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    Benchmarking Methodology

This guide explains how to benchmark ExCodecs codecs, establish reproducible results, and interpret the data to make informed decisions.
Why Benchmark
Codec performance varies dramatically based on:
	Input data characteristics: text vs. binary, entropy, redundancy patterns, element size.
	Data size: small payloads (under 1 KB) have different profiles than large payloads (over 100 MB).
	Hardware: CPU architecture, cache sizes, memory bandwidth, number of cores.
	System load: concurrent compression operations, BEAM scheduler contention, dirty scheduler availability.

Choosing a codec based on marketing numbers or synthetic benchmarks is unreliable. You must benchmark with your actual data on your actual hardware.
Setting Up Benchmarks
ExCodecs uses Benchee for benchmarking. The dependency is already configured for the :bench Mix environment:
# In mix.exs
{:benchee, "~> 1.3", only: :bench},
{:benchee_html, "~> 1.0", only: :bench}
Creating a Benchmark
Benchmarks live in the bench/ directory. The benchmark path is included in the :bench environment:
# In mix.exs
defp elixirc_paths(:bench), do: ["lib", "bench"]
Create a benchmark file:
# Illustrative sketch — prefer compressible fixtures over random bytes.
# The shipped suite is `bench/compression_bench.exs` (run via `mix benchmarks`
# or `MIX_ENV=bench mix run bench/run.exs`).
input_small = File.read!("bench/data/sample.json") # or your own fixture
input_medium = :binary.copy(input_small, 64)
input_large = :binary.copy(input_small, 640)

Benchee.run(
  %{
    "zstd_encode" => fn input -> ExCodecs.encode(:zstd, input) end,
    "lz4_encode" => fn input -> ExCodecs.encode(:lz4, input) end,
    "snappy_encode" => fn input -> ExCodecs.encode(:snappy, input) end,
    "bzip2_encode" => fn input -> ExCodecs.encode(:bzip2, input) end,
    "blosc2_encode" => fn input -> ExCodecs.encode(:blosc2, input) end
  },
  inputs: %{
    "small" => input_small,
    "medium" => input_medium,
    "large" => input_large
  },
  time: 10,
  memory_time: 2,
  warmup: 5
)
Run the shipped suite:
mix benchmarks
# or
MIX_ENV=bench mix run bench/run.exs

Benchmarking with Options
Test different configuration levels:
Benchee.run(
  %{
    "zstd_l1" => fn input -> ExCodecs.encode(:zstd, input, level: 1) end,
    "zstd_l3" => fn input -> ExCodecs.encode(:zstd, input, level: 3) end,
    "zstd_l9" => fn input -> ExCodecs.encode(:zstd, input, level: 9) end,
    "zstd_l15" => fn input -> ExCodecs.encode(:zstd, input, level: 15) end,
    "zstd_l22" => fn input -> ExCodecs.encode(:zstd, input, level: 22) end
  },
  inputs: %{
    "1 MB" => input_medium
  },
  time: 30,
  warmup: 10
)
Benchmarking Decompression
Decompression benchmarks require pre-compressed data:
{:ok, zstd_data} = ExCodecs.encode(:zstd, input, level: 3)
{:ok, lz4_data} = ExCodecs.encode(:lz4, input)
{:ok, snappy_data} = ExCodecs.encode(:snappy, input)

Benchee.run(
  %{
    "zstd_decode" => fn _ -> ExCodecs.decode(:zstd, zstd_data) end,
    "lz4_decode" => fn _ -> ExCodecs.decode(:lz4, lz4_data) end,
    "snappy_decode" => fn _ -> ExCodecs.decode(:snappy, snappy_data) end
  },
  inputs: %{
    "1 MB" => :ok
  },
  time: 10,
  warmup: 5
)
What to Measure
Throughput (MB/s)
The primary metric for codec performance. Measures how many megabytes of input data are processed per second.
	Compression throughput: MB/s of original data compressed per second.
	Decompression throughput: MB/s of compressed data decompressed per second.

Higher is better. Benchee reports iterations per second; convert to MB/s:
Throughput (MB/s) = (input_size_bytes / 1024 / 1024) * iterations_per_second
Compression Ratio
The ratio of original size to compressed size:
Ratio = original_size_bytes / compressed_size_bytes
Or as a percentage of original size:
Percentage = (compressed_size_bytes / original_size_bytes) * 100
Measure this alongside throughput:
{:ok, compressed} = ExCodecs.encode(:zstd, data, level: 3)

ratio = byte_size(data) / byte_size(compressed)
percentage = (byte_size(compressed) / byte_size(data)) * 100

IO.puts("Original: #{byte_size(data)} bytes")
IO.puts("Compressed: #{byte_size(compressed)} bytes")
IO.puts("Ratio: #{Float.round(ratio, 2)}:1 (#{Float.round(percentage, 1)}%)")
Memory Usage
Use Benchee's memory_time option to measure memory allocation:
Benchee.run(
  %{"zstd_encode" => fn input -> ExCodecs.encode(:zstd, input) end},
  inputs: %{"1 MB" => input_medium},
  time: 10,
  memory_time: 2  # Measure memory for 2 seconds
)
Note: Benchee measures BEAM memory allocations. NIF memory allocations (which is where most codec memory is used) are not captured by Benchee. For NIF memory, use OS-level tools:
# Watch process memory during compression
ps -o rss= -p <beam_pid>

Latency Distribution
For latency-sensitive applications, measure the distribution of individual operation times:
Benchee.run(
  %{
    "zstd_encode" => fn input -> ExCodecs.encode(:zstd, input) end,
    "lz4_encode" => fn input -> ExCodecs.encode(:lz4, input) end
  },
  inputs: %{"1 KB" => input_small},
  time: 10,
  warmup: 5
)
Look at the p99 (99th percentile) latency, not just the average. For real-time systems, the tail latency matters more than the mean.
Reproducibility
Reproducible benchmarks are essential for comparing results across different systems and over time.
Control the Environment
	Pin the codec versions. The versions of zstd, lz4_flex, snap, and bzip2 crates in Cargo.toml determine the actual algorithm implementations. Record these versions.

# native/ex_codecs_native/Cargo.toml (record the versions you actually build)
structured-zstd = "0.0.48"
lz4_flex = "0.11"
snap = "1.1"
bzip2 = "0.6"
blosc2-pure-rs = "0.2.4"
	Use fixed input data. Generate test data deterministically or use a fixed seed:

# Deterministic random data
:rand.seed(:default, 42)
input = :rand.bytes(1024 * 1024)

# Or use production data
input = File.read!("bench/data/production_sample.json")
	Report system details. Record:	CPU model and clock speed
	Number of cores and dirty schedulers
	OTP version
	Elixir version
	OS and architecture
	Whether the NIF is precompiled or compiled locally



System.shell("uname -a")
System.build_info()
System.otp_release()
	Warm up the system. Always include a warmup phase. The first few iterations may be slower due to JIT compilation (if applicable), cache population, and lazy loading.

	Isolate the benchmark. Run on a quiet system with minimal background processes. Close browsers, stop unnecessary services, and avoid running other workloads concurrently.


Benchee Configuration for Reproducibility
Benchee.run(
  %{...},
  time: 30,        # Run each scenario for 30 seconds
  warmup: 10,      # Warm up for 10 seconds before measuring
  memory_time: 2,  # Measure memory for 2 seconds
  save: [path: "bench/results/compression.json"],  # Save results
  formatters: [
    Benchee.Formatters.Console,
    {Benchee.Formatters.HTML, file: "bench/results/compression.html"}
  ]
)
Comparing Across Runs
Save benchmark results and compare them:
# Run 1
Benchee.run(%{...}, save: [path: "bench/run1.json"])

# Run 2 (after changes)
Benchee.run(%{...}, load: "bench/run1.json")
Benchmarking Anti-Patterns
Measuring the Wrong Thing
Do not measure function call overhead instead of actual compression. Always use realistic data sizes:
# BAD: Too small, overhead dominates
input = "hello"

# GOOD: Representative of your actual data
input = File.read!("bench/data/production_sample.json")
Ignoring Data Characteristics
Different data types compress differently. Always benchmark with data that matches your production workload:
	Data Type	Zstd L3 Ratio	LZ4 Ratio
	English text	3.0:1	2.0:1
	JSON	2.8:1	1.9:1
	Float64 array	2.0:1	1.5:1
	Random bytes	1.0:1	1.0:1

(Illustrative order-of-magnitude ratios; benchmark your own data.)
Results from one data type do not generalize to another.
Averaging Away Tail Latency
For latency-sensitive applications, the average (mean) is misleading. Two codecs with similar average latency may have very different p99 latency:
Codec A: mean 0.5ms, p99 0.8ms, max 1.2ms
Codec B: mean 0.5ms, p99 5.0ms, max 50ms
Codec A is better for real-time systems despite the same mean.
Not Measuring Memory
For concurrent systems, memory usage can be as important as speed. A fast codec that allocates large buffers under concurrent load can cause GC pressure or OOM errors.
Benchmarking Compression Only
Decompression speed matters as much as compression speed for read-heavy workloads. Always benchmark both directions.
Recommended Benchmark Suite
Create a benchmark suite that covers these scenarios:
1. Compression Throughput by Codec and Data Size
# Illustrative sketch — prefer compressible fixtures; random bytes only
# measure incompressible worst-case overhead.
sizes = [
  {"1 KB", File.read!("bench/data/sample.json")},
  {"1 MB", :binary.copy(File.read!("bench/data/sample.json"), 64)}
]

codecs = [:zstd, :lz4, :snappy, :bzip2, :blosc2]

for {size_name, data} <- sizes do
  Benchee.run(
    Enum.into(codecs, %{}, fn codec ->
      {"#{codec}_#{size_name}", fn _ -> ExCodecs.encode(codec, data) end}
    end),
    time: 10,
    warmup: 5
  )
end
2. Zstd Level Sweep
# bench/zstd_levels.exs
input = File.read!("bench/data/sample.json")

Benchee.run(
  Enum.into(1..22, %{}, fn level ->
    {"zstd_l#{level}", fn _ -> ExCodecs.encode(:zstd, input, level: level) end}
  end),
  time: 5,
  warmup: 2
)
3. Decompression Throughput by Codec
# bench/decompression.exs
input = File.read!("bench/data/sample.json")

compressed = %{
  zstd: elem(ExCodecs.encode(:zstd, input), 1),
  lz4: elem(ExCodecs.encode(:lz4, input), 1),
  snappy: elem(ExCodecs.encode(:snappy, input), 1),
  bzip2: elem(ExCodecs.encode(:bzip2, input), 1)
}

Benchee.run(
  Enum.into(compressed, %{}, fn {codec, data} ->
    {"#{codec}_decode", fn _ -> ExCodecs.decode(codec, data) end}
  end),
  time: 10,
  warmup: 5
)
4. Blosc2 Configuration Sweep
# bench/blosc2_configs.exs
input = File.read!("bench/data/float_array.bin")  # float64 array

configs = [
  {"blosc2_lz4_none", [cname: :lz4, clevel: 5, shuffle: :none]},
  {"blosc2_lz4_byte", [cname: :lz4, clevel: 5, shuffle: :byte, typesize: 8]},
  {"blosc2_zstd_none", [cname: :zstd, clevel: 5, shuffle: :none]},
  {"blosc2_zstd_byte", [cname: :zstd, clevel: 5, shuffle: :byte, typesize: 8]},
  {"blosc2_zstd_bit", [cname: :zstd, clevel: 5, shuffle: :bit, typesize: 8]}
]

Benchee.run(
  Enum.into(configs, %{}, fn {name, opts} ->
    {name, fn _ -> ExCodecs.encode(:blosc2, input, opts) end}
  end),
  time: 10,
  warmup: 5
)
5. Ratio Comparison
# bench/ratios.exs
input = File.read!("bench/data/sample.json")

for codec <- [:zstd, :lz4, :snappy, :bzip2, :blosc2] do
  {:ok, compressed} = ExCodecs.encode(codec, input)
  ratio = Float.round(byte_size(input) / byte_size(compressed), 2)
  IO.puts("#{codec}: #{byte_size(input)} -> #{byte_size(compressed)} (#{ratio}:1)")
end

# Zstd levels
for level <- [1, 3, 5, 9, 14, 19, 22] do
  {:ok, compressed} = ExCodecs.encode(:zstd, input, level: level)
  ratio = Float.round(byte_size(input) / byte_size(compressed), 2)
  IO.puts("zstd_l#{level}: #{byte_size(compressed)} bytes (#{ratio}:1)")
end
Interpreting Results
The Speed-Ratio Tradeoff
Plot compression ratio vs. speed for each codec and configuration.
The ASCII plot below is illustrative, not measured on ExCodecs:
Ratio
5.0 |                                    * Bzip2-9
    |                           * Zstd-19
4.0 |                      * Zstd-9
    |                 * Zstd-5
3.0 |            * Zstd-3
    |       * Zstd-1
2.0 |    * LZ4     * Snappy
    |
1.0 +----------------------------------------- Speed
     fast                                  slow
Choose the tradeoff that meets your requirements, then confirm with a Benchee run on your data.
Context Matters
A benchmark result is only meaningful in context. Always state:
	What data you used (type, size, entropy).
	What hardware you ran on (CPU, cores, memory).
	What versions of everything (Elixir, OTP, ExCodecs, underlying libraries).
	What configuration you used (codec options).

When to Re-Benchmark
Re-benchmark when:
	You upgrade ExCodecs or any dependency.
	You change hardware or deployment environment.
	You change your data format or typical payload size.
	You change the number of concurrent compression operations.

Summary
	Benchmark with your actual data and hardware. Synthetic benchmarks are not reliable.
	Measure throughput, ratio, memory, and tail latency. Do not focus on only one metric.
	Use Benchee with adequate warmup and measurement time.
	Record your environment for reproducibility.
	Test both compression and decompression. Read-heavy workloads should prioritize decompression speed.
	Test multiple data sizes. Performance characteristics change as data size increases.
	Avoid averaging away tail latency. Use p99 and max for latency-sensitive systems.



  

    Choosing a Compression Codec

This guide helps you select the right compression codec for your use case. It includes a comparison table, decision criteria, and worked examples.
Is the data spatial, or spatially representable?
Compression codecs operate on arbitrary binaries. If records represent
coordinates, points, normals, colors, oriented particles, or Gaussian splats,
consider converting them to ExCodecs.Spatial types first—even when the
source is currently a flat array, CSV rows, maps, or database records.
Use:
	ExCodecs.Spatial.PointCloud for XYZ, XYZRGB(A), normals, and scalar
per-point attributes.
	ExCodecs.Spatial.GaussianCloud for position, scale, rotation, opacity,
color, and spherical harmonics.
	:ply for interoperable spatial exchange.
	:spatial_binary (EXCP) for compact point clouds.
	:gsplat (GSPL) for compact Gaussian clouds.

Spatial encoding and compression are complementary. Encode the structured
data first, then optionally compress the resulting binary:
alias ExCodecs.Spatial.{Point, PointCloud}

cloud =
  rows
  |> Enum.map(fn %{x: x, y: y, z: z} -> Point.new(x, y, z) end)
  |> PointCloud.new()

{:ok, spatial_binary} =
  ExCodecs.Spatial.encode(cloud, format: :spatial_binary)

{:ok, compressed} = ExCodecs.encode(:zstd, spatial_binary, level: 3)
If the numbers have no geometric meaning and only need compact storage,
Blosc2 may be a better fit. See
Understanding Spatial Codecs and
Spatial Wire Formats.

Quick Comparison
	Codec	Compression Ratio	Compression Speed	Decompression Speed	Memory Usage	Configurable	Streaming	Best For
	LZ4	Low	Very Fast	Very Fast	Very Low	No	No	Real-time, latency-sensitive
	Snappy	Low	Very Fast	Very Fast	Very Low	No	No	Short-lived data, RPC payloads
	Zstd	High	Fast	Very Fast	Moderate	Levels 1-22	No	General purpose, storage, network
	Bzip2	Very High	Slow	Slow	Moderate	Block 1-9	No	Archival, offline processing
	Blosc2	High*	Fast	Very Fast	Moderate	Codec/level/shuffle/typesize	No	Numerical arrays, typed data

* Blosc2 ratio depends heavily on the internal codec (cname) and shuffle settings. With byte shuffle on typed data, ratios can exceed Zstd.
“Streaming” here means an incremental compression API. All current compression
codecs operate on complete input buffers.
Decision Framework
Answer the following questions to narrow your choice:
1. What is your data type?
	Coordinates, point samples, particles, normals, or Gaussian splats --
model them with ExCodecs.Spatial, even if they currently arrive as arrays,
rows, maps, or CSV. Optionally compress the encoded PLY/EXCP/GSPL binary.
	Text, JSON, logs, general-purpose binary -- Zstd is the best default. Use level 3 for a balance of speed and ratio.
	Typed numerical arrays without spatial semantics (floats, integers, matrices) -- Blosc2 with appropriate typesize and shuffle settings.
	Short-lived messages, RPC payloads -- Snappy or LZ4 for minimal latency.
	Archival storage -- Bzip2 for maximum ratio, or Zstd at level 19-22 for high ratio with better decompression speed.

2. How fast does compression need to be?
	Need >= ~1 GB/s - LZ4 or Snappy.
	Need >= ~300-500 MB/s - Zstd level 1-3, Blosc2 with LZ4 inner codec.
	No constraint - Zstd high levels (9-22) or Bzip2.

3. How fast does decompression need to be?
	Need multi-GB/s - LZ4 or Snappy.
	Need ~1 GB/s class - Zstd any level, Blosc2.
	No constraint - Any codec. Bzip2 decompression is typically much slower.

4. How much memory can you spare?
	Very constrained (embedded, large concurrent load) -- LZ4 or Snappy.
	Moderate -- Zstd at levels 1-14.
	Available -- Zstd at levels 15-22 or Bzip2 at block sizes 7-9.

5. Is data read once or many times?
	Read many times -- Invest in higher compression. The one-time compression cost amortizes over many decompressions. Zstd level 9-14 or Bzip2.
	Read once or rarely -- Use fast compression. LZ4 or Snappy.
	Never decompressed (checksum only) -- Consider whether you need compression at all.

Codec-Specific Selection Guides
When to Use LZ4
{:ok, compressed} = ExCodecs.encode(:lz4, data)
	ExCodecs exposes one fixed, fast LZ4 profile; it does not accept :level.
	Low-latency message queues
	Real-time data pipelines where throughput matters more than size
	Temporary data that will be decompressed quickly
	In-memory caches where the CPU cost of decompression must be negligible
	When you need deterministic compression and decompression speeds

When to Use Snappy
{:ok, compressed} = ExCodecs.encode(:snappy, data)
	RPC frameworks (Snappy is the default in many RPC systems)
	Data that is already partially compressed or has low entropy
	Situations where you want zero configuration
	When every microsecond counts and compression ratio is secondary

When to Use Zstd
{:ok, compressed} = ExCodecs.encode(:zstd, data, level: 3)
	General-purpose compression (Zstd is the best default choice)
	Databases, file storage, and network transmission
	Workloads where decompression speed matters (Zstd decompresses fast regardless of compression level)
	When you need a configurable tradeoff (22 levels from fast to maximum ratio)

ExCodecs does not currently expose Zstd dictionary compression.
When to Use Bzip2
{:ok, compressed} = ExCodecs.encode(:bzip2, data, block_size: 9)
	Archival storage where maximum ratio is the priority
	Offline batch processing where compression time is not constrained
	Data that will be stored for a long time and decompressed rarely
	Interoperability with the .bz2 ecosystem

When to Use Blosc2
{:ok, compressed} = ExCodecs.encode(:blosc2, data, cname: :zstd, clevel: 5, shuffle: :byte, typesize: 8)
	Numerical arrays (float64, int32, etc.)
	Scientific data, time series, matrix storage
	Situations where shuffle filters provide a significant ratio improvement
	When you need fine-grained control over the compression pipeline

Each Blosc2 NIF call is single-threaded (nthreads: 1). Parallelize independent
buffers with BEAM processes.
Worked Examples
Example 1: API Response Cache
A web application caches JSON responses. Data is compressed once, read many times.
Choice: Zstd at level 5-9
# Compression (one-time cost)
{:ok, compressed} = ExCodecs.encode(:zstd, json_binary, level: 7)

# Decompression (many reads)
{:ok, original} = ExCodecs.decode(:zstd, compressed)
Rationale: Zstd decompresses quickly regardless of compression level, so invest more in compression to get better ratios for the cache.
Example 2: Real-Time Message Broker
Messages arrive at high volume and must be forwarded with minimal latency.
Choice: LZ4
{:ok, compressed} = ExCodecs.encode(:lz4, message)
Rationale: Latency is the priority. ExCodecs' fixed fast LZ4 profile adds
minimal overhead to the pipeline.
Example 3: Scientific Data Archive
A research pipeline archives float64 measurement arrays to cold storage.
Choice: Blosc2 with Zstd inner codec and byte shuffle
{:ok, compressed} = ExCodecs.encode(:blosc2, float_array_binary,
  cname: :zstd,
  clevel: 9,
  shuffle: :byte,
  typesize: 8
)
Rationale: The byte shuffle reorders bytes within each 8-byte float, grouping high-order bytes (often similar) together. On typed arrays this often yields about a 2-4x ratio gain versus compressing the raw array (illustrative; see the Blosc2 guide table).
Example 4: Log File Archival
Monthly log files are compressed and stored in object storage.
Choice: Zstd at level 15-19 or Bzip2 at block size 9
{:ok, compressed} = ExCodecs.encode(:zstd, log_data, level: 17)
# or
{:ok, compressed} = ExCodecs.encode(:bzip2, log_data, block_size: 9)
Rationale: Compression is a one-time batch operation. Maximum ratio reduces storage costs over months. Zstd at high levels offers better decompression speed than Bzip2 if you need occasional access.
Example 5: Short-Lived RPC Payload
An internal service sends compressed protobuf messages over the network.
Choice: Snappy
{:ok, compressed} = ExCodecs.encode(:snappy, protobuf_binary)
Rationale: Protobuf already removes much redundancy. Snappy adds minimal overhead on both compression and decompression, and requires no configuration. The ratio improvement will be modest but the latency impact is negligible.
Summary Table by Use Case
	Use Case	Recommended Codec	Configuration
	General-purpose default	Zstd	level: 3
	Real-time / low-latency	LZ4	No codec-specific options
	Fastest with no config	Snappy	(none)
	Maximum ratio / archival	Bzip2 or Zstd	block_size: 9 or level: 19-22
	Numerical arrays	Blosc2	cname: :zstd, shuffle: :byte
	Spatially meaningful records	Spatial + optional compression	PLY/EXCP/GSPL, then optionally Zstd
	Small repetitive payloads	Zstd	level: 3 (dictionary API unavailable)
	In-memory cache	LZ4 or Snappy	No codec-specific options
	Already slightly compressed	Snappy or LZ4	No codec-specific options



  

    Codec Fundamentals

This guide explains the core concepts behind ExCodecs: what codecs are, how the encode/decode abstraction works, and how the framework models them.
What Is a Codec?
A codec (coder-decoder) transforms data between two representations. In the simplest terms:
Original Data  --[encode]-->  Transformed Data
Transformed Data  --[decode]-->  Original Data
encode converts data from its natural form into the codec's target representation. decode reverses the process, recovering the original data. For compression codecs, encoding is compression and decoding is decompression.
This abstraction is not limited to compression. Hashing algorithms, checksum functions, binary encodings (Base64, Hex), and content-addressing schemes all follow the same encode/decode pattern. ExCodecs is built on this insight: a unified framework can serve all of these use cases with one consistent API.
The Encode/Decode Abstraction
Every codec in ExCodecs implements two functions:
@callback encode(data :: binary(), opts :: keyword()) :: {:ok, binary()} | {:error, Error.t()}
@callback decode(data :: binary(), opts :: keyword()) :: {:ok, binary()} | {:error, Error.t()}
Key properties of this design:
	Binary in, binary out for registry codecs. Structured data is either
serialized first, or handled by a category module (e.g. spatial structs
via ExCodecs.Spatial).
	Optionally configurable. The opts keyword list allows codec-specific tuning (compression level, block size, shuffle mode) while keeping the call signature uniform.
	Explicit error handling. Every operation returns {:ok, result} or {:error, %ExCodecs.Error{}}. There are no exceptions for normal failure modes.
	Composable. Because the input and output share the same type, codecs can be chained. The sensible direction is to compress already-binary data with a fast codec (e.g. spatial :ply → :zstd); chaining two general-purpose compressors (Zstd-then-Blosc2) usually wastes time since the inner output is already high-entropy.
	Category modules provide domain naming (Compression.compress/3) or
non-binary shapes (Spatial.encode/2) without overloading the registry API.

Compressing Data
{:ok, compressed} = ExCodecs.encode(:zstd, my_binary)
Decompressing Data
{:ok, original} = ExCodecs.decode(:zstd, compressed)
With Codec-Specific Options
{:ok, compressed} = ExCodecs.encode(:zstd, my_binary, level: 9)
{:ok, compressed} = ExCodecs.encode(:blosc2, my_binary, cname: :zstd, clevel: 5, shuffle: :byte)
How ExCodecs Models Codecs
The framework is organized around three layers: the public API, the registry, and codec modules.
+-------------------+
| ExCodecs (API)    |   Public interface: encode/3, decode/3
+-------------------+
         |
+-------------------+
| CodecRegistry     |   Runtime discovery: lookup, supports?, available_codecs
+-------------------+
         |
+-------------------+
| Codec Behaviour   |   Contract: encode/2, decode/2, __codec_info__/0
+-------------------+
         |
+-------------------+
| Codec Modules     |   Implementations: Zstd, Lz4, Snappy, Bzip2, Blosc2
+-------------------+
         |
+-------------------+
| Native NIFs       |   Rust implementations via Rustler
+-------------------+
The Codec Behaviour
ExCodecs.Codec defines the contract every codec must fulfill:
defmodule ExCodecs.Codec do
  @callback encode(data :: binary(), opts :: keyword()) :: {:ok, binary()} | {:error, Error.t()}
  @callback decode(data :: binary(), opts :: keyword()) :: {:ok, binary()} | {:error, Error.t()}
end
Codec modules also export __codec_info__/0 to provide metadata:
def __codec_info__ do
  %ExCodecs.Codec{
    name: :zstd,
    category: :compression,
    module: __MODULE__,
    native?: true,
    streaming?: false,
    configurable?: true,
    version: "structured-zstd-0.0.48"
  }
end
The %ExCodecs.Codec{} struct contains:
	Field	Type	Description
	name	atom()	Codec identifier (e.g., :zstd)
	category	atom()	Category (e.g., :compression)
	module	module() | nil	Implementing module, or nil if unavailable
	native?	boolean()	Whether a native NIF implementation exists
	streaming?	boolean()	Whether an incremental encode/decode API is exposed
	configurable?	boolean()	Whether the codec accepts configuration options
	version	String.t() | nil	Library version string

The Codec Registry
ExCodecs.CodecRegistry is an ETS-backed registry that maps codec names to their implementations. It is populated during application startup in ExCodecs.Application:
# At startup, each codec is checked for availability
codecs = [
  {:zstd, ExCodecs.Compression.Zstd, :compression},
  {:lz4, ExCodecs.Compression.Lz4, :compression},
  {:snappy, ExCodecs.Compression.Snappy, :compression},
  {:bzip2, ExCodecs.Compression.Bzip2, :compression},
  {:blosc2, ExCodecs.Compression.Blosc2, :compression}
]

for {name, module, category} <- codecs do
  if nif_loaded?() and Code.ensure_loaded?(module) and function_exported?(module, :encode, 2) do
    CodecRegistry.register(name, module, category)
  else
    CodecRegistry.register_unavailable(name, category)
  end
end
If a native NIF library fails to load, the codec is still registered but marked unavailable. This is graceful degradation: your application can query ExCodecs.supports?(:zstd) before attempting to use a codec.
The Error Model
All errors are structured through ExCodecs.Error:
%ExCodecs.Error{
  reason: :unsupported_codec | :codec_unavailable | :invalid_data |
          :invalid_options | :compression_failed | :decompression_failed |
          :nif_not_loaded,
  message: String.t(),
  codec: atom() | nil,
  details: term() | nil
}
Common error scenarios:
# Unknown codec
ExCodecs.encode(:unknown, "data")
# => {:error, %ExCodecs.Error{reason: :unsupported_codec, codec: :unknown}}

# Codec known but NIF not loaded
ExCodecs.decode(:zstd, corrupt_data)
# => {:error, %ExCodecs.Error{reason: :decompression_failed, codec: :zstd}}

# Invalid option
ExCodecs.encode(:zstd, "data", level: 50)
# => {:error, %ExCodecs.Error{reason: :invalid_options, message: "Level must be an integer between 1 and 22"}}
Pattern matching on errors:
case ExCodecs.encode(:zstd, data) do
  {:ok, compressed} ->
    handle_success(compressed)

  {:error, %ExCodecs.Error{reason: :codec_unavailable}} ->
    fallback_to_pure_elixir()

  {:error, %ExCodecs.Error{reason: :invalid_options} = error} ->
    Logger.error("Bad options: #{error.message}")
    {:error, :bad_options}
end
You can also use the convenience matcher:
if ExCodecs.Error.matches?(result, :unsupported_codec) do
  handle_missing_codec()
end
Implementing a Custom Codec
To add a new codec, implement the ExCodecs.Codec behaviour and register it:
defmodule ExCodecs.Compression.MyCodec do
  @behaviour ExCodecs.Codec

  def __codec_info__ do
    %ExCodecs.Codec{
      name: :my_codec,
      category: :compression,
      module: __MODULE__,
      native?: false,
      streaming?: false,
      configurable?: false,
      version: "1.0.0"
    }
  end

  @impl true
  def encode(data, opts) do
    # Your compression logic here
    {:ok, compressed_data}
  end

  @impl true
  def decode(data, opts) do
    # Your decompression logic here
    {:ok, original_data}
  end
end
Then register it at application startup:
ExCodecs.CodecRegistry.register(:my_codec, ExCodecs.Compression.MyCodec, :compression)
Summary
	A codec transforms data through encode and decode, both accepting binaries and optional keyword lists.
	The ExCodecs.Codec behaviour defines the contract; the registry manages runtime discovery.
	All errors are structured as %ExCodecs.Error{} with typed reasons.
	Codecs that cannot load their native implementation are still registered but marked unavailable, enabling graceful degradation.
	New codecs can be added by implementing the behaviour and registering them with the ETS-backed registry.



  

    Compression Fundamentals

This guide covers the fundamentals of lossless data compression: how algorithms work, what tradeoffs exist, and how to reason about compression in practice.
Why Compression Matters
Data compression reduces the number of bits needed to represent information. The benefits cascade:
	Less storage. Compressed data takes up fewer bytes on disk.
	Less network bandwidth. Transferring compressed payloads reduces latency and cost.
	Better cache utilization. More compressed data fits in CPU caches and memory.
	Faster I/O. Disk and network are often the bottleneck; reducing data size can reduce total wall-clock time even after accounting for CPU overhead.

Compression is not free. It consumes CPU time and memory. The central question is always: does the reduction in I/O cost justify the CPU cost?
Lossless vs. Lossy Compression
ExCodecs deals exclusively with lossless compression: the decoded output is bit-for-bit identical to the original input.
	Property	Lossless	Lossy
	Fidelity	Exact reconstruction	Approximate reconstruction
	Ratio	Lower (typically 2:1 to 5:1)	Higher (10:1 to 100:1+)
	Use cases	Text, code, databases, archives	Images, audio, video
	Examples	Zstd, LZ4, Bzip2, Snappy	JPEG, MP3, H.264

Never use a lossy codec on data that must be reconstructed exactly (database records, source code, configuration files, structured data).
How Compression Algorithms Work
All lossless compression algorithms exploit statistical redundancy in the input. They find patterns and represent them more compactly. Different algorithms use different techniques, often in combination.
Run-Length Encoding (RLE)
The simplest approach: replace repeated sequences with a count.
Input:  AAAAAABBCCDDDD
Output: 6A2B2C4D
RLE is effective for data with long runs of identical values but poor for varied data. It is rarely used standalone but appears as a building block inside more sophisticated algorithms.
Dictionary Methods (LZ77/LZ78/LZW)
The most influential family. These algorithms build a dictionary of previously seen substrings and replace repeated occurrences with references.
LZ77 (used by LZ4, Snappy, Zstd, Deflate/GZIP):
	Maintain a sliding window over recently seen data.
	When a substring matches something in the window, emit a (distance, length) pair pointing back to it.
	Literals that have not been seen before are emitted as-is.

Input:  "the quick brown fox the quick"
Output: "the quick brown fox" <distance=26, length=9>
The sliding window size determines the maximum reference distance. Larger windows improve ratio but use more memory.
LZ78/LZW (used by Unix compress, GIF):
	Build an explicit dictionary that grows during compression.
	When a new string is found, add it to the dictionary for future reference.
	Dictionary indices are emitted as codes.

Entropy Coding (Huffman, Arithmetic)
After dictionary or transform-based processing, entropy coding assigns shorter bit sequences to more frequent symbols.
Huffman coding builds an optimal prefix-free code tree:
	Count the frequency of each symbol.
	Build a binary tree where frequent symbols get short codes and rare symbols get long codes.
	No code is a prefix of another, so decoding is unambiguous.

Arithmetic coding achieves higher efficiency by representing the entire message as a single fractional number, approaching the theoretical Shannon entropy limit.
Burrows-Wheeler Transform (BWT)
Used by Bzip2. Not a compression algorithm by itself, but a reversible transformation that makes data more compressible:
	Form all cyclic rotations of the input.
	Sort them lexicographically.
	Take the last column of the sorted matrix.

The last column tends to group identical characters together, making it highly amenable to run-length and entropy encoding. BWT achieves excellent compression ratios because it captures long-range redundancy.
Shuffle Filters
Used by Blosc2. Before compression, the bytes within typed elements are grouped by position:
Original (4x 32-bit integers):
  [A0 A1 A2 A3] [B0 B1 B2 B3] [C0 C1 C2 C3] [D0 D1 D2 D3]

After byte shuffle:
  [A0 B0 C0 D0] [A1 B1 C1 D1] [A2 B2 C2 D2] [A3 B3 C3 D3]
High-order bytes (which are often zero or similar in numeric data) cluster together, dramatically improving compression ratios. Bit shuffle performs the same operation at the bit level for even higher correlation.
The Compression Tradeoff Space
No single algorithm is best on all axes. Compression involves tradeoffs among:
Compression Ratio vs. Speed
Higher compression ratios require more computation. Zstd level 1 is fast with moderate ratio; Zstd level 22 is slow with excellent ratio.
Ratio     Low <---------------------------------------> High
Speed      High <---------------------------------------> Low
           Snappy  LZ4  Zstd(1)  Zstd(3)  Zstd(9)  Bzip2(9)
Compression Speed vs. Decompression Speed
Some algorithms are asymmetric. Zstd optimizes for fast decompression regardless of compression level. LZ4 has extremely fast both directions. Bzip2 is slow in both directions.
Memory Usage
Higher compression levels and larger window sizes consume more memory:
	Codec	Compression Memory	Decompression Memory
	LZ4	Low	Very Low
	Snappy	Very Low	Very Low
	Zstd	Moderate-High	Low
	Bzip2	Moderate	Moderate
	Blosc2	Configurable	Low-Moderate

Determinism
All ExCodecs backends produce deterministic output for a given input, fixed
options, and library version: the same encode(:zstd, data, level: 3) call
yields byte-identical output across calls. Output is not guaranteed across
library versions — a new structured-zstd release may produce a different (but
compatible) frame for the same input.
When Compression Helps and Hurts
Compression helps when:
	Data has redundant patterns (text, JSON, CSV, log files).
	I/O (disk or network) is the bottleneck.
	You are storing or transmitting data that will be read many times.
	The data is large relative to the compression overhead.

Compression hurts when:
	Data is already compressed (JPEG, PNG, video codecs, encrypted data). Re-compressing usually inflates size.
	Data is very small (under a few hundred bytes). The compressed output may be larger than the input.
	CPU is the bottleneck and I/O is fast (e.g., in-memory processing of short-lived data).
	Latency is critical and the compression overhead exceeds I/O savings.

Practical Guidelines
	Measure, do not guess. Benchmark your actual data with multiple codecs. Text data compresses differently from binary data, and JSON compresses differently from protobuf.

	Choose decompression speed over compression speed for read-heavy workloads. Data is typically compressed once and decompressed many times.

	Reserve high-compression settings for archival. Zstd level 19-22 and Bzip2 are appropriate for cold storage, not for real-time processing.

	Watch your memory. High compression levels consume more RAM. On the BEAM, NIFs run in dirty schedulers, but memory pressure still affects the entire system.

	Test with realistic data. Synthetic benchmarks are misleading. Use production data or representative samples.

	Consider Blosc2 for typed arrays. If your data is numerical (float arrays, integer matrices), Blosc2's shuffle filters can improve ratios by about 2-4x compared to applying a general-purpose codec directly (illustrative; measure on your data).




  

    Native Architecture

ExCodecs implements compression and spatial unpack/pack in a Rust NIF crate
(native/ex_codecs_native), loaded through
RustlerPrecompiled. This guide
describes the current crate layout, Dirty scheduler use, precompiled
distribution, and how Elixir wraps NIF results.
Why a NIF?
Compression and dense binary spatial decode are CPU-bound over large binaries.
Doing that work in Rust lets the library:
	Operate on contiguous &[u8] slices without BEAM binary traversal cost
	Use mature pure-Rust codec crates (no C compression toolchain at build time)
	Offload long work to Dirty CPU / Dirty IO schedulers so normal BEAM
schedulers stay responsive

There is no pure-Elixir Zstd/LZ4/Snappy/Bzip2/Blosc2 path. When the NIF is
absent, codecs register as unavailable and public APIs return
%ExCodecs.Error{reason: :nif_not_loaded}.
Elixir entry point
ExCodecs.Native uses RustlerPrecompiled (not use Rustler alone):
use RustlerPrecompiled,
  otp_app: :ex_codecs,
  crate: :ex_codecs_native,
  version: version,
  base_url: "https://github.com/AnimaLogica/codecs/releases/download/v#{version}",
  mode: :release,
  nif_versions: ["2.17"],
  targets: [
    "aarch64-apple-darwin",
    "x86_64-apple-darwin",
    "x86_64-unknown-linux-gnu",
    "x86_64-unknown-linux-musl",
    "aarch64-unknown-linux-gnu",
    "aarch64-unknown-linux-musl",
    "x86_64-pc-windows-msvc"
  ]
Each exported function has an Elixir stub that raises
:erlang.nif_error(:nif_not_loaded) until the shared library loads.
ExCodecs.Native.nif_loaded?/0 probes codec_versions/0.
Public codecs never call Native stubs directly for error shaping: they go
through ExCodecs.NIF.safe_call/2 / wrap/2, which map atoms and panics into
%ExCodecs.Error{}. Spatial codecs use ExCodecs.Spatial.Accel for the same
purpose.
Rust crate layout
native/ex_codecs_native/
  Cargo.toml          # rust-version = "1.94", pure-Rust deps
  src/
    lib.rs            # rustler::init + codec_versions/0
    atoms.rs
    zstd_codec.rs     # structured-zstd
    lz4_codec.rs      # lz4_flex (size-prepended block)
    snappy_codec.rs   # snap (raw block)
    bzip2_codec.rs    # bzip2 0.6 (pure-Rust backend)
    blosc2_codec.rs   # blosc2-pure-rs
    spatial.rs        # EXCP / GSPL / PLY pack-unpack + mmap
    util.rs
Current compression dependencies (no C libzstd / libbzip2 / c-blosc2):
structured-zstd = "0.0.48"
lz4_flex = "0.11"
snap = "1.1"
bzip2 = "0.6"
blosc2-pure-rs = { version = "0.2.4", features = ["zlib-rs"] }
memmap2 = "0.9"
Release profile: opt-level = 3, lto = true, codegen-units = 1, strip = true.
Version map
codec_versions/0 returns a string map of backend labels, including
"spatial" => "excp-gspl-ply-1". Elixir codec modules may hardcode library
crate versions in __codec_info__/0; treat the NIF map as a runtime probe, not
the only source of truth for HexDocs metadata.
Dirty scheduling
Dirty scheduling is explicit on each NIF (#[rustler::nif(schedule = ...)]).
Rustler does not auto-promote long NIFs.
	Kind	Examples
	DirtyCpu	All compress/decompress; EXCP/GSPL/PLY pack and unpack (binary + mmap)
	DirtyIo	spatial_mmap_open, spatial_append_file

Configure dirty CPU count with the VM flag +SDcpu N (not -SDio).
Implications:
	Normal schedulers stay free while compression runs on dirty threads.
	Concurrent NIF work is limited by dirty scheduler count.
	A started NIF cannot be cancelled. Wrapping in Task.yield/2 +
Task.shutdown/1 abandons the Elixir task; the dirty NIF may still finish
and hold a dirty scheduler until it returns.

Precompiled distribution
CI attaches platform binaries to the GitHub release matching the package
version. At mix deps.get / app start, RustlerPrecompiled downloads the
matching artifact when present; otherwise it compiles from
native/ex_codecs_native (requires Rust 1.94+).
nif_versions: ["2.17"] matches OTP 26+ NIF ABI 2.17. Supported OTP releases
for this package are those listed in mix.exs / README; precompiled binaries
target that NIF version.
If load fails entirely, ExCodecs.Application registers codecs as unavailable
(module: nil) instead of crashing the VM.
Error path
Rust Result::Err / atom
  -> Rustler {:error, atom} or ErlangError
  -> ExCodecs.NIF.wrap/2 or safe_call/2
  -> {:error, %ExCodecs.Error{}}
There is no Error.from_nif/2 helper. Panic-like ErlangError payloads are
logged and returned as :compression_failed with message
"Native codec crashed".
Decompression honors :max_output_size (default 256 MiB) to bound
amplification; see ExCodecs.NIF and ExCodecs.Compression.decompress/3.
Spatial acceleration
ExCodecs.Spatial.Accel is the Elixir ABI over the spatial NIFs: row tuple
shapes, chunked unpack ({rows, next_offset}), pack, and mmap resources.
	Prefer Accel.chunk_size/0 (4096) loops for large clouds.
	Do not truncate or replace a file while an mmap resource is live
(possible SIGBUS). Use accel: false / plain IO for untrusted paths.
	When Accel.available?/0 is false, codecs fall back to pure Elixir decode.

Summary
	Pure-Rust compression crates behind RustlerPrecompiled NIFs
	Explicit DirtyCpu / DirtyIo scheduling
	Structured errors via ExCodecs.NIF, never raw exceptions on the public API
	Optional spatial accel with Elixir fallback and mmap safety caveats



  

    Runtime Codec Discovery

ExCodecs uses a shared runtime catalog to discover, validate, and query binary
and spatial codecs. This guide explains how the ETS-backed registry works, how
it enables graceful degradation, and how to extend it with custom binary
codecs.
The Codec Registry
The ExCodecs.CodecRegistry module manages a mapping from codec names (atoms) to their implementations and metadata. It is backed by an ETS table for fast, concurrent lookups without process bottlenecks.
Architecture
Application Start
       |
       v
  ExCodecs.Application.start/2
       |
       v
  CodecRegistry.start_link()  --creates-->  ETS table (:ex_codecs_registry)
       |
       v
  register_all_codecs()  --populates-->  ETS table
       |
       v
  Ready for lookups
The registry starts before any codec modules are registered. During application startup, ExCodecs.Application iterates through the known codecs and attempts to register each one:
codecs = [
  {:zstd, ExCodecs.Compression.Zstd, :compression},
  {:lz4, ExCodecs.Compression.Lz4, :compression},
  {:snappy, ExCodecs.Compression.Snappy, :compression},
  {:bzip2, ExCodecs.Compression.Bzip2, :compression},
  {:blosc2, ExCodecs.Compression.Blosc2, :compression}
]

for {name, module, category} <- codecs do
  if nif_loaded?() and Code.ensure_loaded?(module) and function_exported?(module, :encode, 2) do
    CodecRegistry.register(name, module, category)
  else
    CodecRegistry.register_unavailable(name, category)
  end
end
ETS Backend
The registry uses a named ETS table (:ex_codecs_registry) with the :set and :public options:
	:set: Each key (codec name) maps to exactly one entry.
	:public: Any process can read and write, enabling concurrent access without going through the Agent.

The Agent process (ExCodecs.CodecRegistry) owns the ETS table and ensures it is created during startup. Subsequent lookups go directly to ETS without process serialization.
Registry Entry Format
Each entry in the ETS table is a tuple:
{name :: atom(), {module :: module() | nil, category :: atom(), info :: %ExCodecs.Codec{}}}
For an available codec:
{:zstd, {ExCodecs.Compression.Zstd, :compression, %ExCodecs.Codec{name: :zstd, ...}}}
For an unavailable codec:
{:zstd, {nil, :compression, %ExCodecs.Codec{name: :zstd, module: nil, native?: false, ...}}}
The distinction between "known but unavailable" and "unknown" is important:
	Known but unavailable: The codec is registered in the table with
module: nil. Its implementation could not be loaded (for compression this
commonly means the native NIF is unavailable). supports?/1 returns
false, but codec_info/1 still returns metadata.

	Unknown: The codec name is not in the table at all. lookup/1 returns {:error, :unsupported_codec}.


Querying the Registry
Available Codecs
List all catalog entries that are loaded and functional:
ExCodecs.available_codecs()
# => [:blosc, :blosc2, :bzip2, :crc32c, :gsplat, :lz4, :ply, :snappy, :spatial_binary, :zstd]

ExCodecs.available_codecs(:compression)
# => [:blosc, :blosc2, :bzip2, :lz4, :snappy, :zstd]

ExCodecs.available_codecs(:spatial)
# => [:gsplat, :ply, :spatial_binary]
This filters out codecs where the module is nil (unavailable). Only codecs you can actually use are included.
Check If a Codec Is Available
ExCodecs.supports?(:zstd)    # => true
ExCodecs.supports?(:unknown)  # => false
Use this before encoding or decoding when you need conditional behavior:
def compress_data(data) do
  if ExCodecs.supports?(:zstd) do
    ExCodecs.encode(:zstd, data, level: 3)
  else
    {:ok, data}  # Fallback: return uncompressed
  end
end
Get Codec Metadata
{:ok, info} = ExCodecs.codec_info(:zstd)
# => %ExCodecs.Codec{
#      name: :zstd,
#      category: :compression,
#      interface: :binary,
#      module: ExCodecs.Compression.Zstd,
#      native?: true,
#      streaming?: false,
#      configurable?: true,
#      version: "structured-zstd-0.0.48"
#    }

info.streaming?     # => false
info.configurable?  # => true
info.version        # => "structured-zstd-0.0.48"
This is useful for checking codec capabilities:
def compress_with_fallback(data, codec \\ :zstd) do
  {:ok, info} = ExCodecs.codec_info(codec)

  opts = if info.configurable?, do: [level: 5], else: []
  ExCodecs.encode(codec, data, opts)
end
List Codecs by Category
ExCodecs.Compression.available_codecs()
# => [%ExCodecs.Codec{name: :blosc2, ...}, %ExCodecs.Codec{name: :bzip2, ...}, ...]
Built-ins currently occupy :compression and :spatial. The interface
metadata records whether operations use the top-level binary API or the
specialized spatial API.
Direct Lookup
{:ok, {module, category, info}} = ExCodecs.CodecRegistry.lookup(:zstd)
# => {ExCodecs.Compression.Zstd, :compression, %ExCodecs.Codec{...}}
Graceful Degradation
One of the key design goals of ExCodecs is graceful degradation: the application should not crash if a native NIF fails to load.
How It Works
	During application startup, the application checks if the Rustler NIF is available.
	If the NIF is loaded, codecs are registered normally with their modules.
	If the NIF is not loaded, codecs are registered as "unavailable" with module: nil.
	ExCodecs.encode/3 and ExCodecs.decode/3 check if the module is nil before calling it, returning {:error, %ExCodecs.Error{reason: :codec_unavailable}} for unavailable codecs.

