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An Elixir library for encoding and decoding data using the Smile binary data interchange format.
Smile is a computer data interchange format based on JSON. It can be considered a binary serialization of the generic JSON data model, which means that tools that operate on JSON may be used with Smile as well, as long as a proper encoder/decoder exists. The format is more compact and more efficient to process than text-based JSON. It was designed by FasterXML as a drop-in replacement for JSON with better performance characteristics.
Features
	Fast: Binary format is more efficient to encode/decode than JSON
	Compact: Smaller payload sizes compared to JSON (typically 20-40% size reduction)
	Back References: Optional support for shared property names and string values to reduce redundancy
	Type Preserving: Maintains data types (integers, floats, strings, booleans, null, arrays, objects)
	JSON Compatible: Can be used anywhere JSON is used (with proper encoder/decoder)
	Self-Describing: Files start with :)\n header (the "smiley" signature) for easy identification

Installation
Add smile_ex to your list of dependencies in mix.exs:
def deps do
  [
    {:smile_ex, "~> 0.1.0"}
  ]
end
Quick Start
Encoding
# Encode a simple value
iex> Smile.encode("hello")
{:ok, <<58, 41, 10, 3, 68, 104, 101, 108, 108, 111>>}

# Encode a map
iex> data = %{"name" => "Alice", "age" => 30, "active" => true}
iex> {:ok, binary} = Smile.encode(data)
{:ok, <<58, 41, 10, 3, 250, ...>>}

# Encode with options
iex> Smile.encode(data, shared_names: true, shared_values: true)
{:ok, <<58, 41, 10, 3, 250, ...>>}

# Use encode! for exception-based error handling
iex> binary = Smile.encode!(data)
<<58, 41, 10, 3, 250, ...>>
Decoding
# Decode binary data
iex> {:ok, decoded} = Smile.decode(binary)
{:ok, %{"name" => "Alice", "age" => 30, "active" => true}}

# Use decode! for exception-based error handling
iex> decoded = Smile.decode!(binary)
%{"name" => "Alice", "age" => 30, "active" => true}
Supported Data Types
Smile supports encoding and decoding of the following Elixir types:
	Elixir Type	Smile Type	Example
	nil	Null	nil
	true, false	Boolean	true
	Integer	Integer	42, -16, 999_999_999
	Float	Float	3.14159, -2.71828
	String (Binary)	String	"hello", "世界"
	List	Array	[1, 2, 3], ["a", "b"]
	Map	Object	%{"key" => "value"}
	Atom	String	:atom → "atom"

Encoding Options
The encode/2 function accepts the following options:
	:shared_names (boolean, default: true) - Enable back references for field names to reduce redundancy when the same keys appear multiple times
	:shared_values (boolean, default: true) - Enable back references for short string values (≤64 bytes) to reduce redundancy
	:raw_binary (boolean, default: false) - Allow raw binary values in the output

Example with Options
# Disable shared references for simpler output
Smile.encode(data, shared_names: false, shared_values: false)

# Enable all optimizations
Smile.encode(data, shared_names: true, shared_values: true)
Format Details
Smile format uses a 4-byte header:
	Byte 1: 0x3A (:)
	Byte 2: 0x29 ())
	Byte 3: 0x0A (\n)
	Byte 4: Version and flags

This creates the recognizable :)\n signature at the start of every Smile file.
Complex Examples
Nested Structures
data = %{
  "user" => %{
    "name" => "Alice",
    "email" => "alice@example.com",
    "profile" => %{
      "age" => 30,
      "interests" => ["coding", "reading", "hiking"]
    }
  },
  "timestamp" => 1234567890
}

{:ok, encoded} = Smile.encode(data)
{:ok, decoded} = Smile.decode(encoded)

# Data is perfectly preserved
decoded == data
# => true
Arrays of Objects
users = [
  %{"name" => "Alice", "score" => 95},
  %{"name" => "Bob", "score" => 87},
  %{"name" => "Charlie", "score" => 92}
]

{:ok, encoded} = Smile.encode(users, shared_names: true)
{:ok, decoded} = Smile.decode(encoded)

