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    F3 for Elixir

[image: CI]
[image: Hex.pm]
[image: Hexdocs]
[image: License]
F3 is a columnar research file format. This library, version 0.1.0, opens an F3 file from Elixir, prints the schema and footer, and reads or writes rows when the native decoder is loaded.
The only wire version this library accepts is major 0, minor 1. Hex has not published the package. Add this repository as a path dependency until a release exists. A published package downloads precompiled NIFs for macOS Apple silicon and Linux x86_64. In this checkout, compile them with F3_BUILD_NATIVE=1.
Quick start
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, schema} = F3.schema(file)
{:ok, text} = F3.inspect(file)
{:ok, file} = F3.close(file)
small.f3 has three rows. The fields are trade_id (int64), symbol (utf8), and price (float64). F3.inspect/2 prints that summary and does not read the row payload.
Reading the rows needs the native decoder:
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, [batch]} = F3.read(file)
{:ok, rows} = F3.Batch.to_rows(batch)
{:ok, file} = F3.close(file)
Without that decoder, F3.read/2 returns {:error, %F3.Error{category: :native_unavailable}}. Schema and inspect still succeed. mix f3.inspect test/fixtures/small.f3 prints the same summary.
A memory source and an HTTP source do not open path. HTTP is opt-in and does not follow redirects.
{:ok, file} = F3.open("unused", source: {:memory, binary})
{:ok, file} = F3.open("unused", source: {:http, url})
Guide
Start with Introduction and Quick start. Configuration is the option list. Reading, writing, streaming, decoders, and Wasm follow. Status and roadmap says what 0.1.0 includes.
Runnable examples are in docs/examples.livemd. Building the native decoder is in docs/contributing.md.


  

    Introduction

F3 is a columnar file format for research. This library, version 0.1.0, opens those files from Elixir, prints the schema and footer, and reads or writes rows when the native decoder is compiled.
An F3 file stores columns, not a list of row records. The end of the file is a 32-byte postscript. That tail points at a footer. The footer holds an Arrow schema, row groups, and the locations of the column bytes. The only wire version this library accepts is major 0, minor 1.
You can open three kinds of source:
	a path on the local disk
	a binary already in memory
	an HTTP URL, if you opt in

F3.schema/1, F3.metadata/1, and F3.inspect/2 work on every build. F3.read/2 and F3.stream/2 decode CASCADE data when the native decoder is compiled. F3.Writer writes a local file in that same build. Wasm runs only when a read passes wasm: :sandbox.
This library does not write to a remote URL. It does not fetch footer lib_urls. It does not follow HTTP redirects. It does not load shared dictionaries. It does not claim signed int8 or int16, float16, plain binary, decimal, dates, timestamps, maps, or Arrow dictionary columns.
Hex has not published this package. Add the repository as a path dependency until a release exists. A published package downloads precompiled NIFs for macOS Apple silicon and Linux x86_64. The quick start opens a committed fixture. Status and roadmap lists what 0.1.0 includes.


  

    Quick start

Add the library as a path dependency. Hex has not published it. A published package downloads precompiled NIFs for macOS Apple silicon and Linux x86_64.
def deps do
  [
    {:f3, path: "path/to/f3"}
  ]
end
Elixir 1.20 and OTP 28 are the versions this tree is developed on. You do not start an application. There is no supervision tree.
Open the committed fixture from the repository root, print the schema, and close the handle:
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, schema} = F3.schema(file)
{:ok, text} = F3.inspect(file)
{:ok, file} = F3.close(file)
small.f3 has three rows and one row group. The fields are trade_id (int64), symbol (utf8), and price (float64). None of them are nullable. F3.inspect/2 prints that summary. It does not read the row payload, and it does not run Wasm.
The same summary from the shell:
mix f3.inspect test/fixtures/small.f3

Reading the rows needs the native decoder. With that decoder compiled, the call is:
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, [batch]} = F3.read(file)
{:ok, rows} = F3.Batch.to_rows(batch)
{:ok, file} = F3.close(file)
rows is a list of maps, one per row, keyed by the field name. On a build without the native decoder, F3.read/2 returns {:error, %F3.Error{category: :native_unavailable}}. The schema and inspect calls above still succeed. Configuration shows how to compile the decoder and how to choose a source.


  

    Configuration

There is no application environment to set for a normal read. You pass options to F3.open/2, F3.read/2, F3.stream/2, and F3.Writer.open/2.
Source
A path opens the local file:
{:ok, file} = F3.open("trades.f3")
A memory source does not touch the path. You can pass the binary as the source option, or as the only argument:
{:ok, file} = F3.open("unused", source: {:memory, binary})
{:ok, file} = F3.open({:memory, binary})
An HTTP source is opt-in. The path is not opened. The library sends one HEAD to learn the length, then one ranged GET per read. Redirects are refused. Footer lib_urls are not requested.
{:ok, file} = F3.open("unused", source: {:http, url})
{:ok, file} = F3.open("unused", source: {:http, url, http_opts})
http_opts may include:
	headers: — a list of header pairs sent on HEAD and GET
	timeout_ms: — a positive integer, default 10_000
	sign: — a function (method, url, headers) -> {:ok, headers} | {:error, %F3.Error{}}


To sign a path-style S3 or MinIO object, pass all of endpoint:, bucket:, key:, region:, access_key:, and secret_key:. The request URL is endpoint/bucket/key. Combining sign: with those keys is an error. A partial key set is an error. The secret is not stored on %F3.Error{} and is not printed by Inspect.
Read options
F3.read/2 and F3.stream/2 take the same options:
	columns: — logical field names. Omit it to read every top-level field. An unknown name is :invalid_projection.
	row_groups: — zero-based indexes. Omit it to read every row group. An index past the footer is :invalid_argument.
	batch_size: — a positive integer. The default is 8192 rows.
	wasm: — :off (the default) or :sandbox.
	extensions: — the pid from F3.Registry.start_link/1.
	wasm_module_bytes: — the module size cap. The default is 1 MiB. The hard ceiling is 16 MiB.

F3.schema/1, F3.metadata/1, and F3.inspect/2 take max_metadata_bytes:. The default is 16_777_216. A claimed footer larger than that cap is :resource_limit and is not allocated. F3.inspect/2 also takes detail: (a boolean) and format: (:text or :json).
Writer options
F3.Writer.open/2 takes:
	schema: — a keyword list or an %F3.Schema{}. Required.
	compression: — :uncompressed (the default), :zstd, or :lz4.
	row_group_rows: — start a new row group after at least this many rows.
	iounit_bytes: — default 8 MiB. A value above 64 MiB is :resource_limit.
	checksum: — true stores a per-IOUnit xxHash. The default is false.

A bare type such as :int64 is non-null. {type, null: true} is nullable. An unknown option, including source:, is :invalid_argument and creates no file.
Native decoder
Row reads and local writes need a native build. Metadata inspection does not. A Hex package downloads precompiled NIFs for macOS Apple silicon and Linux x86_64. This checkout compiles them with:
F3_BUILD_NATIVE=1 mix compile

The decoder and the writer use two different Rust nightlies. The commands, and what each nightly is for, are in Building from source. Without that build, F3.read/2 returns :native_unavailable and a valid F3.Writer.open/2 returns :not_implemented. Neither call creates a file or reads the payload.


  

    F3 in detail

You do not need the byte layout to read a file. This page is the map behind F3.inspect/2, so a size or a checksum in the output has a place to land.
The writer appends a 32-byte postscript. The last two bytes are F3. The fields, from the start of those 32 bytes, are metadata size, footer size, footer compression, checksum type, data checksum, schema checksum, major version, minor version, and the magic. Integers are little-endian. This library accepts major 0 and minor 1 only.
The committed test/fixtures/small.f3 is 4168 bytes. Its postscript starts at offset 4136. Metadata size is 1168. Footer size is 792. Footer compression is uncompressed. The checksum type is xxHash. The data checksum is 0x5415D4C0F14C1F51 and the schema checksum is 0xA2D956A3E70080C2. F3.inspect/2 prints those values. It does not recompute them.
flowchart BT
  magic["bytes 30..31: F3"]
  version["bytes 26..29: major, minor"]
  sums["bytes 10..25: data and schema checksums"]
  flags["bytes 8..9: compression, checksum type"]
  sizes["bytes 0..7: metadata size, footer size"]
  footer[Footer FlatBuffers]
  cols[Column metadata, out of band]
  data[Row group IOUnits and EncUnits]
  magic --> version --> sums --> flags --> sizes --> footer --> cols --> data
The footer is a FlatBuffers table. It holds the Arrow schema, the row-group counts, and pointers. Column chunk metadata sits outside the footer, at offsets the footer names. A row group is a horizontal slice of the table. Inside it, an IOUnit is the unit of I/O and an EncUnit is the unit of encoding. The default writer uses an 8 MiB IOUnit and a 65536-value EncUnit. small.f3 is shorter than one IOUnit. The metadata still describes the units.
CASCADE is the Vortex encoding. CUSTOM_WASM is an encoding unit that stays opaque unless you pass wasm: :sandbox or register an Elixir decoder. The inspector records a Wasm section as an offset. It does not execute it.
Types
The writer in this library accepts:
	signed int64 and int32
	unsigned int64, int32, int16, and int8
	float64 and float32
	bool and utf8
	nullable forms of those primitives
	lists and structs of those primitives

A field you read back uses the same names. A type the footer names and this library does not claim becomes {:unsupported, id} on the schema. That alone does not reject the file. Decoding a shared dictionary is refused. Signed int8 and int16, float16, plain binary, decimal, dates, timestamps, maps, and Arrow dictionary columns are outside this version.
What a read returns
F3.read/2 returns a list of %F3.Batch{}. Each batch holds columns keyed by field name. F3.Batch.to_rows/1 zips one batch into maps. Keep the columns when the file is large. The reading page is the call. The writing page is the reverse direction.