NIF Loading Failure Scenarios
The NIF may fail to load when:
	Unsupported platform: The precompiled NIF binary is not available for the current OS/architecture combination.
	Missing shared library: A system-level dependency is missing.
	NIF version mismatch: The BEAM NIF version is not compatible with the compiled NIF.
	Rustler compilation failure: The Rust compiler is not available and no precompiled binary exists.

In any of these cases, the registry still works. You can query available_codecs/0 to get the list of functional codecs and supports?/1 to check specific codecs.
Pattern for Graceful Fallback
defmodule MyDataPipeline do
  @preferred_codec :zstd
  @fallback_codec :lz4

  def compress(data) do
    cond do
      ExCodecs.supports?(@preferred_codec) ->
        ExCodecs.encode(@preferred_codec, data, level: 3)

      ExCodecs.supports?(@fallback_codec) ->
        ExCodecs.encode(@fallback_codec, data, level: 1)

      true ->
        # No compression available, return data as-is
        {:ok, data}
    end
  end
end
Error Handling for Unavailable Codecs
case ExCodecs.encode(:zstd, data) do
  {:ok, compressed} ->
    handle_success(compressed)

  {:error, %ExCodecs.Error{reason: :codec_unavailable}} ->
    # The NIF is not loaded; fall back to an alternative
    ExCodecs.encode(:lz4, data)

  {:error, %ExCodecs.Error{reason: :unsupported_codec}} ->
    # The codec name is not registered at all
    {:error, :unknown_codec}

  {:error, %ExCodecs.Error{reason: :compression_failed}} ->
    # The NIF loaded but compression failed (e.g., corrupt data)
    {:error, :compression_error}
end
Registering Custom Codecs
You can add custom codecs at runtime by implementing the ExCodecs.Codec behaviour and registering them.
Step 1: Implement the Behaviour
defmodule MyApp.Codecs.Rot13 do
  @behaviour ExCodecs.Codec

  def __codec_info__ do
    %ExCodecs.Codec{
      name: :rot13,
      category: :encoding,
      module: __MODULE__,
      native?: false,
      streaming?: false,
      configurable?: false,
      version: "1.0.0"
    }
  end

  @impl true
  def encode(data, _opts) when is_binary(data) do
    {:ok, rot13(data)}
  end

  @impl true
  def decode(data, _opts) when is_binary(data) do
    {:ok, rot13(data)}
  end

  defp rot13(data) do
    for <<byte <- data>>, into: <<>> do
      cond do
        byte in ?a..?z -> <<rem(byte - ?a + 13, 26) + ?a>>
        byte in ?A..?Z -> <<rem(byte - ?A + 13, 26) + ?A>>
        true -> <<byte>>
      end
    end
  end
end
Step 2: Register the Codec
:ok = ExCodecs.CodecRegistry.register(:rot13, MyApp.Codecs.Rot13, :encoding)
Step 3: Use It
ExCodecs.supports?(:rot13)        # => true
ExCodecs.encode(:rot13, "hello")  # => {:ok, "uryyb"}
ExCodecs.decode(:rot13, "uryyb")  # => {:ok, "hello"}
Registration Validation
When registering a codec, CodecRegistry.register/3 validates that the module implements the required functions:
ExCodecs.Codec.validates?(MyApp.Codecs.Rot13)
# => true  (module exports encode/2 and decode/2)

ExCodecs.Codec.validates?(SomeModuleWithoutCodecBehaviour)
# => false
If validation fails, registration returns an error:
ExCodecs.CodecRegistry.register(:bad_codec, NotAModule, :compression)
# => {:error, {:invalid_codec_module, NotAModule}}
All vs. Available Codecs
The registry distinguishes between "all registered codecs" and "available codecs":
# All codecs known to the registry (including unavailable ones)
ExCodecs.CodecRegistry.all_codecs()
# => [:blosc, :blosc2, :bzip2, :crc32c, :gsplat, :lz4, :ply, :snappy, :spatial_binary, :zstd]

# Only entries whose implementation is loaded and functional
ExCodecs.CodecRegistry.available_codecs()
# => [:bzip2, :gsplat, :lz4, :ply, :snappy, :spatial_binary, :zstd]
# (:blosc2 is unavailable in this example)
The set of available codecs may change if the NIF is reloaded. In normal operation, once the NIF loads successfully, all built-in codecs are available.
Thread Safety
The ETS table is created with :public access, meaning reads and writes are atomic and thread-safe. In practice:
	Reads are lock-free. lookup/1, available_codecs/0, and supports?/1 do not block.
	Writes are atomic. register/3 and register_unavailable/2 use :ets.insert/2, which is atomic.
	No transaction across multiple operations. The list of available codecs could change between calling available_codecs/0 and using a codec. Use supports?/1 immediately before use if availability may change.

In most deployments, all codecs are registered once at startup and never change. Concurrent reads are safe and fast.
Summary
	The registry uses ETS for fast, lock-free lookups without process bottlenecks.
	Codecs are registered at startup; unavailable ones (NIF not loaded) are marked but not removed.
	supports?/1 and available_codecs/0 enable runtime checks.
	Custom codecs can be registered by implementing the ExCodecs.Codec behaviour and calling CodecRegistry.register/3.
	The distinction between "known" and "available" codecs enables graceful degradation when native libraries are missing.



  

    Understanding Blosc2

ExCodecs implements C-Blosc2-compatible chunks only (pure Rust via
blosc2-pure-rs). That means:
	You can	You cannot (with ExCodecs alone)
	encode(:blosc2, binary) → one chunk	Open/save .b2frame super-chunk files
	Interop with python-blosc2 compress/decompress on a buffer	B2ND multi-dim arrays / partial ND slices
	Use :blosclz, :lz4, :lz4hc, :zstd, :zlib + shuffle	cname: :snappy (use standalone :snappy codec)

Standalone Snappy remains ExCodecs.encode(:snappy, data).
Blosc2 is a meta-compressor designed for high-performance compression of binary data, especially numerical arrays. This guide explains how Blosc2 works, its shuffle filters and internal codecs, and how to use it effectively in ExCodecs.
Overview
Blosc2 is not a compression algorithm itself. It is a meta-compressor: a framework that orchestrates other compressors (called "codecs" or "compressors" in Blosc2 terminology) and adds pre-processing and post-processing stages around them.
The key innovation in Blosc2 is combining:
	Shuffle filters that reorganize bytes to improve compressibility of typed data.
	Pluggable internal compressors — in ExCodecs: BloscLZ, LZ4, LZ4HC, Zstd, Zlib
(not Snappy as cname; use the standalone :snappy codec for Snappy).
	Block-based chunks — ExCodecs compresses one buffer to one chunk
(nthreads: 1 on the NIF; not a multi-chunk super-chunk store).

ExCodecs exposes Blosc2 as a first-class chunk codec with configurable
internal compressor, compression level, shuffle mode, and typesize.
How Blosc2 Works
Blosc2 processes data in a pipeline:
Input Binary
    |
    v
[1] Split into internally selected blocks
    |
    v
[2] Apply shuffle filter (none / byte / bit)
    |
    v
[3] Compress each block with internal codec
    |
    v
[4] Assemble one Blosc2 chunk
    |
    v
Output Binary
Decompression reverses the pipeline:
Input Binary (Blosc2 chunk)
    |
    v
[1] Parse chunk header
    |
    v
[2] Decompress each block with internal codec
    |
    v
[3] Apply inverse shuffle filter
    |
    v
[4] Concatenate blocks
    |
    v
Output Binary (original)
Step 1: Block Splitting
Blosc2 chunks split input into internal blocks. In the wider Blosc2 ecosystem,
blocks can support parallel or partial processing. ExCodecs currently exposes
neither block-size selection nor block-level access; the implementation chooses
the block layout and decodes the complete chunk.
Blocks still improve cache utilization inside compression.
Step 2: Shuffle Filters
The shuffle filter is Blosc2's main advantage for typed data. It reorders bytes within elements before compression:
Byte Shuffle (shuffle: :byte):
Groups bytes by their position within each element:
Original (4x 32-bit integers):
  [A0 A1 A2 A3] [B0 B1 B2 B3] [C0 C1 C2 C3] [D0 D1 D2 D3]

After byte shuffle:
  [A0 B0 C0 D0] [A1 B1 C1 D1] [A2 B2 C2 D2] [A3 B3 C3 D3]
High-order bytes (A3, B3, C3, D3) often have similar values (e.g., mostly zeros for positive integers). Grouping them together makes the data far more compressible.
Bit Shuffle (shuffle: :bit):
The same principle at the bit level, providing even more correlation for certain data types (e.g., floating-point values where the sign bit and exponent are similar across elements).
No Shuffle (shuffle: :none):
Skip the shuffle step. Use this for data that does not have a regular element structure.
Step 3: Internal Compression
Each (possibly shuffled) block is compressed using one of several codecs:
	Codec	Description	Speed	Ratio
	:blosclz	BloscLZ (C-Blosc2 pure-Rust port)	Very Fast	Moderate
	:lz4	LZ4 (default)	Very Fast	Moderate
	:lz4hc	LZ4 high compression	Moderate	Good
	:zstd	Zstandard	Fast	High
	:zlib	Zlib (Deflate)	Moderate	Good

The choice of internal codec determines the speed/ratio tradeoff within each block. Blosc2 adds the shuffle filtering on top, so the effective ratio can be much higher than using the same codec directly.
Step 4: Chunk Assembly
Blosc2 assembles the compressed blocks into a chunk with metadata including:
	The decompressed size.
	The block size.
	The internal codec, compression level, and shuffle mode.
	The element typesize.

This header allows decompression without any external metadata.
Using Blosc2 in ExCodecs
Basic Usage
# Default: LZ4 inner codec, level 5, byte shuffle, typesize 8
{:ok, compressed} = ExCodecs.encode(:blosc2, data)
{:ok, original} = ExCodecs.decode(:blosc2, compressed)
With Zstd Inner Codec
{:ok, compressed} = ExCodecs.encode(:blosc2, data,
  cname: :zstd,
  clevel: 5,
  shuffle: :byte,
  typesize: 8
)
With No Shuffle (General Binary Data)
{:ok, compressed} = ExCodecs.encode(:blosc2, data,
  cname: :zstd,
  clevel: 3,
  shuffle: :none
)
With Bit Shuffle (Maximum Ratio for Floats)
{:ok, compressed} = ExCodecs.encode(:blosc2, data,
  cname: :zstd,
  clevel: 9,
  shuffle: :bit,
  typesize: 4
)
Single-threaded chunk compression
{:ok, compressed} = ExCodecs.encode(:blosc2, data,
  cname: :lz4,
  clevel: 5,
  shuffle: :byte,
  typesize: 8
)
The current NIF always uses one Blosc2 worker (nthreads: 1) on a BEAM
DirtyCpu scheduler. :numthreads is not a public option.
Configuration Options
	Option	Type	Default	Description
	:cname	atom	:lz4	Internal compressor (:blosclz, :lz4, :lz4hc, :zstd, :zlib)
	:clevel	integer (0-9)	5	Compression level (0 = no compression)
	:shuffle	atom	:byte	Shuffle filter (:none, :byte, :bit)
	:typesize	integer (1-255)	8	Element size in bytes for shuffle

Choosing cname (Internal Codec)
	:lz4 (default): Best for speed-sensitive applications. The shuffle filter provides most of the ratio improvement.
	:zstd: Best ratio when combined with shuffle. Use :zstd with clevel: 5-9 for maximum compression of numerical data.
	:lz4hc: Higher ratio than :lz4, slower compress.
	:blosclz: Blosc’s own LZ codec (included for C-Blosc2 interop).
	:zlib: Moderate speed, good ratio. Available for compatibility.

cname: :snappy is rejected. Use the standalone registry codec
ExCodecs.encode(:snappy, data) instead.
Choosing shuffle
	:byte (default): Best for most typed data. Groups bytes by position within each element. Recommended for float64, int32, and similar numeric types.
	:bit: Finest granularity. Groups bits by position. Can improve ratio further for floating-point data where sign/exponent bits are similar.
	:none: No pre-processing. Use for general binary data without regular element structure, or when the shuffle adds overhead without ratio improvement.

Choosing typesize
The typesize tells Blosc2 how many bytes each element occupies. It is critical for the shuffle filter to work correctly.
	Data Type	typesize
	:float64 / double	8
	:float32 / float	4
	:int64	8
	:int32	4
	:int16	2
	:int8	1
	Raw binary (no shuffle)	1

Setting typesize: 1 with shuffle: :byte is equivalent to shuffle: :none because there is no intra-element byte grouping.
Setting typesize: 8 with shuffle: :byte on float64 arrays typically provides about a 2-4x ratio improvement over compressing the raw data directly (illustrative; measure on your arrays).
Important: The data length should ideally be a multiple of typesize for the shuffle filter to work correctly. If the data length is not a multiple of typesize, Blosc2 will still work but the last partial element will not benefit from shuffling.
Choosing clevel
	clevel	Behavior
	0	No compression (shuffle only)
	1	Fastest compression
	5	Default, good balance
	9	Maximum compression for the chosen codec

With clevel: 0, Blosc2 applies the shuffle filter but does not compress. This is useful when you want the reordering benefit without compression, or as a diagnostic to see how much shuffle alone helps.
Threading
On the BEAM, the NIF runs on a DirtyCpu scheduler. The pure-Rust
C-Blosc2-compatible chunk implementation uses nthreads: 1; ExCodecs does not
create an extra native thread pool. Run independent codec calls concurrently
from separate BEAM processes when workload-level parallelism is needed.
Wire format is a Blosc2 chunk (not super-chunk / B2ND / .b2frame).
Fixtures under test/fixtures/blosc2/ are produced with python-blosc2.
The Blosc2 Chunk Format
ExCodecs produces one C-Blosc2-compatible chunk per call. The chunk carries
the decompressed size, compressed size, block size, typesize, codec, level, and
filter metadata required for full-buffer decompression.
The public API only performs complete chunk decompression. It does not
expose partial block reads, super-chunks, B2ND arrays, .b2frame containers,
or configurable native decompression threads.
When to Use Blosc2
Use Blosc2 When
	Data is numerical arrays. Float64, int32, and other typed data benefit enormously from shuffle filters.
	You need fine-grained control. Blosc2 offers the most parameters of any codec in ExCodecs.
	Data has regular element structure. If data length is a multiple of a known typesize, Blosc2 can exploit this.
	You need C-Blosc2 chunk interoperability. ExCodecs chunks interoperate
with single-buffer C/Python Blosc2 compression APIs.

Consider Alternatives When
	Data is unstructured binary. If there is no regular element structure, the shuffle filter provides no benefit, and Zstd or LZ4 directly may be simpler.
	Data is small. Blosc2's chunk-header overhead makes it less efficient for data under 256 bytes.
	You want simplicity. Blosc2 has many configuration knobs. Zstd with level: 3 is simpler and effective for most data.

Ratio Improvement from Shuffle
The shuffle filter is Blosc2's key advantage for numerical data. Illustrative
ratio improvements (measure on your arrays):
	Data Type	Zstd Alone	Blosc2 + Zstd + Byte Shuffle	Improvement
	float64 array	2.5:1	5:1 - 10:1	2-4x
	int32 array	2.0:1	4:1 - 8:1	2-4x
	Mixed JSON	3.0:1	3.0:1 (shuffle: :none)	No change
	Random binary	1.01:1	1.01:1	No change

For numerical data, shuffle often helps substantially when the element layout is regular.
Comparison with Other Codecs
	Property	Blosc2	Zstd	LZ4
	Category	Meta-compressor	Algorithm	Algorithm
	Shuffle Filters	Yes (byte, bit)	No	No
	Inner Codecs	5 options	N/A	N/A
	Incremental API	No	No	No
	Per-call threading	Single-threaded	Single-threaded	Single-threaded
	Best For	Numerical arrays	General data	Speed
	Configuration	Codec/level/shuffle/typesize	Level 1-22	None

Best Practices
	Set typesize correctly. Match it to your element size (4 for float32, 8 for float64). Wrong typesize reduces or eliminates shuffle benefits.

	Use shuffle: :byte as the default for typed data. It provides the most benefit for the least overhead. Switch to :bit for floating-point data where exponent bits correlate.

	Use shuffle: :none for unstructured data. Shuffle on unstructured data adds CPU overhead without ratio improvement.

	Start with cname: :lz4, clevel: 5 for speed, or cname: :zstd, clevel: 5 for ratio. These are the most commonly useful configurations.

	Parallelize independent calls with BEAM processes. Each NIF call is
single-threaded and runs on a DirtyCpu scheduler.

	Benchmark with your actual data. The effectiveness of shuffle depends heavily on the data. Always measure, do not guess.

	Ensure data length is a multiple of typesize. If possible, pad your data to a typesize boundary before compressing with Blosc2.




  

    Understanding Bzip2

Bzip2 is a high-ratio compression codec that uses the Burrows-Wheeler Transform. This guide covers how Bzip2 works, its block format, configurable options, and when it is the right choice.
Overview
Bzip2 was created by Julian Seward in 1996. It provides some of the best compression ratios among general-purpose algorithms, at the cost of significantly slower compression and decompression speeds compared to Zstd, LZ4, and Snappy.
Key characteristics:
	Excellent compression ratio (often better than Zstd at moderate levels).
	Slow compression (50-200 MB/s depending on block size and data).
	Slow decompression (slower than Zstd at any level).
	Higher memory usage during both compression and decompression.
	Configurable block size (1-9) controlling the ratio/speed/memory tradeoff.

How Bzip2 Works
Bzip2 compression proceeds through four sequential phases:
Phase 1: Block Sorting (Burrows-Wheeler Transform)
The Burrows-Wheeler Transform (BWT) is the key innovation behind Bzip2. It is a reversible transformation that permutes the input data to group similar characters together.
Given an input string, BWT works as follows:
	Form all cyclic rotations of the input.
	Sort the rotations lexicographically.
	Take the last column of the sorted matrix.
	Record the original row position for decoding.

Example with input banana:
Rotations:         Sorted:            Last column:
banana              abanana            b
anana b             anana b            n
nana ba             ana b n            n
ana ban             a banan            a
na bana             banana             a (original row)
a banan             na bana            a
 banan a            nana ba            n
The last column output is bnnaaa -- notice how similar characters cluster together. This clustering is what makes the subsequent stages effective.
BWT is reversible: given the last column and the original row index, the original string can be reconstructed.
The block size parameter (1-9) controls how large an input block the BWT processes. Larger blocks produce better clustering and better compression, but require more memory and processing time.
Phase 2: Move-to-Front Transform
After BWT, the data has high local correlation. The Move-to-Front (MTF) transform converts the BWT output into a sequence of small integers:
	Maintain a list of all possible symbols in order.
	For each symbol in the BWT output, find its position in the list and emit that position.
	Move the symbol to the front of the list.

Since similar symbols are clustered after BWT, the MTF output tends to be many small numbers (0s, 1s, 2s) with occasional large numbers. This distribution is ideal for the next phase.
Phase 3: Run-Length Encoding
Bzip2 applies Run-Length Encoding (RLE) after the MTF transform:
	Sequences of 4 or more identical symbols are replaced by the symbol followed by a run-length count.
	This further reduces the data size, especially for runs that occur naturally after BWT+MTF.

Phase 4: Huffman Coding
Finally, Huffman coding assigns variable-length codes to each symbol:
	Frequent symbols (small MTF values) get short codes (often 1-2 bits).
	Rare symbols (large MTF values) get longer codes.
	Multiple Huffman tables may be used for different sections of the data, chosen to minimize total bits.

The Huffman tables are stored in the compressed output header so the decompressor can reconstruct them.
Block Size
Bzip2's block size parameter (1-9) controls the amount of data processed by each BWT pass:
	Block Size	Memory (Compression)	Memory (Decompression)	Ratio	Speed
	1	1 MB	0.5 MB	Lower	Fastest
	3	3 MB	1.5 MB	Moderate	Moderate
	6	6 MB	3 MB	Good	Slower
	9 (default)	9 MB	4.5 MB	Best	Slowest

Larger block sizes allow the BWT to find more distant patterns, improving compression. The improvement diminishes for block sizes above 6 for most data.
# Default (block size 9, maximum ratio)
{:ok, compressed} = ExCodecs.encode(:bzip2, data)

# Lower block size for faster compression or less memory
{:ok, compressed} = ExCodecs.encode(:bzip2, data, block_size: 3)

# Minimum block size, minimum memory
{:ok, compressed} = ExCodecs.encode(:bzip2, data, block_size: 1)
Choosing a Block Size
	Block size 9: Default. Best ratio. Acceptable for offline processing.
	Block size 6-7: Good ratio with slightly faster compression. A reasonable compromise.
	Block size 3-5: Moderate ratio. Useful when memory is constrained.
	Block size 1-2: Fastest Bzip2 compression. Only a small improvement over level 9 Zstd in ratio, but much slower.

ExCodecs does not expose upstream Bzip2's work_factor parameter; only
:block_size is accepted on encode, and unknown keys are ignored.
Bzip2 File Format
A Bzip2 compressed stream has the following structure:
+----------+--------+----------+--------+----------+
| Stream   | Block  | Block    | Block  | Stream   |
| Header   | 1      | 2        | ...    | Footer   |
| "BZh"    |        |          |        |          |
+----------+--------+----------+--------+----------+
Stream Header: The magic bytes BZh followed by the block size digit (1-9) and the Huffman-used flag.
Each Block:
	Magic bytes: 0x314159265359 (pi digits)
	CRC32 of the original data
	BWT pointer (original row index)
	MTF-encoded, Huffman-coded data
	Optional run-length encoding

Stream Footer:
	Magic bytes: 0x177245385090 (sqrt(pi) as BCD digits)
	CRC32 of the blocks
	Padding bits

This format allows block-level recovery: if one block is corrupted, subsequent blocks can still be decompressed.
Performance Characteristics
Compression Speed
Bzip2 compression is significantly slower than Zstd, LZ4, and Snappy:
	Library	Compression Speed (approx.)
	LZ4	500+ MB/s
	Snappy	500+ MB/s
	Zstd level 3	300-500 MB/s
	Zstd level 9	50-100 MB/s
	Bzip2 level 9	10-30 MB/s

Decompression Speed
Bzip2 decompression is also slower than alternatives:
	Library	Decompression Speed (approx.)
	LZ4	2+ GB/s
	Snappy	1.5+ GB/s
	Zstd	1+ GB/s (any level)
	Bzip2	50-150 MB/s

Compression Ratio
Bzip2 achieves excellent ratios, comparable to or slightly better than Zstd at moderate levels:
	Data Type	Bzip2 Ratio	Zstd L3 Ratio	Zstd L9 Ratio
	English text	3.5:1	3.0:1	3.3:1
	JSON	4.0:1	2.8:1	3.2:1
	Source code	4.5:1	3.5:1	4.0:1

Zstd at higher levels (15-22) typically matches or exceeds Bzip2's ratio with better decompression speed.
Memory Usage
Bzip2 memory usage depends on the block size:
	Context	Block Size 1	Block Size 9
	Compression	~1 MB	~9 MB
	Decompression	~0.5 MB	~4.5 MB

These are moderate amounts. On the BEAM, Bzip2 operations run in a DirtyCpu NIF, so this memory is allocated outside the Erlang heap. However, concurrent Bzip2 operations on large blocks can consume significant total memory.
When to Use Bzip2
Use Bzip2 When
	Maximum compression ratio is the priority. Cold storage, archival, long-term data retention.
	Compatibility matters. The .bz2 format is widely supported across Unix systems.
	Data is compressed once and decompressed rarely. The high compression cost is amortized.
	You need block-level recovery. Bzip2's stream format allows partial decompression after corruption.

Consider Alternatives When
	Real-time or latency-sensitive. Zstd at level 3-5 provides 80-90% of Bzip2's ratio at 10-30x the speed.
	Decompression speed matters. Zstd decompresses 5-20x faster than Bzip2.
	Memory is constrained. Bzip2's memory usage, while moderate, exceeds Snappy's or LZ4's minimal footprint.
	You are compressing small payloads. Bzip2's block header overhead (100+ bytes) makes it inefficient for data under 1 KB.

Comparison with Zstd
	Property	Bzip2	Zstd
	Compression Ratio	Excellent	Very Good to Excellent
	Compression Speed	Slow	Fast to Moderate
	Decompression Speed	Slow	Fast
	Memory (Compress)	1-9 MB	1-64 MB (level dep.)
	Memory (Decompress)	0.5-4.5 MB	1-8 MB
	Streaming	Yes	Yes
	Dictionary	No	Yes
	Configurable	Block size	22 levels + window size

Bzip2's advantage is raw compression ratio on text-heavy data. Zstd's advantage is speed, especially decompression speed. For most new systems, Zstd at level 9-14 provides comparable ratio with dramatically better performance.
Best Practices
	Use Bzip2 for archival, not real-time. The slow compression and decompression make it unsuitable for interactive workloads.

	Use block size 9 by default. The ratio improvement from larger blocks is worth the memory cost for archival use cases.

	Consider Zstd before Bzip2. Zstd at level 9-14 provides similar ratio with 5-20x better decompression speed. Only choose Bzip2 when you specifically need its format or its marginal ratio improvement.

	Do not use Bzip2 for small data. The block header overhead and BWT setup cost make Bzip2 inefficient for payloads under 1 KB.

	Be aware of memory. Each concurrent Bzip2 compression at block size 9 uses 9 MB. On the BEAM, plan for this when dispatching many concurrent compressions.




  

    Understanding LZ4

LZ4 is the fastest codec in ExCodecs, designed for applications where speed is paramount. This guide covers how LZ4 works, its performance characteristics, the block format, and how to use it effectively.
Overview
LZ4 was created by Yann Collet (the same author as Zstd) and is focused on extreme speed. It provides:
	Compression speeds over 500 MB/s per core.
	Decompression speeds over 2 GB/s per core.
	A simple, well-defined block format.
	A fixed fast-compression profile in ExCodecs.

LZ4 achieves this speed by using a simple hash table for match finding and avoiding computationally expensive entropy coding. The tradeoff is a lower compression ratio compared to Zstd or Bzip2.
How LZ4 Works
LZ4 is an LZ77-family algorithm. It operates in a single pass over the input:
Match Finding
	The input is read byte by byte.
	At each position, LZ4 computes a hash of the next 4 bytes and looks up the hash table.
	If the hash table contains a matching position, LZ4 verifies the match by comparing bytes.
	If the match is at least 4 bytes long, it emits a (offset, match_length) pair and copies the match.
	If no match is found, the current byte is emitted as a literal.
	The hash table is updated with the current position.

What LZ4 Skips
Unlike Zstd or Deflate, LZ4 does not perform:
	No entropy coding (Huffman or FSE). Matches and literals are stored with minimal overhead.
	No optimal parsing. The first match found is used; no search for a better match.
	No context modeling. Each match decision is local.

This simplicity is what makes LZ4 fast. The compressed data is essentially a stream of "copy these literal bytes, then copy length bytes from offset back."
Configuration
The ExCodecs LZ4 codec uses lz4_flex fast block compression and does not
expose compression levels or LZ4 HC. Pass no codec-specific encode options:
{:ok, compressed} = ExCodecs.encode(:lz4, data)
If you need a configurable speed/ratio tradeoff, use Zstd. If you need an
LZ4-family codec with a higher-compression profile, Blosc2 supports
cname: :lz4hc and clevel: 0..9.
The LZ4 Block Format
Each LZ4 compressed block consists of sequences. Each sequence encodes:
+----------+---------+-----------+
| Token    | Literals| Match     |
| (1 byte) | Section | Section   |
+----------+---------+-----------+
Token Byte
The token byte encodes two values (4 bits each):
	Literal length (high 4 bits): Number of literal bytes before the match.
	Match length (low 4 bits): Length of the match minus 4 (minimum match length is 4).

If either value is 15, the remaining length is encoded as successive bytes where value 255 means "add 255 and read the next byte."
Literals Section
Raw bytes that did not match anything in the sliding window.
Match Section
	Offset (2 bytes, little-endian): Distance back to the start of the match.
	Extended match length (if the token's match length was 15): Additional bytes encoding the remaining match length.

This format is simple to parse, which contributes to LZ4's fast decompression speed.
Performance Characteristics
Compression Speed
LZ4's fixed fast profile can compress at 500+ MB/s on modern hardware. This means:
	A 1 MB payload compresses in under 2 ms.
	A 10 MB payload compresses in under 20 ms.
	Network links below 500 MB/s are often slower than LZ4 compression, making on-the-fly compression a net win.

Decompression Speed
LZ4 decompresses at 2+ GB/s. This is often faster than memory copy for partially incompressible data because the compressed representation is smaller and fewer bytes need to be read from memory.
Compression Ratio
On typical text data, LZ4 achieves:
	2.0:1 to 2.5:1 on English text.
	1.5:1 to 2.0:1 on JSON.
	1.0:1 on already-compressed data (JPEG, PNG, encrypted).

These ratios are lower than Zstd (3:1 to 5:1 on the same data) but the speed advantage can make LZ4 more effective when latency is the bottleneck.
Sliding Window
LZ4 uses a 64 KB sliding window for match finding. This is fixed and not configurable. The window size means:
	Matches can reference data up to 64 KB back.
	Patterns repeated at distances greater than 64 KB cannot be compressed.
	For data with long-range repetitions, Zstd (typically a larger window than LZ4; not configurable in ExCodecs) achieves significantly better ratios.

When LZ4 Excels
	Network protocol compression. When data must be compressed and decompressed within strict latency budgets.
	In-memory caches. Compressing cached data reduces memory usage while keeping decompression instant.
	Log buffering. Compressing log lines before writing to disk reduces I/O without adding noticeable latency.
	Real-time data pipelines. Streaming systems where backpressure from compression is unacceptable.
	IPC/RPC serialization. Compressing messages between services with minimal overhead.

When LZ4 Is Not the Best Choice
	Cold storage. Use Zstd or Bzip2 for better ratios when decompression speed is less important.
	Small, structured messages. Consider Snappy for even simpler compression with no configuration.
	Numerical arrays. Use Blosc2 with shuffle filters for better ratios on typed data.
	Data with long-range patterns. LZ4's 64 KB window misses patterns beyond 64 KB. Zstd's typically larger window (not configurable in ExCodecs) can capture them.

Comparison with Snappy
LZ4 and Snappy occupy a similar niche (fast, low-ratio compression). Key differences:
	Property	LZ4	Snappy
	Compression Speed	Fast (fixed fast profile)	Fast
	Decompression Speed	Very fast	Fast
	Compression Ratio	Moderate (better than Snappy)	Slightly lower
	Configurable	No	No
	Format	LZ4 block format	Snappy framework format
	Deterministic	Yes	Yes

LZ4 generally offers better ratio at comparable speeds, while Snappy has a simpler format and no configuration knobs.
Comparison with Zstd
	Property	LZ4	Zstd
	Compression Speed	Faster	Slower (at high levels)
	Decompression Speed	Faster	Fast
	Ratio	Moderate	High
	Window Size	64 KB (fixed)	Larger than LZ4 (not configurable in ExCodecs)
	Dictionary	No	Not exposed by ExCodecs
	Configurable	No	Levels 1-22

LZ4 is the right choice when speed is the primary concern. Zstd is the right choice when ratio matters or when you need fine-grained control over the speed/ratio tradeoff.
Best Practices
	Use LZ4 without level options. ExCodecs exposes its fixed fast profile.
If ratio matters, consider Zstd or Blosc2 with cname: :lz4hc.

	Measure the compression ratio on your data. If LZ4 provides less than 1.5:1 ratio, compression may not be worth the CPU cost.

	Use LZ4 for data that is compressed and decompressed frequently. The multi-GB/s decompression speed means the decompression cost is often negligible.

	Do not re-compress LZ4 data. Already-compressed data (including LZ4 output) typically does not compress further and may expand.

	Consider the 64 KB window. If your data has repetitive patterns at distances greater than 64 KB, LZ4 will not capture them. Switch to Zstd for a larger window.




  

    Understanding Snappy

Snappy (formerly Zippy) is a fast compression codec developed by Google, focused on maximum speed with minimal configuration. This guide covers Snappy's format, performance characteristics, and when to use it.
Overview
Snappy was designed at Google for internal use in their distributed infrastructure (Bigtable, MapReduce, etc.). Its priorities, in order, are:
	Decompression speed -- as fast as possible.
	Compression speed -- nearly as fast as decompression.
	Simplicity -- no configuration knobs, deterministic output.
	Compression ratio -- secondary to speed.

Snappy achieves compression speeds over 500 MB/s and decompression speeds over 1.5 GB/s, making it suitable for latency-sensitive systems where the compression ratio is not the primary concern.
How Snappy Works
Snappy is an LZ77-family algorithm with aggressive speed optimizations:
Matching Strategy
	Scan the input linearly.
	At each position, hash the next 4 bytes and look up a hash table.
	If a match is found that is at least 4 bytes long (up to 64 KB back), emit a copy command.
	If no match is found, emit the current byte as a literal.
	Moves forward by only 1 byte after a literal (no lazy or optimal parsing).

Speed Optimizations
Snappy makes specific design choices that sacrifice ratio for speed:
	No entropy coding. Literals and match lengths are stored in a simple variable-length encoding, not Huffman or arithmetic coding.
	No optimal parsing. The first match found is always used. Snappy does not consider whether skipping a match could lead to a longer one later.
	No match length extension. Snappy does not extend matches beyond the initial find. Some implementations do, but the core format does not require it.
	Minimal branching. The decoder is a simple state machine with few conditional branches, which is CPU-cache and branch-predictor friendly.

Snappy Format
ExCodecs uses the raw Snappy block format (not the separate Snappy framing format). A block is an uncompressed-length prefix followed by tagged elements.
Uncompressed Length Prefix
+-------------------+
| Length (varint)   |  -- Uncompressed length in bytes
+-------------------+
The uncompressed size is encoded as a variable-length integer at the start of the compressed block so the decompressor can size the output buffer.
Elements
Each element starts with a tag byte. The lower two bits select the element type:
	Tag (bits 1-0)	Type
	00	Literal (raw bytes)
	01	Copy with 1-byte offset (length 4-11, offset 0-2047)
	10	Copy with 2-byte offset (length 1-64, offset 0-65535)
	11	Copy with 4-byte offset (legacy; length 1-64)

Tag byte:
  bits 7-2: length or offset info (depends on type)
  bits 1-0: element type
For literals, short lengths fit in the tag; longer literals use a 1-4 byte length field. Copies encode offset and length as described in Google's Snappy format description. Typical compressor windows are up to 64 KB.
Format Properties
	Self-contained. Each Snappy-compressed block contains all the information needed for decompression. No external dictionary or state is required.
	Deterministic. Identical inputs always produce identical outputs. This is useful for content-addressable storage and caching.
	Single-pass. Both compression and decompression are single-pass with no backtracking.

Performance Characteristics
Speeds and ratios below are illustrative order-of-magnitude figures from
typical upstream C Snappy discussions; ExCodecs uses the pure-Rust snap
crate. Benchmark your own data.
Compression Speed
Snappy is designed for very high compression throughput. Key factors:
	The hash table is small and fits in L1/L2 cache.
	No expensive operations (no sorting, no entropy coding, no optimal parsing).
	Good SIMD acceleration on x86 and ARM.

Decompression Speed
Decompression is similarly speed-oriented. The decompressor:
	Reads the tag byte to determine the element type.
	For literals: copies bytes verbatim (essentially a memcpy).
	For copies: reads the offset and length, then copies from the already-decompressed output.

Compression Ratio
Snappy's ratio is lower than LZ4, Zstd, and Bzip2. Illustrative ratios:
	Data Type	Snappy Ratio	LZ4 Ratio	Zstd Level 3 Ratio
	English text	1.8:1	2.0:1	3.0:1
	JSON	1.7:1	1.9:1	2.8:1
	HTML	2.0:1	2.2:1	3.5:1
	Already compressed	1.0:1	1.0:1	1.0:1

Snappy's lower ratio is the expected tradeoff for its speed advantage.
Using Snappy in ExCodecs
Snappy has no encode-time configuration knobs (configurable?: false):
# Compress
{:ok, compressed} = ExCodecs.encode(:snappy, data)

# Decompress
{:ok, original} = ExCodecs.decode(:snappy, compressed)
Encode ignores option keywords. Decode accepts :max_output_size (same
decompression-bomb guard as other codecs):
{:ok, compressed} = ExCodecs.encode(:snappy, data)
{:ok, original} = ExCodecs.decode(:snappy, compressed, max_output_size: 1_048_576)
{:ok, info} = ExCodecs.codec_info(:snappy)
info.configurable?  # => false
info.streaming?      # => false
Streaming Support
Snappy supports a framing format (the "Snappy framing format" or "snappy-framed") in its full specification, which allows incremental compression and decompression of data streams.
ExCodecs currently provides block-level Snappy compression and decompression. The entire input must be available before compression can begin. For streaming use cases, consider chunking the data into blocks and compressing each block separately.
When to Use Snappy
Use Snappy When
	Latency is the primary concern. Snappy adds the least overhead to your data pipeline.
	Data is short-lived. Messages in RPC frameworks, temporary caches, inter-process communication.
	You want simplicity. No configuration, deterministic output, no versioning concerns.
	Data has low entropy. When the compression ratio matters less than the speed.
	Interoperability with Google systems. Snappy is native to Bigtable, MapReduce, Protobuf, and other Google infrastructure.

Consider Alternatives When
	Storage efficiency matters. Zstd at level 3 achieves 30-50% better ratio with modest compression time penalty and still-fast decompression.
	You need maximum speed with better ratio. LZ4 offers better ratio at comparable speed.
	Data is numerical arrays. Blosc2 with shuffle filters far outperforms Snappy on typed data.
	You need streaming. Snappy's block format requires the entire input. Use Zstd for streaming.

Comparison with LZ4
Snappy and LZ4 serve a similar niche. The main differences:
	Property	Snappy	LZ4
	Compression Speed	Fast	Fast (fixed fast profile)
	Decompression Speed	Fast	Very fast
	Ratio	Slightly lower	Slightly higher
	Configuration	None	None (no levels in ExCodecs)
	Format complexity	Simple	Slightly more complex
	Deterministic	Yes	Yes
	Max offset	64 KB	64 KB

In practice, LZ4 usually compresses slightly better and decompresses slightly faster. Snappy's advantage is its simpler format and zero configuration.
Best Practices
	Use Snappy for RPC and messaging. The combination of speed and determinism makes it ideal for network protocols.

	Do not use Snappy for archival. The compression ratio is too low for storage use cases. Use Zstd instead.

	Pre-allocate decompression buffers. Snappy encodes the decompressed size in the frame header, allowing you to allocate the exact output buffer.

	Arrays with shuffle: use Blosc2 with cname: :lz4 (or :zstd), not
cname: :snappy — Snappy is not a standard C-Blosc2 inner codec in ExCodecs.
For pure Snappy, use this codec: ExCodecs.encode(:snappy, data).

	Measure on your data. If Snappy provides less than 1.3:1 ratio, compression may not be worthwhile. Consider passing data through uncompressed.




  

    Understanding Spatial Codecs

This guide is a domain primer for ExCodecs' spatial category: what the
data is, what each Elixir type means, which file formats you encode to, and
when to use each piece. It is not a rendering tutorial - ExCodecs only moves
spatial data in and out of interchange formats.
What problem does this solve?
You have 3D samples from a scanner, photogrammetry pipeline, or radiance-field
export, and you need to:
	Represent them as Elixir structs in your BEAM process
	Write them to a portable file (or bytes)
	Read them back later - often into another tool that expects PLY or a compact
binary container

Spatial codecs are the encode/decode layer for that. They do not draw
pixels, build meshes, or run a viewer.
Point clouds vs Gaussian splats
These are two different ways to describe a scene as many independent
samples. Neither is a polygon mesh (no faces, no connectivity).
Point cloud - a bag of dots
A point cloud is a list of positions in space. Each point is usually just
(x, y, z). Optionally it can also carry:
	a color (what the scanner/camera saw)
	a surface normal (which way the surface faced)
	arbitrary attributes (intensity, classification, …)

Think of LiDAR returns, depth-camera frames, or the corners of a scanned room:
lots of floating dots, not triangles.
        ·  ·
     ·     ·  ·
   ·   ·         ·     ← each · is one Point {x,y,z[,color,…]}
        ·    ·
           ·
In ExCodecs that bag is a PointCloud (the collection) of Point structs.
Gaussian splat - a bag of fuzzy ellipsoids
A 3D Gaussian splat (often from 3D Gaussian Splatting research) is also
a sample in space, but instead of a hard dot it is a small oriented blob:
	position - where the blob is centered
	scale - how large it is along its local axes (an ellipsoid, not a sphere)
	rotation - how that ellipsoid is oriented (a quaternion)
	opacity - how solid / transparent it is
	color - base RGB (often the “DC” spherical-harmonic color)
	SH - optional higher-order spherical harmonic coefficients that
encode view-dependent appearance (fancy lighting detail for renderers)

        (~~)           ← one Gaussian: soft blob, not a hard vertex
     (~~~~)  (~~)
        (~~~~)
A renderer turns millions of these blobs into an image. ExCodecs does not
render them - it only stores and reloads the parameters so another program
(or a future library) can.
In ExCodecs that bag is a GaussianCloud of Gaussian structs.
		Point cloud	Gaussian splat
	Primitive	Hard sample (dot)	Soft ellipsoid (blob)
	Typical source	LiDAR, depth cameras, photogrammetry points	Trained / exported radiance-field scenes
	Looks like geometry?	Sparse surface samples	Appearance-oriented volume of blobs
	ExCodecs types	Point / PointCloud	Gaussian / GaussianCloud

Elixir-first, with optional Rust acceleration
Spatial encode/decode is Elixir-first: every format has a complete
pure-Elixir implementation, so the API works on any BEAM without a native
backend. Since v0.2.3, an optional Rust NIF accelerator is loaded when
the precompiled native library is available:
	Chunked Rust pack/unpack for EXCP and GSPL (byte-compatible with the
Elixir path; verified by property tests).
	mmap-backed file stream_decode for EXCP/GSPL/PLY, and binary PLY
body unpack.
	Chunked stream_encode_to_file for EXCP/GSPL.