# Shared names optimization reduces size when same keys repeat
decoded == users
# => true
Performance Benefits
Smile provides several advantages over JSON:
	Smaller Size: Binary encoding is more compact than text
	Faster Processing: No need to parse text, direct binary operations
	Back References: Repeated keys/values are stored once and referenced
	Type Efficiency: Native binary representation of numbers

Benchmarks
Want to see the performance comparison yourself? Run the included benchmarks:
# Comprehensive performance benchmark
mix run benchmarks/comparison.exs

# Message size comparison (detailed size analysis)
mix run benchmarks/size_comparison.exs

# Quick comparison
mix run benchmarks/quick.exs

The benchmarks compare SmileEx against Jason (the popular JSON library) for:
	Encoding performance
	Decoding performance
	Round-trip performance
	Memory usage
	Detailed size comparison across various data structures

Typical results show:
	Size: 12-60% reduction depending on data structure (larger gains with repeated keys)	Best: 60%+ for large datasets with consistent structure (product catalogs, logs)
	Good: 30-50% for API responses with multiple records
	Modest: 10-20% for simple objects and short strings


	Speed: Jason is faster for small payloads, SmileEx competitive on large datasets
	Memory: SmileEx uses more memory due to shared reference tracking

See benchmarks/README.md for detailed information.
Use Cases
Smile is ideal for:
	API communication where bandwidth is a concern
	Storing structured data in databases
	Inter-service communication in microservices
	Caching serialized data
	Log aggregation and storage
	Any scenario where JSON is used but performance/size matters

Comparison with JSON
data = %{"users" => [%{"name" => "Alice"}, %{"name" => "Bob"}]}

# JSON (using Poison or Jason)
json = Jason.encode!(data)
# => "{\"users\":[{\"name\":\"Alice\"},{\"name\":\"Bob\"}]}"
# Size: 47 bytes

# Smile
{:ok, smile} = Smile.encode(data)
# Size: ~35 bytes (approximately 25% smaller)
# Plus: faster to encode/decode
Development
Testing
SmileEx uses both traditional unit tests and property-based tests for comprehensive coverage.
# Run all tests (unit + property tests)
mix test

# Run only property-based tests
mix test test/smile_property_test.exs

# Run tests with coverage
mix test --cover

# Generate HTML coverage report
mix coveralls.html
open cover/excoveralls.html

Property-Based Testing
SmileEx includes extensive property-based tests using StreamData that verify correctness across thousands of randomly generated test cases:
	Round-trip encoding/decoding for all data types
	Type preservation through encode/decode cycles
	Deterministic encoding (same input → same output)
	Header validity for all encoded data
	Encoding options don't affect correctness
	Size optimization properties

Property tests automatically generate diverse test cases including edge cases, Unicode strings, deeply nested structures, and various numeric ranges. See test/property_testing_guide.md for details.
Code Quality
# Static code analysis
mix credo

# Security analysis
mix sobelow

# Type checking (first run takes a while)
mix dialyzer

Specification
This implementation is based on the official Smile format specification.
For more details about the format, see:
	Smile Format Specification
	Wikipedia: Smile (data interchange format)

Contributing
Contributions are welcome! Please ensure:
	All tests pass: mix test
	Code passes static analysis: mix credo
	No security issues: mix sobelow
	Code is formatted: mix format

Then submit a Pull Request.
License
This project is licensed under the MIT License.
API Documentation
The complete API documentation is available on HexDocs.
You can also generate documentation locally:
mix docs

The documentation will be generated in the doc/ directory.
Changelog
See CHANGELOG.md for version history and release notes.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
0.2.0 - 2025-10-28
Added
Performance Benchmarking
	Added comprehensive benchmark suite comparing SmileEx with Jason using Benchee 1.5.0
	Three benchmark scripts in benchmarks/ directory:	comparison.exs - Full performance comparison (encoding, decoding, round-trip, memory usage)
	size_comparison.exs - Detailed message size analysis with color-coded results
	quick.exs - Fast benchmark for development


	Benchmark documentation in benchmarks/README.md with usage examples and interpretation guide
	Size comparison showing 12-60% reduction depending on data structure
	Performance metrics showing Jason is faster for small payloads, SmileEx competitive for large datasets