  

    Writing

F3.Writer writes one local file. It checks the schema in Elixir, sends batches to an out-of-process helper, and renames a temp file onto the destination when you close the writer. The rename is local-filesystem behavior. There is no remote write.
The helper is present only after the native build in Configuration. Without it, a valid open/2 returns :not_implemented and creates no file.
{:ok, writer} =
  F3.Writer.open("trades.f3",
    schema: [trade_id: :int64, symbol: :utf8, price: {:float64, null: true}],
    compression: :zstd,
    checksum: true
  )

:ok =
  F3.Writer.write(writer, [
    %{"trade_id" => 1, "symbol" => "aaa", "price" => 10.5},
    %{trade_id: 2, symbol: "bbb", price: nil}
  ])

{:ok, writer} = F3.Writer.close(writer)
schema: is required. A bare :int64 is non-null. {:float64, null: true} is nullable. Row maps may use atom or string keys. A missing key is null only when the field is nullable. An integer outside the field width is :invalid_type. A binary that is not UTF-8 is :invalid_argument. An empty batch is accepted and does not call the helper.
compression: is :uncompressed (the default), :zstd, or :lz4. iounit_bytes: defaults to 8 MiB and is rejected above 64 MiB as :resource_limit. row_group_rows: starts a new row group after at least that many rows. checksum: true stores a per-IOUnit xxHash.
You can also pass an %F3.Batch{} to write/2, or an %F3.Schema{} as schema:. A second close/1 returns the same closed handle.
This library does not write Wasm into the file. After a successful close, F3.open/2 and F3.read/2 on that path are the check that the file round-trips. F3.read/2 still needs the native decoder.


  

    Reading

F3.read/2 reads the selected row groups into columnar batches. One native call decodes a whole encoding unit. Elixir then slices that column to batch_size rows. The default is 8192. The committed fixtures are smaller than one unit, so a row group becomes one batch unless you set batch_size lower.
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, batches} = F3.read(file, columns: ["symbol", "price"], batch_size: 2)
{:ok, rows} = F3.Batch.to_rows(hd(batches))
{:ok, file} = F3.close(file)
columns: names top-level fields. Omit it to read every top-level field. An unknown name returns :invalid_projection. row_groups: is a list of zero-based indexes. Omit it to read every row group.
rows is a list of maps. Nested values are maps and lists. Nulls are nil. For a large file, keep batch.columns and skip to_rows/1. The keys of batch.columns are the field names you asked for.
These calls need the native decoder. Without it, F3.read/2 returns {:error, %F3.Error{category: :native_unavailable}} and does not read the payload. F3.schema/1 still returns the footer schema on that build.
A missing file is :not_found. A closed handle is :closed. A bad option is :invalid_argument. A wire version other than 0.1 is :unsupported_version. A short file is :truncated. A footer that does not describe the file is :corrupt_metadata. A shared dictionary is :unsupported_encoding. These are {:error, %F3.Error{}} values. They do not raise.
CUSTOM_WASM is :unsupported_encoding unless you pass wasm: :sandbox or register a decoder. Both are covered in Wasm and Decoders. Checksums are printed by F3.inspect/2. A chunk checksum is verified only when the footer stored one. The eight committed fixtures store none.
F3.stream/2 is the same selection, pulled lazily. That is the next page.


  

    Streaming

F3.stream/2 returns a lazy stream of batches. It uses the same options as F3.read/2. The stream does not pread until the first pull. Enum.take/2 stops further reads. You still call F3.close/1. The stream does not close the file.
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, stream} = F3.stream(file, columns: ["trade_id"], batch_size: 1024)

stream
|> Enum.take(1)
|> Enum.each(fn batch ->
  {:ok, _rows} = F3.Batch.to_rows(batch)
end)

{:ok, file} = F3.close(file)
The first pull reads the footer. Later pulls read encoding units. A pull that cannot decode throws {:f3, %F3.Error{}}. Wrap the consumption in try when you need that error as a value.
Without the native decoder, F3.stream/2 returns {:error, %F3.Error{category: :native_unavailable}}. It does not return a stream. The message is "native decoder is not loaded".
Pass the stream to Stream or Flow only after {:ok, stream}. A batch is columnar. Convert with F3.Batch.to_rows/1 at the edge where a consumer needs maps. Interoperability shows that handoff.


  

    Decoders

A CASCADE encoding unit is decoded by the native library. That is the default path for the committed fixtures. You do not register anything for those files.
An F3 file can also name an encoding this library does not implement. You can supply an Elixir module for that encoding. The file does not name the module. You do.
defmodule TradeCount do
  @behaviour F3.Extension

  @impl true
  def decode(_bytes, _metadata, :i64) do
    F3.Column.from_native(:i64, 1, <<9::little-64>>, nil)
  end

  def decode(_bytes, _metadata, _type) do
    {:error, F3.Error.unsupported_encoding(:decode, "only int64")}
  end
end

key = %{
  encoding: :custom_wasm,
  version: %{major: 1, minor: 0, patch: 0},
  compression: :uncompressed
}

{:ok, registry} = F3.Registry.start_link()
:ok = F3.Registry.register(registry, key, TradeCount)

{:ok, file} = F3.open("trades.f3")
{:ok, batches} = F3.read(file, extensions: registry)
decode/3 receives the encoded bytes, a metadata map, and the physical type. The metadata map has :encoding, :version (%{major, minor, patch}), :wasm_id, and :compression. Return {:ok, column} or {:error, %F3.Error{}}. An extension error is returned to you. The reader does not fall through into Wasm.
F3.Registry.start_link/1 takes capacity:, default 64, maximum 1024. Pass that pid as extensions:. Two reads share registrations only when you pass the same pid. A registration that sets :wasm_id matches only that id. A registration that omits it matches any id, after an exact id is tried.
The native CASCADE decoder still runs for a CASCADE unit whose version this build accepts. The extension path is the one you registered.


  

    Wasm

Wasm stays off until you ask for it. F3.inspect/2, F3.schema/1, and F3.metadata/1 never execute a module. A Wasm section in the footer is an offset and a size.
{:ok, batches} = F3.read(file, wasm: :sandbox)
wasm: :off is the default. A CUSTOM_WASM unit then returns :unsupported_encoding and the module bytes are not read. wasm: :sandbox is the only other accepted value. It runs that module for the encoding unit that names it.
The host limits are fixed:
	fuel is 5_000_000 instructions
	linear memory is 8 MiB
	a module is at most 1 MiB unless you raise wasm_module_bytes:
	wasm_module_bytes: cannot exceed 16 MiB

An omitted wasm_id selects module 0. Fuel exhaustion and the memory cap return :resource_limit. A module above the cap returns the same category. A panic or a corrupt unit returns :corrupt. These limits apply only after you opt in, and only when the native decoder is compiled.
This library does not fetch lib_urls. It does not generate Wasm, and the writer does not embed a module. If you would rather decode that unit in Elixir, register an F3.Extension and pass extensions: as described in Decoders. An extension that matches does not fall through into the sandbox.


  

    Interoperability

A decoded batch is an Elixir term. batch.columns maps a field name to an F3.Column. F3.Batch.to_rows/1 turns one batch into a list of maps. Integers, floats, booleans, UTF-8 binaries, lists, and maps are the values. Nulls are nil.
This library does not return Arrow arrays, Explorer frames, Nx tensors, or Zarr stores. It does not read or write Parquet. The Arrow schema in the footer is metadata. F3.schema/1 returns that schema so you can name fields and types. The column bytes do not cross the native boundary as Arrow buffers.
ex_arrow and ExZarr are not dependencies of :f3, and this page does not call them. The values below are what you would hand to an Arrow or Zarr library after a read: one column of integers, floats, booleans, or binaries, already owned by Elixir.
Streams
F3.stream/2 is already lazy. Turn a batch into rows at the edge that needs maps:
{:ok, stream} = F3.stream(file, columns: ["price"])

prices =
  stream
  |> Stream.flat_map(fn batch ->
    {:ok, rows} = F3.Batch.to_rows(batch)
    Stream.map(rows, & &1["price"])
  end)
That {:ok, stream} requires the native decoder. A failed pull throws {:f3, %F3.Error{}}.
Flow
Flow.from_enumerable/1 accepts that same stream. Partition only after you know the file is large enough to pay for it. Close the F3.File when the flow finishes. The flow does not own the handle.
{:ok, stream} = F3.stream(file)

symbols =
  stream
  |> Flow.from_enumerable()
  |> Flow.flat_map(fn batch ->
    {:ok, rows} = F3.Batch.to_rows(batch)
    Enum.map(rows, & &1["symbol"])
  end)
  |> Enum.to_list()
Explorer and Nx
Explorer and Nx are separate packages. A list of row maps is the input their constructors already accept. Build it from a batch you have already decoded:
{:ok, rows} = F3.Batch.to_rows(batch)

frame = Explorer.DataFrame.new(rows)
prices = Nx.tensor(Enum.map(rows, & &1["price"]))
Prefer batch.columns when you only need one numeric column and the row count is large. F3.Column.value/2 reads one row. Walking every row into a list, then into Nx, copies the column. Do that at the boundary, not inside the read loop, and only for a column that fits in memory.
Arrow and Zarr
The footer schema is an Arrow IPC schema. A caller that builds Arrow arrays uses the field names from F3.schema/1 and the Elixir values from F3.Column or to_rows/1. A caller that writes Zarr uses those same column values as the chunk payload. This library does not open a Zarr store, and it does not call an Arrow C interface. Parquet remains a different file. Nothing in F3.open/2 or F3.Writer reads or writes one.


  

    Status and roadmap

Library version 0.1.0. The only accepted wire version is major 0, minor 1. Hex has not published this package. A tag matching that version builds precompiled NIFs for macOS Apple silicon and Linux x86_64 and can publish them. That publish has not been run. In this checkout, row reads and local writes need F3_BUILD_NATIVE=1.
This version
	Area	Status
	Open and close a local file or a memory binary	implemented
	HTTP range read	implemented, opt-in, no redirects
	Postscript, schema, and footer metadata	implemented
	Read rows, project, and stream	implemented when the native decoder is compiled
	Write a local file	implemented when the native writer is compiled
	Embedded Wasm	opt-in with wasm: :sandbox

This version includes:
	opening a local file, an in-memory binary, or an opt-in HTTP range source
	postscript and footer inspection, including schema and checksums
	row reads and streams through the Vortex decoder, with column and row-group selection
	a local writer for the types in F3 in detail, in a separate process
	opt-in Wasm for CUSTOM_WASM

Later
Still outside this version:
	the first publish to Hex (the workflow is in the repository and has not been run)
	shared dictionaries
	signed int8 and int16, float16, plain binary, decimal, dates, timestamps, maps, and Arrow dictionary columns
	writes to a remote URL, and fetches of footer lib_urls
	a required MinIO job, or a benchmark gate in CI
	Linux arm64 and upstream's Intel Debian 12 image, which have not been run here

Wasm generation stays off. The writer does not gain a remote path in this version.
The feature matrix is the contributor checklist, with the test that backs each row. Architecture is the component map.