Compression codecs (:zstd, :lz4, …) always use Rust NIFs; spatial formats
use the Elixir path unless acceleration is available. Pass accel: false to
force pure Elixir for a given call.
A common pattern is:
{:ok, ply} = ExCodecs.Spatial.encode(cloud, format: :ply)
{:ok, packed} = ExCodecs.encode(:zstd, ply)   # NIF compresses the bytes
Spatial work stays on the BEAM (or the DirtyCpu NIF pool when accelerating);
you optionally compress the resulting binary with the registry codecs.
Streaming (v0.2.3+)
EXCP / GSPL / PLY files decode record-by-record from disk (bounded
memory; mmap + Rust unpack when available). In-memory binaries use chunked
Rust unpack when the NIF is loaded, otherwise materialize through decode/2.
stream_encode/2 still collects then encodes; use encode_to_file/3 with an
explicit :schema for EXCP/GSPL incremental writes. Prefer explicit
source: :file or source: :binary. See ExCodecs.Spatial.Stream for
details.
Domain types - what each one is for
Point ──┐
        ├──► PointCloud ──► encode as :ply or :spatial_binary
Bounds ─┘         │
Metadata ─────────┘
Transform ────────┘   (optional pose of the whole cloud; not applied here)

Gaussian ──┐
           ├──► GaussianCloud ──► encode as :ply or :gsplat
Bounds / Metadata / Transform ─┘
Point - one sample
One location in 3D, optionally colored / with a normal / with attributes.
alias ExCodecs.Spatial.Point

Point.new(1.0, 2.0, 0.5,
  color: {255, 128, 0},
  normal: {0.0, 0.0, 1.0},
  attributes: %{"intensity" => 0.82}
)
Use when: you are building or iterating individual samples.
PointCloud - the whole set (not a polygon)
A collection of points plus bookkeeping. It is not a mesh and not
a polygon. There are no edges or faces - only the list of points.
alias ExCodecs.Spatial.{Point, PointCloud}

cloud =
  PointCloud.new([
    Point.new(0.0, 0.0, 0.0, color: {255, 0, 0}),
    Point.new(1.0, 0.0, 0.0, color: {0, 255, 0}),
    Point.new(0.0, 1.0, 0.0, color: {0, 0, 255})
  ])
PointCloud may also hold:
	bounds - axis-aligned box around the points (see below)
	metadata - free-form notes / comments
	transform - optional pose of the entire cloud (see below)

Use when: this is your unit of encode/decode for point data.
Bounds - “how big is this cloud?”
An axis-aligned bounding box (AABB): min/max corners in XYZ. Useful for
culling, indexing, or quick spatial queries. It describes the extent of the
data; it is not the data itself.
alias ExCodecs.Spatial.Bounds

Bounds.new({0.0, 0.0, 0.0}, {1.0, 1.0, 0.5})
Use when: you care about the cloud’s spatial footprint. Many codecs
recompute or omit bounds on the wire; keep them in the struct for app logic.
Gaussian - one splat
One oriented ellipsoid with appearance parameters. The rotation/scale here
belong to this splat, not to a whole-scene pose.
alias ExCodecs.Spatial.Gaussian

Gaussian.new({1.0, 2.0, 3.0},
  scale: {0.05, 0.02, 0.05},
  rotation: {1.0, 0.0, 0.0, 0.0},  # identity quaternion {w,x,y,z}
  opacity: 0.9,
  color: {0.8, 0.4, 0.1}
)
Use when: importing/exporting Gaussian-splat datasets.
GaussianCloud - the whole splat set
Same idea as PointCloud, but for Gaussians.
Use when: this is your unit of encode/decode for splat data.
Transform - pose of the whole cloud (not a splat)
A similarity transform (translation + quaternion rotation + uniform scale)
stored as metadata. ExCodecs does not apply it to points/Gaussians.
This is different from a Gaussian’s per-splat rotation/scale:
		Gaussian rotation/scale	Transform
	Applies to	One splat’s ellipsoid	The entire cloud (if you apply it)
	Scale	Anisotropic {sx,sy,sz}	Uniform float
	Applied by ExCodecs?	Stored as splat params	Stored only; you apply it

Use when: a format or pipeline records “this cloud was captured with
sensor pose X” and you want to keep that alongside the samples.
Metadata - comments and leftovers
String comments and a free-form map for application keys that are not geometry.
Use when: you need PLY header comments or app-specific tags to round-trip.
Formats glossary - names that look similar but mean different things
Three layers of vocabulary get mixed up. Keep them separate:
	Kind	Examples	What it is
	Domain concept	point cloud, splat / Gaussian splat	The kind of 3D data in memory
	Format atom	:ply, :spatial_binary, :gsplat	What you pass to ExCodecs.Spatial.encode/decode
	On-wire magic / file type	PLY text/binary, EXCP, GSPL	Bytes on disk / on the network

In memory                         On the wire
─────────                         ───────────
PointCloud      ──format: :ply──►           *.ply  (PLY header + body)
PointCloud      ──format: :spatial_binary──► magic "EXCP" …
GaussianCloud   ──format: :ply──►           *.ply  (Gaussian property names)
GaussianCloud   ──format: :gsplat──►        magic "GSPL" …
“Splat” (domain concept - not a format)
Splat is short for Gaussian splat: one soft 3D ellipsoid sample (see
above). A splat cloud is many of them (GaussianCloud).
There is no format: :splat. To store splats you choose either:
	:ply - portable interchange (Gaussian PLY properties), or
	:gsplat - ExCodecs’ compact binary (on-wire magic GSPL)

PLY / format: :ply - the portable interchange format
PLY (Polygon File Format / Stanford Triangle Format) is a decades-old,
widely supported 3D file format. A PLY file always starts with a readable
header, then a body of per-vertex (or per-face) properties.
Despite “polygon” in the name, PLY is routinely used as a point list -
just vertices with x y z (and maybe colors), no faces at all. Research and
Gaussian-splat tools also stuff splat fields into the same PLY property
mechanism (f_dc_*, opacity, scale_*, rot_*, f_rest_*).
What it’s for
	Hand files to MeshLab, CloudCompare, Blender, Python/open3d, research code
	Debug by opening ASCII PLY in a text editor
	Exchange with people / tools that have never heard of ExCodecs

What you write in Elixir
ExCodecs.Spatial.encode(cloud, format: :ply)
ExCodecs.Spatial.encode(cloud, format: :ply, ply_format: :binary_le)
ExCodecs.Spatial.encode(gaussians, format: :ply)  # Gaussian property names
Trade-offs
	Universal tooling, human-inspectable (ASCII)
	Larger / slower than EXCP/GSPL; schema is flexible but verbose
	Works for both point clouds and Gaussian clouds

PLY options (after format: :ply):
	:ply_format or :format - :ascii (default), :binary / :binary_le,
or :binary_be (PLY body encoding, not the Spatial format atom)
	:comments - header comments
	:as - on decode: :auto, :point_cloud, or :gaussian_cloud

Tiny ASCII PLY (three colored points):
ply
format ascii 1.0
element vertex 3
property float x
property float y
property float z
property uchar red
property uchar green
property uchar blue
end_header
0 0 0 255 0 0
1 0 0 0 255 0
0 1 0 0 0 255
EXCP / format: :spatial_binary - compact point-cloud bytes
EXCP is ExCodecs’ own little-endian binary container for point clouds.
The name is the 4-byte magic at the start of the payload ("EXCP").
:spatial_binary is the Elixir format atom you pass to the API.
Same thing, two names:
	You say in code	Bytes begin with	Holds
	format: :spatial_binary	EXCP	PointCloud only

What it’s for
	Store or ship point clouds inside your own system (DB blob, message,
object store) when PLY would be wasteful
	Fast encode/decode with a fixed record layout (xyz + optional color/alpha/normals)
	Pair with :zstd / :lz4 afterward if you want compression

What it’s not for
	Giving files to MeshLab / Blender (they don’t speak EXCP)
	Storing Gaussian splats (use :gsplat or Gaussian :ply)
	Carrying arbitrary per-point string attributes, cloud metadata, or transforms
on the wire (v1 drops those - see Spatial wire formats)

{:ok, excp} = ExCodecs.Spatial.encode(point_cloud, format: :spatial_binary)
# excp starts with <<"EXCP", ...>>
{:ok, cloud} = ExCodecs.Spatial.decode(excp, format: :spatial_binary)
GSPL / format: :gsplat - compact Gaussian-splat bytes
GSPL is ExCodecs’ own little-endian binary container for Gaussian
clouds. Magic bytes: "GSPL".
:gsplat is the format atom. Again: atom in Elixir, magic on the wire.
	You say in code	Bytes begin with	Holds
	format: :gsplat	GSPL	GaussianCloud only

What it’s for
	Compact storage/transfer of splat parameters (position, DC color, opacity,
scale, rotation, optional SH rest coefficients)
	Internal pipelines where PLY Gaussian dumps are too fat

What it’s not for
	Point clouds (use :spatial_binary or :ply)
	Universal desktop 3D tools (use Gaussian :ply for interchange)
	Preserving arbitrary per-Gaussian metadata maps on the wire (v1 drops them)

{:ok, gspl} = ExCodecs.Spatial.encode(gaussian_cloud, format: :gsplat)
# gspl starts with <<"GSPL", ...>>
{:ok, cloud} = ExCodecs.Spatial.decode(gspl, format: :gsplat)
Quick chooser
	Goal	Use
	Share points with other 3D software	:ply
	Share Gaussians with research / splat tools	:ply (Gaussian properties)
	Compact points inside your stack	:spatial_binary → optional :zstd
	Compact Gaussians inside your stack	:gsplat → optional :zstd
	“I heard splat / EXCP / GSPL”	splat = data kind; EXCP/GSPL = our binary containers

Wire layouts and schema rules are frozen in
Spatial wire formats. Streaming behavior is
described in the Elixir-first, with optional Rust acceleration
section above and in ExCodecs.Spatial.Stream.
Why a separate ExCodecs.Spatial API?
Compression codecs map binary → binary (ExCodecs.encode(:zstd, bin)).
Spatial codecs map structs ↔ formats. Overloading one function for both
shapes is confusing, so spatial work goes through ExCodecs.Spatial.
Both categories share the catalog (ExCodecs.available_codecs(:spatial)),
tagged {:ok, _} / {:error, %ExCodecs.Error{}} results, and discovery
metadata. Calling ExCodecs.encode(:ply, …) intentionally fails with guidance
to use the spatial API.
End-to-end examples
Point cloud → PLY → back
alias ExCodecs.Spatial.{Point, PointCloud}

cloud =
  PointCloud.new([
    Point.new(0.0, 0.0, 0.0, color: {255, 0, 0}),
    Point.new(1.0, 1.0, 0.0, color: {0, 255, 0})
  ])

{:ok, ply} = ExCodecs.Spatial.encode(cloud, format: :ply)
{:ok, decoded} = ExCodecs.Spatial.decode(ply, format: :ply)

ExCodecs.Spatial.available_formats()
ExCodecs.codec_info(:ply)
Compact binary for points, then compress
{:ok, excp} = ExCodecs.Spatial.encode(decoded, format: :spatial_binary)
{:ok, packed} = ExCodecs.encode(:zstd, excp)
{:ok, excp2} = ExCodecs.decode(:zstd, packed)
{:ok, ^decoded} = ExCodecs.Spatial.decode(excp2, format: :spatial_binary)
Load a sample from the package
path = Application.app_dir(:ex_codecs, "priv/examples/spatial/cube_corners.ply")
{:ok, cloud} = ExCodecs.Spatial.decode(File.read!(path), format: :ply)

path = Application.app_dir(:ex_codecs, "priv/examples/spatial/two_gaussians.ply")
{:ok, gaussians} = ExCodecs.Spatial.decode(File.read!(path), format: :ply)
Out of scope
ExCodecs does not provide:
	a viewer / rasterizer for points or Gaussians
	mesh topology (faces, edges)
	spatial indexes, LOD, or true progressive streaming
	supercompressed containers such as SOG

Those belong in higher-level libraries built on top of these codecs.


  

    Understanding Zstd

Zstandard (Zstd) is the default codec for most use cases in ExCodecs. This guide provides a deep dive into how Zstd works, its compression levels, format capabilities, and the subset exposed by ExCodecs.
Overview
Zstd was created by Yann Collet at Facebook and released in 2016. It is a modern lossless compression algorithm that combines:
	A high-speed LZ77-style dictionary matching phase.
	A finite-state entropy coding phase (FSE, a variant of arithmetic coding).
	Configurable compression levels from 1 (fastest) to 22 (smallest).

Zstd is designed to decompress at high speed regardless of the compression level used. This makes it ideal for write-once, read-many workloads.
How Zstd Works
Zstd compression proceeds in three phases:
Phase 1: Dictionary Matching (LZ77)
Zstd scans the input using a sliding window. It searches backward for the longest match to the current position and emits a (offset, match_length) pair. Shorter matches that are unlikely to improve compression are skipped to save time.
The sliding window size determines how far back the algorithm can reference.
ExCodecs does not currently expose a window_log option; the pure-Rust backend
uses its default window behaviour.
Phase 2: Sequence Encoding
The matches and literals from phase 1 are encoded as three sequences:
	Literals: bytes that did not match anything in the window.
	Offsets: the distance back to the matching string.
	Match lengths: the length of each match.

Each of these three streams is encoded separately.
Phase 3: Entropy Coding (FSE)
Zstd uses Finite State Entropy (FSE) encoding, which is a fast variant of arithmetic coding. FSE approaches the theoretical minimum number of bits per symbol while being significantly faster than Huffman coding for non-power-of-2 probability distributions.
This is where Zstd gains its efficiency advantage over older algorithms like Deflate (which uses Huffman only).
Compression Levels
Zstd levels range from 1 to 22. The tradeoff is compression ratio vs. CPU time:
	Level	Relative Speed	Relative Ratio	Decompression Speed
	1	Very Fast	Moderate	Fast (unchanged)
	3	Fast (default)	Good	Fast (unchanged)
	5-7	Moderate	Very Good	Fast (unchanged)
	9-14	Slow	Excellent	Fast (unchanged)
	15-19	Very Slow	Near-Optimal	Fast (unchanged)
	20-22	Extremely Slow	Optimal	Fast (unchanged)

Key insight: decompression speed is independent of compression level. A file compressed at level 22 decompresses just as fast as one compressed at level 1. This is one of Zstd's most important properties.
Choosing a Level
# Default (level 3) - good balance
{:ok, compressed} = ExCodecs.encode(:zstd, data)

# Fast compression, moderate ratio
{:ok, compressed} = ExCodecs.encode(:zstd, data, level: 1)

# High ratio, slower compression (e.g., for archival)
{:ok, compressed} = ExCodecs.encode(:zstd, data, level: 12)

# Maximum ratio (very slow, use for off-line processing only)
{:ok, compressed} = ExCodecs.encode(:zstd, data, level: 22)
General recommendations:
	Levels 1-3: Real-time systems, data pipelines, network compression.
	Levels 4-9: General-purpose storage, databases, caches.
	Levels 10-14: Archival, batch processing, cold storage.
	Levels 15-22: Extreme ratio scenarios. Only use if compression time is irrelevant.

Dictionary Compression (not exposed)
The Zstd format supports dictionary compression for small, structurally similar
payloads, but ExCodecs does not currently expose dictionary training,
dictionary compression, or dictionary decompression options.
At the format level, dictionary workflows normally:
	Train a dictionary on a representative sample of your data.
	Compress each small payload using the trained dictionary.
	Decompress using the same dictionary.

The dictionary is typically stored alongside or referenced by compressed data.
Both encoder and decoder must use the same dictionary.
Potential future use cases include:
	Small messages (under 100 KB) that share common structure.
	JSON or protocol buffers with repeated schemas.
	Log entries or metrics that follow a pattern.
	When you control both the compression and decompression side.

The current native API has no dictionary parameters, so a custom codec cannot
obtain dictionary support merely by forwarding options to ExCodecs.Native.
Use another Zstd implementation if dictionaries are required today.
Streaming
Zstd supports streaming (incremental) compression and decompression. This is useful when data is too large to fit in memory or when you need to process data as it arrives.
ExCodecs currently exposes block-level operations only (streaming?: false).
Streaming support for arbitrarily large inputs may be added in future versions.
Zstd Frame Format
A Zstd compressed frame has the structure:
+--------+----------+---------+----------+
| Magic  | Frame    | Blocks  | Checksum |
| Number | Header   |         | (opt)    |
| 4B     | variable | variable| 0-8B     |
+--------+----------+---------+----------+
	Magic Number: 0xFD2FB528 (4 bytes) identifies the data as Zstd.
	Frame Header: Contains the decompressed size (if known), window size, dictionary ID, and content checksum flag.
	Blocks: One or more compressed blocks, each with a 3-byte header.
	Checksum: Optional 4-byte XXH64 checksum of the original data.

Properties of this format:
	The decompressed size can be known in advance (if the compressor provided it) or discovered only during decompression.
	Multi-block frames allow streaming compression.
	Skippable frames allow embedding arbitrary metadata between Zstd frames.

Window Log
Window size is not configurable in ExCodecs today (no window_log option).
	Default: automatically determined based on the level and input size.
	Minimum: 10 (1 KB window).
	Maximum: 30 (1 GB window) for 64-bit systems.

A larger window improves compression on files with distant repetition but increases memory usage during both compression and decompression.
Memory Usage
Zstd memory usage depends on the compression level and window size:
	Direction	Memory Usage
	Compress L1	~8 MB (hash table + window)
	Compress L3	~8 MB
	Compress L9	~32 MB
	Compress L22	high (backend-dependent)
	Decompress	~window size (typically 8 MB, up to 128 MB+)

On the BEAM, compression runs in a DirtyCpu NIF, so this memory is allocated outside the Erlang heap. That memory pressure still affects the system, so be aware of these numbers when running many concurrent compressions.
Comparison with Other Algorithms
	Property	Zstd	GZIP (Deflate)	LZ4	Bzip2
	Ratio (typical)	Very Good	Good	Moderate	Excellent
	Compress Speed	Fast	Moderate	Very Fast	Slow
	Decompress Speed	Very Fast	Fast	Very Fast	Slow
	Dictionary Support	Yes	No	No	No
	Streaming	Yes	Yes	No	Yes
	Configurable	22 levels	9 levels	No	9 blocks

Zstd is the recommended default for new systems: it usually offers a stronger speed/ratio tradeoff than GZIP/Deflate on modern workloads. Benchmark your own data rather than relying on published codec comparisons.
Best Practices
	Start with level 3. It is the default for good reason: strong ratio with fast compression and decompression.

	Measure on your data. Synthetic benchmarks do not reflect real-world performance. Compress 100 MB of your actual data at each level and observe the ratio and timing.

	Use higher levels for write-once, read-many workloads. The one-time compression cost is amortized over many fast decompressions.

	Reserve levels 15-22 for batch processing. Higher levels are often much slower than level 3 for modest extra ratio. Upstream C Zstd illustrations sometimes cite roughly 2-5% additional compression in that band; treat that as illustrative and benchmark your data (ExCodecs uses a pure-Rust backend).

	Watch memory at high levels. Large payloads require room for input and output buffers (block API).

	Do not pass dictionary options. They are not implemented by ExCodecs.
Evaluate another Zstd implementation when dictionary compression is required.
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# Use this install to work with the source code
# Mix.install(
#   [
#     {:ex_codecs, path: Path.join(__DIR__, "..")}, 
#     {:rustler, "~> 0.36"}
#   ],
#   config:  [rustler_precompiled: [force_build: [ex_codecs: true]]]
# )

Mix.install([
  {:ex_codecs, "~> 0.2.3"}
])
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What is a Codec?
A codec (coder-decoder) is an abstraction for transforming data between two representations. In ExCodecs, the two fundamental operations are:
	Encode — transform data into a compact or structured form
	Decode — recover the original data from the encoded form

For compression codecs, encoding means compressing and decoding means
decompressing. ExCodecs is one framework with category APIs shaped for their
data: binary registry codecs use ExCodecs.encode/3 / decode/3, while
point-cloud and Gaussian formats use ExCodecs.Spatial.
Binary registry interface:
{:ok, encoded} = ExCodecs.encode(:some_codec, data)
{:ok, decoded} = ExCodecs.decode(:some_codec, encoded)
decoded == data  # round-trip guarantee
Spatial category interface:
{:ok, encoded} = ExCodecs.Spatial.encode(cloud, format: :ply)
{:ok, decoded} = ExCodecs.Spatial.decode(encoded, format: :ply)
Why Codecs Matter
Compression and encoding are fundamental to production systems:
	Concern	How Codecs Help
	Storage cost	Compressed data uses less disk space
	Network bandwidth	Smaller payloads mean faster transfers
	Data integrity	Some framed codecs detect corruption on decode; raw LZ4/Snappy blocks may not
	Memory efficiency	Compressed caches fit more in RAM
	Scientific data	Blosc2 shuffle+compress reduces typed-array size

A codec framework gives you a single consistent API over multiple algorithms, so you can choose the right tool per workload without rewriting integration code.
ExCodecs Philosophy
ExCodecs is a codec framework, not just a compression library:
	Specialized category APIs - one framework without unsafe argument overloading
	Shared catalog - query binary and spatial codecs, support, and metadata
	Extensible - binary codecs use ExCodecs.Codec; domain categories can define suitable contracts
	NIF-native - Rust NIFs for compression throughput
	Consistent errors - structured %ExCodecs.Error{} for all failure modes

original = String.duplicate(~S"""
Romeo and Juliet
Excerpt from Act 2, Scene 2

JULIET
O Romeo, Romeo! wherefore art thou Romeo?
Deny thy father and refuse thy name;
Or, if thou wilt not, be but sworn my love,
And I'll no longer be a Capulet.

ROMEO
[Aside] Shall I hear more, or shall I speak at this?

JULIET
'Tis but thy name that is my enemy;
Thou art thyself, though not a Montague.
What's Montague? it is nor hand, nor foot,
Nor arm, nor face, nor any other part
Belonging to a man. O, be some other name!
What's in a name? that which we call a rose
By any other name would smell as sweet;
So Romeo would, were he not Romeo call'd,
Retain that dear perfection which he owes
Without that title. Romeo, doff thy name,
And for that name which is no part of thee
Take all myself.

ROMEO
I take thee at thy word:
Call me but love, and I'll be new baptized;
Henceforth I never will be Romeo.

JULIET
What man art thou that thus bescreen'd in night
So stumblest on my counsel?
""", 100)
"Romeo and Juliet\nExcerpt from Act 2, Scene 2\n\nJULIET\nO Romeo, Romeo! wherefore art thou Romeo?\nDeny thy father and refuse thy name;\nOr, if thou wilt not, be but sworn my love,\nAnd I'll no longer be a Capulet.\n\nROMEO\n[Aside] Shall I hear more, or shall I speak at this?\n\nJULIET\n'Tis but thy name that is my enemy;\nThou art thyself, though not a Montague.\nWhat's Montague? it is nor hand, nor foot,\nNor arm, nor face, nor any other part\nBelonging to a man. O, be some other name!\nWhat's in a name? that which we call a rose\nBy any other name would smell as sweet;\nSo Romeo would, were he not Romeo call'd,\nRetain that dear perfection which he owes\nWithout that title. Romeo, doff thy name,\nAnd for that name which is no part of thee\nTake all myself.\n\nROMEO\nI take thee at thy word:\nCall me but love, and I'll be new baptized;\nHenceforth I never will be Romeo.\n\nJULIET\nWhat man art thou that thus bescreen'd in night\nSo stumblest on my counsel?\nRomeo and Juliet\nExcerpt from Act 2, Scene 2\n\nJULIET\nO Romeo, Romeo! wherefore art thou Romeo?\nDeny thy father and refuse thy name;\nOr, if thou wilt not, be but sworn my love,\nAnd I'll no longer be a Capulet.\n\nROMEO\n[Aside] Shall I hear more, or shall I speak at this?\n\nJULIET\n'Tis but thy name that is my enemy;\nThou art thyself, though not a Montague.\nWhat's Montague? it is nor hand, nor foot,\nNor arm, nor face, nor any other part\nBelonging to a man. O, be some other name!\nWhat's in a name? that which we call a rose\nBy any other name would smell as sweet;\nSo Romeo would, were he not Romeo call'd,\nRetain that dear perfection which he owes\nWithout that title. Romeo, doff thy name,\nAnd for that name which is no part of thee\nTake all myself.\n\nROMEO\nI take thee at thy word:\nCall me but love, and I'll be new baptized;\nHenceforth I never will be Romeo.\n\nJULIET\nWhat man art thou that thus bescreen'd in night\nSo stumblest on my counsel?\nRomeo and Juliet\nExcerpt from Act 2, Scene 2\n\nJULIET\nO Romeo, Romeo! wherefore art thou Romeo?\nDeny thy father and refuse thy name;\nOr, if thou wilt not, be but sworn my love,\nAnd I'll no longer be a Capulet.\n\nROMEO\n[Aside] Shall I hear more, or shall I speak at this?\n\nJULIET\n'Tis but thy name that is my enemy;\nThou art thyself, though not a Montague.\nWhat's Montague? it is nor hand, nor foot,\nNor arm, nor face, nor any other part\nBelonging to a man. O, be some other name!\nWhat's in a name? that which we call a rose\nBy any other name would smell as sweet;\nSo Romeo would, were he not Romeo call'd,\nRetain that dear perfection which he owes\nWithout that title. Romeo, doff thy name,\nAnd for that name which is no part of thee\nTake all myself.\n\nROMEO\nI take thee at thy word:\nCall me but love, and I'll be new baptized;\nHenceforth I never will be Romeo.\n\nJULIET\nWhat man art thou that thus bescreen'd in night\nSo stumblest on my counsel?\nRomeo and Juliet\nExcerpt from Act 2, Scene 2\n\nJULIET\nO Romeo, Romeo! wherefore art thou Romeo?\nDeny thy father and refuse thy name;\nOr, if thou wilt not, be but sworn my love,\nAnd I'll no longer be a Capulet.\n\nROMEO\n[Aside] Shall I hear more, or shall I speak at this?\n\nJULIET\n'Tis but thy name that is my enemy;\nThou art thyself, though not a Montague.\nWhat's Montague? it is nor hand, nor foot,\nNor arm, nor face, nor any other part\nBelonging to a man. O, be some other name!\nWhat's in a name? that which we call a rose\nBy any other name would smell as sweet;\nSo Romeo would, were he not Romeo call'd,\nRetain that dear perfection which he owes\nWithout that title. Romeo, doff thy name,\nAnd for that name which is no part of thee\nTake all myself.\n\nROMEO\nI take thee at thy word:\nCall me but love, and I'll be new baptized;\nHenceforth I never will be Romeo.\n\nJULIET\nWhat man art thou that thus bescreen'd in night\nSo stumblest on my counsel?\nRomeo and Juliet\nExcerpt from Act 2, Scene 2\n\nJULIET\nO Romeo, Romeo! wherefore art thou Romeo?\nDeny thy father and refuse thy name;\nOr, if thou wilt not, be but sworn my love,\nAnd I'll no longer be a Capulet.\n\nROMEO\n[Aside] Shall I hear more, or shall I speak at this?\n\nJULIET\n'Tis but thy name that is my enemy;\nThou art thysel" <> ...
Quick Start
Basic Compression and Decompression
# Simple round-trip with Zstd
# original = String.duplicate("The quick brown fox jumps over the lazy dog", 100)
{:ok, compressed} = ExCodecs.encode(:zstd, original)
{:ok, recovered} = ExCodecs.decode(:zstd, compressed)

IO.puts("Original size:   #{byte_size(original)} bytes")
IO.puts("Compressed size: #{byte_size(compressed)} bytes")
IO.puts("Round-trip OK:   #{recovered == original}")
Original size:   94200 bytes
Compressed size: 562 bytes
Round-trip OK:   true
:ok
Codec Options
Each codec supports its own options:
# Zstd compression levels (1-22, higher = smaller but slower)
{:ok, fast} = ExCodecs.encode(:zstd, original, level: 1)
{:ok, small} = ExCodecs.encode(:zstd, original, level: 22)

IO.puts("Level 1:  #{byte_size(fast)} bytes")
IO.puts("Level 22: #{byte_size(small)} bytes")

# Bzip2 block sizes (1-9, higher = smaller but more memory)
{:ok, bz_small} = ExCodecs.encode(:bzip2, original, block_size: 1)
{:ok, bz_max} = ExCodecs.encode(:bzip2, original, block_size: 9)

IO.puts("Bzip2 block 1: #{byte_size(bz_small)} bytes")
IO.puts("Bzip2 block 9: #{byte_size(bz_max)} bytes")
Level 1:  573 bytes
Level 22: 555 bytes
Bzip2 block 1: 1311 bytes
Bzip2 block 9: 1311 bytes
:ok
Blosc2 for Numerical Data
# Float64 data: byte shuffle groups same-position bytes across elements
# (sign/exponent bytes cluster together), enabling much better compression.
floats = for i <- 1..2048, into: <<>>, do: <<i * 0.125::float-size(64)-little>>

{:ok, plain} = ExCodecs.encode(:blosc2, floats, typesize: 8, shuffle: :none)
{:ok, shuffled} = ExCodecs.encode(:blosc2, floats, typesize: 8, shuffle: :byte)

IO.puts("Original:             #{byte_size(floats)} bytes")
IO.puts("Blosc2 (no shuffle):  #{byte_size(plain)} bytes")
IO.puts("Blosc2 (byte shuffle): #{byte_size(shuffled)} bytes")
Original:             16384 bytes
Blosc2 (no shuffle):  8251 bytes
Blosc2 (byte shuffle): 675 bytes
:ok
Available Codecs
codecs = ExCodecs.available_codecs()
IO.puts("Shared catalog: #{inspect(codecs)}")
IO.puts("Compression:    #{inspect(ExCodecs.available_codecs(:compression))}")
IO.puts("Spatial:        #{inspect(ExCodecs.available_codecs(:spatial))}")
Shared catalog: [:blosc2, :bzip2, :gsplat, :lz4, :ply, :snappy, :spatial_binary, :zstd]
Compression:    [:blosc2, :bzip2, :lz4, :snappy, :zstd]
Spatial:        [:gsplat, :ply, :spatial_binary]
:ok
Codec Details
for codec <- codecs do
  {:ok, info} = ExCodecs.codec_info(codec)
  IO.puts(String.duplicate("-", 50))
  IO.puts("Codec:         #{info.name}")
  IO.puts("Category:      #{info.category}")
  IO.puts("Interface:     #{info.interface}")
  IO.puts("Native?:       #{info.native?}")
  IO.puts("Streaming?:    #{info.streaming?}")
  IO.puts("Configurable?: #{info.configurable?}")
  IO.puts("Version:       #{info.version || "unknown"}")
end
--------------------------------------------------
Codec:         blosc2
Category:      compression
Interface:     binary
Native?:       true
Streaming?:    false
Configurable?: true
Version:       c-blosc2-chunk/pure-rust
--------------------------------------------------
Codec:         bzip2
Category:      compression
Interface:     binary
Native?:       true
Streaming?:    false
Configurable?: true
Version:       bzip2-0.6/libbz2-rs
--------------------------------------------------
Codec:         gsplat
Category:      spatial
Interface:     spatial
Native?:       false
Streaming?:    false
Configurable?: false
Version:       GSPL 1
--------------------------------------------------
Codec:         lz4
Category:      compression
Interface:     binary
Native?:       true
Streaming?:    false
Configurable?: false
Version:       lz4_flex-0.11
--------------------------------------------------
Codec:         ply
Category:      spatial
Interface:     spatial
Native?:       false
Streaming?:    false
Configurable?: true
Version:       PLY 1.0
--------------------------------------------------
Codec:         snappy
Category:      compression
Interface:     binary
Native?:       true
Streaming?:    false
Configurable?: false
Version:       snap-1.1
--------------------------------------------------
Codec:         spatial_binary
Category:      spatial
Interface:     spatial
Native?:       false
Streaming?:    false
Configurable?: false
Version:       EXCP 1
--------------------------------------------------
Codec:         zstd
Category:      compression
Interface:     binary
Native?:       true
Streaming?:    false
Configurable?: true
Version:       structured-zstd-0.0.48
[:ok, :ok, :ok, :ok, :ok, :ok, :ok, :ok]
Codec Feature Summary
	Codec	Category	Configurable	Streaming	Best For
	:zstd	compression	Yes (level 1–22)	No	General-purpose, high ratio
	:lz4	compression	No	No	Real-time, low latency
	:snappy	compression	No	No	Short-lived data, low overhead
	:bzip2	compression	Yes (block_size 1–9)	No	Archival, maximum ratio
	:blosc2	compression	Yes (codec/shuffle)	No	Numerical/array data
	:ply / :spatial_binary / :gsplat	spatial	Format-specific	No	Point clouds / Gaussians

Error Handling
# Unsupported codec
{:error, err} = ExCodecs.encode(:nonexistent, "data")
IO.puts("Reason:  #{err.reason}")
IO.puts("Message: #{err.message}")

# Invalid data type
{:error, err} = ExCodecs.encode(:zstd, 12345)
IO.puts("Reason:  #{err.reason}")
Reason:  unsupported_codec
Message: The specified codec is not supported
Reason:  invalid_data
:ok
Navigation
Next: Compression Fundamentals
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# Use this install to work with the source code
# Mix.install(
#   [
#     {:ex_codecs, path: Path.join(__DIR__, "..")}, 
#     {:rustler, "~> 0.36"},
#     {:jason, "~> 1.4"}, 
#     {:kino, "~> 0.14"}, 
#     {:kino_vega_lite, "~> 0.1.13"}
#   ],
#   config:  [rustler_precompiled: [force_build: [ex_codecs: true]]]
# )

Mix.install( [
    {:ex_codecs, "~> 0.2.3"}, 
    {:jason, "~> 1.4"}, 
    {:kino, "~> 0.14"}, 
    {:kino_vega_lite, "~> 0.1.13"}
  ])
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How Compression Works
Compression algorithms exploit redundancy in data. The more patterns and repetition, the more compressible the data is — this is measured by entropy.
# Low entropy: highly repetitive
low_entropy = String.duplicate("AAAA", 4096)

# High entropy: near-random data
high_entropy = :crypto.strong_rand_bytes(16384)

# Medium entropy: natural language text
medium_entropy = String.duplicate("The quick brown fox jumps over the lazy dog. ", 200)

for {label, data} <- [
  {"Repetitive (low entropy)", low_entropy},
  {"Natural text (medium)", medium_entropy},
  {"Random bytes (high entropy)", high_entropy}
] do
  {:ok, z} = ExCodecs.encode(:zstd, data)
  ratio = Float.round(byte_size(data) / byte_size(z), 2)
  IO.puts("#{String.pad_trailing(label, 28)} | #{byte_size(data)} -> #{byte_size(z)} bytes | #{ratio}x ratio")
end
Repetitive (low entropy)     | 16384 -> 11 bytes | 1489.45x ratio
Natural text (medium)        | 9000 -> 64 bytes | 140.63x ratio
Random bytes (high entropy)  | 16384 -> 16394 bytes | 1.0x ratio
[:ok, :ok, :ok]
Lossless vs Lossy
ExCodecs provides lossless codecs — decoded data is bit-for-bit identical to the original:
data = :crypto.strong_rand_bytes(8192)

compression_codecs =
  ExCodecs.Compression.available_codecs()
  |> Enum.map(& &1.name)

for codec <- compression_codecs do
  {:ok, enc} = ExCodecs.encode(codec, data)
  {:ok, dec} = ExCodecs.decode(codec, enc)
  IO.puts("#{String.pad_trailing(inspect(codec), 10)} lossless: #{dec == data}")
end
:blosc2    lossless: true
:bzip2     lossless: true
:lz4       lossless: true
:snappy    lossless: true
:zstd      lossless: true
[:ok, :ok, :ok, :ok, :ok]
Lossy codecs (JPEG, MP3, etc.) sacrifice exact reproduction for smaller size. These are not in ExCodecs' scope but could be added via the ExCodecs.Codec behaviour.

Compression Methods
Dictionary-Based (LZ4, Snappy, Zstd)
These build a reference table of repeated substrings during compression:
# Dictionary methods excel on repeated patterns
text = String.duplicate("compression compresses compressed compressor ", 200)

{:ok, lz4_enc} = ExCodecs.encode(:lz4, text)
{:ok, zstd_enc} = ExCodecs.encode(:zstd, text)
{:ok, snappy_enc} = ExCodecs.encode(:snappy, text)

IO.puts("Original: #{byte_size(text)} bytes")
IO.puts("LZ4:     #{byte_size(lz4_enc)} bytes (#{Float.round(100 * byte_size(lz4_enc) / byte_size(text), 1)}%)")
IO.puts("Zstd:    #{byte_size(zstd_enc)} bytes (#{Float.round(100 * byte_size(zstd_enc) / byte_size(text), 1)}%)")
IO.puts("Snappy:  #{byte_size(snappy_enc)} bytes (#{Float.round(100 * byte_size(snappy_enc) / byte_size(text), 1)}%)")
Original: 9000 bytes
LZ4:     78 bytes (0.9%)
Zstd:    43 bytes (0.5%)
Snappy:  451 bytes (5.0%)
:ok
Block-Sorting (Bzip2)
Bzip2 uses the Burrows-Wheeler Transform to group similar characters, then applies Huffman coding:
# Bzip2 achieves excellent ratios on text-heavy data
{:ok, bz_enc} = ExCodecs.encode(:bzip2, text)
IO.puts("Bzip2:   #{byte_size(bz_enc)} bytes (#{Float.round(100 * byte_size(bz_enc) / byte_size(text), 1)}%)")
Bzip2:   84 bytes (0.9%)
:ok
Shuffle + Compress (Blosc2)
Blosc2 reorders bytes to create longer runs before applying an internal compressor:
# Numerical data with patterns across float64 values
floats = for i <- 1..2048, into: <<>>, do: <<i * 0.125::float-size(64)-little>>

{:ok, blosc_none} = ExCodecs.encode(:blosc2, floats, typesize: 8, shuffle: :none)
{:ok, blosc_byte} = ExCodecs.encode(:blosc2, floats, typesize: 8, shuffle: :byte)
{:ok, blosc_bit} = ExCodecs.encode(:blosc2, floats, typesize: 8, shuffle: :bit)
{:ok, zstd_plain} = ExCodecs.encode(:zstd, floats)

IO.puts("Original:        #{byte_size(floats)} bytes")
IO.puts("Blosc2 (none):   #{byte_size(blosc_none)} bytes")
IO.puts("Blosc2 (byte):   #{byte_size(blosc_byte)} bytes")
IO.puts("Blosc2 (bit):    #{byte_size(blosc_bit)} bytes")
IO.puts("Zstd (plain):    #{byte_size(zstd_plain)} bytes")
Original:        16384 bytes
Blosc2 (none):   8251 bytes
Blosc2 (byte):   675 bytes
Blosc2 (bit):    504 bytes
Zstd (plain):    1889 bytes
:ok
Speed vs Ratio Tradeoffs
# Generate test datasets
json_like = Jason.encode!(for i <- 1..500, do: %{id: i, name: "item_#{i}", value: :rand.uniform(1000)})

datasets = %{
  "Repetitive" => String.duplicate("abcdefghij", 5000),
  "Natural text" => String.duplicate("The quick brown fox jumps over the lazy dog. ", 300),
  "Semi-random" => (for _ <- 1..10000, into: <<>>, do: <<:rand.uniform(255)>>),
  "JSON-like" => json_like
}

results = for {label, data} <- datasets, codec <- [:lz4, :snappy, :zstd, :bzip2] do
  {:ok, enc} = ExCodecs.encode(codec, data)
  {time, _} = :timer.tc(fn -> for _ <- 1..50, do: ExCodecs.encode(codec, data) end)
  {time_d, _} = :timer.tc(fn -> for _ <- 1..50, do: ExCodecs.decode(codec, enc) end)
  %{
    dataset: label,
    codec: inspect(codec),
    original_size: byte_size(data),
    compressed_size: byte_size(enc),
    ratio: Float.round(100 * byte_size(enc) / byte_size(data), 1),
    encode_us: div(time, 50),
    decode_us: div(time_d, 50)
  }
end

Kino.DataTable.new(results)
[%{ratio: 29.1, dataset: "JSON-like", codec: ":lz4", original_size: 20217, compressed_size: 5878, encode_us: 40, decode_us: 32}, %{ratio: 33.1, dataset: "JSON-like", codec: ":snappy", original_size: 20217, compressed_size: 6682, encode_us: 35, decode_us: 25}, %{ratio: 14.3, dataset: "JSON-like", codec: ":zstd", original_size: 20217, compressed_size: 2895, encode_us: 140, decode_us: 64}, %{ratio: 12.6, dataset: "JSON-like", codec: ":bzip2", original_size: 20217, compressed_size: 2548, encode_us: 1169, decode_us: 247}, %{ratio: 0.8, dataset: "Natural text", codec: ":lz4", original_size: 13500, compressed_size: 113, encode_us: 9, decode_us: 11}, %{ratio: 5.0, dataset: "Natural text", codec: ":snappy", original_size: 13500, compressed_size: 681, encode_us: 9, decode_us: 9}, %{ratio: 0.5, dataset: "Natural text", codec: ":zstd", original_size: 13500, compressed_size: 64, encode_us: 11, decode_us: 13}, %{ratio: 1.2, dataset: "Natural text", codec: ":bzip2", original_size: 13500, compressed_size: 156, encode_us: 1366, decode_us: 116}, %{ratio: 0.4, dataset: "Repetitive", codec: ":lz4", original_size: 50000, compressed_size: 220, encode_us: 12, decode_us: 41}, %{ratio: 4.7, dataset: "Repetitive", codec: ":snappy", original_size: 50000, compressed_size: 2359, encode_us: 12, decode_us: 18}, %{ratio: 0.1, dataset: "Repetitive", codec: ":zstd", original_size: 50000, compressed_size: 28, encode_us: 16, decode_us: 16}, %{ratio: 0.1, dataset: "Repetitive", codec: ":bzip2", original_size: 50000, compressed_size: 68, encode_us: 3899, decode_us: 292}, %{ratio: 100.5, dataset: "Semi-random", codec: ":lz4", ...}, ...]
Compression Ratio Visualization
VegaLite.new(width: 600, height: 400)
|> VegaLite.data_from_values(results)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "codec", type: :nominal)
|> VegaLite.encode_field(:y, "ratio", type: :quantitative, title: "Compressed size (%)")
|> VegaLite.encode_field(:color, "dataset", type: :nominal)
|> VegaLite.encode_field(:column, "dataset", type: :nominal)
{"$schema":"https://vega.github.io/schema/vega-lite/v5.json","data":{"values":[{"codec":":lz4","compressed_size":5878,"dataset":"JSON-like","decode_us":32,"encode_us":40,"original_size":20217,"ratio":29.1},{"codec":":snappy","compressed_size":6682,"dataset":"JSON-like","decode_us":25,"encode_us":35,"original_size":20217,"ratio":33.1},{"codec":":zstd","compressed_size":2895,"dataset":"JSON-like","decode_us":64,"encode_us":140,"original_size":20217,"ratio":14.3},{"codec":":bzip2","compressed_size":2548,"dataset":"JSON-like","decode_us":247,"encode_us":1169,"original_size":20217,"ratio":12.6},{"codec":":lz4","compressed_size":113,"dataset":"Natural text","decode_us":11,"encode_us":9,"original_size":13500,"ratio":0.8},{"codec":":snappy","compressed_size":681,"dataset":"Natural text","decode_us":9,"encode_us":9,"original_size":13500,"ratio":5.0},{"codec":":zstd","compressed_size":64,"dataset":"Natural text","decode_us":13,"encode_us":11,"original_size":13500,"ratio":0.5},{"codec":":bzip2","compressed_size":156,"dataset":"Natural text","decode_us":116,"encode_us":1366,"original_size":13500,"ratio":1.2},{"codec":":lz4","compressed_size":220,"dataset":"Repetitive","decode_us":41,"encode_us":12,"original_size":50000,"ratio":0.4},{"codec":":snappy","compressed_size":2359,"dataset":"Repetitive","decode_us":18,"encode_us":12,"original_size":50000,"ratio":4.7},{"codec":":zstd","compressed_size":28,"dataset":"Repetitive","decode_us":16,"encode_us":16,"original_size":50000,"ratio":0.1},{"codec":":bzip2","compressed_size":68,"dataset":"Repetitive","decode_us":292,"encode_us":3899,"original_size":50000,"ratio":0.1},{"codec":":lz4","compressed_size":10045,"dataset":"Semi-random","decode_us":8,"encode_us":10,"original_size":10000,"ratio":100.5},{"codec":":snappy","compressed_size":10005,"dataset":"Semi-random","decode_us":7,"encode_us":9,"original_size":10000,"ratio":100.0},{"codec":":zstd","compressed_size":10010,"dataset":"Semi-random","decode_us":11,"encode_us":10,"original_size":10000,"ratio":100.1},{"codec":":bzip2","compressed_size":10463,"dataset":"Semi-random","decode_us":464,"encode_us":1618,"original_size":10000,"ratio":104.6}]},"encoding":{"color":{"field":"dataset","type":"nominal"},"column":{"field":"dataset","type":"nominal"},"x":{"field":"codec","type":"nominal"},"y":{"field":"ratio","title":"Compressed size (%)","type":"quantitative"}},"height":400,"mark":"bar","width":600}
Speed Visualization
VegaLite.new(width: 600, height: 400)
|> VegaLite.data_from_values(results)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "codec", type: :nominal)
|> VegaLite.encode_field(:y, "encode_us", type: :quantitative, title: "Encode time (µs)")
|> VegaLite.encode_field(:color, "dataset", type: :nominal)
|> VegaLite.encode_field(:column, "dataset", type: :nominal)
{"$schema":"https://vega.github.io/schema/vega-lite/v5.json","data":{"values":[{"codec":":lz4","compressed_size":5878,"dataset":"JSON-like","decode_us":32,"encode_us":40,"original_size":20217,"ratio":29.1},{"codec":":snappy","compressed_size":6682,"dataset":"JSON-like","decode_us":25,"encode_us":35,"original_size":20217,"ratio":33.1},{"codec":":zstd","compressed_size":2895,"dataset":"JSON-like","decode_us":64,"encode_us":140,"original_size":20217,"ratio":14.3},{"codec":":bzip2","compressed_size":2548,"dataset":"JSON-like","decode_us":247,"encode_us":1169,"original_size":20217,"ratio":12.6},{"codec":":lz4","compressed_size":113,"dataset":"Natural text","decode_us":11,"encode_us":9,"original_size":13500,"ratio":0.8},{"codec":":snappy","compressed_size":681,"dataset":"Natural text","decode_us":9,"encode_us":9,"original_size":13500,"ratio":5.0},{"codec":":zstd","compressed_size":64,"dataset":"Natural text","decode_us":13,"encode_us":11,"original_size":13500,"ratio":0.5},{"codec":":bzip2","compressed_size":156,"dataset":"Natural text","decode_us":116,"encode_us":1366,"original_size":13500,"ratio":1.2},{"codec":":lz4","compressed_size":220,"dataset":"Repetitive","decode_us":41,"encode_us":12,"original_size":50000,"ratio":0.4},{"codec":":snappy","compressed_size":2359,"dataset":"Repetitive","decode_us":18,"encode_us":12,"original_size":50000,"ratio":4.7},{"codec":":zstd","compressed_size":28,"dataset":"Repetitive","decode_us":16,"encode_us":16,"original_size":50000,"ratio":0.1},{"codec":":bzip2","compressed_size":68,"dataset":"Repetitive","decode_us":292,"encode_us":3899,"original_size":50000,"ratio":0.1},{"codec":":lz4","compressed_size":10045,"dataset":"Semi-random","decode_us":8,"encode_us":10,"original_size":10000,"ratio":100.5},{"codec":":snappy","compressed_size":10005,"dataset":"Semi-random","decode_us":7,"encode_us":9,"original_size":10000,"ratio":100.0},{"codec":":zstd","compressed_size":10010,"dataset":"Semi-random","decode_us":11,"encode_us":10,"original_size":10000,"ratio":100.1},{"codec":":bzip2","compressed_size":10463,"dataset":"Semi-random","decode_us":464,"encode_us":1618,"original_size":10000,"ratio":104.6}]},"encoding":{"color":{"field":"dataset","type":"nominal"},"column":{"field":"dataset","type":"nominal"},"x":{"field":"codec","type":"nominal"},"y":{"field":"encode_us","title":"Encode time (µs)","type":"quantitative"}},"height":400,"mark":"bar","width":600}
When Not to Compress
# Already-compressed data doesn't shrink further
compressed_png = for _ <- 1..8192, into: <<>>, do: <<:rand.uniform(255)>>
{:ok, after_zstd} = ExCodecs.encode(:zstd, compressed_png)

IO.puts("Random data:          #{byte_size(compressed_png)} bytes")
IO.puts("After Zstd compress:  #{byte_size(after_zstd)} bytes")
IO.puts("Compressed data can actually GROW due to header overhead")
Random data:          8192 bytes
After Zstd compress:  8202 bytes
Compressed data can actually GROW due to header overhead
:ok
Rules of thumb:
	Don't compress encrypted or already-compressed data — you waste CPU for no gain
	Avoid compressing tiny payloads — the codec header overhead may exceed savings
	Consider latency — LZ4/Snappy for hot paths, Bzip2 only for cold storage

CPU vs size (and where memory actually fits)
ExCodecs does not expose peak NIF memory counters, so these cells measure what
we can observe on the BEAM: encode time, decode time, and compressed size.
Memory notes below come from the codec designs (see the Zstd / Bzip2 guides).
Zstd levels — CPU for size; decode stays fast
Higher :level spends more encode CPU for a smaller blob. Decompression
speed stays roughly flat across levels — that is the main Zstd property worth
seeing.
data = String.duplicate("Hello, World! This is a compression test. ", 2000)

IO.puts(
  String.pad_trailing("Level", 8) <>
    String.pad_trailing("Size", 10) <>
    String.pad_trailing("Ratio%", 10) <>
    String.pad_trailing("Encode µs", 12) <>
    "Decode µs"
)

IO.puts(String.duplicate("-", 52))

for level <- [1, 3, 5, 9, 15, 22] do
  {enc_us, {:ok, enc}} = :timer.tc(fn -> ExCodecs.encode(:zstd, data, level: level) end)
  {dec_us, {:ok, ^data}} = :timer.tc(fn -> ExCodecs.decode(:zstd, enc) end)
  ratio = Float.round(100 * byte_size(enc) / byte_size(data), 1)

  IO.puts(
    String.pad_trailing("#{level}", 8) <>
      String.pad_trailing("#{byte_size(enc)}", 10) <>
      String.pad_trailing("#{ratio}", 10) <>
      String.pad_trailing("#{enc_us}", 12) <>
      "#{dec_us}"
  )
end

IO.puts("""

Memory (design, not measured here): higher levels tend to use larger
match windows / tables during *encode*. Decode memory stays modest.
On the BEAM these buffers live in DirtyCpu NIF memory, not the Erlang heap.
""")
Level   Size      Ratio%    Encode µs   Decode µs
----------------------------------------------------
1       64        0.1       140         67
3       64        0.1       73          50
5       64        0.1       72          55
9       64        0.1       179         97
15      64        0.1       603         107
22      61        0.1       634         117

Memory (design, not measured here): higher levels tend to use larger
match windows / tables during *encode*. Decode memory stays modest.
On the BEAM these buffers live in DirtyCpu NIF memory, not the Erlang heap.

:ok
Bzip2 block size — speed, ratio, and memory scale together
:block_size is 1..9. Each step raises the block buffer by about 100 KiB
(and roughly half that on decompress). To see block size actually bind, the
input below is ~1 MiB, so small block sizes split it into many blocks while
large ones use one or two. With that, larger blocks improve the ratio and
raise encode time (the BWT is superlinear per block); decode time is
roughly flat. Numbers are the mean of 5 runs after a warmup pass.
data = String.duplicate("Hello, World! This is a compression test. ", 25_000)

IO.puts(
  String.pad_trailing("Block", 8) <>
    String.pad_trailing("Size", 10) <>
    String.pad_trailing("Ratio%", 10) <>
    String.pad_trailing("Encode µs", 12) <>
    String.pad_trailing("Decode µs", 12) <>
    "Block buf"
)

IO.puts(String.duplicate("-", 64))

for bs <- 1..9 do
  {:ok, enc} = ExCodecs.encode(:bzip2, data, block_size: bs)
  ExCodecs.decode(:bzip2, enc)

  enc_times =
    for _ <- 1..5 do
      {us, {:ok, _}} = :timer.tc(fn -> ExCodecs.encode(:bzip2, data, block_size: bs) end)
      us
    end

  dec_times =
    for _ <- 1..5 do
      {us, {:ok, _}} = :timer.tc(fn -> ExCodecs.decode(:bzip2, enc) end)
      us
    end

  enc_us = div(Enum.sum(enc_times), 5)
  dec_us = div(Enum.sum(dec_times), 5)
  ratio = Float.round(100 * byte_size(enc) / byte_size(data), 1)
  mem = "#{bs * 100} KiB"

  IO.puts(
    String.pad_trailing("#{bs}", 8) <>
      String.pad_trailing("#{byte_size(enc)}", 10) <>
      String.pad_trailing("#{ratio}", 10) <>
      String.pad_trailing("#{enc_us}", 12) <>
      String.pad_trailing("#{dec_us}", 12) <>
      mem
  )
end

IO.puts("""

Unlike Zstd, Bzip2 decode is also relatively slow — pick it for cold/archival
paths, not hot reads. The "Block buf" column is just the block buffer
(≈ 100 KiB × block_size); total compressor memory adds fixed overhead on top.
Prefer a smaller block_size when concurrent compressions would otherwise stack
many megabytes of NIF memory.
""")
Block   Size      Ratio%    Encode µs   Decode µs   Block buf
----------------------------------------------------------------
1       1622      0.2       119345      5320        100 KiB
2       926       0.1       127456      5116        200 KiB
3       604       0.1       130539      5194        300 KiB
4       492       0.0       130842      5181        400 KiB
5       466       0.0       131821      5027        500 KiB
6       329       0.0       133919      5115        600 KiB
7       328       0.0       135530      4990        700 KiB
8       336       0.0       134722      5011        800 KiB
9       327       0.0       136706      5082        900 KiB

Unlike Zstd, Bzip2 decode is also relatively slow — pick it for cold/archival
paths, not hot reads. The "Block buf" column is just the block buffer
(≈ 100 KiB × block_size); total compressor memory adds fixed overhead on top.
Prefer a smaller block_size when concurrent compressions would otherwise stack
many megabytes of NIF memory.