Property-Based Testing
	Added property-based testing using StreamData 1.1
	24 comprehensive property tests (test/smile_property_test.exs) covering:	Round-trip encoding/decoding for all data types
	Type preservation (integers, floats, strings, booleans, nil, lists, maps)
	Header validity for all encoded data
	Deterministic encoding
	Encoding options correctness (shared_names, shared_values)
	Size optimization properties
	Edge cases (Unicode, special characters, large values, nested structures)
	Error handling


	Custom data generators for Smile-compatible types
	Recursive generator for nested structures (depth-limited)
	~2,400 test cases generated per test run
	Comprehensive documentation in test/property_testing_guide.md
	Implementation summary in PROPERTY_TESTING.md

Documentation
	Added benchmarks/README.md - Comprehensive benchmarking guide
	Added test/property_testing_guide.md - Property testing guide with examples
	Added PROPERTY_TESTING.md - Property testing implementation summary
	Updated main README.md with:	Benchmarking section with usage examples
	Property-based testing section
	Detailed size reduction statistics
	Best use cases for Smile vs JSON



Changed
Code Quality Improvements
	Reduced cyclomatic complexity across multiple functions:	Smile.Decoder.decode_value - Split into smaller functions using pattern matching
	Smile.Encoder.encode_string - Extracted helper functions for value sharing
	Smile.Encoder.encode_string_bytes - Split into ASCII and Unicode encoders
	Smile.Decoder.decode_string_value - Extracted long string handler


	Reduced nesting depth using with statements:	Smile.Decoder.decode_long_string - Uses with for cleaner error handling
	Smile.Decoder.decode_long_field_name - Uses with for cleaner error handling


	Extracted helper functions for better separation of concerns:	split_at_string_terminator/1
	split_at_field_name_terminator/1
	maybe_add_shared_value/2
	maybe_add_shared_name/2
	encode_ascii_string/2
	encode_unicode_string/2
	decode_value_by_token/3
	decode_long_string_or_reference/3


	Fixed alias ordering to be alphabetical
	Converted single-condition cond to if-else in property tests
	Zero Credo issues - All code quality checks passing

Dependencies
	Added {:benchee, "~> 1.5.0", only: :dev, runtime: false} - For performance benchmarking
	Added {:jason, "~> 1.4", only: [:dev, :test]} - For comparison benchmarks
	Added {:stream_data, "~> 1.1", only: :test} - For property-based testing

Testing
	Increased from 56 tests to 80 tests (5 doctests + 24 properties + 51 unit tests)
	Test coverage improved to 83.5% (from 82.8%)
	All tests passing with zero failures
	Property tests automatically generate thousands of test cases
	Added tests for edge cases discovered through property testing

Performance
	Benchmarks show typical 12-60% size reduction vs JSON:	Best: 60%+ for large datasets with consistent structure (product catalogs, logs)
	Good: 30-50% for API responses with multiple records
	Modest: 10-20% for simple objects and short strings


	Encoding speed: Jason faster for small payloads, SmileEx competitive for large datasets
	Memory usage: SmileEx uses more memory due to shared reference tracking

0.1.0 - 2025-10-26
Added
	Initial release of SmileEx binary format encoder/decoder for Elixir
	Complete implementation of Smile format specification v1.0
	Support for all JSON-compatible data types (null, boolean, integer, float, string, array, object)
	Encoding with back-references for field names and string values
	Configurable encoding options (shared_names, shared_values, raw_binary)
	Both tuple-based (encode/2, decode/1) and exception-based (encode!/2, decode!/1) APIs
	Comprehensive test suite with 56 tests
	Full documentation with examples
	Variable-length integer encoding (VInt) support
	ZigZag encoding for signed integers
	Optimized string encoding based on length and character set (ASCII vs Unicode)
	Support for small integer optimization (single-byte encoding for -16 to +15)

Features
	Encodes Elixir terms to Smile binary format
	Decodes Smile binary format to Elixir terms
	Perfect round-trip encoding/decoding preservation
	Typically 20-40% size reduction compared to JSON
	Faster encoding and decoding than text-based JSON
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Smile is a binary data interchange format based on JSON.
It provides efficient encoding and decoding of Elixir data structures
to and from the Smile binary format, which is more compact and faster
to process than JSON.
Features
	Binary Format: More compact than JSON text format
	Back References: Optional support for shared property names and string values
	Type Safe: Preserves data types (integers, floats, strings, arrays, objects)
	Fast Processing: More efficient encoding and decoding than JSON