  

    Architecture

The library owns the byte-source lifecycle, the postscript, the footer, and the public read API. Rust decodes one CASCADE encoding unit at a time and returns owned Elixir terms. Arrow buffers do not cross the NIF. Wasm runs only when a read passes wasm: :sandbox.
flowchart LR
  Read[F3.read or F3.stream]
  Meta[F3.Footer]
  Slice[pread one EncUnit]
  Nif[dirty CPU NIF]
  Batch[F3.Batch]
  Read --> Meta --> Slice --> Nif --> Batch
Components
F3 is the public module. open/2 builds an F3.File around F3.IO.Local, F3.IO.Memory, or F3.IO.HTTP. The HTTP source is opt-in. It sends one HEAD, then one ranged GET per pread/3, and it does not follow redirects. close/1 returns the updated handle and is idempotent on that handle. schema/1, metadata/1, and inspect/2 decode the tail when the handle is open. read/2 returns columnar batches. stream/2 returns a stream and does not pread until the first pull.
F3.Format holds the pinned magic, the 32-byte postscript layout, and compatible?/2. The only accepted wire version is 0.1. F3.Postscript reads that layout, rejects a short tail, a bad magic, any other version, a compressed footer, and a claimed size past the file or past max_metadata_bytes:. The default cap is 16 MiB and is an argument, not a process global.
F3.FlatBuffer walks one buffer: root offset, vtable, scalars, strings, vectors, and unions. Offsets are checked against the buffer length. Depth and the number of visited tables are capped. F3.Footer turns the footer and the out-of-band column-metadata roots into F3.Schema, F3.Metadata, and F3.RowGroup. Arrow types the fixtures do not use become {:unsupported, id} and do not fail the file. Wasm section offsets are recorded and the bytes are not read. Checksums are recorded and not verified.
F3.Batch stores columns keyed by logical field name. to_rows/1 zips them into maps and is the convenience path. F3.Writer checks arguments in Elixir, then streams batches to an out-of-process f3_write helper. The helper is fff-poc's FileWriter on nightly-2025-02-24. close/1 renames a temp file in the destination directory onto the path. That rename is local-filesystem behavior. Without F3_BUILD_NATIVE=1, a valid open/2 returns :not_implemented and creates nothing.
F3.Reader selects columns and row groups, checks a chunk checksum when the footer stored one, and slices a decoded unit to batch_size (default 8192). F3.Logical stitches unnamed physical columns into the logical tree. F3.Native is compiled only when F3_BUILD_NATIVE=1. decode_encunit/3 and decode_wasm/5 run on the dirty CPU scheduler. The crate calls Vortex, Arrow, and Wasmtime 28. It does not link fff-poc and it does not install a global allocator. Without the NIF, a CASCADE read returns :native_unavailable. A CUSTOM_WASM read with wasm: :off returns :unsupported_encoding without the NIF. Metadata inspection still does not execute a module.
There is no Application callback, no supervision tree, and no process registry. See decisions/0001-hybrid-elixir-rust.md.
What stays off
Wasm stays opt-in. A shared dictionary is still :unsupported_encoding. A local dictionary is gathered in Elixir after the NIF returns the values and the indexes. lib_urls stay unread. An HTTP source does not fetch them and does not follow redirects. The writer does not embed Wasm and does not write to a remote URL.
Fixture path
scripts/fixtures/generate.sh clones the pinned commit into gitignored tmp/upstream-f3, copies scripts/fixtures/generator/src/main.rs to fff-poc/src/bin/f3_fixture_gen.rs in that checkout, and builds it with cargo build --locked. scripts/fixtures/dump_metadata.sh runs the pinned reader once and writes test/fixtures/golden/*.json. mix test checks the manifest and those JSON files. It does not compile upstream.


  

    Examples

These are the calls a caller actually makes. The native decoder is required where a step reads or writes rows. Metadata, options that fail early, and an Elixir extension run on every build.
The Livebook docs/examples.livemd runs the same cases from the repository root. Its cells stay on results that do not need the native decoder, so mix test can execute them.
Inspect a file
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, text} = F3.inspect(file, detail: false, format: :text)
{:ok, file} = F3.close(file)
text includes schema: trade_id int64, symbol utf8, price float64. mix f3.inspect test/fixtures/small.f3 prints the same summary.
Project one column
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, [batch]} = F3.read(file, columns: ["symbol"])
{:ok, rows} = F3.Batch.to_rows(batch)
{:ok, file} = F3.close(file)
rows is [%{"symbol" => ...}, ...] when the native decoder is compiled. Without it, F3.read/2 returns :native_unavailable and does not read the payload.
Write a local file and read it back
path = "tmp/trades.f3"

{:ok, writer} =
  F3.Writer.open(path,
    schema: [trade_id: :int64, symbol: :utf8],
    compression: :uncompressed
  )

:ok = F3.Writer.write(writer, [%{trade_id: 1, symbol: "aaa"}])
{:ok, _writer} = F3.Writer.close(writer)

{:ok, file} = F3.open(path)
{:ok, [batch]} = F3.read(file)
{:ok, [%{"trade_id" => 1, "symbol" => "aaa"}]} = F3.Batch.to_rows(batch)
{:ok, _file} = F3.close(file)
Without the native writer, F3.Writer.open/2 with a valid schema returns :not_implemented and creates no file. A missing schema returns :invalid_argument on every build.
An HTTP URL that is refused
{:error, error} = F3.open("unused", source: {:http, "ftp://example.test/trades.f3"})
error.message is "http url must be http or https". No request is sent. A partial set of signing keys fails the same way, before HEAD. Redirects from a real server are :io with reason :redirect.
An Elixir decoder
Register the module, then pass the registry pid. The sample ignores the unit bytes and returns one int64. A file read still needs a file that names this encoding, and the native decoder for the rest of the file.
defmodule Example.TradeCount do
  @behaviour F3.Extension

  @impl true
  def decode(_bytes, _metadata, :i64) do
    F3.Column.from_native(:i64, 1, <<9::little-64>>, nil)
  end

  def decode(_bytes, _metadata, _type) do
    {:error, F3.Error.unsupported_encoding(:decode, "only int64")}
  end
end

{:ok, registry} = F3.Registry.start_link(capacity: 1)

:ok =
  F3.Registry.register(
    registry,
    %{encoding: :custom_wasm, version: %{major: 1, minor: 0, patch: 0}},
    Example.TradeCount
  )
examples/tutorial_01.exs through examples/tutorial_09.exs are longer scripts. mix test runs them. They cover the file layout, a first read, streaming, writing, Wasm, Arrow and Parquet as jobs, and the recorded benchmark.


  

    F3 examples

Library version 0.1.0. Wire version 0.1. Work through these cells from the repository root. They follow the user guide: open a file, inspect it, project a column, write, refuse a bad HTTP URL, and register a decoder.
small.f3 has three rows and one row group. The fields are trade_id (int64), symbol (utf8), and price (float64). None of them are nullable.
Row decoding needs the native decoder. On the default build, F3.read/2 and F3.stream/2 return :native_unavailable and do not read the payload. The cells below check that result, so they pass without Rust.
Inspect a file
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, schema} = F3.schema(file, max_metadata_bytes: 1_048_576)
["trade_id", "symbol", "price"] = Enum.map(schema.fields, & &1.name)
{:ok, text} = F3.inspect(file, detail: false, format: :text)
true = text =~ "schema: trade_id int64, symbol utf8, price float64"
{:ok, meta} = F3.metadata(file)
{0, 1, 1} = {meta.major_version, meta.minor_version, length(meta.row_groups)}
{:ok, closed} = F3.close(file)
true = closed.closed
Project one column
columns: selects top-level fields. batch_size: slices a decoded unit. Without the native decoder the call returns before any payload read. A missing file is :not_found.
{:ok, file} = F3.open("test/fixtures/small.f3")
{:error, read_error} = F3.read(file, columns: ["symbol"], batch_size: 2, wasm: :off)
:native_unavailable = read_error.category
{:error, stream_error} = F3.stream(file, row_groups: [0])
"native decoder is not loaded" = stream_error.message
{:error, missing} = F3.open("missing-file.f3")
:not_found = missing.category
:ok = F3.close(file) |> elem(0)
A batch you already hold
When a read succeeds, you keep batch.columns or call F3.Batch.to_rows/1. This cell builds the column in Elixir so it runs on every build.
{:ok, ids} = F3.Column.from_native(:i64, 2, <<1::little-64, 2::little-64>>, nil)
2 = F3.Column.value(ids, 1)
true = F3.Column.matches?(ids, :integer)
sliced = F3.Column.slice(ids, 1, 1)
2 = F3.Column.value(sliced, 0)
field = %{name: "id", type: {:int, 64, true}, nullable: false}
batch = %F3.Batch{
  columns: %{"id" => ids},
  num_rows: 2,
  schema: %F3.Schema{fields: [field]}
}
{:ok, [%{"id" => 1}, %{"id" => 2}]} = F3.Batch.to_rows(batch)
"int64" = F3.Schema.type_label(field.type)
Write options that fail before a file exists
A missing schema, an unknown option, and an IOUnit above 64 MiB create nothing. Those checks are the same whether or not the native writer is compiled. A valid schema on the default build returns :not_implemented and also creates nothing.
{:error, missing_schema} = F3.Writer.open("unused.f3", [])
"schema is required" = missing_schema.message

{:error, unknown} =
  F3.Writer.open("unused.f3", schema: [id: :int64], source: :remote)