:ok
Decompression bombs (bounded)
A decompression bomb is a tiny compressed blob that expands into a huge
payload. ExCodecs rejects that expansion when it would exceed
:max_output_size (default 256 MiB).
The classic shape is a long run of zeros: cheap to compress, expensive to
expand. Keep the expanded size modest in demos and set a tight bound below it
so the decode fails safely instead of allocating the full output.
expanded_size = 65_536
tight_limit = 1_024
bomb_raw = :binary.copy(<<0>>, expanded_size)

codecs = [
  {:zstd, []},
  {:lz4, []},
  {:snappy, []},
  {:bzip2, []},
  {:blosc2, [cname: :lz4, shuffle: :none, typesize: 1]}
]

for {codec, encode_opts} <- codecs do
  {:ok, bomb} = ExCodecs.encode(codec, bomb_raw, encode_opts)
  ratio = Float.round(expanded_size / byte_size(bomb), 1)

  {:error, %ExCodecs.Error{reason: :output_limit_exceeded}} =
    ExCodecs.decode(codec, bomb, max_output_size: tight_limit)

  {:ok, ^bomb_raw} =
    ExCodecs.decode(codec, bomb, max_output_size: expanded_size)

  IO.puts(
    "#{String.pad_trailing(inspect(codec), 10)} bomb #{byte_size(bomb)} bytes " <>
      "(#{ratio}x) → rejected under #{tight_limit}, OK under #{expanded_size}"
  )
end
:zstd      bomb 11 bytes (5957.8x) → rejected under 1024, OK under 65536
:lz4       bomb 272 bytes (240.9x) → rejected under 1024, OK under 65536
:snappy    bomb 3077 bytes (21.3x) → rejected under 1024, OK under 65536
:bzip2     bomb 43 bytes (1524.1x) → rejected under 1024, OK under 65536
:blosc2    bomb 32 bytes (2048.0x) → rejected under 1024, OK under 65536
[:ok, :ok, :ok, :ok, :ok]
For untrusted inputs, pass an explicit tight :max_output_size. Raise the
default only for trusted sources you control.

Key Takeaways
	Entropy dominates — random data barely compresses; repetitive data compresses well
	No single best codec — each excels for different data and latency requirements
	Shuffle transforms (Blosc2) dramatically improve compression of typed binary data
	Compression level is a dial — higher Zstd levels cost encode CPU; decode stays fast. Bzip2 block_size scales CPU, ratio, and ~100 KiB×N working memory together
	Bound decompression — high-ratio “bomb” payloads are rejected via :max_output_size
	Measure your actual data — use the Codec Comparison livebook with your own datasets
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    Codec Comparison

# Use this install to work with the source code
# Mix.install(
#   [
#     {:ex_codecs, path: Path.join(__DIR__, "..")}, 
#     {:rustler, "~> 0.36"},
#     {:jason, "~> 1.4"}, 
#     {:kino, "~> 0.14"}, 
#     {:kino_vega_lite, "~> 0.1.13"}
#   ],
#   config:  [rustler_precompiled: [force_build: [ex_codecs: true]]]
# )

Mix.install( [
    {:ex_codecs, "~> 0.2.3"}, 
    {:jason, "~> 1.4"}, 
    {:kino, "~> 0.14"}, 
    {:kino_vega_lite, "~> 0.1.13"}
  ])
Series
	#	Livebook
	01	Introduction
	02	Compression Fundamentals
	03	Codec Comparison (you are here)
	04	Building Storage Systems
	05	Zarr-Style Workloads
	06	Spatial Codecs

Setup: Test Datasets
codecs = [:lz4, :snappy, :zstd, :bzip2, :blosc2]

random_data = :crypto.strong_rand_bytes(65536)

repetitive_text = String.duplicate("The quick brown fox jumps over the lazy dog. ", 2000)

semi_structured = Enum.join(for i <- 1..5000 do
  "id=#{i}&name=user#{rem(i, 100)}&score=#{:rand.uniform(1000)}&active=#{rem(i, 2) == 0}"
end, "&")

float_array = for i <- 1..8192, into: <<>>, do: <<i * 0.125::float-size(64)-little>>

datasets = %{
  "Random bytes" => random_data,
  "Repetitive text" => repetitive_text,
  "Semi-structured" => semi_structured,
  "Float64 array" => float_array
}

dataset_sizes = for {name, data} <- datasets, into: %{} do
  {name, byte_size(data)}
end

IO.puts("Dataset sizes:")
for {name, size} <- dataset_sizes do
  IO.puts("  #{String.pad_trailing(name, 20)} #{size} bytes")
end
Dataset sizes:
  Float64 array        65536 bytes
  Random bytes         65536 bytes
  Repetitive text      90000 bytes
  Semi-structured      210381 bytes
[:ok, :ok, :ok, :ok]
Compression Ratio Benchmarks
compression_results = for {dname, data} <- datasets, codec <- codecs do
  opts =
    if codec == :blosc2,
      do: [cname: :zstd, clevel: 5, shuffle: :byte, typesize: 8],
      else: []
  {:ok, enc} = ExCodecs.encode(codec, data, opts)
  %{
    dataset: dname,
    codec: inspect(codec),
    original: byte_size(data),
    compressed: byte_size(enc),
    ratio_pct: Float.round(100 * byte_size(enc) / byte_size(data), 1),
    savings_pct: Float.round(100 * (1 - byte_size(enc) / byte_size(data)), 1)
  }
end

Kino.DataTable.new(compression_results)
[%{compressed: 32804, codec: ":lz4", dataset: "Float64 array", original: 65536, ratio_pct: 50.1, savings_pct: 49.9}, %{compressed: 32691, codec: ":snappy", dataset: "Float64 array", original: 65536, ratio_pct: 49.9, savings_pct: 50.1}, %{compressed: 8413, codec: ":zstd", dataset: "Float64 array", original: 65536, ratio_pct: 12.8, savings_pct: 87.2}, %{compressed: 5590, codec: ":bzip2", dataset: "Float64 array", original: 65536, ratio_pct: 8.5, savings_pct: 91.5}, %{compressed: 962, codec: ":blosc2", dataset: "Float64 array", original: 65536, ratio_pct: 1.5, savings_pct: 98.5}, %{compressed: 65798, codec: ":lz4", dataset: "Random bytes", original: 65536, ratio_pct: 100.4, savings_pct: -0.4}, %{compressed: 65542, codec: ":snappy", dataset: "Random bytes", original: 65536, ratio_pct: 100.0, savings_pct: -0.0}, %{compressed: 65546, codec: ":zstd", dataset: "Random bytes", original: 65536, ratio_pct: 100.0, savings_pct: -0.0}, %{compressed: 66187, codec: ":bzip2", dataset: "Random bytes", original: 65536, ratio_pct: 101.0, savings_pct: -1.0}, %{compressed: 65568, codec: ":blosc2", dataset: "Random bytes", original: 65536, ratio_pct: 100.0, savings_pct: -0.0}, %{compressed: 413, codec: ":lz4", dataset: "Repetitive text", original: 90000, ratio_pct: 0.5, savings_pct: 99.5}, %{compressed: 4313, codec: ":snappy", dataset: "Repetitive text", original: 90000, ratio_pct: 4.8, savings_pct: 95.2}, %{compressed: 67, codec: ":zstd", dataset: "Repetitive text", original: 90000, ratio_pct: 0.1, savings_pct: 99.9}, %{compressed: 175, codec: ":bzip2", dataset: "Repetitive text", original: 90000, ratio_pct: 0.2, savings_pct: 99.8}, %{compressed: 580, ...}, ...]
Compression Ratio Chart
VegaLite.new(width: 700, height: 350)
|> VegaLite.data_from_values(compression_results)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "codec", type: :nominal, sort: ["lz4", "snappy", "zstd", "bzip2", "blosc2"])
|> VegaLite.encode_field(:y, "ratio_pct", type: :quantitative, title: "Compressed Size (%)", scale: [domain: [0, 110]])
|> VegaLite.encode_field(:color, "codec", type: :nominal)
|> VegaLite.encode_field(:column, "dataset", type: :nominal)
{"$schema":"https://vega.github.io/schema/vega-lite/v5.json","data":{"values":[{"codec":":lz4","compressed":32804,"dataset":"Float64 array","original":65536,"ratio_pct":50.1,"savings_pct":49.9},{"codec":":snappy","compressed":32691,"dataset":"Float64 array","original":65536,"ratio_pct":49.9,"savings_pct":50.1},{"codec":":zstd","compressed":8413,"dataset":"Float64 array","original":65536,"ratio_pct":12.8,"savings_pct":87.2},{"codec":":bzip2","compressed":5590,"dataset":"Float64 array","original":65536,"ratio_pct":8.5,"savings_pct":91.5},{"codec":":blosc2","compressed":962,"dataset":"Float64 array","original":65536,"ratio_pct":1.5,"savings_pct":98.5},{"codec":":lz4","compressed":65798,"dataset":"Random bytes","original":65536,"ratio_pct":100.4,"savings_pct":-0.4},{"codec":":snappy","compressed":65542,"dataset":"Random bytes","original":65536,"ratio_pct":100.0,"savings_pct":-0.0},{"codec":":zstd","compressed":65546,"dataset":"Random bytes","original":65536,"ratio_pct":100.0,"savings_pct":-0.0},{"codec":":bzip2","compressed":66187,"dataset":"Random bytes","original":65536,"ratio_pct":101.0,"savings_pct":-1.0},{"codec":":blosc2","compressed":65568,"dataset":"Random bytes","original":65536,"ratio_pct":100.0,"savings_pct":-0.0},{"codec":":lz4","compressed":413,"dataset":"Repetitive text","original":90000,"ratio_pct":0.5,"savings_pct":99.5},{"codec":":snappy","compressed":4313,"dataset":"Repetitive text","original":90000,"ratio_pct":4.8,"savings_pct":95.2},{"codec":":zstd","compressed":67,"dataset":"Repetitive text","original":90000,"ratio_pct":0.1,"savings_pct":99.9},{"codec":":bzip2","compressed":175,"dataset":"Repetitive text","original":90000,"ratio_pct":0.2,"savings_pct":99.8},{"codec":":blosc2","compressed":580,"dataset":"Repetitive text","original":90000,"ratio_pct":0.6,"savings_pct":99.4},{"codec":":lz4","compressed":54922,"dataset":"Semi-structured","original":210381,"ratio_pct":26.1,"savings_pct":73.9},{"codec":":snappy","compressed":52235,"dataset":"Semi-structured","original":210381,"ratio_pct":24.8,"savings_pct":75.2},{"codec":":zstd","compressed":25506,"dataset":"Semi-structured","original":210381,"ratio_pct":12.1,"savings_pct":87.9},{"codec":":bzip2","compressed":19031,"dataset":"Semi-structured","original":210381,"ratio_pct":9.0,"savings_pct":91.0},{"codec":":blosc2","compressed":44901,"dataset":"Semi-structured","original":210381,"ratio_pct":21.3,"savings_pct":78.7}]},"encoding":{"color":{"field":"codec","type":"nominal"},"column":{"field":"dataset","type":"nominal"},"x":{"field":"codec","sort":["lz4","snappy","zstd","bzip2","blosc2"],"type":"nominal"},"y":{"field":"ratio_pct","scale":{"domain":[0,110]},"title":"Compressed Size (%)","type":"quantitative"}},"height":350,"mark":"bar","width":700}
Space Savings Chart
VegaLite.new(width: 700, height: 350)
|> VegaLite.data_from_values(compression_results)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "codec", type: :nominal, sort: ["lz4", "snappy", "zstd", "bzip2", "blosc2"])
|> VegaLite.encode_field(:y, "savings_pct", type: :quantitative, title: "Space Saved (%)")
|> VegaLite.encode_field(:color, "codec", type: :nominal)
|> VegaLite.encode_field(:column, "dataset", type: :nominal)
{"$schema":"https://vega.github.io/schema/vega-lite/v5.json","data":{"values":[{"codec":":lz4","compressed":32804,"dataset":"Float64 array","original":65536,"ratio_pct":50.1,"savings_pct":49.9},{"codec":":snappy","compressed":32691,"dataset":"Float64 array","original":65536,"ratio_pct":49.9,"savings_pct":50.1},{"codec":":zstd","compressed":8413,"dataset":"Float64 array","original":65536,"ratio_pct":12.8,"savings_pct":87.2},{"codec":":bzip2","compressed":5590,"dataset":"Float64 array","original":65536,"ratio_pct":8.5,"savings_pct":91.5},{"codec":":blosc2","compressed":962,"dataset":"Float64 array","original":65536,"ratio_pct":1.5,"savings_pct":98.5},{"codec":":lz4","compressed":65798,"dataset":"Random bytes","original":65536,"ratio_pct":100.4,"savings_pct":-0.4},{"codec":":snappy","compressed":65542,"dataset":"Random bytes","original":65536,"ratio_pct":100.0,"savings_pct":-0.0},{"codec":":zstd","compressed":65546,"dataset":"Random bytes","original":65536,"ratio_pct":100.0,"savings_pct":-0.0},{"codec":":bzip2","compressed":66187,"dataset":"Random bytes","original":65536,"ratio_pct":101.0,"savings_pct":-1.0},{"codec":":blosc2","compressed":65568,"dataset":"Random bytes","original":65536,"ratio_pct":100.0,"savings_pct":-0.0},{"codec":":lz4","compressed":413,"dataset":"Repetitive text","original":90000,"ratio_pct":0.5,"savings_pct":99.5},{"codec":":snappy","compressed":4313,"dataset":"Repetitive text","original":90000,"ratio_pct":4.8,"savings_pct":95.2},{"codec":":zstd","compressed":67,"dataset":"Repetitive text","original":90000,"ratio_pct":0.1,"savings_pct":99.9},{"codec":":bzip2","compressed":175,"dataset":"Repetitive text","original":90000,"ratio_pct":0.2,"savings_pct":99.8},{"codec":":blosc2","compressed":580,"dataset":"Repetitive text","original":90000,"ratio_pct":0.6,"savings_pct":99.4},{"codec":":lz4","compressed":54922,"dataset":"Semi-structured","original":210381,"ratio_pct":26.1,"savings_pct":73.9},{"codec":":snappy","compressed":52235,"dataset":"Semi-structured","original":210381,"ratio_pct":24.8,"savings_pct":75.2},{"codec":":zstd","compressed":25506,"dataset":"Semi-structured","original":210381,"ratio_pct":12.1,"savings_pct":87.9},{"codec":":bzip2","compressed":19031,"dataset":"Semi-structured","original":210381,"ratio_pct":9.0,"savings_pct":91.0},{"codec":":blosc2","compressed":44901,"dataset":"Semi-structured","original":210381,"ratio_pct":21.3,"savings_pct":78.7}]},"encoding":{"color":{"field":"codec","type":"nominal"},"column":{"field":"dataset","type":"nominal"},"x":{"field":"codec","sort":["lz4","snappy","zstd","bzip2","blosc2"],"type":"nominal"},"y":{"field":"savings_pct","title":"Space Saved (%)","type":"quantitative"}},"height":350,"mark":"bar","width":700}
Speed Benchmarks
iterations = 20

speed_results = for {dname, data} <- datasets, codec <- codecs do
  opts =
    if codec == :blosc2,
      do: [cname: :zstd, clevel: 5, shuffle: :byte, typesize: 8],
      else: []
  {:ok, enc} = ExCodecs.encode(codec, data, opts)

  {enc_time, _} = :timer.tc(fn ->
    for _ <- 1..iterations, do: ExCodecs.encode(codec, data, opts)
  end)

  {dec_time, _} = :timer.tc(fn ->
    for _ <- 1..iterations, do: ExCodecs.decode(codec, enc)
  end)

  enc_throughput = Float.round(byte_size(data) * iterations / enc_time, 1)
  dec_throughput = Float.round(byte_size(data) * iterations / dec_time, 1)

  %{
    dataset: dname,
    codec: inspect(codec),
    encode_time_us: div(enc_time, iterations),
    decode_time_us: div(dec_time, iterations),
    encode_mbps: Float.round(enc_throughput, 1),
    decode_mbps: Float.round(dec_throughput, 1)
  }
end

Kino.DataTable.new(speed_results)
[%{codec: ":lz4", dataset: "Float64 array", encode_time_us: 252, decode_time_us: 138, encode_mbps: 259.2, decode_mbps: 472.7}, %{codec: ":snappy", dataset: "Float64 array", encode_time_us: 157, decode_time_us: 102, encode_mbps: 415.2, decode_mbps: 637.5}, %{codec: ":zstd", dataset: "Float64 array", encode_time_us: 466, decode_time_us: 185, encode_mbps: 140.4, decode_mbps: 354.2}, %{codec: ":bzip2", dataset: "Float64 array", encode_time_us: 3336, decode_time_us: 753, encode_mbps: 19.6, decode_mbps: 87.0}, %{codec: ":blosc2", dataset: "Float64 array", encode_time_us: 52, decode_time_us: 47, encode_mbps: 1249.5, decode_mbps: 1369.6}, %{codec: ":lz4", dataset: "Random bytes", encode_time_us: 19, decode_time_us: 16, encode_mbps: 3413.3, decode_mbps: 3996.1}, %{codec: ":snappy", dataset: "Random bytes", encode_time_us: 22, decode_time_us: 19, encode_mbps: 2874.4, decode_mbps: 3326.7}, %{codec: ":zstd", dataset: "Random bytes", encode_time_us: 19, decode_time_us: 18, encode_mbps: 3395.6, decode_mbps: 3476.7}, %{codec: ":bzip2", dataset: "Random bytes", encode_time_us: 5940, decode_time_us: 2552, encode_mbps: 11.0, decode_mbps: 25.7}, %{codec: ":blosc2", dataset: "Random bytes", encode_time_us: 227, decode_time_us: 19, encode_mbps: 287.8, decode_mbps: 3386.9}, %{codec: ":lz4", dataset: "Repetitive text", encode_time_us: 15, decode_time_us: 20, encode_mbps: 5825.2, decode_mbps: 4368.9}, %{codec: ":snappy", dataset: "Repetitive text", encode_time_us: 18, decode_time_us: 22, encode_mbps: 4931.5, decode_mbps: 3921.6}, %{codec: ":zstd", dataset: "Repetitive text", encode_time_us: 22, decode_time_us: 24, encode_mbps: 4026.8, decode_mbps: 3651.1}, %{codec: ":bzip2", dataset: "Repetitive text", encode_time_us: 7915, decode_time_us: 505, encode_mbps: 11.4, decode_mbps: 178.2}, %{codec: ":blosc2", ...}, ...]
Encode Speed Chart
VegaLite.new(width: 700, height: 350)
|> VegaLite.data_from_values(speed_results)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "codec", type: :nominal, sort: ["lz4", "snappy", "zstd", "bzip2", "blosc2"])
|> VegaLite.encode_field(:y, "encode_time_us", type: :quantitative, title: "Encode Time (µs)")
|> VegaLite.encode_field(:color, "codec", type: :nominal)
|> VegaLite.encode_field(:column, "dataset", type: :nominal)
{"$schema":"https://vega.github.io/schema/vega-lite/v5.json","data":{"values":[{"codec":":lz4","dataset":"Float64 array","decode_mbps":472.7,"decode_time_us":138,"encode_mbps":259.2,"encode_time_us":252},{"codec":":snappy","dataset":"Float64 array","decode_mbps":637.5,"decode_time_us":102,"encode_mbps":415.2,"encode_time_us":157},{"codec":":zstd","dataset":"Float64 array","decode_mbps":354.2,"decode_time_us":185,"encode_mbps":140.4,"encode_time_us":466},{"codec":":bzip2","dataset":"Float64 array","decode_mbps":87.0,"decode_time_us":753,"encode_mbps":19.6,"encode_time_us":3336},{"codec":":blosc2","dataset":"Float64 array","decode_mbps":1369.6,"decode_time_us":47,"encode_mbps":1249.5,"encode_time_us":52},{"codec":":lz4","dataset":"Random bytes","decode_mbps":3996.1,"decode_time_us":16,"encode_mbps":3413.3,"encode_time_us":19},{"codec":":snappy","dataset":"Random bytes","decode_mbps":3326.7,"decode_time_us":19,"encode_mbps":2874.4,"encode_time_us":22},{"codec":":zstd","dataset":"Random bytes","decode_mbps":3476.7,"decode_time_us":18,"encode_mbps":3395.6,"encode_time_us":19},{"codec":":bzip2","dataset":"Random bytes","decode_mbps":25.7,"decode_time_us":2552,"encode_mbps":11.0,"encode_time_us":5940},{"codec":":blosc2","dataset":"Random bytes","decode_mbps":3386.9,"decode_time_us":19,"encode_mbps":287.8,"encode_time_us":227},{"codec":":lz4","dataset":"Repetitive text","decode_mbps":4368.9,"decode_time_us":20,"encode_mbps":5825.2,"encode_time_us":15},{"codec":":snappy","dataset":"Repetitive text","decode_mbps":3921.6,"decode_time_us":22,"encode_mbps":4931.5,"encode_time_us":18},{"codec":":zstd","dataset":"Repetitive text","decode_mbps":3651.1,"decode_time_us":24,"encode_mbps":4026.8,"encode_time_us":22},{"codec":":bzip2","dataset":"Repetitive text","decode_mbps":178.2,"decode_time_us":505,"encode_mbps":11.4,"encode_time_us":7915},{"codec":":blosc2","dataset":"Repetitive text","decode_mbps":1502.5,"decode_time_us":59,"encode_mbps":1331.4,"encode_time_us":67},{"codec":":lz4","dataset":"Semi-structured","decode_mbps":2152.2,"decode_time_us":97,"encode_mbps":975.8,"encode_time_us":215},{"codec":":snappy","dataset":"Semi-structured","decode_mbps":1529.5,"decode_time_us":137,"encode_mbps":940.9,"encode_time_us":223},{"codec":":zstd","dataset":"Semi-structured","decode_mbps":787.9,"decode_time_us":267,"encode_mbps":342.8,"encode_time_us":613},{"codec":":bzip2","dataset":"Semi-structured","decode_mbps":92.2,"decode_time_us":2281,"encode_mbps":27.1,"encode_time_us":7757},{"codec":":blosc2","dataset":"Semi-structured","decode_mbps":674.5,"decode_time_us":311,"encode_mbps":45.7,"encode_time_us":4605}]},"encoding":{"color":{"field":"codec","type":"nominal"},"column":{"field":"dataset","type":"nominal"},"x":{"field":"codec","sort":["lz4","snappy","zstd","bzip2","blosc2"],"type":"nominal"},"y":{"field":"encode_time_us","title":"Encode Time (µs)","type":"quantitative"}},"height":350,"mark":"bar","width":700}
Decode Speed Chart
VegaLite.new(width: 700, height: 350)
|> VegaLite.data_from_values(speed_results)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "codec", type: :nominal, sort: ["lz4", "snappy", "zstd", "bzip2", "blosc2"])
|> VegaLite.encode_field(:y, "decode_time_us", type: :quantitative, title: "Decode Time (µs)")
|> VegaLite.encode_field(:color, "codec", type: :nominal)
|> VegaLite.encode_field(:column, "dataset", type: :nominal)
{"$schema":"https://vega.github.io/schema/vega-lite/v5.json","data":{"values":[{"codec":":lz4","dataset":"Float64 array","decode_mbps":472.7,"decode_time_us":138,"encode_mbps":259.2,"encode_time_us":252},{"codec":":snappy","dataset":"Float64 array","decode_mbps":637.5,"decode_time_us":102,"encode_mbps":415.2,"encode_time_us":157},{"codec":":zstd","dataset":"Float64 array","decode_mbps":354.2,"decode_time_us":185,"encode_mbps":140.4,"encode_time_us":466},{"codec":":bzip2","dataset":"Float64 array","decode_mbps":87.0,"decode_time_us":753,"encode_mbps":19.6,"encode_time_us":3336},{"codec":":blosc2","dataset":"Float64 array","decode_mbps":1369.6,"decode_time_us":47,"encode_mbps":1249.5,"encode_time_us":52},{"codec":":lz4","dataset":"Random bytes","decode_mbps":3996.1,"decode_time_us":16,"encode_mbps":3413.3,"encode_time_us":19},{"codec":":snappy","dataset":"Random bytes","decode_mbps":3326.7,"decode_time_us":19,"encode_mbps":2874.4,"encode_time_us":22},{"codec":":zstd","dataset":"Random bytes","decode_mbps":3476.7,"decode_time_us":18,"encode_mbps":3395.6,"encode_time_us":19},{"codec":":bzip2","dataset":"Random bytes","decode_mbps":25.7,"decode_time_us":2552,"encode_mbps":11.0,"encode_time_us":5940},{"codec":":blosc2","dataset":"Random bytes","decode_mbps":3386.9,"decode_time_us":19,"encode_mbps":287.8,"encode_time_us":227},{"codec":":lz4","dataset":"Repetitive text","decode_mbps":4368.9,"decode_time_us":20,"encode_mbps":5825.2,"encode_time_us":15},{"codec":":snappy","dataset":"Repetitive text","decode_mbps":3921.6,"decode_time_us":22,"encode_mbps":4931.5,"encode_time_us":18},{"codec":":zstd","dataset":"Repetitive text","decode_mbps":3651.1,"decode_time_us":24,"encode_mbps":4026.8,"encode_time_us":22},{"codec":":bzip2","dataset":"Repetitive text","decode_mbps":178.2,"decode_time_us":505,"encode_mbps":11.4,"encode_time_us":7915},{"codec":":blosc2","dataset":"Repetitive text","decode_mbps":1502.5,"decode_time_us":59,"encode_mbps":1331.4,"encode_time_us":67},{"codec":":lz4","dataset":"Semi-structured","decode_mbps":2152.2,"decode_time_us":97,"encode_mbps":975.8,"encode_time_us":215},{"codec":":snappy","dataset":"Semi-structured","decode_mbps":1529.5,"decode_time_us":137,"encode_mbps":940.9,"encode_time_us":223},{"codec":":zstd","dataset":"Semi-structured","decode_mbps":787.9,"decode_time_us":267,"encode_mbps":342.8,"encode_time_us":613},{"codec":":bzip2","dataset":"Semi-structured","decode_mbps":92.2,"decode_time_us":2281,"encode_mbps":27.1,"encode_time_us":7757},{"codec":":blosc2","dataset":"Semi-structured","decode_mbps":674.5,"decode_time_us":311,"encode_mbps":45.7,"encode_time_us":4605}]},"encoding":{"color":{"field":"codec","type":"nominal"},"column":{"field":"dataset","type":"nominal"},"x":{"field":"codec","sort":["lz4","snappy","zstd","bzip2","blosc2"],"type":"nominal"},"y":{"field":"decode_time_us","title":"Decode Time (µs)","type":"quantitative"}},"height":350,"mark":"bar","width":700}
Memory Usage
NIF encode/decode allocates off-heap refc binaries, not process-heap
terms, so Process.info(self(), :heap_size) (which only sees the calling
process's heap) is the wrong metric for codec working memory. The cell below
measures process-heap growth across a full encode/decode of the 64 KiB
float array, with a garbage collect on each side:
for codec <- codecs do
  opts = if codec == :blosc2, do: [cname: :zstd, clevel: 5, shuffle: :byte, typesize: 8], else: []
  :erlang.garbage_collect()
  before_heap = Process.info(self(), :heap_size) |> elem(1)
  {:ok, enc} = ExCodecs.encode(codec, float_array, opts)
  {:ok, _dec} = ExCodecs.decode(codec, enc)
  :erlang.garbage_collect()
  after_heap = Process.info(self(), :heap_size) |> elem(1)
  IO.puts(String.pad_trailing("#{codec}", 10) <> "heap growth: #{after_heap - before_heap} words")
end
lz4       heap growth: -6773 words
snappy    heap growth: -2587 words
zstd      heap growth: -2587 words
bzip2     heap growth: -2587 words
blosc2    heap growth: 0 words
[:ok, :ok, :ok, :ok, :ok]
The deltas are a few hundred words at most — Elixir-level term overhead
({:ok, enc} tuples, bindings) — while the 64 KiB of binary data flowing
through each codec is off-heap refc memory and does not appear here. That is
why naive heap_size snapshots (and even :erlang.memory(:binary), which is
whole-VM and noisy) cannot yield a clean per-codec "memory usage" number.
The real working-set bounds are set by options, not observed here: decode
is capped by :max_output_size (default 256 MiB, the decompression-bomb
guard), and encode working memory scales with the codec's block/window
size (e.g. bzip2 block_size × ~100 KiB; see livebook 02).
Codec Profiles
profile_data = %{
  "Low latency" => %{
    best: [:lz4, :snappy],
    why: "Fastest encode/decode, ideal for hot paths, caching, and real-time systems"
  },
  "Balanced" => %{
    best: [:zstd],
    why: "Good ratio with fast decompression. Default choice for most workloads"
  },
  "Maximum Ratio" => %{
    best: [:bzip2],
    why: "Smallest output. Accept slower speed for archival and cold storage"
  },
  "Numeric Arrays" => %{
    best: [:blosc2],
    why: "Shuffle+compress reduces size of typed data (single-threaded NIF)"
  }
}

for {profile, %{best: best, why: why}} <- profile_data do
  IO.puts("## #{profile}")
  IO.puts("  Codecs: #{inspect(best)}")
  IO.puts("  #{why}\n")
end
## Balanced
  Codecs: [:zstd]
  Good ratio with fast decompression. Default choice for most workloads

## Low latency
  Codecs: [:lz4, :snappy]
  Fastest encode/decode, ideal for hot paths, caching, and real-time systems

## Maximum Ratio
  Codecs: [:bzip2]
  Smallest output. Accept slower speed for archival and cold storage

## Numeric Arrays
  Codecs: [:blosc2]
  Shuffle+compress reduces size of typed data (single-threaded NIF)

[:ok, :ok, :ok, :ok]
Interactive Codec Selector
use_case = Kino.Input.select("Your use case:", [
  speed: "Real-time / low latency",
  balanced: "General purpose",
  ratio: "Maximum compression / archival",
  numeric: "Numerical / scientific data",
  tiny: "Small payloads / low overhead"
])

data_type = Kino.Input.select("Data type:", [
  text: "Text / JSON",
  binary: "Binary blobs",
  array: "Typed arrays (floats, ints)",
  mixed: "Mixed"
])

Kino.render(Kino.Layout.grid([use_case, data_type], columns: 2))
use_case_val = Kino.Input.read(use_case)
data_type_val = Kino.Input.read(data_type)

recommendation = case {use_case_val, data_type_val} do
  {:speed, _} -> {:lz4, "Fastest compression/decompression. Minimal latency overhead."}
  {:tiny, _} -> {:snappy, "Low overhead even on very small payloads. No configuration needed."}
  {:ratio, :array} -> {:blosc2, "Shuffle+compress gives best ratios on typed arrays."}
  {:ratio, _} -> {:bzip2, "Highest compression ratio for general data. Slow but compact."}
  {:numeric, _} -> {:blosc2, "Purpose-built for numerical data with shuffle filters."}
  {:balanced, :array} -> {:blosc2, "Good ratio on typed data with decent speed."}
  {:balanced, _} -> {:zstd, "Best all-around codec. Configurable from fast (level 1) to compact (level 22)."}
end

{codec, reason} = recommendation
{:ok, info} = ExCodecs.codec_info(codec)

IO.puts("Recommended codec: #{inspect(codec)}")
IO.puts("Reason: #{reason}")
IO.puts("Configurable: #{info.configurable?}")
IO.puts("Streaming: #{info.streaming?}")

default_opts = case codec do
  :zstd -> [level: 3]
  :lz4 -> []
  :bzip2 -> [block_size: 9]
  :blosc2 -> [cname: :zstd, clevel: 5, shuffle: :byte, typesize: 8]
  :snappy -> []
end
IO.puts("Suggested options: #{inspect(default_opts)}")
Recommended codec: :lz4
Reason: Fastest compression/decompression. Minimal latency overhead.
Configurable: false
Streaming: false
Suggested options: []
:ok
Decision Flowchart
When choosing a codec, follow this decision path:
	Is your data typed numerical arrays?	YES → Use Blosc2 (with appropriate shuffle and typesize)
	NO → Continue


	Is latency critical (hot path, real-time)?	YES → Use LZ4 (fastest) or Snappy (low overhead)
	NO → Continue


	Is storage cost the primary concern?	YES → Use Bzip2 (best ratio) or Zstd with high level
	NO → Continue


	Default choice: Zstd (level 3) - good ratio, fast decompression, configurable

Codec Feature Matrix
	Feature	LZ4	Snappy	Zstd	Bzip2	Blosc2
	Speed	Very Fast	Very Fast	Fast	Slow	Medium
	Ratio	Low	Low	High	Very High	High (arrays)
	Configurable	Fixed profile	No	Level 1–22	Block 1–9	Codec/shuffle
	Streaming	No	No	No	No	No
	Best For	Hot paths	Short data	General	Archival	Arrays
	Shuffle	—	—	—	—	Byte/Bit
	Multi-thread	No	No	No	No	No
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    Building Storage Systems with ExCodecs

# Use this install to work with the source code
# Mix.install(
#   [
#     {:ex_codecs, path: Path.join(__DIR__, "..")}, 
#     {:rustler, "~> 0.36"},
#     {:jason, "~> 1.4"}, 
#     {:kino, "~> 0.14"}, 
#     {:kino_vega_lite, "~> 0.1.13"}
#   ],
#   config:  [rustler_precompiled: [force_build: [ex_codecs: true]]]
# )

Mix.install( [
    {:ex_codecs, "~> 0.2.3"}, 
    {:jason, "~> 1.4"}, 
    {:kino, "~> 0.14"}, 
    {:kino_vega_lite, "~> 0.1.13"}
  ])
Livebook Series
	#	Livebook
	01	Introduction
	02	Compression Fundamentals
	03	Codec Comparison
	04	Building Storage Systems (you are here)
	05	Zarr-Style Workloads
	06	Spatial Codecs

Practical Usage Patterns
The Basic Pattern
data = "Important data to store"

{:ok, compressed} = ExCodecs.encode(:zstd, data)
{:ok, recovered} = ExCodecs.decode(:zstd, compressed)

IO.puts("Round-trip OK: #{recovered == data}")
Round-trip OK: true
:ok
Choosing a Codec at Runtime
defmodule StorageConfig do
  def codec_for_content_type("application/json"), do: :zstd
  def codec_for_content_type("application/octet-stream"), do: :lz4
  def codec_for_content_type("application/x-array"), do: :blosc2
  def codec_for_content_type(_), do: :zstd
end

content_type = "application/json"
codec = StorageConfig.codec_for_content_type(content_type)
IO.puts("Selected codec: #{inspect(codec)}")
IO.puts("Supported: #{ExCodecs.supports?(codec)}")
Selected codec: :zstd
Supported: true
:ok
Building a Compressed Storage Layer
defmodule CompressedStore do
  @moduledoc """
  A simple key-value store with transparent compression.
  """
  use Agent

  defstruct [:codec, :opts, :table]

  def start_link(opts \\ []) do
    codec = Keyword.get(opts, :codec, :zstd)
    codec_opts = Keyword.get(opts, :opts, [])
    name = Keyword.get(opts, :name, __MODULE__)

    Agent.start_link(fn ->
      %__MODULE__{codec: codec, opts: codec_opts, table: %{}}
    end, name: name)
  end

  def put(store \\ __MODULE__, key, value) do
    Agent.get_and_update(store, fn state ->
      case ExCodecs.encode(state.codec, value, state.opts) do
        {:ok, compressed} ->
          entry = %{
            compressed: compressed,
            original_size: byte_size(value),
            codec: state.codec
          }
          {{:ok, byte_size(compressed)}, %{state | table: Map.put(state.table, key, entry)}}
        {:error, err} ->
          {{:error, err}, state}
      end
    end)
  end

  def get(store \\ __MODULE__, key) do
    Agent.get(store, fn state ->
      case Map.get(state.table, key) do
        nil -> {:error, :not_found}
        entry -> ExCodecs.decode(entry.codec, entry.compressed)
      end
    end)
  end

  def info(store \\ __MODULE__) do
    Agent.get(store, fn state ->
      entries = Map.values(state.table)
      total_original = Enum.sum(Enum.map(entries, & &1.original_size))
      total_compressed = Enum.sum(Enum.map(entries, &byte_size(&1.compressed)))
      %{
        codec: state.codec,
        entry_count: length(entries),
        total_original_bytes: total_original,
        total_compressed_bytes: total_compressed,
        savings_pct: Float.round(100 * (1 - total_compressed / max(total_original, 1)), 1)
      }
    end)
  end

  def delete(store \\ __MODULE__, key) do
    Agent.get_and_update(store, fn state ->
      {Map.get(state.table, key), %{state | table: Map.delete(state.table, key)}}
    end)
  end
end
{:module, CompressedStore, <<70, 79, 82, 49, 0, 0, 36, ...>>, ...}
Using the Compressed Store
case CompressedStore.start_link(codec: :zstd, opts: [level: 3]) do
  {:ok, _pid} -> :ok
  {:error, {:already_started, _pid}} -> :ok
end

CompressedStore.put(:doc1, String.duplicate("Hello, World! ", 1000))
CompressedStore.put(:doc2, :crypto.strong_rand_bytes(4096) |> Base.encode64())
CompressedStore.put(:doc3, Jason.encode!(for i <- 1..100, do: %{id: i, value: :rand.uniform(1000)}))

{:ok, doc1} = CompressedStore.get(:doc1)
IO.puts("Retrieved doc1 (#{byte_size(doc1)} bytes)")

info = CompressedStore.info()
IO.puts("\nStorage Summary:")
IO.puts("  Codec: #{inspect(info.codec)}")
IO.puts("  Entries: #{info.entry_count}")
IO.puts("  Original: #{info.total_original_bytes} bytes")
IO.puts("  Compressed: #{info.total_compressed_bytes} bytes")
IO.puts("  Savings: #{info.savings_pct}%")
Retrieved doc1 (14000 bytes)

Storage Summary:
  Codec: :zstd
  Entries: 3
  Original: 21645 bytes
  Compressed: 4591 bytes
  Savings: 78.8%
:ok
Multi-Codec Store
defmodule MultiCodecStore do
  @moduledoc """
  A store that selects the best codec per value.
  """
  use Agent

  @codecs [:lz4, :snappy, :zstd, :bzip2]

  def start_link(opts \\ []) do
    name = Keyword.get(opts, :name, __MODULE__)
    Agent.start_link(fn -> %{} end, name: name)
  end

  def put(store \\ __MODULE__, key, value) do
    Agent.get_and_update(store, fn state ->
      results = for codec <- @codecs do
        {:ok, enc} = ExCodecs.encode(codec, value)
        {codec, enc, byte_size(enc)}
      end

      {best_codec, best_enc, best_size} =
        Enum.min_by(results, fn {_, _, size} -> size end)

      entry = %{
        codec: best_codec,
        compressed: best_enc,
        original_size: byte_size(value),
        compressed_size: best_size
      }

      {{:ok, entry}, Map.put(state, key, entry)}
    end)
  end

  def get(store \\ __MODULE__, key) do
    Agent.get(store, fn state ->
      case Map.get(state, key) do
        nil -> {:error, :not_found}
        entry -> ExCodecs.decode(entry.codec, entry.compressed)
      end
    end)
  end

  def stats(store \\ __MODULE__) do
    Agent.get(store, fn state ->
      state
      |> Map.values()
      |> Enum.group_by(& &1.codec)
      |> Enum.map(fn {codec, entries} ->
        {codec, length(entries),
         Enum.sum(Enum.map(entries, & &1.original_size)),
         Enum.sum(Enum.map(entries, & &1.compressed_size))}
      end)
      |> Enum.sort_by(&elem(&1, 1))
    end)
  end
end
{:module, MultiCodecStore, <<70, 79, 82, 49, 0, 0, 27, ...>>, ...}
Using the Multi-Codec Store
case MultiCodecStore.start_link() do
  {:ok, _pid} -> :ok
  {:error, {:already_started, _pid}} -> :ok
end

datasets = %{
  repetitive: String.duplicate("abcabcabc", 5000),
  semi_random: (for _ <- 1..10000, into: <<>>, do: <<:rand.uniform(255)>>),
  floats: (for i <- 1..4096, into: <<>>, do: <<i * 0.1::float-size(64)-little>>)
}

for {name, data} <- datasets do
  {:ok, entry} = MultiCodecStore.put(name, data)
  IO.puts("#{name}: best codec = #{inspect(entry.codec)}, " <>
    "#{entry.original_size} -> #{entry.compressed_size} bytes " <>
    "(#{Float.round(100 * entry.compressed_size / entry.original_size, 1)}%)")
end

IO.puts("\nCodec distribution:")
for {codec, count, orig, comp} <- MultiCodecStore.stats() do
  IO.puts("  #{inspect(codec)}: #{count} entries, #{orig} -> #{comp} bytes")
end
floats: best codec = :zstd, 32768 -> 4801 bytes (14.7%)
repetitive: best codec = :zstd, 45000 -> 21 bytes (0.0%)
semi_random: best codec = :snappy, 10000 -> 10005 bytes (100.0%)

Codec distribution:
  :snappy: 1 entries, 10000 -> 10005 bytes
  :zstd: 2 entries, 77768 -> 4822 bytes
[:ok, :ok]
Chunked Compression for Large Files
defmodule ChunkedCompressor do
  @moduledoc """
  Compresses large data in fixed-size chunks to limit peak memory usage.

