]
]

ToonEx.Options.Validator.validate([name: "Alice"], schema)
# => {:ok, [name: "Alice", age: 0, role: :user]}

ToonEx.Options.Validator.validate([age: -1], schema)
# => {:error, %ToonEx.Options.Validator{key: :name, ...}}

  



  
    
      
    
    
      validate(opts, schema, schema_keys)



        
          
        

    

  


  

      

          @spec validate(keyword(), [schema_option()], MapSet.t()) :: validation_result()
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