"unknown option source" = unknown.message

{:error, limited} =
  F3.Writer.open("unused.f3",
    schema: [price: {:float64, null: true}],
    iounit_bytes: 64 * 1024 * 1024 + 1
  )

:resource_limit = limited.category
{:error, closed} = F3.Writer.close(:nope)
:not_implemented = closed.category
A memory source
source: {:memory, binary} does not open path. pread/3 returns at most length bytes. A start at or past the end is an empty binary.
{:ok, file} = F3.open("unused", source: {:memory, <<1, 2, 3, 4>>})
{:ok, state} = F3.IO.Memory.open(<<1, 2, 3, 4>>)
{:ok, 4} = F3.IO.Memory.size(state)
{:ok, <<2, 3>>} = F3.IO.Memory.pread(state, 1, 2)
{:ok, <<>>} = F3.IO.Memory.pread(state, 4, 2)
{:ok, closed} = F3.IO.Memory.close(state)
{:error, error} = F3.IO.Memory.size(closed)
:closed = error.category
:memory = file.origin
An HTTP URL that is refused
Redirects are refused. A URL that is not http or https fails before a request. A partial signing key set fails the same way. The secret is not stored on the error.
{:error, url_error} = F3.open("unused", source: {:http, "ftp://example.test/trades.f3"})
"http url must be http or https" = url_error.message

{:error, keys} =
  F3.IO.HTTP.open("http://example.test/trades.f3", bucket: "trades", timeout_ms: 1_000)

"signed request needs endpoint, bucket, key, region, access_key, and secret_key" =
  keys.message
A decoder you register
The file does not name an Elixir module. You register one and pass that pid as extensions:. An extension error does not fall through into Wasm.
defmodule F3.Examples.TradeCount do
  @behaviour F3.Extension

  @impl true
  def decode(_bytes, _metadata, :i64) do
    F3.Column.from_native(:i64, 1, <<9::little-64>>, nil)
  end

  def decode(_bytes, _metadata, _type) do
    {:error, F3.Error.unsupported_encoding(:decode, "only int64")}
  end
end

key = %{
  encoding: :custom_wasm,
  version: %{major: 1, minor: 0, patch: 0},
  compression: :uncompressed
}

{:ok, column} = F3.Examples.TradeCount.decode(<<1>>, Map.put(key, :wasm_id, nil), :i64)
9 = F3.Column.value(column, 0)
{:ok, pid} = F3.Registry.start_link(capacity: 1)
:ok = F3.Registry.register(pid, key, F3.Examples.TradeCount)
{:ok, F3.Examples.TradeCount} = F3.Registry.lookup(pid, Map.put(key, :wasm_id, 0))
:ok = F3.Registry.unregister(pid, key)
:error = F3.Registry.lookup(nil, key)
Wire version
Chunk checksums use XXH64 with seed 0. A nil checksum means the footer stored none. This library accepts wire version 0.1 only.
15154266338359012955 = F3.Checksum.xxh64("a")
15154266338359012955 = F3.Checksum.xxh64("a", 0)
:ok = F3.Checksum.verify("a", nil)
{:error, mismatch} = F3.Checksum.verify("a", 1)
:checksum = mismatch.category
true = F3.Format.compatible?(0, 1)
false = F3.Format.compatible?(0, 2)
32 = F3.Format.postscript_size()
"F3" = F3.Format.magic()


  

    Building from source

Elixir 1.20.2 and OTP 28. The default mix test does not compile Rust. Metadata tests and the user-guide examples that avoid F3.read/2 run on that build.
mix deps.get
mix test
mix ci

mix ci is the required CI job: format, compile with warnings as errors, Credo, tests with coverage, and docs. It stops at the first failing step. The test step stops at the first failed test and requires 90% line coverage.
A git checkout compiles Rust only when F3_BUILD_NATIVE=1. Hex has not been published.
Releases
Pushing a tag vX.Y.Z that matches @version in mix.exs runs .github/workflows/ci.yml. That is the same workflow as a pull request. After the tests pass, the decode job packages the NIF and the f3_write helper:
	aarch64-apple-darwin on macos-15
	x86_64-unknown-linux-gnu on ubuntu-latest

The NIF archive is libf3_native-vVERSION-nif-2.17-TARGET.so.tar.gz. OTP 28 uses NIF version 2.17. The writer archive is f3_write-vVERSION-TARGET.tar.gz. The release job in .github/workflows/ci.yml attaches those archives to the GitHub release. The publish job then writes checksum-Elixir.F3.Native.exs and checksum-f3_write.exs and runs mix hex.publish. A local mix hex.publish --dry-run omits those files. The publish job writes them first, and the package list picks up whatever checksum-*.exs files are present. It sets F3_SKIP_NATIVE_FETCH=1 so that publish packages the checksums without downloading the archives again. The repository secret HEX_API_KEY is required. Those checksum files are not in git. A Hex install downloads the archives for the two targets above. F3_BUILD_NATIVE=1 still compiles from source, including for any other target.
F3_BUILD_NATIVE=1 mix compile
F3_BUILD_NATIVE=1 mix test --only native

The NIF build calls rustup's nightly-2025-11-15 binaries even when asdf or Homebrew puts a stable cargo earlier on PATH. The writer is a separate f3_write binary. That build fetches pinned fff-poc at bd92506447dc1333820cfe9a34ebbf497fe0219e and compiles it with nightly-2025-02-24. The NIF decodes one CASCADE encoding unit on the dirty CPU scheduler and, only when Elixir asks, one Wasm module with Wasmtime 28. It does not link fff-poc and it does not install a global allocator. Mix recompiles F3.Native when the flag changes. The default mix test excludes the native tests and does not invoke cargo.
scripts/bench.exs times F3.read/2 and F3.stream/2 on the committed fixtures. It does not download data and it is not a CI gate. mix test excludes the :minio tag unless F3_MINIO=1.
Regenerate fixtures with scripts/fixtures/generate.sh. That script clones the pinned upstream commit, builds fff-poc with Rust nightly-2025-02-24, and rewrites test/fixtures/. It is not part of mix test.
The wire-format pin is in upstream compatibility. The component map is in architecture. The test record is in docs/test-reports/.


  

    Changelog

This library's version is independent of the upstream F3 wire version. Nothing here has been published to Hex.
[0.1.0] - Unreleased
Experimental scaffold. Schema and footer metadata are decoded. CASCADE row reads and local writes need the optional native build. Wasm stays opt-in.
Added
	Public contracts for F3.open/2, F3.close/1, F3.schema/1, F3.metadata/1, F3.read/2, F3.stream/2, and F3.inspect/2.
	F3.Error, F3.File, F3.Schema, F3.Metadata, F3.RowGroup, and F3.Batch.
	Local and in-memory byte sources with positioned reads.
	Pinned compatibility with upstream F3 commit bd92506447dc1333820cfe9a34ebbf497fe0219e (wire version 0.1). Any other wire version is rejected by F3.Format.compatible?/2.
	Optional f3_native Rustler scaffold, compiled only when F3_BUILD_NATIVE=1.
	Fixtures generated by the pinned upstream writer, with a checksum manifest.
	Draft tutorials 1 and 2, technically reviewed against the pinned schema and the SIGMOD 2025 paper.
	F3.Postscript decodes the 32-byte tail, enforces a metadata size cap, and reports checksums without verifying them.
	F3.schema/1, F3.metadata/1, and F3.inspect/2 decode the Arrow IPC schema, row groups, column chunks, and encoding units. mix f3.inspect prints that text.
	Golden metadata JSON from the pinned upstream reader, under test/fixtures/golden/.
	Draft tutorial 3. Tutorial 2 now includes the real inspect output of small.f3.
	Credo, and mix ci for the required CI checks. The alias stops at the first failure and runs mix test --cover with a 90% threshold.
	Mox doubles for F3.IO.Source, F3.IO.FileSystem, and F3.Decoder. The default suite covers projection, batching, and laziness without Rust.
	F3.read/2, F3.stream/2, and F3.Batch.to_rows/1. One dirty-CPU NIF call decodes a CASCADE EncUnit. Elixir projects columns, selects row groups, stitches nested fields, gathers a local dictionary, and slices to batch_size (default 8192).
	The NIF depends on Vortex c0d89a66cbaa542bd9aa277cfdf52f2728c4b37a and Arrow 53.3.0. It does not link fff-poc and it does not install a global allocator. The crate pins Rust nightly-2025-11-15.
	Golden row JSON from one local run of the pinned reader, except dictionary.f3, which that reader rejects with Incorrect type of indices. The native test compares the other seven files to that JSON and all eight to the manifest.
	Tutorials 3 and 4 are technically reviewed. Tutorial 4 covers streaming and projection. There is no benchmark table.
	Opt-in Wasmtime 28 host for decode_general_ffi, major ABI 1 only, with module, memory, and fuel caps. wasm: :off does not read the WASMBinaries section. lib_urls are not fetched.
	F3.Extension and F3.Registry. An extension match does not fall through into Wasm. Registries are not shared unless the caller passes the same pid.
	test/fixtures/custom_wasm.f3 from the pinned writer after building fff-ude-example-fff for wasm32-wasip1. small.f3 stays on the Vortex NIF.
	Tutorial 6 is technically reviewed. The default script path leaves Wasm off.
	F3.Writer writes a local file through an out-of-process fff-poc helper on nightly-2025-02-24. The NIF does not link fff-poc. close/1 renames a temp file onto the destination. Without F3_BUILD_NATIVE=1, a valid open returns :not_implemented and creates nothing.
	Tutorial 5 is technically reviewed. The default script path prints that the writer is not loaded.
	F3.IO.HTTP reads an object with one HEAD and ranged GETs. Redirects are refused. lib_urls are not fetched. SigV4 is used only when the six signing options are set. The writer stays on a local temp file.
	scripts/bench.exs records wall time for the committed fixtures. It does not download data and it is not a CI check.
	Hex files includes the writer helper sources and the native lockfile. The library version is 0.1.0. Hex has not been published.
	Release workflows build precompiled NIFs and f3_write for aarch64-apple-darwin and x86_64-unknown-linux-gnu, then publish to Hex when HEX_API_KEY is set. A git checkout has no checksum file, so the default build stays rust-free.
	Tutorials 7–9 are technically reviewed. They are not ready to publish.