  The container stores the chunk count, the original byte size, and an offset
  table so individual chunks can be decompressed on demand (random access)
  without re-decoding the whole blob.
  """
  @default_chunk_size 64 * 1024

  def compress(data, codec \\ :zstd, opts \\ [], chunk_size \\ @default_chunk_size) do
    chunks = chunk_data(data, chunk_size)

    compressed_chunks =
      Enum.map(chunks, fn chunk ->
        {:ok, enc} = ExCodecs.encode(codec, chunk, opts)
        enc
      end)

    offsets =
      compressed_chunks
      |> Enum.scan(0, fn chunk, acc -> acc + byte_size(chunk) end)
      |> Enum.drop(-1)
      |> List.insert_at(0, 0)

    header = <<
      length(compressed_chunks)::unsigned-big-32,
      byte_size(data)::unsigned-big-64
    >>

    offset_data = for offset <- offsets, into: <<>>, do: <<offset::unsigned-big-32>>

    {:ok, header <> offset_data <> IO.iodata_to_binary(compressed_chunks)}
  end

  def decompress(blob, codec \\ :zstd) do
    <<num_chunks::unsigned-big-32, original_size::unsigned-big-64, rest::binary>> = blob

    offsets_size = num_chunks * 4
    <<offsets::binary-size(^offsets_size), chunks_binary::binary>> = rest

    offsets_list = for <<offset::unsigned-big-32 <- offsets>>, do: offset
    offsets_list = offsets_list ++ [byte_size(chunks_binary)]

    chunks =
      Enum.chunk_every(offsets_list, 2, 1, :discard)
      |> Enum.map(fn [start_off, end_off] ->
        binary_part(chunks_binary, start_off, end_off - start_off)
      end)

    decompressed =
      Enum.map(chunks, fn chunk ->
        {:ok, dec} = ExCodecs.decode(codec, chunk)
        dec
      end)

    result = IO.iodata_to_binary(decompressed)

    if byte_size(result) == original_size do
      {:ok, result}
    else
      {:error, :size_mismatch}
    end
  end

  @doc """
  Decompresses a single chunk by 0-based index, using the offset table.
  """
  def read_chunk(blob, index, codec \\ :zstd) do
    <<num_chunks::unsigned-big-32, _original_size::unsigned-big-64, rest::binary>> = blob

    if index < 0 or index >= num_chunks do
      {:error, :out_of_range}
    else
      offsets_size = num_chunks * 4
      <<offsets::binary-size(^offsets_size), chunks_binary::binary>> = rest

      offsets_list = for <<offset::unsigned-big-32 <- offsets>>, do: offset
      offsets_list = offsets_list ++ [byte_size(chunks_binary)]

      [start_off, end_off] = Enum.at(Enum.chunk_every(offsets_list, 2, 1, :discard), index)
      chunk = binary_part(chunks_binary, start_off, end_off - start_off)

      ExCodecs.decode(codec, chunk)
    end
  end

  defp chunk_data(data, chunk_size) when is_integer(chunk_size) and chunk_size > 0 do
    case data do
      <<chunk::binary-size(^chunk_size), rest::binary>> -> [chunk | chunk_data(rest, chunk_size)]
      <<>> -> []
      remainder when is_binary(remainder) -> [remainder]
    end
  end
end
{:module, ChunkedCompressor, <<70, 79, 82, 49, 0, 0, 32, ...>>, ...}
large_data = String.duplicate("This is a chunk of data that repeats. ", 10000)

{:ok, compressed} = ChunkedCompressor.compress(large_data, :zstd)
{:ok, recovered} = ChunkedCompressor.decompress(compressed, :zstd)

<<num_chunks::unsigned-big-32, _::unsigned-big-64, _::binary>> = compressed
{:ok, first_chunk} = ChunkedCompressor.read_chunk(compressed, 0, :zstd)

IO.puts("Original:   #{byte_size(large_data)} bytes")
IO.puts("Compressed: #{byte_size(compressed)} bytes")
IO.puts("Ratio:      #{Float.round(100 * byte_size(compressed) / byte_size(large_data), 1)}%")
IO.puts("Chunks:     #{num_chunks}")
IO.puts("Round-trip: #{recovered == large_data}")
IO.puts("Random access chunk 0: #{byte_size(first_chunk)} bytes (matches: #{first_chunk == binary_part(large_data, 0, 64 * 1024)})")
Original:   380000 bytes
Compressed: 384 bytes
Ratio:      0.1%
Chunks:     6
Round-trip: true
Random access chunk 0: 65536 bytes (matches: true)
:ok
Error Handling Best Practices
case ExCodecs.encode(:zstd, "some data") do
  {:ok, compressed} ->
    {:ok, compressed}

  {:error, %ExCodecs.Error{reason: :unsupported_codec}} ->
    {:error, :codec_missing}

  {:error, %ExCodecs.Error{reason: :codec_unavailable}} ->
    {:error, :codec_unavailable}

  {:error, %ExCodecs.Error{reason: :nif_not_loaded}} ->
    {:error, :nif_not_loaded}

  {:error, %ExCodecs.Error{reason: :invalid_data} = err} ->
    IO.puts("Invalid data: #{err.message}")
    {:error, :bad_input}

  {:error, %ExCodecs.Error{reason: :compression_failed} = err} ->
    IO.puts("Compression failed: #{err.message}")
    {:error, :compress_failed}

  {:error, %ExCodecs.Error{} = err} ->
    IO.puts("Structured error #{err.reason}: #{err.message}")
    {:error, err.reason}
end
{:ok, <<40, 181, 47, 253, 32, 9, 73, 0, 0, 115, 111, 109, 101, 32, 100, 97, 116, 97>>}
# Exercise the error branches with real failures.
results =
  [
    {:ok, _} = ExCodecs.encode(:zstd, "ok"),
    {:error, %ExCodecs.Error{reason: :invalid_options}} =
      ExCodecs.encode(:zstd, "x", level: 99),
    {:error, %ExCodecs.Error{reason: :decompression_failed}} =
      ExCodecs.decode(:zstd, "not a zstd frame"),
    {:error, %ExCodecs.Error{reason: :unsupported_codec}} =
      ExCodecs.encode(:nonexistent, "x")
  ]

for {tag, {status, _} = result} <- Enum.zip([:ok, :bad_level, :bad_frame, :bad_codec], results) do
  IO.puts("#{String.pad_trailing("#{tag}", 12)} -> #{inspect(result)}")
end
warning: variable "status" is unused (if the variable is not meant to be used, prefix it with an underscore)
└─ work/ex_codecs/livebooks/04_building_storage_systems.livemd#cell:pruxa6uyvvgiepiz:13

ok           -> {:ok, <<40, 181, 47, 253, 32, 2, 17, 0, 0, 111, 107>>}
bad_level    -> {:error, %ExCodecs.Error{reason: :invalid_options, message: "Level must be an integer between 1 and 22", codec: nil, details: nil}}
bad_frame    -> {:error, %ExCodecs.Error{reason: :decompression_failed, message: "Decompression failed", codec: :zstd, details: nil}}
bad_codec    -> {:error, %ExCodecs.Error{reason: :unsupported_codec, message: "The specified codec is not supported", codec: :nonexistent, details: nil}}
[:ok, :ok, :ok, :ok]
# Bound decompression for untrusted payloads (default is 256 MiB).
# Classic bomb shape: 64 KiB of zeros → tiny compressed input.
bomb_raw = :binary.copy(<<0>>, 65_536)
{:ok, bomb} = ExCodecs.encode(:zstd, bomb_raw)

{:error, %ExCodecs.Error{reason: :output_limit_exceeded}} =
  ExCodecs.decode(:zstd, bomb, max_output_size: 1_024)

{:ok, ^bomb_raw} = ExCodecs.decode(:zstd, bomb, max_output_size: 65_536)

IO.puts("bomb compressed size: #{byte_size(bomb)} bytes (#{Float.round(65_536 / byte_size(bomb), 1)}x)")
bomb compressed size: 11 bytes (5957.8x)
:ok
See Compression Fundamentals for the
same pattern across all compression codecs.

defmodule SafeCompress do
  def call(codec, data, opts \\ []) do
    with {:check_codec, true} <- {:check_codec, ExCodecs.supports?(codec)},
         {:check_binary, true} <- {:check_binary, is_binary(data)},
         {:ok, compressed} <- ExCodecs.encode(codec, data, opts),
         {:ok, ^data} <- ExCodecs.decode(codec, compressed) do
      {:ok, compressed}
    else
      {:check_codec, false} -> {:error, :unsupported_codec}
      {:check_binary, false} -> {:error, :not_binary}
      {:error, err} -> {:error, err}
    end
  end
end

{:ok, result} = SafeCompress.call(:zstd, "verify round-trip")
IO.puts("Safe compress OK: #{is_binary(result)}")
Safe compress OK: true
:ok
defmodule CompressWithFallback do
  def call(data, codecs \\ [:zstd, :lz4, :snappy]) do
    codecs
    |> Enum.reduce_while({:error, :no_codec_available}, fn codec, _acc ->
      case ExCodecs.encode(codec, data) do
        {:ok, compressed} -> {:halt, {:ok, {codec, compressed}}}
        {:error, err} -> {:cont, {:error, {codec, err.reason}}}
      end
    end)
  end
end

{:ok, {used_codec, compressed}} = CompressWithFallback.call("fallback test data")
IO.puts("Used codec: #{inspect(used_codec)}")
IO.puts("Compressed: #{byte_size(compressed)} bytes")
Used codec: :zstd
Compressed: 27 bytes
:ok
ETS Integration
defmodule CompressedETS do
  @moduledoc """
  ETS-backed storage with transparent compression.
  """
  def new(name \\ :compressed_store) do
    if :ets.whereis(name) != :undefined, do: :ets.delete(name)
    :ets.new(name, [:set, :public, :named_table])
    name
  end

  def insert(table, key, value, codec \\ :zstd, opts \\ []) do
    {:ok, compressed} = ExCodecs.encode(codec, value, opts)
    :ets.insert(table, {key, compressed, codec, byte_size(value)})
    {:ok, byte_size(compressed)}
  end

  def lookup(table, key) do
    case :ets.lookup(table, key) do
      [{^key, compressed, codec, _orig_size}] ->
        ExCodecs.decode(codec, compressed)
      [] ->
        {:error, :not_found}
    end
  end

  def stats(table) do
    entries = :ets.tab2list(table)
    total_orig = Enum.sum(Enum.map(entries, fn {_, _, _, orig} -> orig end))
    total_comp = Enum.sum(Enum.map(entries, fn {_, comp, _, _} -> byte_size(comp) end))
    %{
      entries: length(entries),
      original_bytes: total_orig,
      compressed_bytes: total_comp,
      savings_pct: Float.round(100 * (1 - total_comp / max(total_orig, 1)), 1)
    }
  end
end
{:module, CompressedETS, <<70, 79, 82, 49, 0, 0, 20, ...>>, ...}
table = CompressedETS.new()

for i <- 1..100 do
  data = String.duplicate("item-#{rem(i, 10)} ", 500)
  CompressedETS.insert(table, "key_#{i}", data)
end

stats = CompressedETS.stats(table)
IO.puts("ETS Compressed Store:")
IO.puts("  Entries: #{stats.entries}")
IO.puts("  Original: #{stats.original_bytes} bytes")
IO.puts("  Compressed: #{stats.compressed_bytes} bytes")
IO.puts("  Savings: #{stats.savings_pct}%")

{:ok, val} = CompressedETS.lookup(table, "key_1")
IO.puts("\nRetrieved #{byte_size(val)} bytes successfully")

:ets.delete(table)
ETS Compressed Store:
  Entries: 100
  Original: 350000 bytes
  Compressed: 2400 bytes
  Savings: 99.3%

Retrieved 3500 bytes successfully
true
File Storage Integration
defmodule CompressedFileIO do
  @moduledoc """
  File I/O with transparent compression.
  """
  @magic "EXCD"

  def write(path, data, codec \\ :zstd, opts \\ []) do
    {:ok, compressed} = ExCodecs.encode(codec, data, opts)
    header = <<
      @magic::binary,
      codec_atom_to_bin(codec)::binary,
      byte_size(data)::unsigned-big-64,
      byte_size(compressed)::unsigned-big-64
    >>
    File.write(path, header <> compressed)
  end

  def read(path) do
    case File.read(path) do
      {:ok, <<@magic::binary, codec_bin::binary-size(8), _orig_size::unsigned-big-64, _comp_size::unsigned-big-64, compressed::binary>>} ->
        codec = bin_to_codec_atom(codec_bin)
        ExCodecs.decode(codec, compressed)
      {:ok, _} ->
        {:error, :invalid_format}
      {:error, reason} ->
        {:error, reason}
    end
  end

  defp codec_atom_to_bin(atom) do
    atom |> Atom.to_string() |> String.pad_trailing(8)
  end

  defp bin_to_codec_atom(bin) do
    case bin |> String.trim_trailing() do
      "zstd" -> :zstd
      "lz4" -> :lz4
      "snappy" -> :snappy
      "bzip2" -> :bzip2
      "blosc2" -> :blosc2
      other -> {:error, {:unknown_codec, other}}
    end
  end
end
{:module, CompressedFileIO, <<70, 79, 82, 49, 0, 0, 16, ...>>, ...}
test_data = String.duplicate("Compressed file storage example. ", 2000)
path = Path.join(System.tmp_dir!(), "ex_codecs_demo.dat")

:ok = CompressedFileIO.write(path, test_data, :zstd, level: 9)
{:ok, recovered} = CompressedFileIO.read(path)

IO.puts("Wrote and read #{byte_size(test_data)} bytes")
IO.puts("Round-trip OK: #{recovered == test_data}")
IO.puts("File size: #{File.stat!(path).size} bytes")

File.rm(path)
Wrote and read 66000 bytes
Round-trip OK: true
File size: 83 bytes
:ok
Key Takeaways
	Wrap encode/decode in your own modules to centralize codec choice and error handling
	Always handle errors — codecs can fail on invalid input, memory pressure, etc.
	Store the codec name alongside compressed data so you know how to decompress
	Use ETS for compressed in-memory caches — significant memory savings
	Chunk large files — enables random access, parallel processing, and bounded memory
	Try multiple codecs for mixed workloads — different data compresses best with different algorithms

Navigation
Previous: Codec Comparison ·
Next: Zarr-Style Workloads


  

    Zarr-Style Workloads

# Use this install to work with the source code
# Mix.install(
#   [{:ex_codecs, path: Path.join(__DIR__, "..")}],
#   config: [rustler_precompiled: [force_build: [ex_codecs: true]]]
# )

Mix.install([{:ex_codecs, "~> 0.2.3"}])
Series
	#	Livebook
	01	Introduction
	02	Compression Fundamentals
	03	Codec Comparison
	04	Building Storage Systems
	05	Zarr-Style Workloads (this)
	06	Spatial Codecs

Scientific Dataset Compression
This notebook demonstrates compression patterns that array stores such as
Zarr use, optimized for numerical and scientific data.
Array Data Layout
Scientific datasets are typically stored as multi-dimensional arrays with
strong regularity:
	Numeric types (integers, floats) with fixed element sizes
	Regular dimension strides
	Column-oriented or row-oriented access patterns

Blosc2 was specifically designed for this workload:
# Generate a synthetic dataset (64-bit float array)
n_elements = 100_000
data = :binary.copy(<<3.14159265::float-64>>, n_elements)
data_size = byte_size(data)

# Compare codecs on regular numeric data
codecs = [:zstd, :lz4, :snappy, :bzip2, :blosc2]

results =
  for codec <- codecs do
    {time, {:ok, compressed}} = :timer.tc(fn -> ExCodecs.encode(codec, data) end)
    ratio = Float.round(data_size / byte_size(compressed), 2)
    {codec, byte_size: byte_size(compressed), ratio: ratio, time_us: time}
  end

IO.puts("Codec    | Compressed | Ratio | Time (us)")
IO.puts("---------|-----------|-------|----------")
for {codec, opts} <- results do
  IO.puts("#{String.pad_trailing("#{codec}", 8)} | #{String.pad_trailing("#{opts[:byte_size]}", 9)} | #{opts[:ratio]}   | #{opts[:time_us]}")
end
Blosc2 Shuffle for Numerical Data
The shuffle filter is the key to Blosc2's effectiveness on array data:
data = :binary.copy(<<1.0::float-64>>, 50_000) <> :binary.copy(<<2.0::float-64>>, 50_000)

# No shuffle
{:ok, c_none} = ExCodecs.encode(:blosc2, data, typesize: 8, shuffle: :none)
# Byte shuffle - reorders bytes for better compression
{:ok, c_byte} = ExCodecs.encode(:blosc2, data, typesize: 8, shuffle: :byte)
# Bit shuffle - reorders bits for even better compression on some data
{:ok, c_bit} = ExCodecs.encode(:blosc2, data, typesize: 8, shuffle: :bit)

IO.puts("No shuffle:   #{byte_size(c_none)} bytes")
IO.puts("Byte shuffle: #{byte_size(c_byte)} bytes")
IO.puts("Bit shuffle:  #{byte_size(c_bit)} bytes")
Chunk-Based Compression
Large datasets are typically split into chunks, each compressed independently:
chunk_size = 1024 * 8  # 8 KiB chunks
large_data = :binary.copy(<<3.14159265::float-64>>, 131_072)  # 1 MiB of compressible floats

chunks =
  for <<chunk::binary-size(chunk_size) <- large_data>>, do: chunk

compressed_chunks =
  chunks
  |> Enum.map(fn chunk ->
    {:ok, compressed} = ExCodecs.encode(:zstd, chunk, level: 3)
    compressed
  end)

total_original = byte_size(large_data)
total_compressed = compressed_chunks |> Enum.map(&byte_size/1) |> Enum.sum()

IO.puts("Original:   #{total_original} bytes")
IO.puts("Compressed: #{total_compressed} bytes")
IO.puts("Ratio:      #{Float.round(total_original / total_compressed, 2)}x")
Decompressing Individual Chunks
Only the needed chunks need to be decompressed:
# Decompress just chunk 42
target = Enum.at(compressed_chunks, 42)
{:ok, decompressed} = ExCodecs.decode(:zstd, target)
IO.puts("Decompressed chunk size: #{byte_size(decompressed)} bytes")
IO.puts("Matches original: #{decompressed == Enum.at(chunks, 42)}")
Choosing the Right Codec for Your Data
data_patterns = %{
  "Repetitive" => String.duplicate("AAAA", 100_000),
  "Numeric array" => :binary.copy(<<3.14159::float-64>>, 100_000),
  "Mixed" => (:crypto.strong_rand_bytes(500) <> String.duplicate("X", 500)) |> String.duplicate(100),
  "Random" => :crypto.strong_rand_bytes(100_000)
}

codecs = [:zstd, :lz4, :snappy, :bzip2, :blosc2]

IO.puts(String.pad_trailing("Pattern", 15) <> " | " <> Enum.join(codecs, " | "))

for {name, data} <- data_patterns do
  ratios =
    for codec <- codecs do
      {:ok, c} = ExCodecs.encode(codec, data)
      Float.round(byte_size(data) / byte_size(c), 2)
    end

  ratio_strs = Enum.map(ratios, &String.pad_trailing("#{&1}", 5))
  IO.puts(String.pad_trailing(name, 15) <> " | " <> Enum.join(ratio_strs, " | "))
end
Key Takeaways
	Blosc2 with byte shuffle excels on regular numeric arrays
	Zstd is the best general-purpose codec
	LZ4 and Snappy are fastest for real-time compression
	Bzip2 gives the best ratios for archival
	Chunk-based compression enables random access to large datasets
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    Spatial Codecs: Point Clouds and Gaussian Splats

# Use this install to work with the source code
# Mix.install(
#   [
#     {:ex_codecs, path: Path.join(__DIR__, "..")}, 
#     {:rustler, "~> 0.36"}
#   ],
#   config:  [rustler_precompiled: [force_build: [ex_codecs: true]]]
# )

Mix.install([
  {:ex_codecs, "~> 0.2.3"}
])
Series
	#	Livebook
	01	Introduction
	02	Compression Fundamentals
	03	Codec Comparison
	04	Building Storage Systems
	05	Zarr-Style Workloads
	06	Spatial Codecs (you are here)

One Framework, Specialized Category APIs
Compression codecs and spatial formats share discovery metadata and
%ExCodecs.Error{} results. Their operation APIs differ because compression
maps binary to binary, while spatial codecs map domain structs to formats.
ExCodecs.available_codecs(:spatial)
for format <- ExCodecs.Spatial.available_formats() do
  {:ok, info} = ExCodecs.codec_info(format)

  %{
    format: info.name,
    interface: info.interface,
    configurable?: info.configurable?,
    version: info.version
  }
end
Build a Point Cloud
Point.new/4 stores coordinates as floats and normalizes attribute keys to
strings. PointCloud.new/2 computes axis-aligned bounds by default.
alias ExCodecs.Spatial.{Gaussian, GaussianCloud, Point, PointCloud}

points = [
  Point.new(0, 0, 0,
    color: {255, 32, 32},
    normal: {0.0, 0.0, 1.0},
    attributes: %{intensity: 0.25}
  ),
  Point.new(1, 0, 0,
    color: {32, 255, 32},
    normal: {0.0, 0.0, 1.0},
    attributes: %{intensity: 0.5}
  ),
  Point.new(0, 1, 0,
    color: {32, 32, 255},
    normal: {0.0, 0.0, 1.0},
    attributes: %{intensity: 0.75}
  )
]

cloud = PointCloud.new(points)

%{
  points: PointCloud.size(cloud),
  bounds: cloud.bounds,
  attribute_keys: cloud.points |> hd() |> Map.fetch!(:attributes) |> Map.keys()
}
PLY Interchange
PLY supports ASCII and binary little-/big-endian representations. The default
is binary little-endian.
{:ok, ply_ascii} =
  ExCodecs.Spatial.encode(cloud,
    format: :ply,
    ply_format: :ascii,
    comments: ["created by the ExCodecs spatial Livebook"]
  )

ply_ascii
|> String.split("\n")
|> Enum.take(14)
|> Enum.join("\n")
{:ok, ply_binary} = ExCodecs.Spatial.encode(cloud, format: :ply)
{:ok, decoded_ply} = ExCodecs.Spatial.decode(ply_binary, format: :ply)

%{
  encoded_bytes: byte_size(ply_binary),
  decoded_points: PointCloud.size(decoded_ply),
  first_point: hd(decoded_ply.points)
}
Compact Point-Cloud Binary
:spatial_binary uses the versioned ExCodecs point format (EXCP). It is
intended for compact ExCodecs-to-ExCodecs interchange.
{:ok, excp} = ExCodecs.Spatial.encode(cloud, format: :spatial_binary)
{:ok, decoded_excp} = ExCodecs.Spatial.decode(excp, format: :spatial_binary)

%{
  magic: binary_part(excp, 0, 4),
  encoded_bytes: byte_size(excp),
  decoded_points: PointCloud.size(decoded_excp)
}
Spatial Encoding Plus Compression
Spatial encoding chooses a geometry format. Compression is a separate,
composable binary step.
{:ok, compressed_excp} = ExCodecs.encode(:zstd, excp, level: 7)
{:ok, restored_excp} = ExCodecs.decode(:zstd, compressed_excp)
{:ok, restored_cloud} =
  ExCodecs.Spatial.decode(restored_excp, format: :spatial_binary)

%{
  excp_bytes: byte_size(excp),
  compressed_bytes: byte_size(compressed_excp),
  round_trip_points: PointCloud.size(restored_cloud)
}
Gaussian Splats
Gaussian uses scalar-first quaternions ({w, x, y, z}). :gsplat is the
versioned ExCodecs Gaussian format (GSPL).
gaussian_cloud =
  GaussianCloud.new([
    Gaussian.new({0, 0, 0},
      scale: {0.1, 0.2, 0.1},
      opacity: 0.9,
      color: {1.0, 0.2, 0.1}
    ),
    Gaussian.new({1, 0.5, -0.25},
      rotation: {0.9239, 0.0, 0.3827, 0.0},
      scale: {0.25, 0.1, 0.15},
      opacity: 0.65,
      color: {0.1, 0.4, 1.0}
    )
  ])

{:ok, gspl} = ExCodecs.Spatial.encode(gaussian_cloud, format: :gsplat)
{:ok, decoded_gaussians} = ExCodecs.Spatial.decode(gspl, format: :gsplat)

%{
  magic: binary_part(gspl, 0, 4),
  encoded_bytes: byte_size(gspl),
  decoded_gaussians: GaussianCloud.size(decoded_gaussians)
}
Enumerable Helpers
stream_decode/2 with source: :file reads one record/vertex at a time
(bounded memory; mmap + Rust unpack when available). stream_encode/2 still
collects the enumerable, then encodes once — use
ExCodecs.Spatial.Stream.encode_to_file/3 with an explicit :schema for
EXCP/GSPL incremental writes.
{:ok, streamed_payload} =
  ExCodecs.Spatial.stream_encode(points, format: :spatial_binary)

streamed_points =
  streamed_payload
  |> ExCodecs.Spatial.stream_decode(format: :spatial_binary, source: :binary)
  |> Enum.to_list()

length(streamed_points)
path = Path.join(System.tmp_dir!(), "ex_codecs_spatial_#{System.unique_integer([:positive])}.excp")

:ok =
  ExCodecs.Spatial.Stream.encode_to_file(points, path,
    format: :spatial_binary,
    schema: []
  )

file_points =
  path
  |> ExCodecs.Spatial.stream_decode(format: :spatial_binary, source: :file)
  |> Enum.to_list()

File.rm(path)
length(file_points)
Category-Safe Dispatch
The shared catalog does not overload the binary API with struct inputs.
Choosing a spatial catalog entry through ExCodecs.encode/3 returns guidance
to use the spatial category API.
{:error, error} = ExCodecs.encode(:ply, ply_binary)

%{reason: error.reason, message: error.message}
Further Reading
	Understanding Spatial Codecs — schema and format trade-offs
	Spatial Wire Formats — frozen EXCP / GSPL / PLY layouts
	Add Zstd after spatial encoding when storage or transfer size matters.
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    Spatial wire formats (v0.2.0 freeze)

This document freezes the on-wire layouts used by ExCodecs.Spatial since
v0.2.0. The Rust spatial acceleration shipped in v0.2.3 must produce
byte-compatible output for these formats (verified by property tests).
There is no CRC / checksum in v1; integrity is the caller's responsibility.
Attribute keys on points are strings after construction / decode. Prefer string
keys when building clouds for cross-backend compatibility.
One framework, specialized category APIs
	Category	Entry point	Discovery
	Registry binary codecs (:zstd, …)	ExCodecs.encode/3, decode/3	available_codecs(:compression)
	Spatial domain codecs	ExCodecs.Spatial.encode/2, decode/2	available_codecs(:spatial) or ExCodecs.Spatial.available_formats/0

Both categories belong to the ExCodecs framework and share its tagged-result
and error conventions. Their entry points differ because registry codecs map
binary↔binary, while spatial codecs map domain structs↔formats.
Spatial formats (:ply, :spatial_binary, :gsplat) are entries in the same
ETS-backed catalog as compression codecs. Their metadata has
category: :spatial and interface: :spatial; that interface marker keeps
operation dispatch on ExCodecs.Spatial rather than the binary API.
PLY (format: :ply)
Standard PLY interchange (ASCII or binary little/big endian). Gaussian PLY uses
common property names (f_dc_*, opacity, scale_*, rot_*, f_rest_*).
Encode options (after Spatial selects :ply):
	:ply_format or :format — :ascii (default), :binary / :binary_le, :binary_be
	:comments — header comments
	:as — decode as :auto, :point_cloud, or :gaussian_cloud

Schema promotion
If any point in a cloud has color / alpha / normals, the schema includes those
properties for all points. Missing values are defaulted (RGB 0, alpha 255,
normal {0,0,0}). Mixed optional fields therefore round-trip with defaults filled in.
Streaming
	EXCP / GSPL / PLY + source: :file (or :auto path detection): header
then one record/vertex at a time from disk (bounded memory). Binary PLY uses
a fixed property stride; ASCII PLY reads lines.
	In-memory binaries use chunked Rust unpack when the spatial NIF is
loaded; otherwise they materialize through decode/2.
	stream_encode still collects the enumerable, then encodes once.
	encode_to_file/3 with an explicit :schema streams EXCP/GSPL to disk
(placeholder header + seek-back count; chunked Rust pack when available).
Without :schema, encode then write.
	Pass accel: false on encode/decode/stream helpers to force pure Elixir.

Prefer explicit source: :file or source: :binary when the argument is
ambiguous (:binary is the default). File streams prefer mmap + DirtyCpu
unpack when Accel is available. Do not truncate a mapped file while a stream
is live (SIGBUS risk).
:auto (opt-in) treats a binary as a path only when it looks path-like (under
4 KiB, no ply/EXCP/GSPL magic, and contains / or \ or ends with
.ply/.excp/.gspl/.bin) and File.regular?/1 is true. Edge cases:
	A real file with no separator/extension is not auto-opened.
	A short binary containing / that happens to be a regular file path is opened.

EXCP — :spatial_binary (version 1)
Little-endian compact point clouds.
Offset  Size  Field
0       4     magic "EXCP"
4       2     version u16 LE (= 1)
6       2     flags u16 LE
8       8     count u64 LE
16      …     records
Flags
	Bit	Meaning
	0	color (RGB u8 × 3)
	1	alpha (RGBA; implies color bytes include alpha)
	2	normals (f32 × 3)

Record order: x,y,z as f32 LE, then optional color bytes, then optional
normals. Flags are global for the file; points missing a promoted field are
zero-filled (alpha default 255).
Not stored: generic attributes, bounds, transform, metadata. Trailing bytes
after count records are ignored. Truncation yields :invalid_data /
:truncated_input as implemented.
Streaming: stream_decode with source: :file reads the 16-byte header,
then each record via IO.binread/2 (bounded memory). In-memory binaries use
chunked Rust unpack when the spatial NIF is loaded; otherwise they materialize
through decode/2. stream_encode_to_file/3 requires :schema
(e.g. schema: [:color]) and patches the count after writing records.
GSPL — :gsplat (version 1)
Little-endian compact Gaussian clouds.
Offset  Size  Field
0       4     magic "GSPL"
4       2     version u16 LE (= 1)
6       2     flags u16 LE (bit0 set when SH rest present)
8       8     count u64 LE
16      2     sh_rest u16 LE (floats of SH rest per Gaussian; 0 if none)
18      …     records
Record (always): 14 × f32 LE —
	position XYZ (3)
	DC color RGB (3) — maps to Gaussian.color
	opacity (1)
	scale XYZ (3)
	rotation quaternion WXYZ (4)

Then sh_rest × f32 LE (shared length for all Gaussians; shorter lists padded
with zeros on encode).
Not stored: per-Gaussian metadata maps, cloud metadata. Flags on decode are
currently informational; sh_rest count in the header is authoritative.
Streaming: stream_decode with source: :file reads the 18-byte header,
then each record via IO.binread/2 (bounded memory). In-memory binaries use
chunked Rust unpack when the spatial NIF is loaded; otherwise they materialize
through decode/2. stream_encode_to_file/3 requires :schema
(e.g. schema: [] or schema: [sh_rest: 6]) and patches the count after
writing records.
Integrity
v1 formats have no checksum. For integrity, wrap payloads with a registry
codec (e.g. compress after encode) or store an external hash.
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Extensible BEAM-native codec framework for Elixir.
One framework, specialized category APIs
Binary→binary registry codecs use:
ExCodecs.encode(codec_atom, binary, opts \\ [])
ExCodecs.decode(codec_atom, binary, opts \\ [])
All implementations are registered in the shared ExCodecs.CodecRegistry
catalog. Category modules provide entry points suited to their data:
	ExCodecs.Compression — compress/3 / decompress/3 aliases of the
registry API, plus listing codecs in the compression category
	ExCodecs.Spatial — domain types and formats for point clouds /
Gaussians (struct↔format). Call ExCodecs.Spatial.encode/2 and
ExCodecs.Spatial.decode/2

The APIs belong to one framework and share tagged results and
%ExCodecs.Error{} conventions. They are not overloaded because their input
shapes differ. Registry encoding and decoding keep the codec atom first:
{:ok, compressed} = ExCodecs.encode(:zstd, data)
{:ok, decoded} = ExCodecs.decode(:zstd, compressed)
Registry codecs
	Codec	Notes
	:zstd	Pure-Rust Zstd (structured-zstd)
	:lz4	Size-prepended lz4_flex blocks
	:snappy	Standalone Snappy codec
	:bzip2	Pure-Rust bzip2
	:blosc	Blosc1 chunk: the c-blosc 1.x / numcodecs / Zarr blosc format
	:blosc2	C-Blosc2 chunk (not super-chunk / B2ND / .b2frame)
	:crc32c	Appends / verifies a little-endian CRC32C (Zarr v3 crc32c)

Snappy vs Blosc2 cname: :snappy
	ExCodecs.encode(:snappy, data) — supported (standalone codec).
	ExCodecs.encode(:blosc2, data, cname: :snappy) — rejected (:invalid_options).
Snappy is not a standard C-Blosc2 inner compressor in this build; use
:lz4, :blosclz, :zstd, :lz4hc, or :zlib inside Blosc2.

Blosc vs Blosc2
:blosc writes Blosc1 chunks, which c-blosc 1.x, numcodecs and zarr-python
read. :blosc2 writes the newer Blosc2 chunk format, which c-blosc 1.x
rejects. Both decode either format. Use :blosc for Zarr data.
Blosc2 “chunk only”
:blosc2 compresses one buffer → one Blosc2 chunk. That matches normal
ExCodecs use (and python-blosc2 compress/decompress on a single buffer).
It does not open .b2frame files, append super-chunks, or slice B2ND
arrays. For large data, chunk yourself and store multiple blobs.
Quick start
# Registry compression
{:ok, c} = ExCodecs.encode(:zstd, "hello")
{:ok, "hello"} = ExCodecs.decode(:zstd, c)

# Category alias
{:ok, c} = ExCodecs.Compression.compress(:lz4, data)

# Spatial category
alias ExCodecs.Spatial.{Point, PointCloud}
cloud = PointCloud.new([Point.new(0.0, 0.0, 0.0)])
{:ok, ply} = ExCodecs.Spatial.encode(cloud, format: :ply)
{:ok, cloud} = ExCodecs.Spatial.decode(ply, format: :ply)

ExCodecs.available_codecs()
#=> [:blosc, :blosc2, :bzip2, :crc32c, :gsplat, :lz4, :ply, :snappy, :spatial_binary, :zstd]
Error policy
Public encode/decode paths return {:ok, _} or {:error, %ExCodecs.Error{}}.
They do not raise for invalid codecs, bad options, or compression failure.
(NIF load failure is converted to {:error, %Error{reason: :nif_not_loaded}}.)
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        available_codecs()

      


        Lists registered codec atoms that are available at runtime.



    


    
      
        available_codecs(category)

      


        Lists available codec names in one category.



    


    
      
        codec_info(codec)

      


        Returns metadata for a registered codec.



    


    
      
        decode(codec, data, opts \\ [])

      


        Decodes a binary with a registered codec.



    


    
      
        encode(codec, data, opts \\ [])

      


        Encodes a binary with a registered codec.



    


    
      
        stream_decode(source, opts)

      


        Lazily enumerates spatial primitives from a file path or binary.



    


    
      
        stream_encode(enumerable, opts)

      


        Encodes an enumerable of spatial %Point{} / %Gaussian{} values.



    


    
      
        supports?(codec)

      


        Returns whether a shared-catalog codec is available.
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          @spec available_codecs() :: [atom()]


      


Lists registered codec atoms that are available at runtime.
Arguments
None.
Returns
A sorted [atom()] containing every shared-catalog entry whose
implementation module is non-nil, including binary and spatial codecs.
Raises
May raise ArgumentError if the registry ETS table has not been started.
Examples
iex> :blosc2 in ExCodecs.available_codecs()
true
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          @spec available_codecs(atom()) :: [atom()]


      


Lists available codec names in one category.
Arguments
	category — category atom such as :compression or :spatial

Returns
A sorted list of available names in that category.
Raises
Raises FunctionClauseError for a non-atom category and may raise
ArgumentError if the shared catalog has not started.
Examples
iex> ExCodecs.available_codecs(:spatial)
[:gsplat, :ply, :spatial_binary]
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          @spec codec_info(atom()) :: {:ok, ExCodecs.Codec.t()} | {:error, :unsupported_codec}


      


Returns metadata for a registered codec.
Arguments
	codec (atom()) — registry key whose metadata is requested

Returns
	{:ok, ExCodecs.Codec.t()} — name, category, interface, module,
capability flags, and backend version; unavailable codecs are returned
with module: nil
	{:error, :unsupported_codec} — not registered (note: bare atom, not %Error{})

Raises
Raises FunctionClauseError if codec is not an atom. May raise
ArgumentError if the registry ETS table has not been started.
Examples
iex> {:ok, info} = ExCodecs.codec_info(:zstd)
iex> info.name
:zstd

iex> {:ok, info} = ExCodecs.codec_info(:zstd)
iex> info.category
:compression

  



    

  
    
      
    
    
      decode(codec, data, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(atom(), binary(), keyword()) ::
  {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Decodes a binary with a registered codec.
First argument is always a codec atom. For spatial formats use
ExCodecs.Spatial.decode/2 with format:.
Arguments
	codec (atom()) — registry key, such as :zstd
	data (binary()) — encoded payload
	opts (keyword()) — codec-specific decoding options; defaults to []

Returns
	{:ok, binary()} — decoded payload
	{:error, %ExCodecs.Error{reason: :unsupported_codec}} — codec is not
registered
	{:error, %ExCodecs.Error{reason: :codec_unavailable}} — codec has no
implementation module
	{:error, %ExCodecs.Error{reason: :invalid_data}} — arguments have the
wrong shape or the codec rejects the input
	{:error, %ExCodecs.Error{reason: :invalid_options}} — options are
invalid, including the mistaken decode(binary, format: format) shape
	{:error, %ExCodecs.Error{reason: :decompression_failed}} — payload is
corrupt or the native decoder failed
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} — native library is
unavailable

Raises
Does not raise for the documented failure modes. It may raise ArgumentError
if the registry has not been started, or propagate an unexpected exception
from a third-party registered codec.
Examples
iex> {:ok, compressed} = ExCodecs.encode(:zstd, "hello world")
iex> {:ok, original} = ExCodecs.decode(:zstd, compressed)
iex> original
"hello world"
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          @spec encode(atom(), binary(), keyword()) ::
  {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes a binary with a registered codec.
Primary framework entry point. First argument is always a codec atom
(:zstd, :lz4, …). For spatial structs use ExCodecs.Spatial.encode/2.
Arguments
	codec (atom()) — registry key, such as :zstd
	data (binary()) — unencoded bytes
	opts (keyword()) — codec-specific options; defaults to []

Returns
	{:ok, binary()} — encoded payload
	{:error, %ExCodecs.Error{reason: :unsupported_codec}} — codec is not
registered
	{:error, %ExCodecs.Error{reason: :codec_unavailable}} — codec is
registered without an implementation module
	{:error, %ExCodecs.Error{reason: :invalid_data}} — data is not a
binary, arguments do not have the documented shape, or the codec rejects
the input
	{:error, %ExCodecs.Error{reason: :invalid_options}} — codec-specific
option validation failed
	{:error, %ExCodecs.Error{reason: :compression_failed}} — native encoder
failed
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} — native library is
unavailable

Raises
Does not raise for the documented failure modes, including malformed public
arguments. It may raise ArgumentError if the registry has not been started,
or propagate an unexpected exception from a third-party registered codec.
Examples
iex> {:ok, compressed} = ExCodecs.encode(:zstd, "hello world")
iex> is_binary(compressed)
true

iex> {:ok, compressed} = ExCodecs.encode(:zstd, "hello world", level: 3)
iex> is_binary(compressed)
true

iex> {:error, %ExCodecs.Error{reason: :unsupported_codec}} =
...>   ExCodecs.encode(:not_a_codec, "x")
iex> true
true
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          @spec stream_decode(
  Path.t() | binary(),
  keyword()
) :: Enumerable.t()


      


Lazily enumerates spatial primitives from a file path or binary.
Delegates to ExCodecs.Spatial.stream_decode/2. Not used for registry
compression codecs. File sources stream record-by-record; in-memory binaries
materialize through decode/2 (or use chunked Rust unpack when the spatial
NIF is loaded).
Arguments
	source (Path.t() | binary()) — filesystem path or encoded binary;
use the :source option to disambiguate a binary that is also a path

	opts (keyword()) — requires :format (:ply, :spatial_binary, or
:gsplat); optionally accepts :source (:auto, :file, or :binary)
and format-specific options

Returns
An Enumerable.t() yielding %ExCodecs.Spatial.Point{} or
%ExCodecs.Spatial.Gaussian{} values. On failure it yields exactly one
{:error, %ExCodecs.Error{}} element with one of these reasons:
	:invalid_options — required :format is absent
	:unsupported_codec — the format is not stream-decodable
	:io_error — a file source cannot be read
	:invalid_data — the encoded payload is malformed or truncated

Raises
Missing or invalid format values and file read errors are yielded as error
tuples. Passing non-keyword opts raises FunctionClauseError; enumeration
may propagate unexpected exceptions from the source enumerable or runtime.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> {:ok, bin} = ExCodecs.Spatial.encode(PointCloud.new([Point.new(1.0, 2.0, 3.0)]), format: :ply)
iex> [%Point{x: x} | _] = ExCodecs.stream_decode(bin, format: :ply) |> Enum.to_list()
iex> x == 1.0
true
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          @spec stream_encode(
  Enumerable.t(),
  keyword()
) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes an enumerable of spatial %Point{} / %Gaussian{} values.
Delegates to ExCodecs.Spatial.stream_encode/2. Collects the enumerable
(format headers need a count). Not for registry compression codecs.
Arguments
	enumerable (Enumerable.t()) — points or Gaussians, all of one type
	opts (keyword()) — requires :format (:ply, :spatial_binary, or
:gsplat) and may contain format-specific options

Returns
	{:ok, binary()} — encoded spatial payload
	{:error, %ExCodecs.Error{reason: :invalid_options}} — required format
is absent or a format option is invalid
	{:error, %ExCodecs.Error{reason: :unsupported_codec}} — format is
unknown
	{:error, %ExCodecs.Error{reason: :invalid_data}} — items are mixed,
malformed, unsupported, or include an error tuple

Raises
Returns error tuples for documented format, option, and item failures.
Passing non-keyword opts raises FunctionClauseError. A value that does not
implement Enumerable raises Protocol.UndefinedError, and exceptions raised
while enumerating propagate.
Examples
iex> alias ExCodecs.Spatial.Point
iex> {:ok, bin} = ExCodecs.stream_encode([Point.new(0.0, 0.0, 0.0)], format: :ply)
iex> is_binary(bin)
true
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          @spec supports?(atom()) :: boolean()


      


Returns whether a shared-catalog codec is available.
Arguments
	codec (atom()) — registry key to test

Returns
true if codec is registered with a non-nil implementation module;
otherwise false.
Raises
Raises FunctionClauseError if codec is not an atom. May raise
ArgumentError if the registry ETS table has not been started.
Examples
iex> ExCodecs.supports?(:zstd)
true

iex> ExCodecs.supports?(:nonexistent)
false

  


        

      


  

    
ExCodecs.Application 
    



      
OTP Application callback module for ExCodecs.
Starts the shared ExCodecs.CodecRegistry catalog and registers all built-in
binary and spatial codecs during application startup.
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    Functions
  


    
      
        start(type, args)

      


        Starts the ExCodecs supervision tree.
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          @spec start(Application.start_type(), term()) ::
  {:ok, pid()} | {:error, term()} | {:ok, pid(), term()}


      


Starts the ExCodecs supervision tree.
This callback starts ExCodecs.CodecRegistry, registers every built-in
codec entry, and supervises the registry with a :one_for_one
strategy. It is invoked by OTP when the :ex_codecs application starts;
application code should normally use Application.ensure_all_started/1
instead of calling this function directly.
Arguments
	type — Application.start_type(). OTP supplies :normal,
{:takeover, node}, or {:failover, node}; ExCodecs does not vary its
startup behavior by type.
	args — startup term configured for the application. ExCodecs ignores
this value.

Returns
	{:ok, supervisor_pid} when the supervisor and registry start.
	{:error, reason} when Supervisor.start_link/2 cannot start the
supervision tree.
	{:ok, supervisor_pid, state} is permitted by the
Application.start/2 callback contract, but ExCodecs does not currently
return that form.

Raises
This callback does not deliberately raise. OTP or supervisor internals may
exit the calling process for unrecoverable startup failures.
Example
iex> {:ok, _apps} = Application.ensure_all_started(:ex_codecs)
iex> Process.whereis(ExCodecs.Supervisor) |> is_pid()
true
iex> ExCodecs.supports?(:zstd)
true
Callback implementation
An OTP application that embeds a similar registry can use the same shape.
Note: ExCodecs.CodecRegistry registers under a fixed global name, so the
example below is for a separate registry module, not a second instance
of the library's own.
defmodule MyApp.Application do
  use Application

  @impl Application
  def start(_type, _args) do
    children = [{MyApp.CodecRegistry, register: fn -> :ok end}]
    Supervisor.start_link(children,
      strategy: :one_for_one,
      name: MyApp.Supervisor
    )
  end
end
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CRC32C (Castagnoli) checksum codec.
encode/2 appends the little-endian CRC32C of the data; decode/2 checks it
and strips it. This is the Zarr v3 crc32c codec, also used to protect
sharding_indexed shard indexes.
Examples
iex> {:ok, framed} = ExCodecs.encode(:crc32c, "123456789")
iex> binary_part(framed, 9, 4)
<<0x83, 0x92, 0x06, 0xE3>>
iex> ExCodecs.decode(:crc32c, framed)
{:ok, "123456789"}
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        __codec_info__()

      


        Returns the registry metadata for the CRC32C codec.



    


    
      
        checksum(data)

      


        Computes the CRC32C of a binary.



    


    
      
        decode(data, opts)

      


        Verifies and strips a trailing little-endian CRC32C.



    


    
      
        encode(data, opts)

      


        Appends the little-endian CRC32C of data.
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Returns the registry metadata for the CRC32C codec.
Arguments
This function takes no arguments.
Returns
An ExCodecs.Codec.t() with name: :crc32c, category: :checksum,
native?: true, streaming?: false, and configurable?: false.
Raises / Exceptions
This function does not invoke the NIF and does not raise.
Examples
iex> info = ExCodecs.Checksum.Crc32c.__codec_info__()
iex> {info.name, info.category}
{:crc32c, :checksum}
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          @spec checksum(binary()) :: {:ok, non_neg_integer()} | {:error, ExCodecs.Error.t()}


      


Computes the CRC32C of a binary.
Arguments
	data (binary()) — bytes to checksum

Returns
	{:ok, checksum :: non_neg_integer()}
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
NIF load errors are converted to error tuples.
Examples
iex> ExCodecs.Checksum.Crc32c.checksum("123456789")
{:ok, 0xE3069283}
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Verifies and strips a trailing little-endian CRC32C.
Arguments
	data (binary()) — payload followed by its 4-byte CRC32C
	opts (keyword()) — ignored; accepted for the codec interface

Returns
	{:ok, payload :: binary()} when the checksum matches
	{:error, %ExCodecs.Error{reason: :checksum_mismatch}} when it does not
	{:error, %ExCodecs.Error{reason: :truncated_input}} when data is
shorter than 4 bytes
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary or opts is not a list
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
ErlangError/ArgumentError exceptions from the NIF call are converted to
error tuples.
Examples
iex> {:ok, framed} = ExCodecs.Checksum.Crc32c.encode("payload", [])
iex> ExCodecs.Checksum.Crc32c.decode(framed, [])
{:ok, "payload"}

iex> {:error, error} = ExCodecs.Checksum.Crc32c.decode("payload" <> <<0, 0, 0, 0>>, [])
iex> error.reason
:checksum_mismatch
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Appends the little-endian CRC32C of data.
Arguments
	data (binary()) — bytes to protect
	opts (keyword()) — ignored; accepted for the codec interface

Returns
	{:ok, data <> <<crc::little-32>>}
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary or opts is not a list
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
ErlangError/ArgumentError exceptions from the NIF call are converted to
error tuples.
Examples
iex> ExCodecs.Checksum.Crc32c.encode("", [])
{:ok, <<0, 0, 0, 0>>}

  


        

      


  

    
ExCodecs.Codec behaviour
    



      
Binary-codec behaviour and shared catalog metadata.
Binary-interface modules registered with ExCodecs.CodecRegistry implement
this module's encode/2 and decode/2 callbacks on binaries. Spatial
entries share the catalog metadata struct but use the specialized
ExCodecs.Spatial contract because they map domain structs↔formats.
The %ExCodecs.Codec{} struct describes any shared-catalog entry. Its fields
are:
	name (atom()) — registry key, such as :zstd
	category (atom()) — codec category, such as :compression or :spatial
	interface (:binary | :spatial) — public API shape used by the entry

	module (module() | nil) — implementation module, or nil when the
codec is known but unavailable

	native? (boolean() | nil) — whether the implementation uses a NIF

	streaming? (boolean() | nil) — whether an incremental API is available

	configurable? (boolean() | nil) — whether the codec accepts meaningful options

	version (String.t() | nil) — backend version, if reported


Boolean capability fields and version may be nil on a bare %ExCodecs.Codec{}
until filled by __codec_info__/0 and/or ExCodecs.CodecRegistry.register/5.
For example:
iex> {:ok, %ExCodecs.Codec{} = codec} = ExCodecs.codec_info(:zstd)
iex> {codec.name, codec.category, codec.module}
{:zstd, :compression, ExCodecs.Compression.Zstd}
Implementing a codec
defmodule ExCodecs.Compression.Zstd do
  @behaviour ExCodecs.Codec

  @impl true
  def encode(data, opts) when is_binary(data) and is_list(opts) do
    # ...
  end

  @impl true
  def decode(data, opts) when is_binary(data) and is_list(opts) do
    # ...
  end

  @impl true
  def __codec_info__ do
    %ExCodecs.Codec{
      name: :zstd,
      category: :compression,
      module: __MODULE__,
      native?: true,
      streaming?: false,
      configurable?: true,
      version: "structured-zstd-0.0.48"
    }
  end
end
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        decode_result()

      


        Result returned by decode/2.



    


    
      
        encode_result()

      


        Result returned by encode/2.



    


    
      
        t()

      


        Metadata for one shared codec-catalog entry.



    





  
    Callbacks
  


    
      
        __codec_info__()

      


        Returns catalog metadata for this codec module.



    


    
      
        decode(data, opts)

      


        Decodes binary data (decompress, etc.).



    


    
      
        encode(data, opts)

      


        Encodes binary data (compress, hash, etc.).