Examples
# Encoding
data = %{"name" => "Alice", "age" => 30, "active" => true}
{:ok, binary} = Smile.encode(data)

# Decoding
{:ok, decoded} = Smile.decode(binary)

# With options
Smile.encode(data, shared_names: true, shared_values: true)
Format Specification
Based on the Smile format specification:
https://github.com/FasterXML/smile-format-specification
The Smile format starts with a 4-byte header:
	Bytes 1-2: :) (0x3A 0x29) - The "smiley" signature
	Byte 3: \n (0x0A) - Line feed
	Byte 4: Version and flags byte
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        decode!(binary)

      


        Decodes Smile binary format into an Elixir term, raising on error.
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        Encodes an Elixir term into Smile binary format.
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        Encodes an Elixir term into Smile binary format, raising on error.
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          @spec decode(binary()) :: {:ok, term()} | {:error, term()}


      


Decodes Smile binary format into an Elixir term.
Parameters
	binary - The Smile-encoded binary data

Returns
	{:ok, term} - Successfully decoded term
	{:error, reason} - Decoding failed with reason

Examples
iex> {:ok, binary} = Smile.encode(%{"hello" => "world"})
iex> {:ok, decoded} = Smile.decode(binary)
iex> decoded
%{"hello" => "world"}

iex> Smile.decode(<<1, 2, 3>>)
{:error, :invalid_header}
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          @spec decode!(binary()) :: term()


      


Decodes Smile binary format into an Elixir term, raising on error.
Same as decode/1 but raises RuntimeError if decoding fails.
Examples
iex> {:ok, binary} = Smile.encode(%{"test" => true})
iex> decoded = Smile.decode!(binary)
iex> decoded
%{"test" => true}
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          @spec encode(
  term(),
  keyword()
) :: {:ok, binary()} | {:error, term()}


      


Encodes an Elixir term into Smile binary format.
Parameters
	term - The Elixir term to encode (map, list, string, number, boolean, nil)
	opts - Optional keyword list of encoding options

Options
	:shared_names - Enable back references for field names (default: true)
	:shared_values - Enable back references for string values (default: true)
	:raw_binary - Allow raw binary values (default: false)

Returns
	{:ok, binary} - Successfully encoded binary data
	{:error, reason} - Encoding failed with reason

Examples
iex> {:ok, _binary} = Smile.encode(%{"hello" => "world"})
iex> {:ok, _binary} = Smile.encode([1, 2, 3])
iex> {:ok, _binary} = Smile.encode("hello")
iex> {:ok, _binary} = Smile.encode(42)
iex> {:ok, _binary} = Smile.encode(true)
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          @spec encode!(
  term(),
  keyword()
) :: binary()


      


Encodes an Elixir term into Smile binary format, raising on error.
Same as encode/2 but raises RuntimeError if encoding fails.
Examples
iex> binary = Smile.encode!(%{"hello" => "world"})
iex> is_binary(binary)
true
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Provides functionality to decode Smile binary format into Elixir terms.
The decoder parses Smile-encoded binary data and reconstructs the original
Elixir data structures. It handles all token types defined in the Smile
specification and maintains back-reference tables for shared names and values.
Decoding Process
The decoder performs the following steps:
	Parse and validate the 4-byte Smile header
	Extract header flags (shared names, shared values, raw binary)
	Initialize decoding state with appropriate back-reference tables
	Parse tokens and recursively decode values
	Maintain back-reference lists for shared names and values

Supported Output Types
The decoder produces the following Elixir types:
	Smile null → nil
	Smile boolean → true or false
	Smile integer → Elixir integer
	Smile float → Elixir float
	Smile string → Binary string
	Smile array → Elixir list
	Smile object → Elixir map with string keys

Error Handling
The decoder returns descriptive errors for various failure scenarios:
	:invalid_header - Invalid or missing Smile header
	:incomplete_string - String data is truncated
	:incomplete_int32 / :incomplete_int64 - Integer data is truncated
	:incomplete_float32 / :incomplete_float64 - Float data is truncated
	:missing_string_terminator - Long string missing end marker
	{:unknown_token, byte} - Unrecognized token byte
	{:invalid_shared_reference, index} - Invalid back-reference index