  

    Upstream compatibility

Inspection time: 2026-11-03T00:44:04Z. main was bd92506447dc1333820cfe9a34ebbf497fe0219e ("fix: format and some lints issues (#1)", committer date 2025-11-03T03:34:41Z). This build pins that full SHA. If upstream main moves, change the pin, regenerate fixtures, and update this file. Do not keep a stale SHA.
Identity
	Item	Value
	Repository	https://github.com/future-file-format/F3
	Commit	bd92506447dc1333820cfe9a34ebbf497fe0219e
	License	MIT, copyright 2025 Xinyu Zeng and Ruijun Meng
	Paper	Zeng et al., Proc. ACM Manag. Data 3(4), Article 245, SIGMOD 2025, https://doi.org/10.1145/3749163
	Upstream status	Research prototype. README: tested on Intel Debian 12, not for production. format/File.fbs says the definition is subject to change.
	Wire version	MAJOR_VERSION = 0, MINOR_VERSION = 1 in fff-format/src/lib.rs
	This library	Elixir package f3, namespace F3. Not the future-file-format project. Hex package f3 returned HTTP 404 on 2026-11-03. Not published.

Toolchain observed at the pin
rust-toolchain.toml selects nightly-2025-02-24 and the extra targets x86_64-unknown-linux-gnu and wasm32-wasip1. It does not list aarch64-apple-darwin. On this machine rustup installed nightly-2025-02-24-aarch64-apple-darwin (rustc 1.87.0-nightly, 2025-02-23) because the host is Apple Silicon. Upstream does not claim that host.
fff-poc/src/lib.rs enables #![feature(new_range_api)] and installs mimalloc as a global allocator. That combination is a reason not to link fff-poc into the BEAM. native/f3_native does not depend on fff-poc and does not install a global allocator.
The CASCADE decoder does not build on stable Rust. A stable 1.97.1 cargo check stops in fastlanes on #![feature(generic_const_exprs)]. nightly-2025-02-24 (rustc 1.87.0-nightly) cannot compile this crate either: Rustler 0.38.0 declares rust-version = "1.91", and a fresh crates.io resolve pulls croaring 2.9.0 (rust-version 1.95) plus icu_*, gimli, and backtrace crates that want 1.88. A current nightly (rustc 1.101.0-nightly, 2026-10-15) still accepts Vortex's feature gates, then fails in vortex-fastlanes because rust#149127 (merged 2025-11-21) changed ArrayChunks::into_remainder from Option<array::IntoIter> to array::IntoIter.
native/f3_native/rust-toolchain.toml therefore pins nightly-2025-11-15 (rustc 1.93.0-nightly, 2025-11-14). That nightly is after Rust 1.91 and before the into_remainder change. The crate also pins chrono = "=0.4.39" (0.4.45 adds Datelike::quarter, which collides with arrow-arith 53.3.0) and croaring = "=2.1.0" (the version in the upstream lock; 2.1.0 does not require Rust 1.95). On that toolchain the NIF decodes the first uncompressed int64 EncUnit of small.f3 (offset 0, size 1664) to the values 1, 2, and 3. The loaded dylib is arm64 and exports neither fff-poc nor mimalloc.
Workspace crates.io pins used by the writer include Arrow and Parquet 53.0.0 and FlatBuffers 24.3.25. The upstream Cargo.lock resolves arrow-array to 53.3.0; crates.io does not offer arrow-buffer 53.0.0 (53.3.0 and 53.4.1 are the selectable releases). f3_native pins arrow-array = "=53.3.0". Vortex and Lance come from https://github.com/XinyuZeng/vortex.git revision c0d89a66cbaa542bd9aa277cfdf52f2728c4b37a and https://github.com/XinyuZeng/lance.git revision ff922b192422d5a4da8f3384e0a019925f4f339f. The only git submodule is third_party/flatbuffers, used to build flatc.
A freestanding Cargo package that path-depends on fff-poc resolves those version ranges to newer crates that do not compile on this nightly. Fixture generation and the Stage 4 writer therefore build inside the upstream workspace and its Cargo.lock.
Writer
FileWriter lives only in fff-poc (fff-poc/src/writer.rs). There is no FileWriterV2 and no path API. The caller supplies Write + Seek. try_new writes nothing. write_batch encodes one Arrow RecordBatch. finish consumes the writer, flushes encoders, writes the footer, and only then writes the 32-byte postscript and the F3 magic. A failed finish leaves whatever bytes were already flushed. The type does not rename or delete a path.
Default options from FileWriterOptionsBuilder::with_defaults: IOUnit 8 MiB, encoding_unit_len 65536, one row group (row_group_size = u64::MAX), checksum type xxHash, write_built_in_wasm false, EncoderDictionary, IOUnit checksums off, compression Uncompressed. encoding_unit_len is stored and not read. custom_encunit_len is marked unfinished. This library does not expose either. A batch can overshoot row_group_size because the check runs after the batch is encoded. Compression after Vortex is Uncompressed, Lz4 (lz4_flex), or Zstd. The stored encoding is CASCADE at version 0.21.0. write_built_in_wasm stays false. No custom Wasm options are set.
create_logical_encoder accepts the non-nested Arrow primitives, List/LargeList, and Struct. Map is todo!. This library's reader can round-trip signed int64 and int32, unsigned int64, int32, int16, and int8, float64, float32, bool, utf8, lists of those, and structs of those, including nulls. The writer claims that set only. It does not claim signed int8 or int16, float16, binary, decimal, dates, timestamps, map, an Arrow dictionary type, or a shared dictionary.
The helper is a separate process. fff-poc installs mimalloc as a global allocator and pulls reqwest through object_store, and Rustler 0.38 does not build on nightly-2025-02-24. native/f3_write is copied onto the pinned checkout and compiled as fff-poc's f3_write bin with cargo build --locked on nightly-2025-02-24. There is no freestanding Cargo.lock in that directory: resolving one pulls crates this nightly cannot compile. native/f3_native does not depend on it. Elixir writes a temp file in the destination directory and renames it only after finish succeeds. That rename is local-filesystem behavior, not a remote write.
A zero-row batch is not sent. An empty write_batch at this pin leaves a chunk this library cannot concatenate. finish always closes the current row group, so a batch that already crossed row_group_size is followed by an empty group unless a later batch is still open. A list column split across two write_batch calls makes pinned FileReaderV2 panic in primitive_to_arrow because the child ScalarBuffer is not aligned. This library concatenates the offset column and reads that file. The independent row check uses one batch for nested values.
Postscript
The postscript is not FlatBuffers. fff-poc/src/writer.rs FileWriter::finish writes it in little-endian order and ends with the magic. POSTSCRIPT_SIZE is 32.
	Offset	Width	Field
	0	u32	metadata size
	4	u32	footer size
	8	u8	footer compression
	9	u8	checksum type
	10	u64	data checksum
	18	u64	schema checksum
	26	u16	major version
	28	u16	minor version
	30	2 bytes	F3

F3.Format records these widths. It does not parse a file. Stage 1 owns decoding and bounds checks.
Footer compression in the writer is CompressionType::Uncompressed (0). The checksum byte written today is ChecksumType::XxHash as u8, which is 0. ChecksumType::from(u8) panics on any other byte. This library must not copy that panic. Unknown checksum types become a tagged error in a later stage.
File body
format/File.fbs describes the layout, and the schema comment says it can change:
	Row-group data. Each column has IOUnits, called Chunk in the schema. An IOUnit holds contiguous EncUnits.
	Optional Wasm binaries, as metadata sections.
	Row-group and column metadata, including IOUnit offsets and EncUnit encodings. This is out of band from the footer.
	Footer FlatBuffers (root_type Footer): Arrow IPC schema, row-group counts and pointers, optional section pointers, encoding versions, shared dictionary table.
	The 32-byte postscript.