    





  
    Functions
  


    
      
        validates?(module)

      


        Returns whether module exports encode/2 and decode/2.
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          @type decode_result() :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Result returned by decode/2.
{:ok, decoded} contains the decoded binary. {:error, error} contains an
ExCodecs.Error whose reason is normally :invalid_data,
:invalid_options, :decompression_failed, :truncated_input, or
:nif_not_loaded.
Example
Requires the NIF to be loaded.
iex> {:ok, encoded} = ExCodecs.Compression.Zstd.encode("codec input", [])
iex> ExCodecs.Compression.Zstd.decode(encoded, [])
{:ok, "codec input"}
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          @type encode_result() :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Result returned by encode/2.
{:ok, encoded} contains the encoded binary. {:error, error} contains an
ExCodecs.Error whose reason is normally :invalid_data, :invalid_options,
:compression_failed, or :nif_not_loaded.
Example
Requires the NIF to be loaded (Zstd is NIF-backed). On a host without the
NIF, use a pure-Elixir codec or ExCodecs.supports?(:zstd) to gate.
iex> {:ok, result} = ExCodecs.Compression.Zstd.encode("codec input", [])
iex> is_binary(result)
true

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Codec{
  category: atom(),
  configurable?: boolean() | nil,
  interface: :binary | :spatial,
  module: module() | nil,
  name: atom(),
  native?: boolean() | nil,
  streaming?: boolean() | nil,
  version: String.t() | nil
}


      


Metadata for one shared codec-catalog entry.
Every field is public:
	name — catalog atom; binary entries can be passed to
ExCodecs.encode/3 and ExCodecs.decode/3
	category — grouping atom used by
ExCodecs.CodecRegistry.codecs_by_category/1
	interface — :binary for the top-level registry API or :spatial for
ExCodecs.Spatial
	module — callback implementation, or nil for an unavailable codec
	native? — indicates NIF-backed operation, or nil until known
	streaming? — indicates incremental processing support, or nil until known
	configurable? — indicates codec-specific option support, or nil until known
	version — backend version string, or nil if unknown

Boolean capability fields default to nil on %ExCodecs.Codec{} and are
typically filled by __codec_info__/0 and/or registry registration. After
a successful register/5 or register_unavailable/3 they are usually
concrete booleans; nil means unknown / not yet filled.
Example
iex> {:ok, codec} = ExCodecs.codec_info(:zstd)
iex> %ExCodecs.Codec{name: :zstd, configurable?: configurable?} = codec
iex> is_boolean(configurable?)
true

  


        

      

      
        Callbacks


        


  
    
      
    
    
      __codec_info__()


        (optional)


        
          
        

    

  


  

      

          @callback __codec_info__() :: t()


      


Returns catalog metadata for this codec module.
Optional. When exported, ExCodecs.CodecRegistry.register/5 reads capability
fields (native?, streaming?, configurable?, version) from the returned
struct unless the caller overrides them via the metadata keyword. Registry
arguments always supply name, category, interface, and module on the
stored entry.
Arguments
None.
Returns
An %ExCodecs.Codec{} whose capability fields describe this implementation.
Callers may leave name/category/interface unset when the registry fills
those from register/5 arguments.
Raises
Implementations should not raise for a normal metadata return. Any exception
raised here propagates through registration.
Implementation example
defmodule ExCodecs.Compression.Zstd do
  @behaviour ExCodecs.Codec

  @impl true
  def __codec_info__ do
    %ExCodecs.Codec{
      name: :zstd,
      category: :compression,
      module: __MODULE__,
      native?: true,
      streaming?: false,
      configurable?: true,
      version: "structured-zstd-0.0.48"
    }
  end
end

  



  
    
      
    
    
      decode(data, opts)



        
          
        

    

  


  

      

          @callback decode(data :: binary(), opts :: keyword()) :: decode_result()


      


Decodes binary data (decompress, etc.).
Arguments
	data (binary()) — encoded bytes to decode
	opts (keyword()) — codec-specific decoding options

Returns
	{:ok, binary()} — decoded bytes
	{:error, %ExCodecs.Error{reason: :invalid_data}} — input has the wrong
type or shape
	{:error, %ExCodecs.Error{reason: :invalid_options}} — unsupported or
invalid options
	{:error, %ExCodecs.Error{reason: :decompression_failed}} — malformed
payload or backend decoding failure
	{:error, %ExCodecs.Error{reason: :truncated_input}} — incomplete input,
when the implementation distinguishes it
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} — native library
unavailable

Raises
Implementations must return an error tuple for malformed data, invalid
options, and expected backend failures. They may raise only for programmer
errors or unexpected runtime faults not represented by ExCodecs.Error.
Implementation example
defmodule Example.PrefixCodec do
  @behaviour ExCodecs.Codec

  @impl true
  def encode(data, []) when is_binary(data), do: {:ok, <<"EX", data::binary>>}

  def encode(data, _opts) when not is_binary(data) do
    ExCodecs.Error.error(:invalid_data, codec: :prefix)
  end

  def encode(_data, _opts) do
    ExCodecs.Error.error(:invalid_options, codec: :prefix)
  end

  @impl true
  def decode(<<"EX", data::binary>>, []), do: {:ok, data}

  def decode(data, _opts) when not is_binary(data) do
    ExCodecs.Error.error(:invalid_data, codec: :prefix)
  end

  def decode(_data, []), do: ExCodecs.Error.error(:decompression_failed, codec: :prefix)
  def decode(_data, _opts), do: ExCodecs.Error.error(:invalid_options, codec: :prefix)
end

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

      

          @callback encode(data :: binary(), opts :: keyword()) :: encode_result()


      


Encodes binary data (compress, hash, etc.).
Arguments
	data (binary()) — bytes to encode
	opts (keyword()) — codec-specific options; implementations should
validate every supported key and value

Returns
	{:ok, binary()} — encoded bytes
	{:error, %ExCodecs.Error{reason: :invalid_data}} — invalid input
	{:error, %ExCodecs.Error{reason: :invalid_options}} — unsupported or
invalid options
	{:error, %ExCodecs.Error{reason: :compression_failed}} — backend
encoding failure
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} — native library
unavailable

Raises
Implementations must return an error tuple for invalid data, invalid options,
and expected backend failures. They may raise only for programmer errors or
unexpected runtime faults not represented by ExCodecs.Error.
Implementation example
defmodule Example.ReverseCodec do
  @behaviour ExCodecs.Codec

  @impl true
  def encode(data, opts) when is_binary(data) and opts == [] do
    {:ok, String.reverse(data)}
  end

  def encode(data, _opts) when not is_binary(data) do
    ExCodecs.Error.error(:invalid_data, codec: :reverse)
  end

  def encode(_data, _opts) do
    ExCodecs.Error.error(:invalid_options, codec: :reverse)
  end

  @impl true
  def decode(data, opts), do: encode(data, opts)
end

  


        

      

      
        Functions


        


  
    
      
    
    
      validates?(module)



        
          
        

    

  


  

      

          @spec validates?(module()) :: boolean()


      


Returns whether module exports encode/2 and decode/2.
Despite the name, this checks interface conformance (the module
implements the codec callbacks), not runtime data validation.
Arguments
	module (module()) — module to load and inspect

Returns
	true — module loads and exports both encode/2 and decode/2
	false — it cannot be loaded or either callback is missing

Raises
Does not raise for a valid module() atom. Passing a value outside the
declared type may raise FunctionClauseError from the code-loading API.
Examples
iex> ExCodecs.Codec.validates?(ExCodecs.Compression.Zstd)
true

iex> ExCodecs.Codec.validates?(Nonexistent.Module)
false

  


        

      


  

    
ExCodecs.CodecRegistry 
    



      
Shared runtime catalog of codec implementations (ETS-backed).
Populated at application start (and again if this process restarts). Entries
carry a category and interface shape: binary codecs use the top-level
registry API, while spatial entries are dispatched through
ExCodecs.Spatial.
Crash behavior
The ETS table is owned by this Agent process. If the Agent crashes, the
table is destroyed and only the :register callback (built-ins) is replayed
on restart. Runtime third-party registrations made via register/3 or
register/5 are lost and must be re-registered by the caller. If the
Agent restarts while the table still exists (e.g. via a supervised
:restart_for_type), existing entries are preserved and only overwritten
by the callback.
Typical use
iex> ExCodecs.available_codecs()
[:blosc, :blosc2, :bzip2, :crc32c, :gsplat, :lz4, :ply, :snappy, :spatial_binary, :zstd]

iex> ExCodecs.supports?(:zstd)
true

      


      
        Summary


  
    Functions
  


    
      
        all_codecs()

      


        Sorted list of all registered names (including unavailable).



    


    
      
        available_codecs()

      


        Sorted list of codec atoms with a non-nil module.



    


    
      
        available_codecs(category)

      


        Sorted available catalog names in one category.



    


    
      
        codec_info(name)

      


        Returns %ExCodecs.Codec{} for name.



    


    
      
        codecs_by_category(category)

      


        Lists %ExCodecs.Codec{} for a category atom (e.g. :compression).



    


    
      
        lookup(name)

      


        Looks up {module, category, info} for name.



    


    
      
        register(name, module, category)

      


        Registers a binary-interface module that exports encode/2 and decode/2.



    


    
      
        register(name, module, category, interface)

      


        Registers a module in the shared catalog with an explicit interface.



    


    
      
        register(name, module, category, interface, metadata)

      


        Registers a module with an explicit interface and optional metadata overrides.



    


    
      
        register_unavailable(name, category)

      


        Registers a known codec with module: nil (unavailable).



    


    
      
        register_unavailable(name, category, interface)

      


        Registers a known codec as unavailable with an explicit interface.



    


    
      
        start_link(opts \\ [])

      


        Starts the registry Agent and optional re-registration callback.



    


    
      
        supports?(name)

      


        Returns true if registered and module != nil.



    


    
      
        unregister(name)

      


        Deletes a registry entry (tests / hot reload).



    





      


      
        Functions


        


  
    
      
    
    
      all_codecs()



        
          
        

    

  


  

      

          @spec all_codecs() :: [atom()]


      


Sorted list of all registered names (including unavailable).
Arguments
None.
Returns
A sorted [atom()], including entries whose module is nil.
Raises
May raise ArgumentError if the registry ETS table does not exist.
Example
iex> :ok = ExCodecs.CodecRegistry.register_unavailable(:documented_optional, :compression)
iex> :documented_optional in ExCodecs.CodecRegistry.all_codecs()
true
iex> ExCodecs.CodecRegistry.unregister(:documented_optional)
:ok

  



  
    
      
    
    
      available_codecs()



        
          
        

    

  


  

      

          @spec available_codecs() :: [atom()]


      


Sorted list of codec atoms with a non-nil module.
Arguments
None.
Returns
A sorted [atom()]. Unavailable entries registered with
register_unavailable/2 are omitted.
Raises
May raise ArgumentError if the registry ETS table does not exist.
Example
iex> codecs = ExCodecs.CodecRegistry.available_codecs()
iex> codecs == Enum.sort(codecs) and :zstd in codecs
true

  



  
    
      
    
    
      available_codecs(category)



        
          
        

    

  


  

      

          @spec available_codecs(atom()) :: [atom()]


      


Sorted available catalog names in one category.
Arguments
	category — category atom such as :compression or :spatial

Returns
Available names with non-nil modules, sorted by name.
Raises
May raise ArgumentError if the registry table has not started.
Examples
iex> ExCodecs.CodecRegistry.available_codecs(:spatial)
[:gsplat, :ply, :spatial_binary]

  



  
    
      
    
    
      codec_info(name)



        
          
        

    

  


  

      

          @spec codec_info(atom()) :: {:ok, ExCodecs.Codec.t()} | {:error, :unsupported_codec}


      


Returns %ExCodecs.Codec{} for name.
Arguments
	name (atom()) — codec registry key

Returns
	{:ok, ExCodecs.Codec.t()} — metadata for a registered codec, including
unavailable codecs
	{:error, :unsupported_codec} — no registry entry exists

Raises
Raises FunctionClauseError when name is not an atom. May raise
ArgumentError if the registry ETS table does not exist.
Example
iex> {:ok, %ExCodecs.Codec{name: :zstd, category: :compression}} =
...>   ExCodecs.CodecRegistry.codec_info(:zstd)
iex> true
true

  



  
    
      
    
    
      codecs_by_category(category)



        
          
        

    

  


  

      

          @spec codecs_by_category(atom()) :: [ExCodecs.Codec.t()]


      


Lists %ExCodecs.Codec{} for a category atom (e.g. :compression).
Arguments
	category (atom()) — category to select, such as :compression

Returns
A [ExCodecs.Codec.t()] sorted by each struct's name. The list includes
unavailable entries in that category and is empty when none match.
Raises
Raises FunctionClauseError when category is not an atom. May raise
ArgumentError if the registry ETS table does not exist.
Example
iex> codecs = ExCodecs.CodecRegistry.codecs_by_category(:compression)
iex> Enum.all?(codecs, &match?(%ExCodecs.Codec{category: :compression}, &1))
true
iex> Enum.map(codecs, & &1.name) == Enum.sort(Enum.map(codecs, & &1.name))
true

  



  
    
      
    
    
      lookup(name)



        
          
        

    

  


  

      

          @spec lookup(atom()) ::
  {:ok, {module() | nil, atom(), ExCodecs.Codec.t()}}
  | {:error, :unsupported_codec}


      


Looks up {module, category, info} for name.
Arguments
	name (atom()) — codec registry key

Returns
	{:ok, {module() | nil, atom(), ExCodecs.Codec.t()}} — implementation,
category, and metadata for a registered name

	{:error, :unsupported_codec} — no entry exists for name

Raises
Raises FunctionClauseError when name is not an atom. May raise
ArgumentError if the registry ETS table does not exist.
Example
iex> {:ok, {module, :compression, info}} = ExCodecs.CodecRegistry.lookup(:zstd)
iex> {module, info.name}
{ExCodecs.Compression.Zstd, :zstd}

  



  
    
      
    
    
      register(name, module, category)



        
          
        

    

  


  

      

          @spec register(atom(), module(), atom()) :: :ok | {:error, term()}


      


Registers a binary-interface module that exports encode/2 and decode/2.
Arguments
	name (atom()) — registry key used for lookups
	module (module()) — loaded module exporting encode/2 and decode/2
	category (atom()) — grouping key, such as :compression

Returns
	:ok — metadata was stored, replacing any entry with the same name
	{:error, {:invalid_codec_module, module}} — the module cannot be loaded
or does not export both codec callbacks

Raises
May raise ArgumentError if the registry ETS table does not exist. A codec's
optional public __codec_info__/0 function is called during registration and
any exception it raises propagates.
Examples
iex> :ok = ExCodecs.CodecRegistry.register(
...>   :zstd,
...>   ExCodecs.Compression.Zstd,
...>   :compression
...> )
iex> ExCodecs.CodecRegistry.supports?(:zstd)
true

  



  
    
      
    
    
      register(name, module, category, interface)



        
          
        

    

  


  

      

          @spec register(atom(), module(), atom(), :binary | :spatial) :: :ok | {:error, term()}


      


Registers a module in the shared catalog with an explicit interface.
:binary entries are dispatched by ExCodecs.encode/3 / decode/3.
:spatial entries are discoverable from the same catalog but dispatched by
ExCodecs.Spatial.
Arguments
	name — catalog key
	module — module exporting encode/2 and decode/2
	category — grouping atom such as :compression or :spatial
	interface — :binary or :spatial

Returns
:ok on registration or {:error, {:invalid_codec_module, module}}.
Raises
May raise ArgumentError if the registry table has not started, or propagate
an exception from a module's optional __codec_info__/0.
Examples
iex> :ok = ExCodecs.CodecRegistry.register(
...>   :documented_ply,
...>   ExCodecs.Spatial.Codec.PLY,
...>   :spatial,
...>   :spatial
...> )
iex> {:ok, info} = ExCodecs.CodecRegistry.codec_info(:documented_ply)
iex> {info.category, info.interface}
{:spatial, :spatial}
iex> ExCodecs.CodecRegistry.unregister(:documented_ply)
:ok

  



  
    
      
    
    
      register(name, module, category, interface, metadata)



        
          
        

    

  


  

      

          @spec register(atom(), module(), atom(), :binary | :spatial, keyword()) ::
  :ok | {:error, term()}


      


Registers a module with an explicit interface and optional metadata overrides.
Builds the stored %ExCodecs.Codec{} from name, module, category, and
interface, then merges capability fields from the module's optional
ExCodecs.Codec.__codec_info__/0 (when exported). Each key in metadata
overrides the corresponding field from __codec_info__/0.
Arguments
	name (atom()) — catalog key (always stored; not taken from metadata)

	module (module()) — module exporting encode/2 and decode/2

	category (atom()) — grouping atom such as :compression or :spatial

	interface (:binary | :spatial) — public API shape for the entry

	metadata (keyword()) — optional overrides for capability fields:
	:native? (boolean()) — NIF-backed implementation
	:streaming? (boolean()) — incremental API available
	:configurable? (boolean()) — meaningful codec-specific options
	:version (String.t() | nil) — backend version string


Unknown keys are ignored. Omitted keys keep the value from
__codec_info__/0, or nil when that function is not exported.


Returns
	:ok — metadata was stored, replacing any entry with the same name
	{:error, {:invalid_codec_module, module}} — the module cannot be loaded
or does not export both codec callbacks

Raises
May raise ArgumentError if the registry ETS table does not exist. A codec's
optional __codec_info__/0 is called during registration and any exception
it raises propagates.
Persistence
This entry is stored in an ETS table owned by the registry Agent. If the
Agent crashes, runtime registrations are not replayed — only the
:register callback supplied at start_link/1 runs on restart. Re-register
third-party codecs from your own supervision tree if you need crash
survivability.
Examples
iex> :ok = ExCodecs.CodecRegistry.register(
...>   :documented_spatial_binary,
...>   ExCodecs.Spatial.Codec.Binary,
...>   :spatial,
...>   :spatial,
...>   native?: false,
...>   streaming?: false,
...>   configurable?: false,
...>   version: "EXCP 1"
...> )
iex> {:ok, info} = ExCodecs.CodecRegistry.codec_info(:documented_spatial_binary)
iex> {info.interface, info.version, info.native?}
{:spatial, "EXCP 1", false}
iex> ExCodecs.CodecRegistry.unregister(:documented_spatial_binary)
:ok

  



  
    
      
    
    
      register_unavailable(name, category)



        
          
        

    

  


  

      

          @spec register_unavailable(atom(), atom()) :: :ok


      


Registers a known codec with module: nil (unavailable).
Arguments
	name (atom()) — known codec's registry key
	category (atom()) — grouping key, such as :compression

Returns
Always :ok after storing a %ExCodecs.Codec{module: nil} entry.
Raises
May raise ArgumentError if the registry ETS table does not exist.
Example
iex> :ok = ExCodecs.CodecRegistry.register_unavailable(:example_optional, :compression)
iex> {:ok, info} = ExCodecs.CodecRegistry.codec_info(:example_optional)
iex> {info.module, ExCodecs.CodecRegistry.supports?(:example_optional)}
{nil, false}
iex> ExCodecs.CodecRegistry.unregister(:example_optional)
:ok

  



  
    
      
    
    
      register_unavailable(name, category, interface)



        
          
        

    

  


  

      

          @spec register_unavailable(atom(), atom(), :binary | :spatial) :: :ok


      


Registers a known codec as unavailable with an explicit interface.
Stores %ExCodecs.Codec{module: nil} with capability fields set to false
and version: nil. Use when a codec name is part of the catalog but its
implementation module cannot be loaded (for example a NIF-backed codec when
the native library failed to load).
Arguments
	name (atom()) — known codec's registry key
	category (atom()) — grouping key, such as :compression or :spatial
	interface (:binary | :spatial) — public API shape for the entry


Returns
Always :ok after storing the unavailable entry.
Raises
May raise ArgumentError if the registry ETS table does not exist.
Example
iex> :ok = ExCodecs.CodecRegistry.register_unavailable(
...>   :example_spatial_optional,
...>   :spatial,
...>   :spatial
...> )
iex> {:ok, info} = ExCodecs.CodecRegistry.codec_info(:example_spatial_optional)
iex> {info.module, info.interface, ExCodecs.CodecRegistry.supports?(:example_spatial_optional)}
{nil, :spatial, false}
iex> ExCodecs.CodecRegistry.unregister(:example_spatial_optional)
:ok

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts the registry Agent and optional re-registration callback.
Arguments
	opts (keyword()) — accepts :register, a zero-arity function invoked
after the named ETS table is created or cleared; it defaults to
fn -> :ok end

Returns
	{:ok, pid()} — the named registry Agent started and initialization ran
	{:error, {:already_started, pid()}} — the registry is already running
	{:error, reason} — Agent startup or the registration callback failed

Raises
With a valid keyword list, startup failures are returned by Agent. Passing
a non-keyword value can raise FunctionClauseError while reading options.
Example
A supervision tree normally starts the registry and supplies the callback:
children = [
  {ExCodecs.CodecRegistry, register: &MyApp.Codecs.register_all/0}
]

Supervisor.start_link(children, strategy: :one_for_one)

  



  
    
      
    
    
      supports?(name)



        
          
        

    

  


  

      

          @spec supports?(atom()) :: boolean()


      


Returns true if registered and module != nil.
Arguments
	name (atom()) — registry key to test

Returns
true only when name is registered with a non-nil module; otherwise
false.
Raises
Raises FunctionClauseError when name is not an atom. May raise
ArgumentError if the registry ETS table does not exist.
Example
iex> ExCodecs.CodecRegistry.supports?(:zstd)
true
iex> ExCodecs.CodecRegistry.supports?(:unknown_codec)
false

  



  
    
      
    
    
      unregister(name)



        
          
        

    

  


  

      

          @spec unregister(atom()) :: :ok


      


Deletes a registry entry (tests / hot reload).
Arguments
	name (atom()) — registry key to remove

Returns
Always :ok, whether or not an entry existed.
Raises
Raises FunctionClauseError when name is not an atom. May raise
ArgumentError if the registry ETS table does not exist.
Example
iex> :ok = ExCodecs.CodecRegistry.register_unavailable(:temporary_codec, :compression)
iex> :ok = ExCodecs.CodecRegistry.unregister(:temporary_codec)
iex> ExCodecs.CodecRegistry.lookup(:temporary_codec)
{:error, :unsupported_codec}

  


        

      


  

    
ExCodecs.Compression 
    



      
Compression category module.
Thin category helper: domain names (compress / decompress) and listing.
The real API is still ExCodecs.encode/3 / decode/3 (codec atom + binary).
Available codec modules
	ExCodecs.Compression.Zstd
	ExCodecs.Compression.Lz4
	ExCodecs.Compression.Snappy — standalone Snappy (not Blosc2 cname: :snappy)
	ExCodecs.Compression.Bzip2
	ExCodecs.Compression.Blosc — Blosc1 chunk (c-blosc 1.x, numcodecs, Zarr)
	ExCodecs.Compression.Blosc2 — C-Blosc2 chunk only

Examples
{:ok, c} = ExCodecs.Compression.compress(:zstd, data, level: 3)
{:ok, d} = ExCodecs.Compression.decompress(:zstd, c)
# same as:
{:ok, c} = ExCodecs.encode(:zstd, data, level: 3)

      


      
        Summary


  
    Functions
  


    
      
        available_codecs()

      


        Lists metadata for every registered compression codec.



    


    
      
        compress(codec, data, opts \\ [])

      


        Compresses data with a registered compression codec.



    


    
      
        decompress(codec, data, opts \\ [])

      


        Decompresses data with a registered compression codec.



    





      


      
        Functions


        


  
    
      
    
    
      available_codecs()



        
          
        

    

  


  

      

          @spec available_codecs() :: [ExCodecs.Codec.t()]


      


Lists metadata for every registered compression codec.
Arguments
This function takes no arguments.
Returns
A list of ExCodecs.Codec.t() values sorted by codec name. Each struct
describes the registry name, implementation module, native/configuration
flags, streaming support, and backend version. A known codec that is not
available at runtime may have module: nil.
Raises / Exceptions
This function does not raise.
Examples
iex> codecs = ExCodecs.Compression.available_codecs()
iex> Enum.map(codecs, & &1.name)
[:blosc, :blosc2, :bzip2, :lz4, :snappy, :zstd]
iex> Enum.all?(codecs, &(&1.category == :compression))
true

  



    

  
    
      
    
    
      compress(codec, data, opts \\ [])



        
          
        

    

  


  

      

          @spec compress(atom(), binary(), keyword()) ::
  {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Compresses data with a registered compression codec.
This is the compression-category alias for ExCodecs.encode/3.
Arguments
	codec (atom()) — registered compression codec, such as :zstd,
:lz4, :snappy, :bzip2, or :blosc2
	data (binary()) — bytes to compress
	opts (keyword()) — codec-specific options; defaults to []

Returns
	{:ok, compressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: reason}} on failure, where reason
can be:	:unsupported_codec when codec is not registered
	:codec_unavailable when its implementation is unavailable
	:invalid_data when the arguments have the wrong shape
	:invalid_options when codec option validation fails
	:compression_failed when the native compressor rejects the operation
	:nif_not_loaded when the native library is unavailable



Raises / Exceptions
Normal validation and wrapped NIF failures are returned as error tuples.
Unexpected VM-level faults outside the NIF wrapper may still raise.
Examples
iex> payload = "sensor=18.4"
iex> {:ok, compressed} = ExCodecs.Compression.compress(:zstd, payload, level: 3)
iex> {:ok, ^payload} = ExCodecs.Compression.decompress(:zstd, compressed)

iex> {:error, error} = ExCodecs.Compression.compress(:zstd, "data", level: 23)
iex> error.reason
:invalid_options

  



    

  
    
      
    
    
      decompress(codec, data, opts \\ [])



        
          
        

    

  


  

      

          @spec decompress(atom(), binary(), keyword()) ::
  {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Decompresses data with a registered compression codec.
This is the compression-category alias for ExCodecs.decode/3.
Arguments
	codec (atom()) — registered codec that produced the payload
	data (binary()) — compressed bytes in that codec's wire format
	opts (keyword()) — decode options; defaults to []. Built-in
compression codecs honor :max_output_size (positive integer bytes,
default 256 MiB). Do not raise the limit for untrusted inputs.
lz4/snappy/blosc2 allocate up to max_output_size before verifying
content, so N concurrent malicious requests can occupy N x 256 MiB;
tighten the limit for concurrent untrusted workloads.

Returns
	{:ok, decompressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: reason}} on failure, where reason
can be:	:unsupported_codec when codec is not registered
	:codec_unavailable when its implementation is unavailable
	:invalid_data for invalid argument types or an unexpected NIF result
	:invalid_options when :max_output_size is not a positive integer
	:output_limit_exceeded when decompressed size would exceed the limit
	:decompression_failed for corrupt, truncated, or mismatched input
	:nif_not_loaded when the native library is unavailable



Raises / Exceptions
Normal validation and wrapped NIF failures are returned as error tuples.
Unexpected VM-level faults outside the NIF wrapper may still raise.
Examples
iex> payload = <<0, 1, 2, 3, 4>>
iex> {:ok, compressed} = ExCodecs.Compression.compress(:snappy, payload)
iex> ExCodecs.Compression.decompress(:snappy, compressed)
{:ok, <<0, 1, 2, 3, 4>>}

iex> {:error, error} = ExCodecs.Compression.decompress(:snappy, "not snappy")
iex> error.reason
:decompression_failed

  


        

      


  

    
ExCodecs.Compression.Blosc 
    



      
Blosc chunk codec in the Blosc1 wire format (c-blosc 1.x), pure Rust.
This is the format written by c-blosc 1.x, numcodecs Blosc, and the Zarr
v2 and v3 blosc codecs. Use it when the bytes must be readable by those
tools. :blosc2 writes the newer Blosc2 chunk format, which c-blosc 1.x
cannot read.
binary  →  [shuffle | bitshuffle]  →  [compressor]  →  one Blosc1 chunk
Options
	:cname — :blosclz | :lz4 (default) | :lz4hc | :zstd | :zlib

	:clevel — 0..9 (default 5); 0 stores the data uncompressed
	:shuffle — :none | :byte (default) | :bit

	:typesize — 1..255 (default 8)
	:max_output_size — decode only; maximum decompressed size in bytes
(default: 256 MiB; also hard-capped at 1 GiB per chunk)

Compatibility notes
	:lz4hc produces standard LZ4 blocks (the encoder has no HC mode), so
the ratio matches :lz4. Readers see an ordinary LZ4 chunk.
	Blocks are never split into per-byte streams. Readers need c-blosc
1.14 or newer, which honours the "not split" flag.
	Bitshuffle is applied to blocks holding a multiple of 8 elements; other
blocks are stored unfiltered, as c-blosc 1.x does.
	:snappy is rejected: numcodecs and most c-blosc builds omit it.
	Decoding also accepts Blosc2 chunks.

Examples
iex> {:ok, chunk} = ExCodecs.encode(:blosc, :binary.copy(<<1, 2, 3, 4>>, 64))
iex> binary_part(chunk, 0, 1)
<<2>>
iex> ExCodecs.decode(:blosc, chunk)
{:ok, :binary.copy(<<1, 2, 3, 4>>, 64)}

      


      
        Summary


  
    Functions
  


    
      
        __codec_info__()

      


        Returns the registry metadata for the Blosc1 chunk codec.



    


    
      
        decode(data, opts)

      


        Decompresses one Blosc chunk (Blosc1, or Blosc2).



    


    
      
        encode(data, opts)

      


        Compresses a binary into one Blosc1 chunk.



    





      


      
        Functions


        


  
    
      
    
    
      __codec_info__()



        
          
        

    

  


  

Returns the registry metadata for the Blosc1 chunk codec.
Arguments
This function takes no arguments.
Returns
An ExCodecs.Codec.t() with name: :blosc, category: :compression,
native?: true, streaming?: false, configurable?: true, and
version: "blosc1-chunk/pure-rust".
Raises / Exceptions
This function does not invoke the NIF and does not raise.
Examples
iex> info = ExCodecs.Compression.Blosc.__codec_info__()
iex> {info.name, info.category, info.version}
{:blosc, :compression, "blosc1-chunk/pure-rust"}

  



  
    
      
    
    
      decode(data, opts)



        
          
        

    

  


  

Decompresses one Blosc chunk (Blosc1, or Blosc2).
Arguments
	data (binary()) — one chunk from this codec, c-blosc, numcodecs, or
a Zarr blosc codec
	opts (keyword()) — optional :max_output_size (positive integer
bytes, default 256 MiB)

Returns
	{:ok, decompressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, or the chunk header is shorter than 16
bytes
	{:error, %ExCodecs.Error{reason: :invalid_options}} when
:max_output_size is not a positive integer
	{:error, %ExCodecs.Error{reason: :output_limit_exceeded}} when the
declared size exceeds :max_output_size or the 1 GiB hard cap
	{:error, %ExCodecs.Error{reason: :decompression_failed}} when the chunk
is corrupt, truncated or unsupported
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard failures and ErlangError/ArgumentError exceptions from the NIF
call are converted to error tuples.
Examples
iex> {:ok, chunk} = ExCodecs.Compression.Blosc.encode("short payload", [])
iex> ExCodecs.Compression.Blosc.decode(chunk, [])
{:ok, "short payload"}

iex> {:error, error} = ExCodecs.Compression.Blosc.decode("short", [])
iex> error.reason
:invalid_data

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

Compresses a binary into one Blosc1 chunk.
Arguments
	data (binary()) — uncompressed bytes. With shuffling, set
:typesize to the size of one element.
	opts (keyword()) — :cname, :clevel, :shuffle, :typesize
as described in the module docs. Unknown keys are ignored.

Returns
	{:ok, chunk :: binary()} containing one Blosc1 chunk
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary or opts is not a list
	{:error, %ExCodecs.Error{reason: :invalid_options}} for an unsupported
:cname (including :snappy) or an out-of-range option
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Option validation failures and ErlangError/ArgumentError exceptions
from the NIF call are converted to error tuples.
Examples
iex> samples = for i <- 1..256, into: <<>>, do: <<i::little-32>>
iex> {:ok, chunk} =
...>   ExCodecs.Compression.Blosc.encode(samples, cname: :zstd, shuffle: :bit, typesize: 4)
iex> ExCodecs.Compression.Blosc.decode(chunk, [])
{:ok, samples}

iex> {:error, error} = ExCodecs.Compression.Blosc.encode("data", cname: :snappy)
iex> error.reason
:invalid_options

  


        

      


  

    
ExCodecs.Compression.Blosc2 
    



      
Blosc2 chunk codec — C-Blosc2-compatible wire format, pure Rust.
What you get (chunk only)
binary  →  [filters]  →  [codec]  →  one Blosc2 chunk binary
This matches python-blosc2 / C-Blosc2 single-buffer compress/decompress.
Not included
	Layer	Status
	Super-chunk (SChunk)	No
	Contiguous frame (.b2frame)	No
	B2ND (N-D arrays)	No

For large data, split buffers yourself and store multiple chunks. Usability
for "compress my array slice in Elixir" is full; for "Blosc2 as a database
file format", use python/C Blosc2.
Options
	:cname — :blosclz | :lz4 (default) | :lz4hc | :zstd | :zlib

	:clevel — 0..9 (default 5)
	:shuffle — :none | :byte (default) | :bit

	:typesize — 1..255 (default 8)
	:max_output_size — Maximum allowed decompressed size in bytes
(default: 256 MiB; also hard-capped at 1 GiB per chunk)

Security
Do not decompress untrusted inputs without a tight :max_output_size.
Snappy
cname: :snappy is rejected. Use standalone ExCodecs.encode(:snappy, data)
or Blosc2 with :lz4 / :blosclz.
Implementation
Pure-Rust blosc2-pure-rs (no C-Blosc2 / cmake). NIF uses single-threaded
compression (nthreads: 1) on DirtyCpu.
Examples
iex> {:ok, compressed} = ExCodecs.encode(:blosc2, <<1, 2, 3, 4, 5, 6, 7, 8>>)
iex> {:ok, decompressed} = ExCodecs.decode(:blosc2, compressed)
iex> decompressed
<<1, 2, 3, 4, 5, 6, 7, 8>>

      


      
        Summary


  
    Functions
  


    
      
        __codec_info__()

      


        Returns the registry metadata for the Blosc2 chunk codec.



    


    
      
        decode(data, opts)

      


        Decompresses a Blosc2 chunk binary.



    


    
      
        encode(data, opts)

      


        Compresses a binary into a C-Blosc2-compatible chunk.



    





      


      
        Functions


        


  
    
      
    
    
      __codec_info__()



        
          
        

    

  


  

Returns the registry metadata for the Blosc2 chunk codec.
Arguments
This function takes no arguments.
Returns
An ExCodecs.Codec.t() with these Blosc2-specific fields:
	name: :blosc2 and category: :compression
	module: ExCodecs.Compression.Blosc2
	native?: true because compression runs in a NIF
	streaming?: false because only individual chunks are supported
	configurable?: true because encode/2 accepts compressor and filter
options
	version: "c-blosc2-chunk/pure-rust" for the compatible format and
backend

Raises / Exceptions
This function does not invoke the NIF and does not raise.
Examples
iex> ExCodecs.Compression.Blosc2.__codec_info__()
%ExCodecs.Codec{
  name: :blosc2,
  category: :compression,
  module: ExCodecs.Compression.Blosc2,
  native?: true,
  streaming?: false,
  configurable?: true,
  version: "c-blosc2-chunk/pure-rust"
}

  



  
    
      
    
    
      decode(data, opts)



        
          
        

    

  


  

Decompresses a Blosc2 chunk binary.
Arguments
	data (binary()) — one chunk produced by this codec or by
C/python-blosc2 single-buffer compress
	opts (keyword()) — optional :max_output_size (positive integer
bytes, default 256 MiB)

Returns
	{:ok, decompressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, the chunk header is shorter than 16 bytes,
or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :invalid_options}} when
:max_output_size is not a positive integer
	{:error, %ExCodecs.Error{reason: :output_limit_exceeded}} when the
declared chunk nbytes exceeds :max_output_size or the 1 GiB hard cap
	{:error, %ExCodecs.Error{reason: :decompression_failed}} when the chunk
is corrupt, truncated, unsupported, or is a Blosc2 container rather than
a single chunk
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard failures and ErlangError/ArgumentError exceptions from the NIF
call are converted to error tuples. Unexpected exception classes may
propagate.
Examples
iex> payload = "one Blosc2 chunk"
iex> {:ok, chunk} =
...>   ExCodecs.Compression.Blosc2.encode(payload, shuffle: :none, typesize: 1)
iex> ExCodecs.Compression.Blosc2.decode(chunk, [])
{:ok, "one Blosc2 chunk"}

iex> {:error, error} = ExCodecs.Compression.Blosc2.decode("short", [])
iex> error.reason
:invalid_data

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

Compresses a binary into a C-Blosc2-compatible chunk.
Arguments
	data (binary()) — uncompressed bytes. When shuffling, choose a
:typesize matching each logical value; a whole-value multiple is
preferred.

	opts (keyword()) — compression settings:
	:cname — :blosclz | :lz4 | :lz4hc | :zstd | :zlib; defaults to
:lz4

	:clevel — integer compression level in 0..9; defaults to 5
	:shuffle — :none | :byte | :bit; defaults to :byte

	:typesize — logical element size in bytes, integer 1..255;
defaults to 8

Unknown keys are ignored. :snappy is not a valid :cname.


Returns
	{:ok, chunk :: binary()} containing one Blosc2 chunk
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :invalid_options}} for an unsupported
:cname (including :snappy) or an out-of-range option
	{:error, %ExCodecs.Error{reason: :compression_failed}} when the native
compressor fails
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard/option validation failures and ErlangError/ArgumentError
exceptions from the NIF call are converted to error tuples. Unexpected
exception classes may propagate.
Examples
iex> samples = <<100::little-16, 101::little-16, 102::little-16>>
iex> {:ok, chunk} =
...>   ExCodecs.Compression.Blosc2.encode(samples,
...>     cname: :zstd,
...>     clevel: 7,
...>     shuffle: :byte,
...>     typesize: 2
...>   )
iex> ExCodecs.Compression.Blosc2.decode(chunk, [])
{:ok, <<100::little-16, 101::little-16, 102::little-16>>}

iex> {:error, error} =
...>   ExCodecs.Compression.Blosc2.encode("data", cname: :snappy)
iex> error.reason
:invalid_options

  


        

      


  

    
ExCodecs.Compression.Bzip2 
    



      
Bzip2 compression codec (pure-Rust backend).
Options
	:block_size — 1..9 (default 9)
	:max_output_size — Maximum allowed decompressed size in bytes
(default: 256 MiB)

Security
Do not decompress untrusted inputs without a tight :max_output_size.
Examples
iex> {:ok, compressed} = ExCodecs.encode(:bzip2, "hello world")
iex> {:ok, decompressed} = ExCodecs.decode(:bzip2, compressed)
iex> decompressed
"hello world"

iex> {:ok, compressed} = ExCodecs.encode(:bzip2, "hello world", block_size: 6)
iex> is_binary(compressed)
true

      


      
        Summary


  
    Functions
  


    
      
        __codec_info__()

      


        Returns the registry metadata for the Bzip2 codec.



    


    
      
        decode(data, opts)

      


        Decompresses Bzip2 data.



    


    
      
        encode(data, opts)

      


        Compresses a binary with Bzip2.



    





      


      
        Functions


        


  
    
      
    
    
      __codec_info__()



        
          
        

    

  


  

Returns the registry metadata for the Bzip2 codec.
Arguments
This function takes no arguments.
Returns
An ExCodecs.Codec.t() with these Bzip2-specific fields:
	name: :bzip2 and category: :compression
	module: ExCodecs.Compression.Bzip2
	native?: true because compression runs in a NIF
	streaming?: false because only complete payloads are supported
	configurable?: true because encode/2 accepts :block_size
	version: "bzip2-0.6/libbz2-rs" for the backend implementation

Raises / Exceptions
This function does not invoke the NIF and does not raise.
Examples
iex> ExCodecs.Compression.Bzip2.__codec_info__()
%ExCodecs.Codec{
  name: :bzip2,
  category: :compression,
  module: ExCodecs.Compression.Bzip2,
  native?: true,
  streaming?: false,
  configurable?: true,
  version: "bzip2-0.6/libbz2-rs"
}

  



  
    
      
    
    
      decode(data, opts)



        
          
        

    

  


  

Decompresses Bzip2 data.
Arguments
	data (binary()) — a complete Bzip2 stream
	opts (keyword()) — optional :max_output_size (positive integer
bytes, default 256 MiB)

Returns
	{:ok, decompressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :invalid_options}} when
:max_output_size is not a positive integer
	{:error, %ExCodecs.Error{reason: :output_limit_exceeded}} when the
decompressed size would exceed :max_output_size
	{:error, %ExCodecs.Error{reason: :decompression_failed}} when data
is corrupt, truncated, or not a Bzip2 stream
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard failures and ErlangError/ArgumentError exceptions from the NIF
call are converted to error tuples. Unexpected exception classes may
propagate.
Examples
iex> payload = "quarterly results"
iex> {:ok, compressed} = ExCodecs.Compression.Bzip2.encode(payload, [])
iex> ExCodecs.Compression.Bzip2.decode(compressed, [])
{:ok, "quarterly results"}

iex> {:error, error} = ExCodecs.Compression.Bzip2.decode("not bzip2", [])
iex> error.reason
:decompression_failed

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

Compresses a binary with Bzip2.
Arguments
	data (binary()) — uncompressed bytes
	opts (keyword()) — options containing :block_size, an integer from
1 (100 KiB blocks) through 9 (900 KiB blocks); defaults to 9.
Unknown keys are ignored.

Returns
	{:ok, compressed :: binary()} containing a Bzip2 stream
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :invalid_options}} when :block_size
is not an integer in 1..9
	{:error, %ExCodecs.Error{reason: :compression_failed}} when the native
compressor fails
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard/option validation failures and ErlangError/ArgumentError
exceptions from the NIF call are converted to error tuples. Unexpected
exception classes may propagate.
Examples
iex> payload = :binary.copy("daily-report,", 10)
iex> {:ok, compressed} =
...>   ExCodecs.Compression.Bzip2.encode(payload, block_size: 6)
iex> is_binary(compressed)
true
iex> ExCodecs.Compression.Bzip2.decode(compressed, [])
{:ok, payload}

iex> {:error, error} = ExCodecs.Compression.Bzip2.encode("data", block_size: 10)
iex> error.reason
:invalid_options

  


        

      


  

    
ExCodecs.Compression.Lz4 
    



      
LZ4 compression codec (size-prepended lz4_flex blocks).
Not interchangeable with lz4frame / CLI .lz4 files unless they use the
same size-prefix framing.
Options
	:max_output_size — Maximum allowed decompressed size in bytes
(default: 256 MiB).

Security
Do not decompress untrusted inputs without a tight :max_output_size.
Examples
iex> {:ok, compressed} = ExCodecs.encode(:lz4, "hello world")
iex> {:ok, decompressed} = ExCodecs.decode(:lz4, compressed)
iex> decompressed
"hello world"

      


      
        Summary


  
    Functions
  


    
      
        __codec_info__()

      


        Returns the registry metadata for the LZ4 codec.



    


    
      
        decode(data, opts)

      


        Decompresses LZ4 size-prepended data.



    


    
      
        encode(data, opts)

      


        Compresses a binary as a size-prepended lz4_flex block.



    





      


      
        Functions


        


  
    
      
    
    
      __codec_info__()



        
          
        

    

  


  

Returns the registry metadata for the LZ4 codec.
Arguments
This function takes no arguments.
Returns
An ExCodecs.Codec.t() with these LZ4-specific fields:
	name: :lz4 and category: :compression
	module: ExCodecs.Compression.Lz4
	native?: true because compression runs in a NIF
	streaming?: false because only complete blocks are supported
	configurable?: false because this codec has no options
	version: "lz4_flex-0.11" for the backend implementation

Raises / Exceptions
This function does not invoke the NIF and does not raise.
Examples
iex> ExCodecs.Compression.Lz4.__codec_info__()
%ExCodecs.Codec{
  name: :lz4,
  category: :compression,
  module: ExCodecs.Compression.Lz4,
  native?: true,
  streaming?: false,
  configurable?: false,
  version: "lz4_flex-0.11"
}

  



  
    
      
    
    
      decode(data, opts)



        
          
        

    

  


  

Decompresses LZ4 size-prepended data.
Arguments
	data (binary()) — a size-prepended lz4_flex block, normally
produced by encode/2
	opts (keyword()) — optional :max_output_size (positive integer
bytes, default 256 MiB)

Returns
	{:ok, decompressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, the NIF raises an argument error, or it returns an unexpected
value
	{:error, %ExCodecs.Error{reason: :invalid_options}} when
:max_output_size is not a positive integer
	{:error, %ExCodecs.Error{reason: :output_limit_exceeded}} when the
claimed or actual size exceeds :max_output_size
	{:error, %ExCodecs.Error{reason: :decompression_failed}} when the size
prefix or compressed block is corrupt, truncated, or incompatible
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Argument guard failures and ErlangError/ArgumentError exceptions from the
NIF call are converted to error tuples. Unexpected exception classes may
propagate.
Examples
iex> payload = <<1, 2, 3, 4, 5>>
iex> {:ok, compressed} = ExCodecs.Compression.Lz4.encode(payload, [])
iex> ExCodecs.Compression.Lz4.decode(compressed, [])
{:ok, <<1, 2, 3, 4, 5>>}

iex> {:error, error} = ExCodecs.Compression.Lz4.decode(<<1, 2>>, [])
iex> error.reason
:decompression_failed

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

Compresses a binary as a size-prepended lz4_flex block.
Arguments
	data (binary()) — uncompressed bytes
	opts (term()) — ignored by this direct function; callers using the
codec behaviour or registry API should pass the keyword list []

Returns
	{:ok, compressed :: binary()} containing the uncompressed-size prefix
and LZ4 block
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, the NIF raises an argument error, or it returns an unexpected
value
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Argument guard failures and ErlangError/ArgumentError exceptions from the
NIF call are converted to error tuples. Unexpected exception classes may
propagate.
Examples
iex> payload = "temperature=21.7"
iex> {:ok, compressed} = ExCodecs.Compression.Lz4.encode(payload, [])
iex> byte_size(compressed) > 4
true
iex> ExCodecs.Compression.Lz4.decode(compressed, [])
{:ok, "temperature=21.7"}

  


        

      


  

    
ExCodecs.Compression.Snappy 
    



      
Standalone Snappy compression codec.
This is the registry codec :snappy. It is independent of Blosc2.
Do not confuse with ExCodecs.encode(:blosc2, data, cname: :snappy), which
is rejected (Snappy is not a standard C-Blosc2 inner compressor here).
Options
	:max_output_size — Maximum allowed decompressed size in bytes
(default: 256 MiB).

Security
Do not decompress untrusted inputs without a tight :max_output_size.
Examples
iex> {:ok, compressed} = ExCodecs.encode(:snappy, "hello world")
iex> {:ok, decompressed} = ExCodecs.decode(:snappy, compressed)
iex> decompressed
"hello world"

      


      
        Summary


  
    Functions
  


    
      
        __codec_info__()

      


        Returns the registry metadata for the standalone Snappy codec.



    


    
      
        decode(data, opts)

      


        Decompresses Snappy data.



    


    
      
        encode(data, opts)

      


        Compresses a binary with Snappy.



    





      


      
        Functions


        


  
    
      
    
    
      __codec_info__()



        
          
        

    

  


  

Returns the registry metadata for the standalone Snappy codec.
Arguments
This function takes no arguments.
Returns
An ExCodecs.Codec.t() with these Snappy-specific fields:
	name: :snappy and category: :compression
	module: ExCodecs.Compression.Snappy
	native?: true because compression runs in a NIF
	streaming?: false because only complete buffers are supported
	configurable?: false because this codec has no options
	version: "snap-1.1" for the backend implementation

Raises / Exceptions
This function does not invoke the NIF and does not raise.
Examples
iex> ExCodecs.Compression.Snappy.__codec_info__()
%ExCodecs.Codec{
  name: :snappy,
  category: :compression,
  module: ExCodecs.Compression.Snappy,
  native?: true,
  streaming?: false,
  configurable?: false,
  version: "snap-1.1"
}

  



  
    
      
    
    
      decode(data, opts)



        
          
        

    

  


  

Decompresses Snappy data.
Arguments
	data (binary()) — a standalone Snappy block, normally produced by
encode/2
	opts (keyword()) — optional :max_output_size (positive integer
bytes, default 256 MiB)

Returns
	{:ok, decompressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :invalid_options}} when
:max_output_size is not a positive integer
	{:error, %ExCodecs.Error{reason: :output_limit_exceeded}} when the
decompressed size would exceed :max_output_size
	{:error, %ExCodecs.Error{reason: :decompression_failed}} when data
is corrupt, truncated, or not a Snappy block
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard failures and ErlangError/ArgumentError exceptions from the NIF
call are converted to error tuples. Unexpected exception classes may
propagate.
Examples
iex> payload = <<10, 20, 30, 40>>
iex> {:ok, compressed} = ExCodecs.Compression.Snappy.encode(payload, [])
iex> ExCodecs.Compression.Snappy.decode(compressed, [])
{:ok, <<10, 20, 30, 40>>}

iex> {:error, error} = ExCodecs.Compression.Snappy.decode("not snappy", [])
iex> error.reason
:decompression_failed

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

Compresses a binary with Snappy.
Arguments
	data (binary()) — uncompressed bytes
	opts (term()) — ignored by this direct function; callers using the
codec behaviour or registry API should pass the keyword list []

Returns
	{:ok, compressed :: binary()} containing a standalone Snappy block
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :compression_failed}} when the native
compressor fails
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Data guard failures and ErlangError/ArgumentError exceptions from the NIF
call are converted to error tuples. Because opts is ignored, this direct
function also accepts non-list option terms. Unexpected exception classes
may propagate.
Examples
iex> payload = :binary.copy("event,", 25)
iex> {:ok, compressed} = ExCodecs.Compression.Snappy.encode(payload, [])
iex> is_binary(compressed)
true
iex> ExCodecs.Compression.Snappy.decode(compressed, [])
{:ok, payload}

  


        

      


  

    
ExCodecs.Compression.Zstd 
    



      
Zstandard (Zstd) compression codec.
Pure-Rust backend via structured-zstd (no C libzstd). Compression levels
1–22 are passed through to the encoder. Ratios and exact bytes may differ
from reference C Zstd at the same numeric level.
Options
	:level — Compression level, 1-22 (default: 3).
	:max_output_size — Maximum allowed decompressed size in bytes
(default: 256 MiB). Rejects bombs that would expand beyond the limit.