Examples
# Basic decoding
iex> binary = <<58, 41, 10, 3, 33>>  # Smile null
iex> Smile.Decoder.decode(binary)
{:ok, nil}

# Decoding with error
iex> Smile.Decoder.decode(<<1, 2, 3>>)
{:error, :invalid_header}
Implementation Details
The decoder implements:
	Header validation with version and flag parsing
	Token-based parsing with pattern matching
	Back-reference management for shared names and values (up to 1024 entries each)
	Variable-length integer decoding (VInt)
	ZigZag decoding for signed integers
	Recursive decoding for nested structures (arrays and objects)
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Decodes Smile binary format into an Elixir term.
Examples
iex> Smile.Decoder.decode(<<0x3A, 0x29, 0x0A, 0x03, 0xFA, ...>>)
{:ok, %{"hello" => "world"}}
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Provides functionality to encode Elixir terms into Smile binary format.
The encoder handles all JSON-compatible data types and provides optimization
features such as back-references for field names and string values to reduce
output size.
Supported Types
The encoder supports the following Elixir types:
	nil - Encoded as Smile null token
	true, false - Encoded as Smile boolean tokens
	Integers - Encoded with variable-length encoding (small int, 32-bit, 64-bit)
	Floats - Encoded as 64-bit IEEE double precision
	Strings (binaries) - Encoded with length optimization (tiny, small, long)
	Lists - Encoded as Smile arrays
	Maps - Encoded as Smile objects
	Atoms - Converted to strings and encoded

Encoding Options
The encoder accepts the following options:
	:shared_names (boolean, default: true) - Enable back-references for
field names. When enabled, repeated object keys are stored once and
referenced in subsequent occurrences, reducing output size.

	:shared_values (boolean, default: true) - Enable back-references for
short string values (64 bytes or less). Similar to shared names, but for
string values.

	:raw_binary (boolean, default: false) - Allow raw binary data in the
output. When enabled, binary data can be included without escaping.


Examples
# Basic encoding
iex> Smile.Encoder.encode("hello")
{:ok, <<58, 41, 10, 3, ...>>}

# Encoding with options
iex> Smile.Encoder.encode(%{"key" => "value"}, shared_names: false)
{:ok, <<58, 41, 10, 0, ...>>}
Implementation Details
The encoder implements the following optimizations:
	Small integers (-16 to +15) are encoded in a single byte
	Variable-length integer encoding (VInt) for efficient number representation
	ZigZag encoding for signed integers
	String encoding optimization based on length and character set (ASCII vs Unicode)
	Back-references for repeated field names and values
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Encodes an Elixir term into Smile binary format.
Options
	:shared_names - Enable back references for field names (default: true)
	:shared_values - Enable back references for string values (default: true)
	:raw_binary - Allow raw binary values (default: false)

Examples
iex> Smile.Encoder.encode(%{"hello" => "world"})
{:ok, <<0x3A, 0x29, 0x0A, 0x03, 0xFA, ...>>}
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Defines constants for the Smile binary format specification.
This module contains all token types, byte markers, and configuration values
defined in the official Smile format specification. These constants are used
by the encoder and decoder to ensure proper format compliance.
Header Constants
The Smile format starts with a 4-byte header:
	Byte 1: 0x3A (ASCII ':')
	Byte 2: 0x29 (ASCII ')')
	Byte 3: 0x0A (ASCII '\n')
	Byte 4: Version and flags byte

This creates the recognizable :)\n signature.
Token Types
The format defines various token types for different data:
	Literal tokens (null, true, false, empty string)
	Integer tokens (small int, 32-bit, 64-bit)
	Float tokens (32-bit, 64-bit)
	String tokens (tiny, small, long; ASCII and Unicode variants)
	Structural tokens (array start/end, object start/end)
	Back-reference tokens (shared names and values)

Optimization Limits
The format defines limits for various optimizations:
	Maximum 1024 shared field names
	Maximum 1024 shared string values
	Maximum 64 bytes for short string values eligible for sharing
	Maximum 56 bytes for short field names in Unicode

References
Based on the official specification:
https://github.com/FasterXML/smile-format-specification
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