EncodingType is CASCADE = 0 (Vortex) and CUSTOM_WASM = 255. CompressionType is Uncompressed = 0, Zstd = 1, Lz4 = 2.
Default writer options in fff-poc/src/options.rs: 8 MiB IOUnit, 65536-row EncUnit, one row group (row_group_size = u64::MAX), uncompressed, no built-in Wasm, EncoderDictionary. set_row_group_size, set_compression_type, set_dictionary_type, and write_built_in_wasm exist. Custom Wasm options cannot be combined with built-in Wasm. write_built_in_wasm reads target/wasm32-wasip1/opt-size-lvl3/fff_ude_example_fff.wasm at runtime (BUILTIN_WASM_PATH in fff-test-util).
Column metadata is not inline in the footer. A reader that decodes only the footer does not have every IOUnit.
Wasm ABI at this pin
Recorded from fff-ude/src/ffi.rs, fff-ude-wasm/src/lib.rs, fff-poc/src/decoder/encunit.rs, and fff-poc/src/file/footer.rs at bd92506447dc1333820cfe9a34ebbf497fe0219e. This is not a claim that a Wasm fixture has been produced.
The version symbol is the exported name FFFUDE_VERSION_1_0. Upstream fff-ude-wasm accepts a major less than or equal to 3. This library accepts major 1 only, because that is the version the built-in example exports. Majors 2 and 3 stay unsupported until a fixture uses them.
The host crate is Wasmtime 28.0.0, the workspace pin. The encunit call is decode_general_ffi (WASM_FUNC_GENERAL). It returns an iterator of Arrow buffers. Non-nested types are rebuilt from those buffers. Nested Wasm output is unimplemented! upstream, so this library does not claim it. Required exports are alloc, dealloc, buffer_iterator_next, buffer_iterator_drop, buffer_drop, and memory. init_ffi and decode_ffi are optional and unused. fff-ude-wasm is not a dependency. It installs a process-global engine and is tied to fff-poc.
WASI is linked. The context built for an instance has size-capped stdout and stderr only. There is no preopened directory, no network, and the process environment is not inherited. A module that imports path_open or a socket is refused before instantiation. StoreLimits caps linear memory at 8 MiB. A module is refused above 16 MiB. The pinned fff-ude-example-fff artifact is 10_661_135 bytes, so the ceiling is above the 8 MiB figure that would have rejected this fixture. An omitted wasm_id is FlatBuffers default 0. Upstream sets no fuel and no wall-clock limit. This library adds a fuel budget of 5_000_000 instructions because Wasmtime 28 supports consume_fuel. Exhaustion is :resource_limit. That cap is ours.
Wasm bytes live in the WASMBinaries section. wasm_id is the index into that vector. Upstream compiles every module in the section on first use. This library compiles one module, only after wasm: :sandbox (or a registered extension has already declined the unit), and only the id the encunit names. A compiled module may be cached by the SHA-256 of its bytes. The cache is bounded to 8 modules and 8 MiB, and clearing it drops every entry. A cache hit still requires that read to have opted in. Metadata inspection does not compile or execute anything.
DEFAULT_ENCODING_VERSIONS lists CASCADE 0.21.0 and CUSTOM_WASM 1.0.0. create_encunit_decoder uses Wasm for CASCADE only when the file version is newer and the reader major is 0 or the majors differ. Native 0.21.0 has major 0, so a newer CASCADE version takes Wasm and an equal or older version stays on the Vortex NIF. The eight committed fixtures stay on that NIF. lib_urls stay inert strings. An opt-in HTTP range source does not request them and does not follow redirects. The wasmtime 28.0.0 and wasi-common 28.0.0 manifests set license = "Apache-2.0 WITH LLVM-exception".
What this library claims
Stage 0 claims the constants, the source lifecycle, and the fixtures produced by that writer. It does not claim that it can decode them. The feature matrix lists each capability.
Risk register
	The FlatBuffers schema is explicitly unstable. A future upstream commit can invalidate fixtures and the version policy.
	fff-poc needs nightly Rust and a global allocator. The Stage 2 NIF does not link it. Vortex still needs nightly, so f3_native pins nightly-2025-11-15 rather than stable or nightly-2025-02-24. See the toolchain section.
	Vortex and Lance are personal git forks, not crates.io releases. They can disappear or move.
	Upstream's stated test host is Intel Debian 12. Apple Silicon and Linux arm64 are untested by upstream. Fixture generation on this Apple Silicon machine is a local experiment, not an upstream support claim.
	ChecksumType::from panics on an unknown byte. A later parser must return an error before that path exists.
	Metadata length fields are attacker-controlled. Stage 0 does not allocate from them. Stage 1 must cap them before any read.
	Embedded Wasm and lib_urls stay unfetched by default. Wasm runs only for wasm: :sandbox. An opt-in HTTP source does not follow redirects and does not request lib_urls.
	The Hex name f3 was free on the inspection date. Publish only after checking again, and only with an explicit experimental label.
	custom_wasm.f3 was produced on this Apple Silicon machine after brew install wasi-libc (34) and wasi-runtimes (23.1.5). Homebrew LLVM 23.1.5 compiled the C objects in zstd-sys. The final Wasm link used the nightly-2025-02-24 rustc linker, not Homebrew clang. The fixture is one local writer run. It is not an upstream support claim for Apple Silicon.
	fff-poc samples encodings with rand::thread_rng. Regenerating fixtures is not always byte-identical. The manifest records one real run.
	Parent .tool-versions asks for Erlang 29.0.4, which is not installed here. This repository pins Elixir 1.20.2 / OTP 28 so mix runs.



  

    Security

Upstream F3 is a research prototype. This library is experimental. Treat every .f3 file as untrusted input.
What Stage 0 enforces
	pread/3 returns at most the requested length, and never more bytes than remain after the offset captured at open. A read at or past the end returns an empty binary. It does not raise.
	F3.Error messages and context carry a path, an operation, or an Erlang reason atom. They do not carry file bytes. Contract tests use a marker string and reject it in the error and in inspect/1 of a memory handle.
	Inspect for F3.File, F3.IO.Local, and F3.IO.Memory prints the origin, size, and closed flag. It does not print the buffer.
	F3.stream/2 returns before any read.
	No code fetches a URL from metadata. The schema's lib_urls field is not interpreted.
	No Wasm module is compiled or executed. The native scaffold has no file or network API.
	There is no global size registry. The caller passes the maximum read length.

What Stage 1 enforces
	The postscript is read as exactly 32 bytes. A shorter file is :truncated. Magic other than F3 is :invalid_magic. A version other than 0.1 is :unsupported_version.
	Metadata size and footer size are checked against the file length, against each other, and against max_metadata_bytes: before any buffer of that size is allocated. The default cap is 16 MiB. An over-cap claim is :resource_limit. The cap is an argument to schema/1, metadata/1, and inspect/2.
	Footer compression other than uncompressed is :unsupported_encoding. Nothing is decompressed.
	Checksum type 0 is reported as :xxhash. Any other byte is {:unknown, byte}. The library does not panic and does not recompute either checksum.
	FlatBuffers offsets are checked against the buffer. A cyclic offset hits the visit cap and returns :corrupt_metadata. Column-metadata slices must sit strictly before the footer, inside the metadata span. A pointer into the footer or the postscript is :corrupt_metadata.
	Optional Wasm sections are names and file offsets. The bytes are not read, lib_urls is not fetched, and nothing is executed.
	Error messages do not include file bytes. A corrupt-footer test checks that a column name from the file does not appear in the message.
	Metadata inspection does not decode encoding units.

What Stage 2 enforces
	read/2 and stream/2 return :native_unavailable when the NIF was not compiled. They do not scan payloads in that build.
	The decoder NIF is DirtyCpu. It does not link fff-poc and it does not install a global allocator. A panic or a corrupt unit becomes {:error, %F3.Error{}}. It does not kill the caller.
	Zstd and Lz4 are decompressed inside that NIF. The result is an owned Elixir term. Arrow buffers do not cross the boundary.
	CUSTOM_WASM is :unsupported_encoding unless the caller passes wasm: :sandbox or a matching extension. A shared dictionary is :unsupported_encoding.
	A chunk checksum is recomputed only when the footer stored one. The eight fixtures store none. Postscript checksums stay reported and unverified.
	Error messages from the NIF are stripped of control characters and capped at 180 characters. They do not include the payload.

What Stage 3 enforces
	wasm: defaults to :off. CUSTOM_WASM is :unsupported_encoding. The WASMBinaries section is not read. Metadata inspection never compiles a module.
	:sandbox is the only other accepted value. The host is Wasmtime 28 on the dirty CPU scheduler. A module is at most 1 MiB unless wasm_module_bytes: raises it, and never above 16 MiB. The pinned built-in module is 10_661_135 bytes, which is why the ceiling is 16 MiB rather than 8 MiB. Linear memory is at most 8 MiB. Fuel is 5_000_000 instructions. Upstream sets no fuel. Exhaustion is :resource_limit. An omitted wasm_id is the FlatBuffers default 0.
	WASI stdout and stderr are sinks. There is no preopened directory and the process environment is not inherited. path_open and socket imports are refused before instantiation.
	lib_urls are not parsed and not fetched. Metadata inspection does not open a socket. Stage 5 adds an opt-in HTTP source that is not used for a local file.
	A registered F3.Extension is this library's policy. An error from it is returned as-is and does not fall through into Wasm.

What Stage 5 enforces
	A remote read is opt-in: source: {:http, url} or source: {:http, url, opts}. Opening a local path does not contact the network. lib_urls are not turned into requests.
	The client sets autoredirect: false. Status 301, 302, 303, 307, and 308 are :io with reason :redirect.
	A body shorter than the requested range is :truncated. A status other than 200 or 206 is :io, except 404, which is :not_found. A timeout, or a body larger than the request, is :resource_limit.
	Inspect for F3.IO.HTTP prints the url and the size. It does not print headers or a signing secret. %F3.Error{} does not store that secret.
	F3.Writer does not grow a remote path. close/1 is still a local rename.

What later stages must keep
	Embedded Wasm stays off unless the caller opts in. A module URL in the file is data, not a download.
	A NIF must not install a process-global allocator and must not run long decompression on a normal scheduler. The Stage 2 decoder stays on the dirty CPU scheduler.
	Errors continue to omit payloads and secrets.
	Postscript checksums stay unverified. Chunk checksums are checked only when the footer field is present.

Malformed-input tests cover a truncated tail, a bad magic, a bad version, sizes past the file, a size over the cap, an unknown checksum byte, a corrupt footer root, a corrupt vtable, and a corrupt column-metadata pointer. A fixed-seed corpus of random binaries must return {:error, %F3.Error{}}. This is not a fuzzer.


  