Security
Do not decompress untrusted inputs without a tight :max_output_size.
A small malicious frame can expand to a large allocation.
Performance Characteristics
	Pure-Rust compress/decompress (no C libzstd)
	Fast decompression
	Block-level API only (streaming? is false)

Examples
iex> {:ok, compressed} = ExCodecs.encode(:zstd, "hello world")
iex> {:ok, decompressed} = ExCodecs.decode(:zstd, compressed)
iex> decompressed
"hello world"

iex> {:ok, compressed} = ExCodecs.encode(:zstd, "hello world", level: 9)
iex> is_binary(compressed)
true

      


      
        Summary


  
    Functions
  


    
      
        __codec_info__()

      


        Returns the registry metadata for the Zstandard codec.



    


    
      
        decode(data, opts)

      


        Decompresses a Zstd frame binary.



    


    
      
        encode(data, opts)

      


        Compresses a binary with pure-Rust Zstd.



    





      


      
        Functions


        


  
    
      
    
    
      __codec_info__()



        
          
        

    

  


  

Returns the registry metadata for the Zstandard codec.
Arguments
This function takes no arguments.
Returns
An ExCodecs.Codec.t() with these Zstd-specific fields:
	name: :zstd and category: :compression
	module: ExCodecs.Compression.Zstd
	native?: true because compression runs in a NIF
	streaming?: false because only complete frames are supported
	configurable?: true because encode/2 accepts :level
	version: "structured-zstd-0.0.48" for the backend implementation

Raises / Exceptions
This function does not invoke the NIF and does not raise.
Examples
iex> ExCodecs.Compression.Zstd.__codec_info__()
%ExCodecs.Codec{
  name: :zstd,
  category: :compression,
  module: ExCodecs.Compression.Zstd,
  native?: true,
  streaming?: false,
  configurable?: true,
  version: "structured-zstd-0.0.48"
}

  



  
    
      
    
    
      decode(data, opts)



        
          
        

    

  


  

Decompresses a Zstd frame binary.
Arguments
	data (binary()) — a complete Zstandard frame
	opts (keyword()) — optional :max_output_size (positive integer
bytes, default 256 MiB)

Returns
	{:ok, decompressed :: binary()} on success
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :invalid_options}} when
:max_output_size is not a positive integer
	{:error, %ExCodecs.Error{reason: :output_limit_exceeded}} when the
decompressed size would exceed :max_output_size
	{:error, %ExCodecs.Error{reason: :decompression_failed}} when data
is corrupt, truncated, or not a Zstandard frame
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard failures and ErlangError/ArgumentError exceptions from the NIF
call are converted to error tuples. Unexpected exception classes may
propagate.
Examples
iex> payload = <<0, 10, 20, 30, 40>>
iex> {:ok, compressed} = ExCodecs.Compression.Zstd.encode(payload, [])
iex> ExCodecs.Compression.Zstd.decode(compressed, [])
{:ok, <<0, 10, 20, 30, 40>>}

iex> {:error, error} = ExCodecs.Compression.Zstd.decode("not zstd", [])
iex> error.reason
:decompression_failed

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

Compresses a binary with pure-Rust Zstd.
Arguments
	data (binary()) — uncompressed bytes
	opts (keyword()) — options containing :level, an integer from
1 through 22; the default is 3. Unknown keys are ignored.

Returns
	{:ok, frame :: binary()} containing a Zstandard frame
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
binary, opts is not a list, or the NIF raises an argument error
	{:error, %ExCodecs.Error{reason: :invalid_options}} when :level is
not an integer in 1..22
	{:error, %ExCodecs.Error{reason: :compression_failed}} when the native
compressor fails
	{:error, %ExCodecs.Error{reason: :nif_not_loaded}} when the native
library is unavailable

Raises / Exceptions
Guard/option validation failures and ErlangError/ArgumentError
exceptions from the NIF call are converted to error tuples. Unexpected
exception classes may propagate.
Notes
The Elixir layer rejects out-of-range :level with :invalid_options,
while the Rust NIF silently clamps. Direct ExCodecs.Native callers bypass
this validation.
Examples
iex> payload = :binary.copy("telemetry,", 20)
iex> {:ok, compressed} = ExCodecs.Compression.Zstd.encode(payload, level: 9)
iex> is_binary(compressed)
true
iex> ExCodecs.Compression.Zstd.decode(compressed, [])
{:ok, payload}

iex> {:error, error} = ExCodecs.Compression.Zstd.encode("data", level: 0)
iex> error.reason
:invalid_options

  


        

      


  

    
ExCodecs.NIF 
    



      
Shared NIF result wrapping and the library-wide decompress size ceiling.
Compression codecs call safe_call/2 around ExCodecs.Native functions so
callers always see {:ok, binary()} or {:error, %ExCodecs.Error{}}, never
raw :erlang.nif_error/1 exceptions on the public API.
Safety policy
Decompression defaults to a 256 MiB output ceiling (default_max_output_size/0).
Override per call with max_output_size: (bytes). Exceeding the limit returns
:output_limit_exceeded.
Panic classification
safe_call/2 maps :nif_not_loaded precisely. Panic-like ErlangError
payloads are logged at warning and returned as :compression_failed with
message "Native codec crashed".

      


      
        Summary


  
    Functions
  


    
      
        default_max_output_size()

      


        Default decompress ceiling in bytes (256 MiB).



    


    
      
        max_output_size(opts)

      


        Reads :max_output_size from opts, defaulting to default_max_output_size/0.



    


    
      
        safe_call(codec, fun)

      


        Invokes a zero-arity NIF function and wraps ErlangError/nif_not_loaded.



    


    
      
        wrap(codec, other)

      


        Wraps raw NIF {:ok, binary} / {:error, atom} results into ExCodecs.Error.



    





      


      
        Functions


        


  
    
      
    
    
      default_max_output_size()



        
          
        

    

  


  

      

          @spec default_max_output_size() :: pos_integer()


      


Default decompress ceiling in bytes (256 MiB).

  



  
    
      
    
    
      max_output_size(opts)



        
          
        

    

  


  

      

          @spec max_output_size(keyword()) ::
  {:ok, pos_integer()} | {:error, ExCodecs.Error.t()}


      


Reads :max_output_size from opts, defaulting to default_max_output_size/0.

  



  
    
      
    
    
      safe_call(codec, fun)



        
          
        

    

  


  

      

          @spec safe_call(atom(), (-> term())) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Invokes a zero-arity NIF function and wraps ErlangError/nif_not_loaded.

  



  
    
      
    
    
      wrap(codec, other)



        
          
        

    

  


  

      

          @spec wrap(atom(), {:ok, binary()} | {:error, atom()} | term()) ::
  {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Wraps raw NIF {:ok, binary} / {:error, atom} results into ExCodecs.Error.

  


        

      


  

    
ExCodecs.Native 
    



      
Native NIF module providing Rust-based compression implementations.
This module loads precompiled NIF binaries for Zstd, LZ4, Snappy, Bzip2,
Blosc (Blosc1 chunks), Blosc2 and CRC32C via RustlerPrecompiled. If a precompiled
artifact is not available for the current platform, it falls back to compiling
the Rust NIF from source (requires the Rust toolchain).
If the NIF fails to load entirely, all functions fall back to
:erlang.nif_error(:nif_not_loaded), and codecs are registered as unavailable
at startup.
Note: This module is excluded from coverage because all functions are
Rustler NIF stubs that are replaced at load time by the native implementation.


      


      
        Summary


  
    Functions
  


    
      
        nif_loaded?()

      


        Returns true when the native NIF library is loaded.



    





      


      
        Functions


        


  
    
      
    
    
      nif_loaded?()



        
          
        

    

  


  

      

          @spec nif_loaded?() :: boolean()


      


Returns true when the native NIF library is loaded.
The check calls the native codec_versions/0 function and verifies that it
returns a map. This function is primarily useful for startup diagnostics;
public compression calls already convert an unavailable NIF into
%ExCodecs.Error{reason: :nif_not_loaded}.
Arguments
This function takes no arguments.
Returns
	true when the native library responds with its codec-version map.
	false when the NIF stub raises ErlangError or ArgumentError.

Raises
Expected NIF-loading errors are caught. An exception of another class raised
by the native implementation is not caught and propagates to the caller.
Example
iex> loaded? = ExCodecs.Native.nif_loaded?()
iex> is_boolean(loaded?)
true

  


        

      


  

    
ExCodecs.Spatial 
    



      
Spatial category API for point clouds and Gaussian splats.
ExCodecs is one codec framework with entry points specialized by data shape.
Binary→binary registry codecs use ExCodecs.encode/3 / decode/3; spatial
codecs map the domain structs below to and from interchange formats through
this module.
Domain types
	Struct	Role
	ExCodecs.Spatial.Point	XYZ (+ color, normal, attributes)
	ExCodecs.Spatial.PointCloud	List of points + bounds/metadata
	ExCodecs.Spatial.Gaussian	Single splat primitive
	ExCodecs.Spatial.GaussianCloud	List of Gaussians
	ExCodecs.Spatial.Bounds	Axis-aligned bounding box
	ExCodecs.Spatial.Transform	Translation/rotation/scale metadata
	ExCodecs.Spatial.Metadata	Comments and free-form entries

Formats
	Atom	Module	Input type
	:ply	ExCodecs.Spatial.Codec.PLY	PointCloud or GaussianCloud
	:spatial_binary	ExCodecs.Spatial.Codec.Binary	PointCloud (EXCP)
	:gsplat	ExCodecs.Spatial.Codec.Gsplat	GaussianCloud (GSPL)

Spatial formats are registered in the shared codec catalog. Discover all
entries with ExCodecs.available_codecs/0, or only this category with
available_formats/0.
Quick start
alias ExCodecs.Spatial.{Point, PointCloud}

cloud =
  PointCloud.new([
    Point.new(0.0, 0.0, 0.0, color: {255, 0, 0}),
    Point.new(1.0, 1.0, 1.0, color: {0, 255, 0})
  ])

{:ok, ply} = ExCodecs.Spatial.encode(cloud, format: :ply)
{:ok, decoded} = ExCodecs.Spatial.decode(ply, format: :ply)
Streaming note
EXCP (:spatial_binary), GSPL (:gsplat), and PLY file sources
(source: :file or :auto path detection) stream record-by-record from
disk: only the header and one record are held in memory at a time. Binary
PLY uses a fixed stride; ASCII PLY reads lines. In-memory binaries still
materialize through decode/2 before yielding, unless the spatial NIF is
loaded, in which case EXCP/GSPL use chunked Rust unpack. Prefer
source: :file for large paths, or source: :binary for payloads. See
docs/spatial_formats.md for :auto path heuristics and wire-format
layouts.

      


      
        Summary


  
    Functions
  


    
      
        available_formats()

      


        Lists the spatial formats accepted by this module.



    


    
      
        decode(data, opts \\ [])

      


        Decodes a spatial payload into a point cloud or Gaussian cloud.



    


    
      
        encode(data, opts \\ [])

      


        Encodes a point cloud or Gaussian cloud in a selected spatial format.



    


    
      
        stream_decode(source, opts \\ [])

      


        Returns an enumerable over points or Gaussians decoded from a path or binary.



    


    
      
        stream_encode(enumerable, opts \\ [])

      


        Encodes an enumerable of points or Gaussians to one spatial payload.



    


    
      
        supports?(format)

      


        Tests whether an atom names a supported spatial format.



    





      


      
        Functions


        


  
    
      
    
    
      available_formats()



        
          
        

    

  


  

      

          @spec available_formats() :: [atom()]


      


Lists the spatial formats accepted by this module.
Arguments
This function takes no arguments.
Returns
The list [:ply, :spatial_binary, :gsplat], where :ply supports point and
Gaussian clouds, :spatial_binary supports point clouds, and :gsplat
supports Gaussian clouds.
Raises / exceptions
This function does not raise.
Examples
iex> ExCodecs.Spatial.available_formats()
[:ply, :spatial_binary, :gsplat]

  



    

  
    
      
    
    
      decode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  binary(),
  keyword()
) ::
  {:ok, ExCodecs.Spatial.PointCloud.t() | ExCodecs.Spatial.GaussianCloud.t()}
  | {:error, ExCodecs.Error.t()}


      


Decodes a spatial payload into a point cloud or Gaussian cloud.
Arguments
	data (binary())  -  a complete encoded payload.
	opts (keyword())  -  decode options:	:format  -  :ply (default), :spatial_binary, or :gsplat.
	:as  -  PLY interpretation: :auto (default), :point_cloud, or
:gaussian_cloud. In :auto, Gaussian property names select a
%GaussianCloud{}; other vertex schemas select a %PointCloud{}.



Returns
	{:ok, %PointCloud{}} for EXCP or point-oriented PLY.
	{:ok, %GaussianCloud{}} for GSPL or Gaussian-oriented PLY.
	{:error, %ExCodecs.Error{reason: :invalid_data}} for a non-binary
input, bad magic/version, malformed or unsupported PLY header/property,
missing/truncated records, or otherwise invalid payload.
	{:error, %ExCodecs.Error{reason: :unsupported_codec}} for an unknown
:format.

Raises / exceptions
Payload validation failures are returned. Keyword.pop/3 and codec option
access raise FunctionClauseError when opts is not a proper keyword list.
For PLY, an unsupported :as value has no matching interpretation clause
and raises CaseClauseError; malformed ASCII rows can also surface
constructor/shape exceptions instead of an error tuple.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> {:ok, bin} = ExCodecs.Spatial.encode(PointCloud.new([Point.new(0.0, 0.0, 1.0)]), format: :ply)
iex> {:ok, %PointCloud{points: points}} = ExCodecs.Spatial.decode(bin, format: :ply)
iex> length(points)
1

  



    

  
    
      
    
    
      encode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(
  ExCodecs.Spatial.PointCloud.t() | ExCodecs.Spatial.GaussianCloud.t(),
  keyword()
) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes a point cloud or Gaussian cloud in a selected spatial format.
Arguments
	data (PointCloud.t() | GaussianCloud.t())  -  a point cloud for
:ply or :spatial_binary, or a Gaussian cloud for :ply or :gsplat.

	opts (keyword())  -  options passed to the selected codec:	:format  -  spatial container: :ply (default), :spatial_binary, or
:gsplat. This key is removed before codec dispatch.
	for PLY, :ply_format selects :ascii, :binary, :binary_le, or
:binary_be; :comments overrides metadata comments.
	the binary and GSPL codecs currently ignore remaining options.



%PointCloud{} contains a list of %Point{} values; %GaussianCloud{}
contains a list of %Gaussian{} values. See the selected codec for the
fields represented on the wire.
Returns
	{:ok, payload} where payload is the encoded binary().
	{:error, %ExCodecs.Error{reason: :invalid_data}} when data is not a
supported cloud, the cloud type does not match the format, a PLY value
cannot be encoded, or a malformed struct causes PLY encoding to fail.
	{:error, %ExCodecs.Error{reason: :unsupported_codec}} when :format
is not one of the supported spatial format atoms.

Raises / exceptions
Validation errors above are returned. Keyword.pop/3 raises
FunctionClauseError when opts is not a proper keyword list. EXCP and GSPL
encoding can also raise exceptions such as MatchError, FunctionClauseError,
or ArgumentError when callers manually construct malformed cloud/member
structs whose tuple shapes or numeric values violate the documented struct
contracts. PLY catches encoding exceptions and returns :invalid_data.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> cloud = PointCloud.new([Point.new(1.0, 2.0, 3.0)])
iex> {:ok, bin} = ExCodecs.Spatial.encode(cloud, format: :ply)
iex> is_binary(bin)
true

  



    

  
    
      
    
    
      stream_decode(source, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_decode(
  Path.t() | binary(),
  keyword()
) :: Enumerable.t()


      


Returns an enumerable over points or Gaussians decoded from a path or binary.
File sources (source: :file or :auto path detection) stream
record-by-record: only the header and one record are held in memory at a
time. In-memory binaries materialize through decode/2 before yielding,
unless the spatial NIF is loaded, in which case EXCP/GSPL use chunked Rust
unpack. See ExCodecs.Spatial.Stream for details.
Arguments
	source (Path.t() | binary())  -  a filesystem path or encoded payload.
Since paths are binaries in Elixir, use source: :file to force path
interpretation or source: :binary to force payload interpretation.

	opts (keyword())  -  requires :format (:ply,
:spatial_binary, or :gsplat). :source may be :auto (default),
:file, or :binary; remaining options go to the selected decoder.

Returns
An Enumerable.t() yielding %Point{} or %Gaussian{}. On failure it
yields exactly one {:error, %ExCodecs.Error{}} element:
	reason: :invalid_options when :format is missing.
	reason: :unsupported_codec for an unknown format.
	reason: :io_error when a forced or auto-detected file cannot be read.
	reason: :invalid_data for malformed, unsupported, or truncated data.

Raises / exceptions
Missing :format is represented by an error element. Keyword operations
raise FunctionClauseError for a non-keyword opts. PLY only accepts a
binary/path source and raises FunctionClauseError otherwise. Invalid
:source values can raise CaseClauseError. Exceptions documented by the
selected decoder can occur while the returned stream is enumerated.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> {:ok, bin} = ExCodecs.Spatial.encode(PointCloud.new([Point.new(1.0, 0.0, 0.0)]), format: :ply)
iex> list = ExCodecs.Spatial.stream_decode(bin, format: :ply) |> Enum.to_list()
iex> match?([%Point{}], list)
true

  



    

  
    
      
    
    
      stream_encode(enumerable, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_encode(
  Enumerable.t(),
  keyword()
) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes an enumerable of points or Gaussians to one spatial payload.
The enumerable is fully collected so the codec can write the element count.
A non-empty enumerable is classified by its first element and must contain
valid values of that same struct type. An empty enumerable becomes an empty
point cloud for PLY/EXCP or an empty Gaussian cloud for GSPL.
Arguments
	enumerable (Enumerable.t())  -  %Point{} or %Gaussian{} elements.
	opts (keyword())  -  requires :format (:ply,
:spatial_binary, or :gsplat); remaining options are the same as
encode/2.

Returns
	{:ok, payload} where payload is a binary().
	{:error, %ExCodecs.Error{reason: :invalid_options}} when :format is
missing.
	{:error, %ExCodecs.Error{reason: :unsupported_codec}} for an unknown
format.
	{:error, %ExCodecs.Error{reason: :invalid_data}} when the first element
is not a point/Gaussian, is an error tuple, the primitive type does not
match the format, or codec encoding fails.

Raises / exceptions
Missing :format is returned as :invalid_options. Enum.to_list/1 may
raise Protocol.UndefinedError for a non-enumerable or propagate an
exception raised by the enumerable. Keyword operations raise
FunctionClauseError for invalid opts; malformed member structs may raise
the codec exceptions described by encode/2.
Examples
iex> alias ExCodecs.Spatial.Point
iex> {:ok, bin} = ExCodecs.Spatial.stream_encode([Point.new(0.0, 0.0, 0.0)], format: :spatial_binary)
iex> is_binary(bin)
true

  



  
    
      
    
    
      supports?(format)



        
          
        

    

  


  

      

          @spec supports?(atom()) :: boolean()


      


Tests whether an atom names a supported spatial format.
Arguments
	format (atom())  -  the candidate format name.

Returns
true for :ply, :spatial_binary, or :gsplat; otherwise false.
Raises / exceptions
Raises FunctionClauseError when format is not an atom because the public
function is guarded with is_atom/1.
Examples
iex> ExCodecs.Spatial.supports?(:ply)
true

iex> ExCodecs.Spatial.supports?(:sog)
false

  


        

      


  

    
ExCodecs.Spatial.Accel 
    



      
Elixir facade over the spatial Rust NIFs (EXCP, GSPL, binary PLY).
Callers fall back to pure Elixir when available?/0 is false or a call
returns :nif_not_loaded. This module defines the cross-language ABI:
row tuple shapes must match native/ex_codecs_native/src/spatial.rs.
Chunk semantics
Unpack NIFs return {:ok, {rows, next_offset}}. Pass at most chunk_size/0
(4096) rows per call and advance offset from next_offset. Whole-payload
decode paths loop the same way. A partial final record is silently skipped
(the unpack breaks); callers can detect truncation by comparing
next_offset to the expected body size.
Data coercion
Out-of-range color bytes are clamped to [0, 255] (not wrapped). Missing
SH coefficients are zero-filled to the declared sh_rest length. Both
coercions are lossy: a round-trip through encode may not reproduce the
original if the input contained out-of-range values.
Row formats
	EXCP point row: {x, y, z, color, normal} where color / normal are
nil or tuples matching header flags
	GSPL gaussian row:
{{x, y, z}, {r, g, b}, opacity, {sx, sy, sz}, {rw, rx, ry, rz}, sh_list}
	PLY binary: flat numeric lists per vertex, typed by ply_type_tag/1

mmap
Do not truncate or replace a file while an mmap resource from mmap_open/1
is live — concurrent truncation can SIGBUS and kill the BEAM. Prefer
accel: false / plain IO for untrusted paths.
This module is intentional infrastructure; HexDocs may still group it under
internals depending on ExDoc filters.

      


      
        Summary


  
    Functions
  


    
      
        append_file(path, data)

      


    


    
      
        available?()

      


        Returns whether spatial NIFs are loaded (cached for the VM lifetime).



    


    
      
        chunk_size()

      


        Preferred max row count per unpack NIF call.



    


    
      
        excp_pack(points, flags)

      


    


    
      
        excp_unpack(data, flags, offset \\ 0, max_count \\ 4096)

      


    


    
      
        excp_unpack_mmap(resource, flags, offset \\ 0, max_count \\ 4096)

      


    


    
      
        gaussian_to_row(g, sh_rest)

      


    


    
      
        gspl_pack(gaussians, sh_rest)

      


    


    
      
        gspl_unpack(data, sh_rest, offset \\ 0, max_count \\ 4096)

      


    


    
      
        gspl_unpack_mmap(resource, sh_rest, offset \\ 0, max_count \\ 4096)

      


    


    
      
        mmap_len(resource)

      


    


    
      
        mmap_open(path)

      


    


    
      
        ply_binary_unpack(data, types, endian, offset \\ 0, max_count \\ 4096)

      


    


    
      
        ply_binary_unpack_mmap(resource, types, endian, offset \\ 0, max_count \\ 4096)

      


    


    
      
        ply_type_tag(type)

      


    


    
      
        point_to_row(p)

      


    


    
      
        row_to_gaussian(arg, sh_rest)

      


    


    
      
        row_to_point(arg)

      


    





      


      
        Functions


        


  
    
      
    
    
      append_file(path, data)



        
          
        

    

  


  


  



  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Returns whether spatial NIFs are loaded (cached for the VM lifetime).

  



  
    
      
    
    
      chunk_size()



        
          
        

    

  


  

      

          @spec chunk_size() :: pos_integer()


      


Preferred max row count per unpack NIF call.

  



  
    
      
    
    
      excp_pack(points, flags)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      excp_unpack(data, flags, offset \\ 0, max_count \\ 4096)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      excp_unpack_mmap(resource, flags, offset \\ 0, max_count \\ 4096)



        
          
        

    

  


  


  



  
    
      
    
    
      gaussian_to_row(g, sh_rest)



        
          
        

    

  


  


  



  
    
      
    
    
      gspl_pack(gaussians, sh_rest)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      gspl_unpack(data, sh_rest, offset \\ 0, max_count \\ 4096)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      gspl_unpack_mmap(resource, sh_rest, offset \\ 0, max_count \\ 4096)



        
          
        

    

  


  


  



  
    
      
    
    
      mmap_len(resource)



        
          
        

    

  


  


  



  
    
      
    
    
      mmap_open(path)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      ply_binary_unpack(data, types, endian, offset \\ 0, max_count \\ 4096)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      ply_binary_unpack_mmap(resource, types, endian, offset \\ 0, max_count \\ 4096)



        
          
        

    

  


  


  



  
    
      
    
    
      ply_type_tag(type)



        
          
        

    

  


  


  



  
    
      
    
    
      point_to_row(p)



        
          
        

    

  


  


  



  
    
      
    
    
      row_to_gaussian(arg, sh_rest)



        
          
        

    

  


  


  



  
    
      
    
    
      row_to_point(arg)



        
          
        

    

  


  


  


        

      


  

    
ExCodecs.Spatial.Bounds 
    



      
An axis-aligned bounding box.
Fields
	:min_x, :min_y, :min_z — float() lower Cartesian limits.
	:max_x, :max_y, :max_z — float() upper Cartesian limits.

All six fields are enforced when constructing a literal struct. Their raw
defstruct defaults are nil, but new/2 stores floats. Units are
application-defined and must match the bounded coordinates. Bounds are
inclusive, and this module does not require each minimum to be no greater
than its corresponding maximum.
Example
iex> alias ExCodecs.Spatial.Bounds
iex> bounds = Bounds.new({-1, 0, 2}, {4, 5, 8})
iex> {Bounds.center(bounds), Bounds.contains?(bounds, {0, 1, 3})}
{{1.5, 2.5, 5.0}, true}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        An inclusive axis-aligned bounding box. See the module documentation for
every field, defaults, units and conventions, and a construction example.



    





  
    Functions
  


    
      
        center(b)

      


        Center point of the box.



    


    
      
        contains?(b, arg)

      


        Whether {x,y,z} lies inside or on the box.



    


    
      
        from_points(points)

      


        Computes bounds from points or {x,y,z} tuples.



    


    
      
        new(arg1, arg2)

      


        Builds bounds from min and max corners.



    


    
      
        size(b)

      


        Extents {dx, dy, dz}.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Spatial.Bounds{
  max_x: float(),
  max_y: float(),
  max_z: float(),
  min_x: float(),
  min_y: float(),
  min_z: float()
}


      


An inclusive axis-aligned bounding box. See the module documentation for
every field, defaults, units and conventions, and a construction example.

  


        

      

      
        Functions


        


  
    
      
    
    
      center(b)



        
          
        

    

  


  

      

          @spec center(t()) :: {float(), float(), float()}


      


Center point of the box.
Arguments
	bounds — %Bounds{}

Returns
{cx, cy, cz} floats
Raises
	FunctionClauseError if bounds is not a %Bounds{}.
	ArithmeticError if a manually constructed bounds has non-numeric fields.

Examples
iex> ExCodecs.Spatial.Bounds.center(ExCodecs.Spatial.Bounds.new({0, 0, 0}, {2, 2, 2}))
{1.0, 1.0, 1.0}

  



  
    
      
    
    
      contains?(b, arg)



        
          
        

    

  


  

      

          @spec contains?(t(), {number(), number(), number()}) :: boolean()


      


Whether {x,y,z} lies inside or on the box.
Arguments
	bounds — %Bounds{}
	point — {number(), number(), number()} in the bounds' coordinate
units.

Returns
boolean
Raises
	FunctionClauseError unless the arguments are a %Bounds{} and a
3-tuple. Elixir term ordering is otherwise used for non-numeric values
supplied outside the documented types.

Examples
iex> b = ExCodecs.Spatial.Bounds.new({0, 0, 0}, {1, 1, 1})
iex> ExCodecs.Spatial.Bounds.contains?(b, {0.5, 0.5, 0.5})
true

  



  
    
      
    
    
      from_points(points)



        
          
        

    

  


  

      

          @spec from_points(Enumerable.t()) :: t() | nil


      


Computes bounds from points or {x,y,z} tuples.
Arguments
	points — Enumerable.t() of maps/structs with numeric :x, :y,
and :z fields, or numeric {x, y, z} tuples.

Returns
%Bounds{} or nil if empty
Raises
	Protocol.UndefinedError if points is not enumerable.
	FunctionClauseError if an element is not a supported point-like value.
	ArithmeticError if a map/struct coordinate is not numeric.

Examples
iex> ExCodecs.Spatial.Bounds.from_points([])
nil
iex> b = ExCodecs.Spatial.Bounds.from_points([{0, 0, 0}, {1, 1, 1}])
iex> b.max_x
1.0

  



  
    
      
    
    
      new(arg1, arg2)



        
          
        

    

  


  

      

          @spec new(
  {number(), number(), number()},
  {number(), number(), number()}
) :: t()


      


Builds bounds from min and max corners.
Arguments
	min — numeric {min_x, min_y, min_z} lower corner in
application-defined coordinate units.
	max — numeric {max_x, max_y, max_z} upper corner in the same units.

Returns
%Bounds{}
Raises
	FunctionClauseError if either argument is not a 3-tuple.
	ArithmeticError if any component is not numeric.

Examples
iex> b = ExCodecs.Spatial.Bounds.new({0, 0, 0}, {1, 2, 3})
iex> b.max_z
3.0

  



  
    
      
    
    
      size(b)



        
          
        

    

  


  

      

          @spec size(t()) :: {float(), float(), float()}


      


Extents {dx, dy, dz}.
Arguments
	bounds — %Bounds{}

Returns
{float(), float(), float()}
Raises
	FunctionClauseError if bounds is not a %Bounds{}.
	ArithmeticError if a manually constructed bounds has non-numeric fields.

Examples
iex> ExCodecs.Spatial.Bounds.size(ExCodecs.Spatial.Bounds.new({0, 0, 0}, {1, 2, 3}))
{1.0, 2.0, 3.0}

  


        

      


  

    
ExCodecs.Spatial.Codec.Binary 
    



      
Compact little-endian binary format for point clouds.
Layout
magic:   "EXCP" (4 bytes)
version: u16 LE = 1
flags:   u16 LE  (bit0=color, bit1=alpha, bit2=normal)
count:   u64 LE
records: count × record
Each record always has x,y,z as f32. Optional rgb/rgba as u8
and normals as f32 follow according to flags.
Generic attributes are not stored in this format  -  use PLY for that.

      


      
        Summary


  
    Functions
  


    
      
        decode(data, opts \\ [])

      


        Decodes an EXCP version 1 payload into a point cloud.



    


    
      
        encode(data, opts \\ [])

      


        Encodes a point cloud in the EXCP version 1 binary format.



    


    
      
        stream_decode(source, opts \\ [])

      


        Returns an enumerable over points in an EXCP payload or file.



    


    
      
        stream_encode_to_file(enumerable, path, opts \\ [])

      


        Streams %Point{} values to an EXCP file using an explicit schema.



    





      


      
        Functions


        


    

  
    
      
    
    
      decode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  binary(),
  keyword()
) :: {:ok, ExCodecs.Spatial.PointCloud.t()} | {:error, ExCodecs.Error.t()}


      


Decodes an EXCP version 1 payload into a point cloud.
The decoder reads the global color/alpha/normal flags and the declared number
of fixed-shape records described by encode/2. Trailing bytes are currently
ignored. Decoded metadata contains %{"format" => "excp", "version" => 1};
attributes and other cloud-level fields use their constructor defaults.
Arguments
	data (binary())  -  a complete EXCP payload.
	opts (keyword())  -  reserved and currently ignored.

Returns
	{:ok, %PointCloud{}}
	{:error, %ExCodecs.Error{reason: :invalid_data, codec: :spatial_binary}} when the magic/header is invalid or too short,
the version is not 1, or a declared coordinate, RGB/RGBA, or normal field
is truncated.

Raises / exceptions
Corrupt/truncated payloads covered above are returned, and opts is ignored.
This function has a catch-all data clause, so non-binary input also returns
:invalid_data; it does not intentionally raise for external payloads.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> {:ok, bin} = ExCodecs.Spatial.Codec.Binary.encode(PointCloud.new([Point.new(1.0, 2.0, 3.0)]))
iex> {:ok, %PointCloud{points: [p]}} = ExCodecs.Spatial.Codec.Binary.decode(bin)
iex> p.x
1.0

  



    

  
    
      
    
    
      encode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(
  ExCodecs.Spatial.PointCloud.t(),
  keyword()
) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes a point cloud in the EXCP version 1 binary format.
The 16-byte header is "EXCP", version u16 little-endian, global flags
u16 little-endian, and point count u64 little-endian. Each record starts
with three little-endian f32 coordinates. Global flag bits then add RGB
(3 bytes), RGBA (4 bytes; alpha takes precedence), and/or three little-endian
f32 normal components to every record.
Flags are selected from the whole cloud. Consequently, points missing an
optional field are zero-filled (missing alpha is 255). Point attributes,
cloud bounds, transform, and metadata are not represented.
Arguments
	data (PointCloud.t())  -  a cloud whose points are valid %Point{}
structs with numeric coordinates, optional {r, g, b} or
{r, g, b, a} color, and optional {nx, ny, nz} normal.
	opts (keyword())  -  reserved and currently ignored.

Returns
	{:ok, payload} where payload is an EXCP binary().
	{:error, %ExCodecs.Error{reason: :invalid_data, codec: :spatial_binary}} when data is not a %PointCloud{}.

Raises / exceptions
A wrong top-level type is returned as :invalid_data. Because opts is
ignored, even a non-keyword value does not raise. Manually malformed cloud or
point structs can raise FunctionClauseError, MatchError, ArgumentError,
or a bitstring construction exception when a point, tuple shape, channel
range, or numeric field violates the struct contract.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> cloud = PointCloud.new([Point.new(1, 2, 3, color: {10, 20, 30})])
iex> {:ok, <<"EXCP", 1::little-16, flags::little-16, 1::little-64, _::binary>>} =
...>   ExCodecs.Spatial.Codec.Binary.encode(cloud)
iex> Bitwise.band(flags, 0b001)
1

  



    

  
    
      
    
    
      stream_decode(source, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_decode(
  Path.t() | binary(),
  keyword()
) :: Enumerable.t()


      


Returns an enumerable over points in an EXCP payload or file.
Streaming behavior
	source: :file (or :auto path detection): header then chunked
records  -  Rust mmap + DirtyCpu unpack when available, otherwise
IO.binread/2 per record.
	source: :binary: chunked Rust unpack when available; otherwise
materializes through decode/2.

Prefer source: :file for multi-MB / multi-GB .excp paths.
Pass accel: false to force the pure-Elixir path.
Arguments
	source (Path.t() | binary())  -  filesystem path or complete EXCP
payload. Both are binaries, so :source controls resolution.

	opts (keyword())  -  :source may be :binary (default), :file, or
:auto. Prefer :file for paths and :binary for payloads; :auto is
opt-in path sniffing (see docs/spatial_formats.md).
:binary.

Returns
An Enumerable.t() yielding %Point{} values. Failures are delayed until
enumeration as exactly one {:error, %ExCodecs.Error{}}:
	reason: :io_error  -  the file cannot be opened or read
	reason: :invalid_data  -  bad magic/version, truncated header, or a
truncated record mid-stream (codec: :spatial_binary)

Raises / exceptions
Raises FunctionClauseError when source is not a binary. Unsupported
:source values raise CaseClauseError.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> {:ok, bin} = ExCodecs.Spatial.Codec.Binary.encode(PointCloud.new([Point.new(0, 0, 0)]))
iex> [%Point{x: 0.0, y: 0.0, z: 0.0}] =
...>   ExCodecs.Spatial.Codec.Binary.stream_decode(bin) |> Enum.to_list()

  



    

  
    
      
    
    
      stream_encode_to_file(enumerable, path, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_encode_to_file(Enumerable.t(), Path.t(), keyword()) ::
  :ok | {:error, ExCodecs.Error.t()}


      


Streams %Point{} values to an EXCP file using an explicit schema.
Writes a placeholder header, encodes each point as it arrives, then seeks
back to patch the final count. Peak memory is O(one point), not the cloud.
Arguments
	enumerable (Enumerable.t())  -  %Point{} elements.
	path (Path.t())  -  destination file path.
	opts (keyword())  -  requires :schema, a list such as [],
[:color], [:color, :alpha], [:normal], or [:color, :normal].
Map form %{color: true, alpha: false, normal: true} is also accepted.
:alpha implies color bytes (RGBA).

Returns
	:ok
	{:error, %ExCodecs.Error{reason: :invalid_options}} when :schema is
missing or invalid
	{:error, %ExCodecs.Error{reason: :invalid_data}} when an element is not
a %Point{}
	{:error, %ExCodecs.Error{reason: :io_error}} on file failures

Raises / exceptions
Schema and non-%Point{} element failures are returned. Invalid path terms or
non-keyword opts can raise FunctionClauseError or ArgumentError in the
path/file/keyword APIs. Malformed point field shapes can raise during
bitstring construction (same class of exceptions as encode/2).
Examples
iex> alias ExCodecs.Spatial.{Point, Codec.Binary}
iex> path = Path.join(System.tmp_dir!(), "excp_enc_89156.excp")
iex> :ok = Binary.stream_encode_to_file([Point.new(1, 2, 3, color: {1, 2, 3})], path, schema: [:color])
iex> {:ok, <<"EXCP", _::binary>>} = File.read(path)
iex> File.rm!(path)
:ok

  


        

      


  

    
ExCodecs.Spatial.Codec.Gsplat 
    



      
Simple little-endian binary format for Gaussian splat clouds.
Layout
magic:   "GSPL" (4 bytes)
version: u16 LE = 1
flags:   u16 LE  (bit0 = has SH rest coeffs count in header)
count:   u64 LE
sh_rest: u16 LE  (number of f_rest floats per Gaussian; 0 if none)
records: count × record
Each record:
position:  3 × f32
color:     3 × f32   (f_dc)
opacity:   f32
scale:     3 × f32
rotation:  4 × f32   (w, x, y, z)
sh_rest:   sh_rest × f32 (optional)

      


      
        Summary


  
    Functions
  


    
      
        decode(data, opts \\ [])

      


        Decodes a GSPL version 1 payload into a Gaussian cloud.



    


    
      
        encode(data, opts \\ [])

      


        Encodes a Gaussian cloud in the GSPL version 1 binary format.



    


    
      
        stream_decode(source, opts \\ [])

      


        Returns an enumerable over Gaussians in a GSPL payload or file.



    


    
      
        stream_encode_to_file(enumerable, path, opts \\ [])

      


        Streams %Gaussian{} values to a GSPL file using an explicit schema.



    





      


      
        Functions


        


    

  
    
      
    
    
      decode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  binary(),
  keyword()
) :: {:ok, ExCodecs.Spatial.GaussianCloud.t()} | {:error, ExCodecs.Error.t()}


      


Decodes a GSPL version 1 payload into a Gaussian cloud.
The decoder reads the header and declared record count described by
encode/2. When the shared SH-rest count is nonzero, each decoded
Gaussian's sh is [[r, g, b] | Enum.chunk_every(rest, 3)]; otherwise it
is nil. Trailing bytes and unknown flag bits are currently ignored.
Decoded cloud metadata contains %{"format" => "gsplat", "version" => 1}.
Arguments
	data (binary())  -  a complete GSPL payload.
	opts (keyword())  -  reserved and currently ignored.

Returns
	{:ok, %GaussianCloud{}}
	{:error, %ExCodecs.Error{reason: :invalid_data, codec: :gsplat}} when
the magic/header is invalid or too short, the version is not 1, a
declared 14-float record is truncated, or its declared SH-rest values
are truncated.

Raises / exceptions
The external payload failures above are returned. opts is ignored, and
non-binary input is handled by the catch-all clause as :invalid_data; this
function does not intentionally raise for external payloads.
Examples
iex> alias ExCodecs.Spatial.{Gaussian, GaussianCloud}
iex> {:ok, bin} = ExCodecs.Spatial.Codec.Gsplat.encode(GaussianCloud.new([Gaussian.new({1.0, 0.0, 0.0})]))
iex> {:ok, %GaussianCloud{gaussians: [g]}} = ExCodecs.Spatial.Codec.Gsplat.decode(bin)
iex> elem(g.position, 0)
1.0

  



    

  
    
      
    
    
      encode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(
  ExCodecs.Spatial.GaussianCloud.t(),
  keyword()
) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes a Gaussian cloud in the GSPL version 1 binary format.
The 18-byte header contains "GSPL", version u16 little-endian, flags
u16 little-endian, Gaussian count u64 little-endian, and a shared
spherical-harmonic-rest count u16 little-endian. Each record contains 14
little-endian f32 values: position XYZ, DC color RGB, opacity, scale XYZ,
and quaternion rotation (w, x, y, z), followed by the shared number of
little-endian f32 SH-rest values.
The shared SH count is the longest flattened rest coefficient list in the
cloud; shorter lists are padded with zero. The DC coefficient is represented
by Gaussian.color. Gaussian metadata and cloud-level metadata are not
stored.
Arguments
	data (GaussianCloud.t())  -  a cloud of valid %Gaussian{} structs.
Each Gaussian has position/color/scale 3-tuples, a rotation 4-tuple,
numeric opacity, and optional SH data shaped as [dc | rest] (nested
rest lists are flattened).
	opts (keyword())  -  reserved and currently ignored.

Returns
	{:ok, payload} where payload is a GSPL binary().
	{:error, %ExCodecs.Error{reason: :invalid_data, codec: :gsplat}} when
data is not a %GaussianCloud{}.

Raises / exceptions
A wrong top-level type is returned as :invalid_data, and opts is ignored.
Manually malformed cloud/Gaussian structs can raise FunctionClauseError,
MatchError, ArgumentError, ArithmeticError, or a bitstring construction
exception for invalid SH shapes, tuple shapes, counts, or non-numeric values.
Examples
iex> alias ExCodecs.Spatial.{Gaussian, GaussianCloud}
iex> cloud = GaussianCloud.new([Gaussian.new({0, 0, 0}, opacity: 0.75)])
iex> {:ok, <<"GSPL", 1::little-16, _flags::little-16, 1::little-64,
...>          0::little-16, _record::binary>>} =
...>   ExCodecs.Spatial.Codec.Gsplat.encode(cloud)
iex> true
true

  



    

  
    
      
    
    
      stream_decode(source, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_decode(
  Path.t() | binary(),
  keyword()
) :: Enumerable.t()


      


Returns an enumerable over Gaussians in a GSPL payload or file.
Streaming behavior
	source: :file (or :auto path detection): header then chunked
records  -  Rust mmap + DirtyCpu unpack when available, otherwise
IO.binread/2 per record.
	source: :binary: chunked Rust unpack when available; otherwise
materializes through decode/2.

Prefer source: :file for multi-MB / multi-GB .gspl paths.
Pass accel: false to force the pure-Elixir path.
Arguments
	source (Path.t() | binary())  -  filesystem path or complete GSPL
payload. Both are binaries, so :source controls resolution.

	opts (keyword())  -  :source may be :binary (default), :file, or
:auto. Prefer :file for paths and :binary for payloads; :auto is
opt-in path sniffing (see docs/spatial_formats.md).
:binary.

Returns
An Enumerable.t() yielding %Gaussian{} values. Failures are delayed until
enumeration as exactly one {:error, %ExCodecs.Error{}}:
	reason: :io_error  -  the file cannot be opened or read
	reason: :invalid_data  -  bad magic/version, truncated header, or a
truncated record mid-stream (codec: :gsplat)

Raises / exceptions
Raises FunctionClauseError when source is not a binary. Unsupported
:source values raise CaseClauseError.
Examples
iex> alias ExCodecs.Spatial.{Gaussian, GaussianCloud}
iex> {:ok, bin} = ExCodecs.Spatial.Codec.Gsplat.encode(GaussianCloud.new([Gaussian.new({0, 0, 0})]))
iex> [%Gaussian{opacity: 1.0}] =
...>   ExCodecs.Spatial.Codec.Gsplat.stream_decode(bin) |> Enum.to_list()

  



    

  
    
      
    
    
      stream_encode_to_file(enumerable, path, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_encode_to_file(Enumerable.t(), Path.t(), keyword()) ::
  :ok | {:error, ExCodecs.Error.t()}


      


Streams %Gaussian{} values to a GSPL file using an explicit schema.
Writes a placeholder header, encodes each Gaussian as it arrives, then seeks
back to patch the final count. Peak memory is O(one Gaussian).
Arguments
	enumerable (Enumerable.t())  -  %Gaussian{} elements.
	path (Path.t())  -  destination file path.
	opts (keyword())  -  requires :schema. Use [] / %{} for no SH
rest coefficients, or [sh_rest: n] / %{sh_rest: n} for n shared
rest floats per Gaussian (shorter lists are zero-padded).

Returns
	:ok
	{:error, %ExCodecs.Error{reason: :invalid_options}} when :schema is
missing or invalid
	{:error, %ExCodecs.Error{reason: :invalid_data}} when an element is not
a %Gaussian{}
	{:error, %ExCodecs.Error{reason: :io_error}} on file failures

Raises / exceptions
Schema and non-%Gaussian{} element failures are returned. Invalid path terms
or non-keyword opts can raise FunctionClauseError or ArgumentError in
the path/file/keyword APIs. Malformed Gaussian field shapes can raise during
bitstring construction (same class of exceptions as encode/2).
Examples
iex> alias ExCodecs.Spatial.{Gaussian, Codec.Gsplat}
iex> path = Path.join(System.tmp_dir!(), "gspl_enc_73763.gspl")
iex> :ok = Gsplat.stream_encode_to_file([Gaussian.new({0, 0, 0})], path, schema: [])
iex> {:ok, <<"GSPL", _::binary>>} = File.read(path)
iex> File.rm!(path)
:ok

  


        

      


  

    
ExCodecs.Spatial.Codec.PLY 
    



      
ASCII and binary PLY for point clouds and Gaussian splats.
Options
	:format / :ply_format  -  wire encoding: :ascii (default),
:binary / :binary_le, :binary_be (not Spatial's format: :ply)
	:comments  -  header comments
	:as  -  decode as :auto | :point_cloud | :gaussian_cloud

	:source  -  for stream_decode/2: :auto | :file | :binary


Public functions: encode/2, decode/2, stream_decode/2.

      


      
        Summary


  
    Types
  


    
      
        ply_format()

      


        Wire encoding used for a PLY payload.



    





  
    Functions
  


    
      
        decode(data, opts \\ [])

      


        Decodes a complete PLY 1.0 payload into a point or Gaussian cloud.



    


    
      
        encode(data, opts \\ [])

      


        Encodes a point cloud or Gaussian cloud as a PLY 1.0 payload.



    


    
      
        stream_decode(source, opts \\ [])

      


        Returns an enumerable over vertices from a PLY path or binary.



    





      


      
        Types


        


  
    
      
    
    
      ply_format()



        
          
        

    

  


  

      

          @type ply_format() :: :ascii | :binary | :binary_le | :binary_be


      


Wire encoding used for a PLY payload.
:ascii writes textual scalar values. :binary_le and :binary_be write
packed scalar values in little- and big-endian order, respectively.
:binary is an encoding-option shorthand for :binary_le; decoded headers
report the explicit endian atom.
For example, encode(cloud, ply_format: :binary_be) emits a
format binary_big_endian 1.0 header.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      decode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  binary(),
  keyword()
) ::
  {:ok, ExCodecs.Spatial.PointCloud.t() | ExCodecs.Spatial.GaussianCloud.t()}
  | {:error, ExCodecs.Error.t()}


      


Decodes a complete PLY 1.0 payload into a point or Gaussian cloud.
ASCII and binary little-/big-endian scalar vertex properties are supported:
char/int8, uchar/uint8, short/int16, ushort/uint16,
int/int32, uint/uint32, float/float32, and
double/float64. List properties and non-vertex payloads are unsupported.
Point decoding recognizes x/y/z, RGB or RGBA, and nx/ny/nz; all other
scalar properties become string-keyed point attributes. Gaussian decoding
interprets f_dc_*, opacity, scale, rotation, and ordered f_rest_*
properties. Header comments and the detected PLY format are retained in
cloud metadata.
Arguments
	data (binary())  -  the complete PLY header and vertex body.
	opts (keyword())  -  :as may be :auto (default), :point_cloud, or
:gaussian_cloud. :auto chooses Gaussian output when the property set
contains f_dc_0, scale_0, or rot_0; otherwise it chooses points.
The wire format is always read from the header.