    Feature matrix

Status values: implemented, not implemented, untested. A fixture can contain a feature this library does not read. That is not support.
The local Elixir runs are recorded in test-reports/stage-0.md, test-reports/stage-1.md, test-reports/stage-2.md, test-reports/stage-3.md, test-reports/stage-4.md, and test-reports/stage-5.md. The required CI jobs are configured and have not been run from this machine.
	Capability	Status	Evidence
	Open and close a local file	implemented	F3.IO.Local, contract tests
	Open and close an in-memory binary	implemented	F3.IO.Memory, contract tests
	HTTP range read	implemented	F3.IO.HTTP. Opt-in. Redirects refused. :minio excluded unless F3_MINIO=1
	Positioned read capped by the caller	implemented	pread/3 tests
	Idempotent close, error after close	implemented	contract tests
	Wire version constants 0.1	implemented	F3.Format, doctests
	Reject every other wire version	implemented	F3.Postscript returns :unsupported_version
	Postscript decode and bounds checks	implemented	F3.Postscript, test/f3/postscript_test.exs
	FlatBuffers footer	implemented	F3.FlatBuffer, F3.Footer; golden JSON matches the upstream reader
	Arrow schema, row groups, IOUnits, EncUnits	implemented	F3.schema/1 and F3.metadata/1 on the eight fixtures
	Read rows	implemented when F3_BUILD_NATIVE=1	F3.read/2 on the eight fixtures. Default build: :native_unavailable
	Lazy stream	implemented when F3_BUILD_NATIVE=1	F3.stream/2 does not pread until the first pull. Enum.take/2 stops
	Columnar batch and to_rows/1	implemented	F3.Batch stores columns. to_rows/1 is the convenience zip
	Write	implemented when F3_BUILD_NATIVE=1	F3.Writer. Local temp file, rename after finish. Default build: :not_implemented
	Projection	implemented	columns: and row_groups:. Unknown name is :invalid_projection
	Postscript checksum	reported, not verified	both u64 fields are stored
	Chunk checksum	implemented when the footer field is present	XXH64 seed 0. The eight fixtures store none
	CASCADE / Vortex decode	implemented when F3_BUILD_NATIVE=1	dirty CPU NIF. Does not link fff-poc
	CUSTOM_WASM decode or execution	opt-in	Default :off is :unsupported_encoding and does not read the section. wasm: :sandbox runs Wasmtime 28 when F3_BUILD_NATIVE=1. custom_wasm.f3 matches the manifest rows
	Shared dictionary	refused	:unsupported_encoding
	Local dictionary, Zstd, Lz4, nested types	implemented when F3_BUILD_NATIVE=1	round-trip of dictionary.f3, compressed_zstd.f3, compressed_lz4.f3, and nested.f3
	Bool values	implemented when F3_BUILD_NATIVE=1	writer round trip. Not present in the eight fixtures
	Plain binary values	untested	not a claimed writer type, and not present in the eight fixtures
	Optional NIF	implemented when F3_BUILD_NATIVE=1	macOS arm64, rustc 1.93.0-nightly (nightly-2025-11-15), Elixir 1.20.2 / OTP 28. Default build: {:error, :native_unavailable}. Linux not run locally
	macOS arm64 local Elixir tests	passed	Elixir 1.20.2, OTP 28.3.1. mix test --cover passes the 90% threshold. See test-reports/stage-1.md.
	Linux x86_64 CI	configured, not run	.github/workflows/ci.yml job test (ubuntu-latest)
	macOS arm64 CI	configured, not run	.github/workflows/ci.yml job test (macos-15)
	Linux arm64	untested	no job
	Precompiled NIF release	configured, not run	.github/workflows/ci.yml on a v* tag, after the test jobs. Targets: aarch64-apple-darwin, x86_64-unknown-linux-gnu. NIF version 2.17
	Hex publish	configured, not run	publish job in .github/workflows/ci.yml after that GitHub release. Requires the HEX_API_KEY secret
	Upstream Intel Debian 12	untested by this repo	upstream's own claim, not reproduced here



  

    ADR 0001: Elixir owns the API, Rust stays optional

Status
Accepted. Stage 1 decoded the footer in Elixir. The eight committed fixtures match the upstream reader's metadata JSON, so the Rust FlatBuffers bridge was not added. Stage 2 decodes one CASCADE EncUnit in Rust and returns owned Elixir terms. Arrow buffers do not cross the NIF.
Context
F3 files end with a 32-byte postscript that is ordinary little-endian fields plus the magic F3. The footer and column metadata are FlatBuffers. The payload is Vortex (CASCADE) or an embedded Wasm decoder (CUSTOM_WASM). Upstream fff-poc is a nightly-Rust research crate with a process-global mimalloc allocator, and its Vortex and Lance dependencies are git forks.
Elixir callers need {:ok, value} and {:error, %F3.Error{}}, explicit close, and a library that loads without a native toolchain. The postscript has to stay readable when the NIF is absent.
Options
	Call fff-poc directly from Rustler. Rejected. The crate needs nightly Rust and a global allocator, and its public writer and reader types are experimental.
	Decode FlatBuffers only in Rust, using the flatbuffers 24.3.25 crate and the generated schema. Possible later, as a small crate that does not link Vortex. It is not required to open a file or to read the postscript.
	Decode the postscript, and then the footer tables Stage 1 needs, in Elixir. The postscript is fixed-width. FlatBuffers is a documented binary layout, and the Elixir walker can be checked against the pinned schema and the upstream reader. A Rust FlatBuffers bridge remains the fallback if those differential tests fail.

Decision
Elixir owns the public API, errors, source lifecycle, version policy, the postscript, and the footer. Stage 1 decodes the FlatBuffers footer with a bounded pure-Elixir walker checked against pinned File.fbs and the upstream reader. A small stable-Rust flatbuffers 24.3.25 bridge is the fallback only if those tests fail. It was not needed.
Stage 2 adds decode_encunit/3 behind F3_BUILD_NATIVE=1. The crate depends on Vortex at c0d89a66cbaa542bd9aa277cfdf52f2728c4b37a and arrow-array 53.3.0. It does not depend on fff-poc and it does not install mimalloc. The function is scheduled DirtyCpu. Stable Rust cannot compile Vortex, and nightly-2025-02-24 cannot compile Rustler 0.38, so this crate pins nightly-2025-11-15. See ../upstream-compatibility.md.
Do not compile fff-poc into f3_native. Stage 3 compiles Wasmtime 28.0.0 into the same crate. It does not depend on fff-ude-wasm. The host runs only after Elixir has selected :wasm.
Stage 4 writes through an out-of-process helper, f3_write, compiled as a bin of pinned fff-poc on nightly-2025-02-24. The helper's process has the mimalloc global allocator. The BEAM does not. f3_native still does not link fff-poc.
Consequences
	mix test runs without Rust.
	Postscript inspection cannot be broken by a NIF load failure.
	Stage 1 walks vtables in Elixir with a depth cap and a visit cap. The fallback remains a small Rust parser, not a fork of fff-poc. It was not needed for the committed fixtures.
	Stage 2 decodes CASCADE units through that narrow NIF. Elixir projects, stitches nested columns, gathers a local dictionary, and slices batches.
	Wasm is opt-in. wasm: :off refuses CUSTOM_WASM without reading the section. wasm: :sandbox calls decode_general_ffi under fuel, memory, and module-size caps. Elixir extensions are registry policy, not a file field.

Revisit when
	Stage 1 cannot match the upstream reader's metadata on the committed fixtures.
	A NIF must keep Arrow buffers alive, or cancellation has to cross the scheduler.
	Upstream publishes a stable crate that builds on stable Rust without a global allocator.



  

    F3 tutorials

Nine background articles are in the tree. The user guide is docs/guide/. Start there. A missing file would be a backlog entry. Do not treat a missing file as a finished article. Runnable API examples for library version 0.1.0 are in docs/examples.livemd.
	#	Title	Status	File
	1	Why another file format? Introducing F3	technically reviewed	01-why-f3.md
	2	Anatomy of an F3 file	technically reviewed	02-anatomy-of-an-f3-file.md
	3	Your first F3 file in Elixir	technically reviewed	03-your-first-f3-file-in-elixir.md
	4	Streaming and column projection	technically reviewed	04-streaming-and-column-projection.md
	5	Writing F3 from Elixir	technically reviewed	05-writing-f3-from-elixir.md
	6	Taking the decoder with the data	technically reviewed	06-custom-encodings-and-wasm.md
	7	F3, Apache Arrow, and Parquet	technically reviewed	07-f3-arrow-and-parquet.md
	8	Building a safe binary-file reader on the BEAM	technically reviewed	08-a-safe-reader-on-the-beam.md
	9	Performance, compatibility, and what remains experimental	technically reviewed	09-performance-and-what-remains-experimental.md

"Technically reviewed" means the claims were checked against the pinned upstream commit and the SIGMOD 2025 paper. It does not mean "ready to publish". Tutorial 2's hex dump and inspect text are the output of mix run examples/tutorial_02.exs. Tutorials 3 and 4 print the native row output when F3_BUILD_NATIVE=1. The default build prints that the decoder is not loaded. Tutorial 5 prints that the writer is not loaded in that same default build. Tutorial 9 quotes docs/test-reports/stage-5.md and does not add numbers of its own.
Suggested order
	Why the format exists, and what this library refuses to claim.
	The byte layout, from the magic backward.
	Open a fixture, print the schema, and read small.f3 when the native decoder is loaded.
	Stream a file, project columns, and keep batches columnar.
	Write a local file and read it back.
	Wasm, only after execution is opt-in and tested.
	How F3 relates to Arrow and Parquet, with measurements only if they were run.
	How the reader was kept safe.
	What is still experimental, with the benchmark script and the machines that ran it.

Prerequisites
Articles 1 and 2 need no Elixir beyond mix run from this repository. They do not need Rust. Regenerating fixtures needs the nightly toolchain named in ../upstream-compatibility.md.
Publication checklist
	Commands in articles 1–9 match examples/tutorial_01.exs through examples/tutorial_09.exs. test/examples_test.exs runs them.
	Numbers in the hex dump come from the script. The fixture SHA-256 is in test/fixtures/manifest.json.
	Paper sentences about Wasm size and Wasm-versus-native speed stay attributed to the paper.
	Articles 3 and 4 say row reads need the native decoder. Article 3 also prints that the writer is not loaded unless that build is on. They do not claim Wasm execution.
	Relative links work in the repository. A later publishing pass has to rewrite them for a blog. That pass is described in publication-plan.md. Nothing has been posted.