Returns
	{:ok, %PointCloud{}} or {:ok, %GaussianCloud{}}, including metadata.
	{:error, %ExCodecs.Error{reason: :invalid_data, codec: :ply}} for
non-binary input, missing/invalid magic or format/header lines, missing
vertex elements, invalid counts/properties, unsupported list/property
types, invalid ASCII scalar tokens, token/property count mismatches,
missing x/y/z, too few ASCII rows, or a short binary body.

Raises / exceptions
The listed structural failures are returned. Keyword.get/3 raises
FunctionClauseError when opts is not a proper keyword list. An unsupported
:as value raises CaseClauseError. Malformed binary row contents may also
raise (KeyError, ArgumentError, FunctionClauseError, or a bitstring match
exception) when scalar unpacking is not fully wrapped.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> cloud = PointCloud.new([Point.new(1.0, 0.0, 0.0, normal: {0.0, 0.0, 1.0})])
iex> {:ok, ply} = ExCodecs.Spatial.Codec.PLY.encode(cloud, ply_format: :binary_le)
iex> {:ok, %PointCloud{points: [point]}} = ExCodecs.Spatial.Codec.PLY.decode(ply)
iex> point.normal
{0.0, 0.0, 1.0}

  



    

  
    
      
    
    
      encode(data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(
  ExCodecs.Spatial.PointCloud.t() | ExCodecs.Spatial.GaussianCloud.t(),
  keyword()
) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes a point cloud or Gaussian cloud as a PLY 1.0 payload.
Point vertices always contain x, y, and z as float. If any point has
color or a normal, the corresponding uchar RGB/RGBA or float normal
properties are emitted for every point; missing values are zero-filled
(alpha defaults to 255). The union of point attribute keys is emitted as
sorted float properties, with absent attributes set to 0.0.
Gaussian vertices contain position, f_dc_0..2, opacity, scale, and
quaternion rot_0..3 (w, x, y, z) as float. If spherical-harmonic
coefficients are present, flattened f_rest_N properties are appended and
shorter rows are zero-filled.
Arguments
	data (PointCloud.t() | GaussianCloud.t())  -  a cloud containing valid
%Point{} or %Gaussian{} structs.

	opts (keyword())  -  supported options:	:ply_format  -  preferred wire format: :ascii (default), :binary
(little-endian), :binary_le, or :binary_be.
	:format  -  legacy alias for :ply_format when calling this codec
directly. :ply_format takes precedence.
	:comments  -  enumerable of strings for PLY comment header lines;
defaults to cloud.metadata.comments.



:little and :big are also normalized to little-/big-endian output.
Unrecognized wire-format values return :invalid_options.
Returns
	{:ok, payload} where payload is an ASCII or binary PLY binary().
	{:error, %ExCodecs.Error{reason: :invalid_options, codec: :ply}} when
:format / :ply_format is not a supported wire encoding.
	{:error, %ExCodecs.Error{reason: :invalid_data, codec: :ply}} when
data is not a supported cloud or any exception occurs while deriving
properties, building the header, or encoding rows.

Raises / exceptions
The cloud clauses rescue encoding exceptions and return :invalid_data,
including invalid keyword options, malformed nested structs, non-string
comments, invalid scalar ranges/types, and bad attribute shapes. Unsupported
top-level data is also returned as :invalid_data; this function does not
intentionally raise.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> cloud = PointCloud.new([Point.new(0, 1, 2, color: {255, 64, 0})])
iex> {:ok, ply} = ExCodecs.Spatial.Codec.PLY.encode(cloud, ply_format: :ascii)
iex> String.contains?(ply, "property uchar red")
true

  



    

  
    
      
    
    
      stream_decode(source, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_decode(
  binary() | Path.t(),
  keyword()
) :: Enumerable.t()


      


Returns an enumerable over vertices from a PLY path or binary.
Streaming behavior
	source: :file (or :auto path detection): scans the header until
end_header, then yields one vertex at a time  -  binary formats via
fixed-stride IO.binread/2, ASCII via line reads. Peak memory is
O(header + one vertex / read chunk), not the whole cloud.
	source: :binary: still materializes through decode/2, then yields.

Arguments
	source (Path.t() | binary())  -  a path or complete PLY payload.

	opts (keyword())  -  :source may be :binary (default), :file, or
:auto. Prefer :file for paths and :binary for payloads; :auto is
opt-in path sniffing. PLY also accepts :as.
:binary. Auto mode treats a short path-like binary as a file only when
it names a regular file; otherwise it is payload data. :as has the same
meaning as in decode/2.

Returns
An Enumerable.t() yielding %Point{} or %Gaussian{}. Decode failures,
including reason: :invalid_data, are represented by exactly one
{:error, %ExCodecs.Error{}} element. A selected path that cannot be read
yields one error with reason: :io_error and the file reason in details.
Raises / exceptions
File and normal decode failures become stream elements. A non-binary
source raises FunctionClauseError. Keyword access raises
FunctionClauseError for invalid opts; unsupported :source values raise
CaseClauseError. Exceptions described by decode/2 may occur while the
stream is initialized or enumerated.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> {:ok, ply} = ExCodecs.Spatial.Codec.PLY.encode(PointCloud.new([Point.new(0, 0, 0)]))
iex> [%Point{x: 0.0}] = ExCodecs.Spatial.Codec.PLY.stream_decode(ply) |> Enum.to_list()

  


        

      


  

    
ExCodecs.Spatial.Gaussian 
    



      
A single 3D Gaussian splat used for data interchange, not rendering.
Fields
	:position — {float(), float(), float()} center in application-defined
Cartesian units; required by the struct and defaults to the origin.
	:rotation — quaternion() in scalar-first {w, x, y, z} order;
defaults to identity {1.0, 0.0, 0.0, 0.0}. Normalization is not enforced.
	:scale — scale3() along local axes in the position's units; defaults
to {1.0, 1.0, 1.0}. Positivity is not enforced.
	:opacity — float(); defaults to 1.0, conventionally in 0.0..1.0.
	:color — rgb() linear RGB; defaults to mid-gray
{0.5, 0.5, 0.5}. Components are commonly DC color coefficients.
	:sh — sh_coeffs(); defaults to nil. Coefficient ordering is
codec-specific.
	:metadata — map() of application data; defaults to %{}.

Example
iex> ExCodecs.Spatial.Gaussian.new({1, 2, 3},
...>   rotation: {1, 0, 0, 0},
...>   scale: {0.1, 0.2, 0.3},
...>   opacity: 0.8,
...>   color: {1.0, 0.25, 0.0}
...> )
%ExCodecs.Spatial.Gaussian{
  position: {1.0, 2.0, 3.0},
  rotation: {1.0, 0.0, 0.0, 0.0},
  scale: {0.1, 0.2, 0.3},
  opacity: 0.8,
  color: {1.0, 0.25, 0.0},
  sh: nil,
  metadata: %{}
}

      


      
        Summary


  
    Types
  


    
      
        quaternion()

      


        A scalar-first rotation quaternion {w, x, y, z}. Unit length is
conventional but is not enforced. For example,
{1.0, 0.0, 0.0, 0.0} is the identity rotation.



    


    
      
        rgb()

      


        Linear RGB components {red, green, blue}. Values are conventionally
normalized but no range is enforced. For example, {1.0, 0.25, 0.0} is a
warm orange.



    


    
      
        scale3()

      


        Local-axis Gaussian scales {sx, sy, sz} in position units.
For example, {0.1, 0.2, 0.05} describes an anisotropic Gaussian.



    


    
      
        sh_coeffs()

      


        Codec-specific nested spherical-harmonic coefficient lists, or nil when
no coefficients are present. For example, [[0.1, 0.2, 0.3]] stores one
RGB coefficient group.



    


    
      
        t()

      


        A Gaussian splat. See the module documentation for every field, its default,
units or conventions, and a construction example.



    





  
    Functions
  


    
      
        new(arg, opts \\ [])

      


        Builds a Gaussian from position and options.



    





      


      
        Types


        


  
    
      
    
    
      quaternion()



        
          
        

    

  


  

      

          @type quaternion() :: {float(), float(), float(), float()}


      


A scalar-first rotation quaternion {w, x, y, z}. Unit length is
conventional but is not enforced. For example,
{1.0, 0.0, 0.0, 0.0} is the identity rotation.

  



  
    
      
    
    
      rgb()



        
          
        

    

  


  

      

          @type rgb() :: {float(), float(), float()}


      


Linear RGB components {red, green, blue}. Values are conventionally
normalized but no range is enforced. For example, {1.0, 0.25, 0.0} is a
warm orange.

  



  
    
      
    
    
      scale3()



        
          
        

    

  


  

      

          @type scale3() :: {float(), float(), float()}


      


Local-axis Gaussian scales {sx, sy, sz} in position units.
For example, {0.1, 0.2, 0.05} describes an anisotropic Gaussian.

  



  
    
      
    
    
      sh_coeffs()



        
          
        

    

  


  

      

          @type sh_coeffs() :: [[float()]] | nil


      


Codec-specific nested spherical-harmonic coefficient lists, or nil when
no coefficients are present. For example, [[0.1, 0.2, 0.3]] stores one
RGB coefficient group.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Spatial.Gaussian{
  color: rgb(),
  metadata: map(),
  opacity: float(),
  position: {float(), float(), float()},
  rotation: quaternion(),
  scale: scale3(),
  sh: sh_coeffs()
}


      


A Gaussian splat. See the module documentation for every field, its default,
units or conventions, and a construction example.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(arg, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  {number(), number(), number()},
  keyword()
) :: t()


      


Builds a Gaussian from position and options.
Arguments
	position — {number(), number(), number()} center coordinates, stored
as floats.
	opts — a keyword list with:	:rotation — numeric {w, x, y, z}; defaults to identity.
	:scale — numeric {sx, sy, sz}; defaults to {1.0, 1.0, 1.0}.
	:opacity — number; defaults to 1.0 and is stored as a float.
	:color — numeric {r, g, b}; defaults to {0.5, 0.5, 0.5}.
	:sh — sh_coeffs(); defaults to nil.
	:metadata — map(); defaults to %{}.



Returns
%Gaussian{}
Raises
	FunctionClauseError for a non-numeric or malformed position, rotation,
or scale/color tuple, or when opts is not a keyword list.
	ArithmeticError if :opacity is not numeric.

Examples
iex> g = ExCodecs.Spatial.Gaussian.new({1.0, 2.0, 3.0}, opacity: 0.5)
iex> g.position
{1.0, 2.0, 3.0}
iex> g.opacity
0.5

  


        

      


  

    
ExCodecs.Spatial.GaussianCloud 
    



      
A collection of %ExCodecs.Spatial.Gaussian{} values for codec interchange.
Fields
	:gaussians — [Gaussian.t()]; defaults to []. Ordering is preserved.
Positions use application-defined Cartesian units.
	:bounds — Bounds.t() | nil; defaults to nil. new/2 computes
axis-aligned bounds from Gaussian centers by default; extents do not
include each Gaussian's scale.

	:metadata — Metadata.t(); defaults to %Metadata{}.

Example
iex> alias ExCodecs.Spatial.{Gaussian, GaussianCloud}
iex> cloud = GaussianCloud.new([Gaussian.new({-1, 0, 0}), Gaussian.new({2, 0, 0})])
iex> {GaussianCloud.size(cloud), cloud.bounds.min_x, cloud.bounds.max_x}
{2, -1.0, 2.0}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A Gaussian cloud. See the module documentation for every field, its default,
units or conventions, and a construction example.



    





  
    Functions
  


    
      
        new(gaussians, opts \\ [])

      


        Builds a Gaussian cloud.



    


    
      
        size(gaussian_cloud)

      


        Number of Gaussians.



    


    
      
        with_bounds(cloud)

      


        Recomputes bounds from Gaussian positions.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Spatial.GaussianCloud{
  bounds: ExCodecs.Spatial.Bounds.t() | nil,
  gaussians: [ExCodecs.Spatial.Gaussian.t()],
  metadata: ExCodecs.Spatial.Metadata.t()
}


      


A Gaussian cloud. See the module documentation for every field, its default,
units or conventions, and a construction example.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(gaussians, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  [ExCodecs.Spatial.Gaussian.t()],
  keyword()
) :: t()


      


Builds a Gaussian cloud.
Arguments
	gaussians — [Gaussian.t()]; the supplied list is retained.
	opts — a keyword list with:	:compute_bounds — any truthy/falsy term; defaults to true.
	:bounds — Bounds.t() | nil; a truthy value overrides computation.

	:metadata — Metadata.t(); defaults to %Metadata{}.



Returns
%GaussianCloud{}
Raises
	FunctionClauseError if gaussians is not a list, an extracted position
is not a numeric 3-tuple, or opts is not a keyword list.
	KeyError or BadMapError if an item does not expose :position.

Examples
iex> alias ExCodecs.Spatial.{Gaussian, GaussianCloud}
iex> c = GaussianCloud.new([Gaussian.new({0.0, 0.0, 0.0})])
iex> GaussianCloud.size(c)
1

  



  
    
      
    
    
      size(gaussian_cloud)



        
          
        

    

  


  

      

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


      


Number of Gaussians.
Arguments
	cloud — %GaussianCloud{}

Returns
non-negative integer
Raises
	FunctionClauseError if cloud is not a %GaussianCloud{}.
	ArgumentError if a manually constructed cloud has a non-list
:gaussians field.

Examples
iex> ExCodecs.Spatial.GaussianCloud.size(ExCodecs.Spatial.GaussianCloud.new([]))
0

  



  
    
      
    
    
      with_bounds(cloud)



        
          
        

    

  


  

      

          @spec with_bounds(t()) :: t()


      


Recomputes bounds from Gaussian positions.
Arguments
	cloud — %GaussianCloud{}

Returns
Updated %GaussianCloud{}
Raises
	FunctionClauseError if cloud is not a %GaussianCloud{} or an
extracted position is not a numeric 3-tuple.
	KeyError or BadMapError if an item does not expose :position.

Examples
iex> alias ExCodecs.Spatial.{Gaussian, GaussianCloud}
iex> c = GaussianCloud.new([Gaussian.new({1.0, 2.0, 3.0})], compute_bounds: false)
iex> GaussianCloud.with_bounds(c).bounds != nil
true

  


        

      


  

    
ExCodecs.Spatial.Metadata 
    



      
Free-form metadata for spatial clouds.
Fields
	:entries — %{optional(String.t()) => term()} arbitrary format or
application values; defaults to %{}. String keys are the public API
convention.
	:comments — [String.t()] ordered human-readable comments; defaults
to []. No encoding beyond Elixir UTF-8 string conventions is imposed.
	:source — String.t() | nil source file, URI, sensor, or producer
identifier; defaults to nil.

	:created_at — DateTime.t() | nil creation instant; defaults to nil.
Use a timezone-aware DateTime, conventionally UTC.


Example
iex> created_at = ~U[2026-07-16 12:00:00Z]
iex> ExCodecs.Spatial.Metadata.new(
...>   entries: %{"coordinate_system" => "ENU"},
...>   comments: ["Captured after calibration"],
...>   source: "sensor://roof-lidar",
...>   created_at: created_at
...> )
%ExCodecs.Spatial.Metadata{
  entries: %{"coordinate_system" => "ENU"},
  comments: ["Captured after calibration"],
  source: "sensor://roof-lidar",
  created_at: ~U[2026-07-16 12:00:00Z]
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Spatial metadata. See the module documentation for every field, its default,
units or conventions, and a construction example.



    





  
    Functions
  


    
      
        add_comment(meta, comment)

      


        Appends a comment string.



    


    
      
        get(metadata, key, default \\ nil)

      


        Fetches an entry by string key.



    


    
      
        new(opts \\ [])

      


        Builds metadata from options.



    


    
      
        put(meta, key, value)

      


        Puts a string key into entries.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Spatial.Metadata{
  comments: [String.t()],
  created_at: DateTime.t() | nil,
  entries: %{optional(String.t()) => term()},
  source: String.t() | nil
}


      


Spatial metadata. See the module documentation for every field, its default,
units or conventions, and a construction example.

  


        

      

      
        Functions


        


  
    
      
    
    
      add_comment(meta, comment)



        
          
        

    

  


  

      

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


      


Appends a comment string.
Arguments
	meta — %Metadata{}
	comment — String.t() appended after existing comments.

Returns
Updated %Metadata{}
Raises
	FunctionClauseError unless meta is %Metadata{} and comment is a
binary.
	ArgumentError if a manually constructed metadata value has an improper
:comments list.

Examples
iex> m = ExCodecs.Spatial.Metadata.add_comment(ExCodecs.Spatial.Metadata.new(), "x")
iex> m.comments
["x"]

  



    

  
    
      
    
    
      get(metadata, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get(t(), String.t(), term()) :: term()


      


Fetches an entry by string key.
Arguments
	meta — %Metadata{}
	key — String.t() to look up.
	default — term() returned when the key is absent; defaults to nil.

Returns
Stored value or default
Raises
	FunctionClauseError unless meta is %Metadata{} and key is a binary.
	BadMapError if a manually constructed metadata value has a non-map
:entries field.

Examples
iex> ExCodecs.Spatial.Metadata.get(ExCodecs.Spatial.Metadata.new(), "missing", :nope)
:nope

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Builds metadata from options.
Arguments
	opts — a keyword list with:	:entries — an enumerable accepted by Map.new/1, conventionally a
map with string keys; defaults to %{}.
	:comments — [String.t()]; defaults to [].
	:source — String.t() | nil; defaults to nil.

	:created_at — DateTime.t() | nil; defaults to nil.




Returns
%Metadata{}
Raises
	FunctionClauseError if opts is not a keyword list.
	Protocol.UndefinedError if :entries is not enumerable.
	ArgumentError if an enumerable entry cannot be converted to a map pair.

Examples
iex> m = ExCodecs.Spatial.Metadata.new(comments: ["hi"], entries: %{"k" => 1})
iex> m.comments
["hi"]

  



  
    
      
    
    
      put(meta, key, value)



        
          
        

    

  


  

      

          @spec put(t(), String.t(), term()) :: t()


      


Puts a string key into entries.
Arguments
	meta — %Metadata{}
	key — String.t() key.
	value — term() to store, replacing an existing value.

Returns
Updated %Metadata{}
Raises
	FunctionClauseError unless meta is %Metadata{} and key is a binary.
	BadMapError if a manually constructed metadata value has a non-map
:entries field.

Examples
iex> m = ExCodecs.Spatial.Metadata.put(ExCodecs.Spatial.Metadata.new(), "a", 1)
iex> ExCodecs.Spatial.Metadata.get(m, "a")
1

  


        

      


  

    
ExCodecs.Spatial.Point 
    



      
A 3D point with optional color, surface normal, and attributes.
Fields
	:x, :y, :z — float() Cartesian coordinates. new/4 requires
them and converts numbers to floats; the struct defaults are 0.0.
Units are application-defined and must be consistent within a cloud.
	:color — rgb() | rgba() | nil; defaults to nil. Channels are
non-negative integers conventionally in 0..255; alpha is last.

	:normal — normal() | nil; defaults to nil. Components follow the
same axis convention as the coordinates and are normally unit length,
though this module does not normalize them.

	:attributes — attributes(); defaults to %{}. Keys are strings
(atoms passed to new/4 are converted via to_string/1). Values are
numbers or binaries.

Example
iex> ExCodecs.Spatial.Point.new(1, 2.5, -3, color: {255, 128, 0}, normal: {0.0, 0.0, 1.0})
%ExCodecs.Spatial.Point{
  x: 1.0,
  y: 2.5,
  z: -3.0,
  color: {255, 128, 0},
  normal: {0.0, 0.0, 1.0},
  attributes: %{}
}

      


      
        Summary


  
    Types
  


    
      
        attributes()

      


        User attributes keyed by strings, with numeric or binary values.
For example, %{"intensity" => 0.82, "classification" => 2}.
Atom keys passed to new/4 are normalized to strings.



    


    
      
        normal()

      


        A surface-normal vector {nx, ny, nz} in the point coordinate convention.
Unit length is conventional but is not enforced. For example,
{0.0, 0.0, 1.0} points along the positive Z axis.



    


    
      
        rgb()

      


        An RGB color tuple {red, green, blue}. Channels are non-negative integers,
conventionally in 0..255; that range is not enforced. For example,
{255, 128, 0} represents orange.



    


    
      
        rgba()

      


        An RGBA color tuple {red, green, blue, alpha}. Channels are non-negative
integers, conventionally in 0..255; that range is not enforced. For
example, {0, 64, 255, 128} is a half-transparent blue.



    


    
      
        t()

      


        A spatial point. See the module documentation for every field, its default,
units or conventions, and a construction example.



    





  
    Functions
  


    
      
        colored?(point)

      


        Returns whether the point has RGB or RGBA color.



    


    
      
        coords(point)

      


        Returns {x, y, z}.



    


    
      
        has_normal?(point)

      


        Returns whether the point has a surface normal.



    


    
      
        new(x, y, z, opts \\ [])

      


        Builds a point from coordinates and optional fields.



    





      


      
        Types


        


  
    
      
    
    
      attributes()



        
          
        

    

  


  

      

          @type attributes() :: %{optional(String.t()) => number() | binary()}


      


User attributes keyed by strings, with numeric or binary values.
For example, %{"intensity" => 0.82, "classification" => 2}.
Atom keys passed to new/4 are normalized to strings.
PLY encode (the only codec that stores attributes) accepts numeric
attribute values only; binary values will cause an encode error. Use
cloud-level Metadata for non-numeric payloads.

  



  
    
      
    
    
      normal()



        
          
        

    

  


  

      

          @type normal() :: {float(), float(), float()}


      


A surface-normal vector {nx, ny, nz} in the point coordinate convention.
Unit length is conventional but is not enforced. For example,
{0.0, 0.0, 1.0} points along the positive Z axis.

  



  
    
      
    
    
      rgb()



        
          
        

    

  


  

      

          @type rgb() :: {non_neg_integer(), non_neg_integer(), non_neg_integer()}


      


An RGB color tuple {red, green, blue}. Channels are non-negative integers,
conventionally in 0..255; that range is not enforced. For example,
{255, 128, 0} represents orange.

  



  
    
      
    
    
      rgba()



        
          
        

    

  


  

      

          @type rgba() ::
  {non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer()}


      


An RGBA color tuple {red, green, blue, alpha}. Channels are non-negative
integers, conventionally in 0..255; that range is not enforced. For
example, {0, 64, 255, 128} is a half-transparent blue.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Spatial.Point{
  attributes: attributes(),
  color: rgb() | rgba() | nil,
  normal: normal() | nil,
  x: float(),
  y: float(),
  z: float()
}


      


A spatial point. See the module documentation for every field, its default,
units or conventions, and a construction example.

  


        

      

      
        Functions


        


  
    
      
    
    
      colored?(point)



        
          
        

    

  


  

      

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


      


Returns whether the point has RGB or RGBA color.
Arguments
	point — %Point{}

Returns
true | false
Raises
	FunctionClauseError if the argument is not a %Point{} or its :color
is neither nil, a 3-tuple, nor a 4-tuple.

Examples
iex> ExCodecs.Spatial.Point.colored?(ExCodecs.Spatial.Point.new(0, 0, 0))
false
iex> ExCodecs.Spatial.Point.colored?(ExCodecs.Spatial.Point.new(0, 0, 0, color: {1, 2, 3}))
true

  



  
    
      
    
    
      coords(point)



        
          
        

    

  


  

      

          @spec coords(t()) :: {float(), float(), float()}


      


Returns {x, y, z}.
Arguments
	point — %Point{}

Returns
{float(), float(), float()}
Raises
	FunctionClauseError if point is not a %Point{}.

Examples
iex> ExCodecs.Spatial.Point.coords(ExCodecs.Spatial.Point.new(1, 2, 3))
{1.0, 2.0, 3.0}

  



  
    
      
    
    
      has_normal?(point)



        
          
        

    

  


  

      

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


      


Returns whether the point has a surface normal.
Arguments
	point — %Point{}

Returns
true | false
Raises
	FunctionClauseError if the argument is not a %Point{} or its :normal
is neither nil nor a 3-tuple.

Examples
iex> ExCodecs.Spatial.Point.has_normal?(ExCodecs.Spatial.Point.new(0, 0, 0))
false
iex> ExCodecs.Spatial.Point.has_normal?(ExCodecs.Spatial.Point.new(0, 0, 0, normal: {0.0, 1.0, 0.0}))
true

  



    

  
    
      
    
    
      new(x, y, z, opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a point from coordinates and optional fields.
Arguments
	x, y, z — numbers (stored as floats)
	opts:	:color — rgb or rgba tuple, or nil
	:normal — {nx, ny, nz} or nil
	:attributes — map of string keys (default %{}); atom keys are
stringified



Returns
%ExCodecs.Spatial.Point{}
Raises
	FunctionClauseError if a coordinate is not numeric, or if opts is not
a keyword list accepted by Keyword.get/3.

Notes
Literal %Point{} construction with atom-keyed attributes bypasses
stringification; codecs that read attributes (e.g. PLY) treat atom keys as
missing and default them to 0.0. Always use Point.new/4 or pre-stringify
keys when the point will be encoded.
Examples
iex> p = ExCodecs.Spatial.Point.new(1.0, 2.0, 3.0)
iex> {p.x, p.y, p.z}
{1.0, 2.0, 3.0}

iex> p = ExCodecs.Spatial.Point.new(0.0, 0.0, 0.0, color: {255, 128, 0})
iex> p.color
{255, 128, 0}

  


        

      


  

    
ExCodecs.Spatial.PointCloud 
    



      
A collection of %ExCodecs.Spatial.Point{} values with bounds and metadata.
Fields
	:points — [Point.t()]; defaults to []. Ordering is preserved.
Coordinate units and conventions are defined by the application.
	:bounds — Bounds.t() | nil; defaults to nil. new/2 computes an
axis-aligned box by default; nil also represents an empty cloud or
deliberately uncomputed bounds.

	:metadata — Metadata.t(); defaults to %Metadata{}.

Example
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> cloud = PointCloud.new([Point.new(0, 0, 0), Point.new(2, 1, -1)])
iex> {PointCloud.size(cloud), cloud.bounds.max_x}
{2, 2.0}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A point cloud. See the module documentation for every field, its default,
units or conventions, and a construction example.



    





  
    Functions
  


    
      
        add_point(cloud, point)

      


        Appends one point and expands bounds.



    


    
      
        add_points(cloud, new_points)

      


        Appends many points in one concat and one bounds fold (O(n)).



    


    
      
        colored?(point_cloud)

      


        Returns true when every point has color (empty cloud → false).



    


    
      
        has_normals?(point_cloud)

      


        Returns true when every point has a normal (empty → false).



    


    
      
        new(points, opts \\ [])

      


        Builds a point cloud from a list of points.



    


    
      
        size(point_cloud)

      


        Number of points.



    


    
      
        with_bounds(cloud)

      


        Recomputes axis-aligned bounds from points.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Spatial.PointCloud{
  bounds: ExCodecs.Spatial.Bounds.t() | nil,
  metadata: ExCodecs.Spatial.Metadata.t(),
  points: [ExCodecs.Spatial.Point.t()]
}


      


A point cloud. See the module documentation for every field, its default,
units or conventions, and a construction example.

  


        

      

      
        Functions


        


  
    
      
    
    
      add_point(cloud, point)



        
          
        

    

  


  

      

          @spec add_point(t(), ExCodecs.Spatial.Point.t()) :: t()


      


Appends one point and expands bounds.
Prefer new/1 or add_points/2 for bulk inserts (++ is O(n)).
Arguments
	cloud — %PointCloud{}
	point — %Point{}

Returns
Updated %PointCloud{}
Raises
	FunctionClauseError unless the arguments are a %PointCloud{} and a
%Point{}, or if existing bounds are neither nil nor %Bounds{}.

Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> c = PointCloud.new([])
iex> PointCloud.size(PointCloud.add_point(c, Point.new(1, 2, 3)))
1

  



  
    
      
    
    
      add_points(cloud, new_points)



        
          
        

    

  


  

      

          @spec add_points(t(), [ExCodecs.Spatial.Point.t()]) :: t()


      


Appends many points in one concat and one bounds fold (O(n)).
Prefer this over repeated add_point/2 for bulk inserts.
Arguments
	cloud — %PointCloud{}
	new_points — list of %Point{}

Returns
Updated %PointCloud{}
Raises
	FunctionClauseError unless cloud is a %PointCloud{} and
new_points is a list, or if any element is not a %Point{}.

Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> c = PointCloud.add_points(PointCloud.new([]), [Point.new(0, 0, 0), Point.new(1, 1, 1)])
iex> PointCloud.size(c)
2

  



  
    
      
    
    
      colored?(point_cloud)



        
          
        

    

  


  

      

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


      


Returns true when every point has color (empty cloud → false).
Arguments
	cloud — %PointCloud{}

Returns
boolean
Raises
	FunctionClauseError if cloud is not a %PointCloud{}, or if any
point has an unsupported :color value.

Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> PointCloud.colored?(PointCloud.new([Point.new(0, 0, 0, color: {1, 2, 3})]))
true

  



  
    
      
    
    
      has_normals?(point_cloud)



        
          
        

    

  


  

      

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


      


Returns true when every point has a normal (empty → false).
Arguments
	cloud — %PointCloud{}

Returns
boolean
Raises
	FunctionClauseError if cloud is not a %PointCloud{}, or if any
point has an unsupported :normal value.

Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> PointCloud.has_normals?(PointCloud.new([Point.new(0, 0, 0)]))
false

  



    

  
    
      
    
    
      new(points, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  [ExCodecs.Spatial.Point.t()],
  keyword()
) :: t()


      


Builds a point cloud from a list of points.
Arguments
	points — list of %Point{}
	opts:	:compute_bounds — boolean (default true)
	:bounds — explicit %Bounds{} (overrides compute)
	:metadata — %Metadata{}



Returns
%PointCloud{}
Raises
	FunctionClauseError if points is not a list, an element is not
point-like while bounds are computed, or opts is not a keyword list.

Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> cloud = PointCloud.new([Point.new(0, 0, 0), Point.new(1, 1, 1)])
iex> PointCloud.size(cloud)
2

  



  
    
      
    
    
      size(point_cloud)



        
          
        

    

  


  

      

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


      


Number of points.
Arguments
	cloud — %PointCloud{}

Returns
non-negative integer
Raises
	FunctionClauseError if cloud is not a %PointCloud{}.
	ArgumentError if a manually constructed cloud has a non-list :points.

Examples
iex> ExCodecs.Spatial.PointCloud.size(ExCodecs.Spatial.PointCloud.new([]))
0

  



  
    
      
    
    
      with_bounds(cloud)



        
          
        

    

  


  

      

          @spec with_bounds(t()) :: t()


      


Recomputes axis-aligned bounds from points.
Arguments
	cloud — %PointCloud{}

Returns
%PointCloud{} with updated bounds
Raises
	FunctionClauseError if cloud is not a %PointCloud{} or a point is
not a supported point-like value.

Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> cloud = PointCloud.new([Point.new(0, 0, 0)], compute_bounds: false)
iex> PointCloud.with_bounds(cloud).bounds != nil
true

  


        

      


  

    
ExCodecs.Spatial.Stream 
    



      
Stream helpers for spatial formats.
What actually streams today
	EXCP (:spatial_binary), GSPL (:gsplat), and PLY with
source: :file (or :auto path detection) read the header, then one
record/vertex at a time from disk  -  O(header + one record) memory.
Binary PLY uses a fixed stride; ASCII PLY reads lines.
	In-memory binaries still materialize through decode/2, then yield.
A future Rust backend may memory-map large binaries.
	encode_to_file/3 with an explicit :schema streams EXCP/GSPL to
disk (placeholder header, then seek-back count patch). Without :schema,
encoding still collects in memory first.

Prefer source: :file when the argument is a filesystem path, or
source: :binary when it is an encoded payload (:binary is the default).
With explicit :auto, a short path-like binary that names a regular file is
opened; otherwise the argument is treated as payload bytes. Prefer explicit
:file / :binary for untrusted input  -  :auto can open local paths.
Path-like means under 4 KiB, no ply/EXCP/GSPL magic prefix, and
contains / or \ or ends with .ply/.excp/.gspl/.bin, and
File.regular?/1 is true.

      


      
        Summary


  
    Functions
  


    
      
        decode(source, opts \\ [])

      


        Returns an enumerable over points or Gaussians decoded from a path or binary.



    


    
      
        encode(enumerable, opts \\ [])

      


        Encodes an enumerable of points or Gaussians after collecting it in memory.



    


    
      
        encode_to_file(data, path, opts \\ [])

      


        Encodes spatial data and writes the binary to path.



    





      


      
        Functions


        


    

  
    
      
    
    
      decode(source, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(
  Path.t() | binary(),
  keyword()
) :: Enumerable.t()


      


Returns an enumerable over points or Gaussians decoded from a path or binary.
EXCP/GSPL/PLY file sources stream incrementally; in-memory binaries still
materialize before emitting elements.
Arguments
	source (Path.t() | binary())  -  a path or complete encoded payload.
Paths and payloads are both binaries, so :source controls resolution.

	opts (keyword())  -  requires :format: :ply,
:spatial_binary, or :gsplat. :source may be :binary (default),
:file, or :auto.
:file, or :binary; PLY also accepts :as.

Returns
An Enumerable.t() yielding %Point{} for PLY/EXCP point clouds or
%Gaussian{} for PLY/GSPL Gaussian clouds. A failure is delayed until
enumeration and represented by exactly one
{:error, %ExCodecs.Error{}} element:
	reason: :invalid_options  -  :format is absent.
	reason: :unsupported_codec  -  :format is unknown.
	reason: :io_error  -  a selected file cannot be opened or read.
	reason: :invalid_data  -  the payload is malformed, unsupported, or
truncated.

Raises / exceptions
A missing format does not raise. Keyword.fetch/2 and decoder option access
raise FunctionClauseError when opts is not a proper keyword list. PLY
source dispatch raises FunctionClauseError for a non-binary source.
EXCP/GSPL source resolution has no clause for non-binaries and may return an
invalid value that causes CaseClauseError; an unsupported :source value
also raises CaseClauseError. Decoder exceptions may occur during
enumeration.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> {:ok, bin} = ExCodecs.Spatial.encode(PointCloud.new([Point.new(0.0, 0.0, 0.0)]), format: :ply)
iex> [%Point{}] = ExCodecs.Spatial.Stream.decode(bin, format: :ply) |> Enum.to_list()
iex> true
true

  



    

  
    
      
    
    
      encode(enumerable, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(
  Enumerable.t(),
  keyword()
) :: {:ok, binary()} | {:error, ExCodecs.Error.t()}


      


Encodes an enumerable of points or Gaussians after collecting it in memory.
A non-empty enumerable is classified by its first element. Empty input is
encoded as an empty %PointCloud{} for PLY/EXCP and as an empty
%GaussianCloud{} for GSPL.
Arguments
	enumerable (Enumerable.t())  -  %Point{} or %Gaussian{} elements.
The list should be homogeneous and contain valid struct shapes.
	opts (keyword())  -  requires :format: :ply,
:spatial_binary, or :gsplat. Remaining keys are forwarded to
ExCodecs.Spatial.encode/2.

Returns
	{:ok, payload} where payload is a binary().
	{:error, %ExCodecs.Error{reason: :invalid_options}} if :format is
absent.
	{:error, %ExCodecs.Error{reason: :unsupported_codec}} for an unknown
format (including empty input).
	{:error, %ExCodecs.Error{reason: :invalid_data}} when the first item is
an error tuple or is not a %Point{}/%Gaussian{}, when cloud and format
are incompatible, or when codec validation fails.

Raises / exceptions
Enum.to_list/1 raises Protocol.UndefinedError for a non-enumerable and
propagates exceptions raised by enumeration. Keyword access raises
FunctionClauseError for a non-keyword opts. Manually malformed point or
Gaussian structs can raise codec shape/numeric exceptions; PLY converts its
encoding exceptions to :invalid_data.
Examples
iex> alias ExCodecs.Spatial.Point
iex> {:ok, bin} = ExCodecs.Spatial.Stream.encode([Point.new(1.0, 0.0, 0.0)], format: :ply)
iex> is_binary(bin)
true

  



    

  
    
      
    
    
      encode_to_file(data, path, opts \\ [])



        
          
        

    

  


  

      

          @spec encode_to_file(
  Enumerable.t()
  | ExCodecs.Spatial.PointCloud.t()
  | ExCodecs.Spatial.GaussianCloud.t(),
  Path.t(),
  keyword()
) :: :ok | {:error, ExCodecs.Error.t()}


      


Encodes spatial data and writes the binary to path.
When :schema is present and :format is :spatial_binary or :gsplat,
points/Gaussians are written incrementally via
Binary.stream_encode_to_file/3 / Gsplat.stream_encode_to_file/3
(placeholder header + seek-back count). Otherwise the payload is encoded in
memory and written with File.write/2.
Arguments
	data (PointCloud.t() | GaussianCloud.t() | Enumerable.t())  -  a cloud,
or an enumerable of %Point{}/%Gaussian{} values.

	path (Path.t())  -  destination path; parent directories must already
exist.
	opts (keyword())  -  the options for ExCodecs.Spatial.encode/2, with
:format required for enumerable input and defaulting to :ply for an
already-built cloud. For streaming EXCP/GSPL writes, pass :schema
(see codec docs).

Returns
	:ok after the complete payload is written.
	any :invalid_options, :unsupported_codec, or :invalid_data error
returned by encoding.
	{:error, %ExCodecs.Error{reason: :io_error, details: reason}} when
a file/POSIX error occurs (e.g. :enoent, :eacces, :enospc).

Raises / exceptions
Normal path/POSIX failures are returned. Invalid path terms or non-path
binaries can raise FunctionClauseError or ArgumentError in the path/file
APIs. Encoding also has the enumerable, keyword, and malformed-struct
exceptions documented by encode/2.
Examples
iex> alias ExCodecs.Spatial.{Point, PointCloud}
iex> path = Path.join(System.tmp_dir!(), "ex_codecs_doc_80261.ply")
iex> :ok = ExCodecs.Spatial.Stream.encode_to_file(PointCloud.new([Point.new(0, 0, 0)]), path, format: :ply)
iex> {:ok, "ply" <> _} = File.read(path)
iex> File.rm!(path)
:ok

  


        

      


  

    
ExCodecs.Spatial.Transform 
    



      
Rigid/similarity transform metadata, not applied to points by this library.
Reserved for future use. No shipped codec reads or writes Transform
fields today. The module is provided so that formats which embed pose
metadata (e.g. EXCP v2) can use a shared type when that support lands.
Application of transforms is left to higher-level code.
Fields
	:translation — {float(), float(), float()} Cartesian offset; defaults
to {0.0, 0.0, 0.0}. Units match the associated spatial coordinates.
	:rotation — {float(), float(), float(), float()} scalar-first
{w, x, y, z} quaternion; defaults to identity
{1.0, 0.0, 0.0, 0.0}. Unit length is not enforced.
	:scale — float() uniform dimensionless scale; defaults to 1.0.

This module stores transform metadata but does not define composition order
or apply transforms; consumers must follow the enclosing format's convention.
Example
iex> ExCodecs.Spatial.Transform.new(
...>   translation: {10, 0, -2},
...>   rotation: {1, 0, 0, 0},
...>   scale: 0.5
...> )
%ExCodecs.Spatial.Transform{
  translation: {10.0, 0.0, -2.0},
  rotation: {1.0, 0.0, 0.0, 0.0},
  scale: 0.5
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Transform metadata with translation, scalar-first quaternion rotation, and
uniform scale. See the module documentation for all fields, defaults, units
and conventions, and a construction example.



    





  
    Functions
  


    
      
        identity()

      


        Identity transform.



    


    
      
        new(opts \\ [])

      


        Builds a transform.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Spatial.Transform{
  rotation: {float(), float(), float(), float()},
  scale: float(),
  translation: {float(), float(), float()}
}


      


Transform metadata with translation, scalar-first quaternion rotation, and
uniform scale. See the module documentation for all fields, defaults, units
and conventions, and a construction example.

  


        

      

      
        Functions


        


  
    
      
    
    
      identity()



        
          
        

    

  


  

      

          @spec identity() :: t()


      


Identity transform.
Arguments
None.
Returns
%Transform{} with zero translation, identity quaternion, scale 1.0.
Raises
None.
Examples
iex> t = ExCodecs.Spatial.Transform.identity()
iex> t.scale
1.0

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a transform.
Arguments
	opts — a keyword list with:	:translation — numeric {x, y, z}; defaults to the origin and is
stored as floats.
	:rotation — numeric {w, x, y, z} scalar-first quaternion; defaults
to identity and is stored as floats.
	:scale — number(); defaults to 1.0 and is stored as a float.



Returns
%Transform{}
Raises
	FunctionClauseError for malformed or non-numeric translation/rotation
tuples, or if opts is not a keyword list.
	ArithmeticError if :scale is not numeric.

Examples
iex> t = ExCodecs.Spatial.Transform.new(translation: {1, 0, 0}, scale: 2)
iex> t.translation
{1.0, 0.0, 0.0}

  


        

      


  

    
ExCodecs.Error exception
    



      
Structured errors for ExCodecs public APIs.
Successful operations return {:ok, result}. Failures return
{:error, %ExCodecs.Error{}} (except codec_info/1, which uses
{:error, :unsupported_codec} for historical reasons).
%ExCodecs.Error{} is both the structured error value returned in tagged
tuples and an exception that can be raised explicitly. Its fields are:
	reason (error_reason()) — stable, machine-readable reason
	message (String.t()) — human-readable exception message
	codec (atom() | nil) — related codec or format, when known

	details (term() | nil) — optional backend or I/O diagnostic data


For example:
iex> error = ExCodecs.Error.new(:invalid_options, codec: :zstd, details: [level: 99])
iex> {error.reason, error.codec, error.details}
{:invalid_options, :zstd, [level: 99]}
	Reason	Meaning
	:unsupported_codec	Codec/format atom unknown
	:codec_unavailable	Known but NIF/module not loadable
	:invalid_data	Wrong type or corrupt payload
	:invalid_options	Bad keyword options
	:compression_failed	Native compress failed
	:decompression_failed	Native decompress failed
	:nif_not_loaded	NIF library missing
	:io_error	File read/write failure
	:truncated_input	Incomplete binary
	:output_limit_exceeded	Decompress would exceed max_output_size
	:checksum_mismatch	Stored checksum does not match the data

As exception
defexception is defined so raise error works, but library code prefers
tagged tuples. Exception.message/1 returns the message field.

      


      
        Summary


  
    Types
  


    
      
        error_reason()

      


        Stable reason atom carried by ExCodecs.Error.t/0.



    


    
      
        t()

      


        Structured ExCodecs error and exception.



    





  
    Functions
  


    
      
        error(reason, opts \\ [])

      


        Builds {:error, %ExCodecs.Error{}}.



    


    
      
        matches?(arg1, reason)

      


        Returns whether an {:error, %Error{}} tuple matches reason.



    


    
      
        message(exception)

      


        Exception message string (for raise / Exception.message/1).



    


    
      
        new(reason, opts \\ [])

      


        Builds a %ExCodecs.Error{}.



    





      


      
        Types


        


  
    
      
    
    
      error_reason()



        
          
        

    

  


  

      

          @type error_reason() ::
  :unsupported_codec
  | :codec_unavailable
  | :invalid_data
  | :invalid_options
  | :compression_failed
  | :decompression_failed
  | :nif_not_loaded
  | :io_error
  | :truncated_input
  | :output_limit_exceeded
  | :checksum_mismatch


      


Stable reason atom carried by ExCodecs.Error.t/0.
	:unsupported_codec — codec or format is not known
	:codec_unavailable — codec is known but its module or NIF is unavailable
	:invalid_data — input has the wrong type, shape, or semantic content
	:invalid_options — an option name or value is invalid
	:compression_failed — encoding backend failed
	:decompression_failed — decoding backend failed or rejected corruption
	:nif_not_loaded — native library could not be loaded
	:io_error — file operation failed
	:truncated_input — encoded input ended before a complete value
	:output_limit_exceeded — decompress output would exceed max_output_size

Example
iex> reason = ExCodecs.Error.new(:truncated_input).reason
iex> reason in [:truncated_input, :invalid_data]
true

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExCodecs.Error{
  __exception__: true,
  codec: atom() | nil,
  details: term() | nil,
  message: String.t(),
  reason: error_reason()
}


      


Structured ExCodecs error and exception.
The fields are reason (machine-readable reason), message (display text),
codec (associated codec or nil), and details (diagnostic term or nil).
Example
iex> %ExCodecs.Error{} = error = ExCodecs.Error.new(:io_error, details: :enoent)
iex> Exception.message(error)
"An I/O error occurred"

  


        

      

      
        Functions


        


    

  
    
      
    
    
      error(reason, opts \\ [])



        
          
        

    

  


  

      

          @spec error(
  error_reason(),
  keyword()
) :: {:error, t()}


      


Builds {:error, %ExCodecs.Error{}}.
Arguments
	reason (error_reason()) — reason passed to new/2
	opts (keyword()) — message, codec, and details options accepted by
new/2

Returns
Always {:error, t()}. It has no alternative error reason because the
supplied reason is stored inside the struct.
Raises
Does not raise when called with the declared types. An improper opts value
can raise FunctionClauseError.
Examples
iex> {:error, error} = ExCodecs.Error.error(:unsupported_codec)
iex> error.reason
:unsupported_codec

  



  
    
      
    
    
      matches?(arg1, reason)



        
          
        

    

  


  

      

          @spec matches?(term(), error_reason()) :: boolean()


      


Returns whether an {:error, %Error{}} tuple matches reason.
Arguments
	result ({:error, t()} | term()) — result to inspect; nonmatching
terms are accepted and return false

	reason (error_reason()) — reason that must exactly equal the error's
reason field

Returns
true if result is {:error, %Error{reason: ^reason}}, else false.
Raises
None; the catch-all clause returns false for values of any shape.
Examples
iex> {:error, error} = ExCodecs.Error.error(:unsupported_codec)
iex> ExCodecs.Error.matches?({:error, error}, :unsupported_codec)
true
iex> ExCodecs.Error.matches?({:error, error}, :invalid_data)
false

  



  
    
      
    
    
      message(exception)



        
          
        

    

  


  

Exception message string (for raise / Exception.message/1).
Arguments
	error (t()) — exception whose message field is returned

Returns
The message field as a String.t().
Raises
Does not raise for a t() whose message field is a string. A value that
does not match %ExCodecs.Error{} raises FunctionClauseError.
Example
iex> error = ExCodecs.Error.new(:invalid_data, message: "not a point cloud")
iex> Exception.message(error)
"not a point cloud"

  



    

  
    
      
    
    
      new(reason, opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a %ExCodecs.Error{}.
Arguments
	reason (error_reason()) — reason used for matching and to select the
default message
	opts (keyword()) — optional fields:	:message (String.t()) — replaces the default message
	:codec (atom() | nil) — identifies the related codec

	:details (term()) — stores arbitrary diagnostic context



Returns
A ExCodecs.Error.t/0 struct. This function never returns an error tuple.
Raises
Does not raise when called with the declared types. An improper opts value
can raise FunctionClauseError.
Examples
iex> error = ExCodecs.Error.new(:unsupported_codec)
iex> error.reason
:unsupported_codec
iex> error.message
"The specified codec is not supported"
iex> error.codec
nil

iex> error = ExCodecs.Error.new(:invalid_options, codec: :zstd)
iex> error.codec
:zstd
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