  

    Why another file format? Introducing F3

Status: technically reviewed
Audience: Elixir engineers who already know Parquet or another columnar format well enough to use it, and who have not read the F3 paper.
Estimated reading time: 8 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
F3 is a research file format. The upstream project says not to use it in production. The Elixir library in this repository is an experiment on top of that prototype. It reads rows when the native decoder is compiled. Nothing in this article is a measurement of Elixir throughput.
Why look at another columnar format?
Parquet and ORC made it normal to move analytical data between engines. Both came out of the early 2010s, when the systems around them were Hive, Impala, and early Spark. They have been extended since. The awkward part is not that the specifications froze. It is that a specification change does not arrive in every reader at once. The F3 paper's look at a few hundred public Parquet files found that most of them still use a small, old subset of the format. A new encoding or a new timestamp unit is only useful if the reader on the other side of the exchange understands it.
That is a real constraint. It is not a reason to talk as if Parquet has stopped working. It is a reason the F3 authors tried a different split: keep a stable way to find bytes in the file, and let an unfamiliar encoding carry its own decoder.
What F3 is trying to be
The paper states three goals: interoperability, extensibility, and efficiency. A file is self-describing when a reader can find the schema, the locations of the columns, and, when the encoding is not one the reader was built with, a decoder that ships with the file. F3 puts the data, the metadata, and optional WebAssembly decoders in the same file. The paper reports that those binaries are on the order of kilobytes, and that in the authors' own experiments Wasm decoding was about 10–30% slower than a native decoder. Those numbers belong to that paper and that setup. This library has not reproduced them.
The format still uses a PAX layout, the same broad idea as Parquet and ORC: columns are stored together so a query can skip the ones it does not need. The authors' extra moves are about the units inside a column.
An IOUnit is a physical chunk of bytes the writer flushes. Its size is a storage choice. A spinning disk, a large SSD, and an object store do not want the same read size, and that choice should not have to be the same as the logical row group.
An EncUnit is a run of values that share one encoding. The default in the pinned writer is 65536 values, and the encoded size of that run can vary. IOUnits and EncUnits are different things. One IOUnit can hold several EncUnits. The schema still calls an IOUnit a Chunk in places. That name is historical.
A row group is the logical horizontal stripe. The pinned writer defaults to one row group per file and can be told to start another after a row threshold.
Encodings in the pinned schema are CASCADE (0), implemented with Vortex, and CUSTOM_WASM (255), which must be decoded by a Wasm binary stored in the file. A reader is not required to execute that binary. This library executes it only when a read passes wasm: :sandbox.
flowchart TB
  file[F3 file]
  file --> data[Row groups]
  file --> wasm[Optional Wasm binaries]
  file --> colmeta[Column metadata]
  file --> footer[Footer FlatBuffers]
  file --> post[Postscript and magic F3]
  data --> iounit[IOUnit]
  iounit --> encunit[EncUnit]
The footer points at column metadata. It is not a copy of every IOUnit header. The postscript is 32 little-endian bytes at the end of the file, and the last two of those bytes are the ASCII magic F3.
What the Elixir library is for
The library is a separate project. It uses the module F3 and, if it is ever published, the Hex name f3. On 2026-11-03 that Hex name was unused. Hex has not been published. The library pins one upstream commit and wire version 0.1. Opening a file acquires a byte source. Schema and footer metadata are decoded from the tail. Asking for rows returns columnar batches when the native decoder is compiled, and :native_unavailable when it is not.
From the repository root:
mix run examples/tutorial_01.exs

The script prints the pinned wire version. Reading and writing are implemented when the native build is compiled. Wasm stays off unless a read passes wasm: :sandbox.
Glossary
	Term	Meaning in the pinned sources
	Postscript	32-byte tail. Sizes, checksums, version, then F3. Not FlatBuffers.
	Footer	FlatBuffers root table. Arrow IPC schema and pointers.
	Row group	Logical set of rows.
	IOUnit	Physical write unit. Called Chunk in File.fbs.
	EncUnit	Values that share one encoding, contiguous inside an IOUnit.
	CASCADE	Encoding type 0. Vortex in the upstream writer.
	CUSTOM_WASM	Encoding type 255. Decode with the file's Wasm binary.

What is experimental?
Upstream F3 at bd92506447dc1333820cfe9a34ebbf497fe0219e is a research prototype. The schema file says the definition can change. The Elixir code decodes the footer. When F3_BUILD_NATIVE=1 it also decodes the CASCADE payloads in the committed fixtures and can run Wasm only for wasm: :sandbox. Wire versions other than 0.1 are rejected. There are no Elixir performance numbers in this article.
Next
Anatomy of an F3 file walks the same layout from the magic backward, using a file the pinned writer actually produced.
Sources
	Zeng, Meng, Prammer, McKinney, Patel, Pavlo, and Zhang, "F3: The Open-Source Data File Format for the Future", Proc. ACM Manag. Data 3, 4, Article 245 (2025). https://doi.org/10.1145/3749163
	Upstream repository and prototype warning: https://github.com/future-file-format/F3
	Pinned schema: https://github.com/future-file-format/F3/blob/bd92506447dc1333820cfe9a34ebbf497fe0219e/format/File.fbs
	Pinned version constants: fff-format/src/lib.rs at that commit (MAJOR_VERSION 0, MINOR_VERSION 1, MAGIC F3, POSTSCRIPT_SIZE 32)



  

    Anatomy of an F3 file

Status: technically reviewed
Audience: the reader of tutorial 1 who wants the byte layout, not a decoder.
Estimated reading time: 10 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
Fixture: test/fixtures/small.f3, produced by the pinned FileWriter
The hex dump below is a print of the last 32 bytes of a real fixture. F3.inspect/2 then prints the schema and footer that those sizes point at. It does not read row values.
Start at the end
A reader that does not know the file's length cannot find the footer, because the footer is not at a fixed offset. The writer appends a postscript whose size is fixed. In the pinned sources that size is 32 bytes, little-endian, and the last two bytes are F3.
The fields, in order, are metadata size, footer size, footer compression, checksum type, data checksum, schema checksum, major version, minor version, and the magic. F3.Format.postscript_layout/0 is that list of widths. F3.Postscript checks them and refuses a size that does not fit in the file or that exceeds the caller's cap. This article prints the tail, then the inspector.
Metadata size, in the schema comment, is the span a reader can fetch in one I/O to get the metadata: the file size minus the data and minus the postscript. Footer size is the FlatBuffers footer inside that span. The writer currently stores footer compression as uncompressed (0) and the checksum type as xxHash (0). The data checksum covers the file payload in schema order. The schema checksum covers the serialized Arrow IPC schema. Both are u64 values. This dump does not recompute them.
What sits in front of the postscript
Walking backward from the postscript, the pinned File.fbs comment describes:
	The footer, a FlatBuffers table. It holds the Arrow IPC schema, row-group row counts, and pointers. Column chunk metadata is not inlined. The footer points at it.
	Optional sections. Today the writer uses them for Wasm binaries. Statistics are mentioned as future or out-of-band work.
	Per-row-group column metadata: IOUnit offset and size, EncUnit encoding, dictionary information.
	The Wasm binaries themselves, if the writer was asked to embed them.
	The row groups: IOUnits, and inside them EncUnits.

An IOUnit is the unit of I/O. An EncUnit is the unit of encoding. They are different because a storage read and an encoding block do not have to be the same size. The default writer uses an 8 MiB IOUnit and a 65536-value EncUnit. A small fixture does not fill an 8 MiB IOUnit. The units still exist in the metadata; the file is just short.
CASCADE (0) means Vortex. CUSTOM_WASM (255) means the EncUnit is opaque without the Wasm decoder stored in the file. The small fixture uses the default writer path: no built-in Wasm flag, EncoderDictionary, uncompressed. Whether a later fixture in test/fixtures/ embeds Wasm is recorded in manifest.json. The inspector does not execute it. A read executes it only when the caller passes wasm: :sandbox.
flowchart BT
  magic["bytes 30..31: F3"]
  version["bytes 26..29: major, minor"]
  sums["bytes 10..25: data and schema checksums"]
  flags["bytes 8..9: compression, checksum type"]
  sizes["bytes 0..7: metadata size, footer size"]
  footer[Footer FlatBuffers]
  cols[Column metadata, out of band]
  data[Row group IOUnits and EncUnits]
  magic --> version --> sums --> flags --> sizes --> footer --> cols --> data
The diagram is the tail, then the metadata the tail locates, then the data. Offsets inside the postscript are from the start of those 32 bytes.
A real tail
Command, from the repository root:
mix run examples/tutorial_02.exs

The script reads test/fixtures/small.f3 unless F3_FIXTURE names another committed fixture. This is the stdout of that command against the committed small.f3:
command: mix run examples/tutorial_02.exs
fixture: test/fixtures/small.f3
bytes: 4168
sha256: 6f1ff9d7202c3f0d8f910a4ef154ba195cd225804d261ca752339cc8fc123a13
postscript_offset: 4136
postscript_size: 32
metadata_size: 1168
footer_size: 792
footer_compression: 0
checksum_type: 0
data_checksum: 0x5415d4c0f14c1f51
schema_checksum: 0xa2d956a3e70080c2
major_version: 0
minor_version: 1
magic: F3
tail_hex:
  00001028: 90 04 00 00 18 03 00 00 00 00 51 1f 4c f1 c0 d4
  00001038: 15 54 c2 80 00 e7 a3 56 d9 a2 00 00 01 00 46 33
90 04 00 00 is metadata size 1168. 18 03 00 00 is footer size 792. The last two bytes are 46 33, which is F3. Major is 00 00 and minor is 01 00, so version 0.1. Footer compression and checksum type are the zero bytes between the sizes and the checksums. The manifest test checks this file's SHA-256, so a regenerated fixture must replace this block from a new run of the same command.
What the inspector prints
examples/tutorial_02.exs prints the tail, then F3.inspect/1 and F3.inspect/2 with detail: true. The compact summary is:
version: 0.1
rows: 3
row_groups: 1
schema: trade_id int64, symbol utf8, price float64
footer_bytes: 792
metadata_bytes: 1168
footer_compression: uncompressed
checksum_type: xxhash
data_checksum: 0x5415D4C0F14C1F51
schema_checksum: 0xA2D956A3E70080C2
The detailed view, from the same example, is:
logical_tree: struct(flat, flat, flat)
encoding_versions:
  custom_wasm 1.0.0
  cascade 0.21.0
optional_sections:
  WASMBinaries offset=2944 size=24 compression=uncompressed
shared_dictionary:
  chunks: 0
  schema_bytes: 48
  schema: (none)
row_groups:
  group 0 rows=3 offset=0 size=2944
    column 0 trade_id
      chunk offset=0 size=1664 rows=3 dictionary=none checksum=none
        encunit size=1664 rows=3 encoding=cascade compression=uncompressed
    column 1 symbol
      chunk offset=1664 size=768 rows=3 dictionary=none checksum=none
        encunit size=768 rows=3 encoding=cascade compression=uncompressed
    column 2 price
      chunk offset=2432 size=512 rows=3 dictionary=none checksum=none
        encunit size=512 rows=3 encoding=cascade compression=uncompressed
Each column has one cascade EncUnit. The WASMBinaries line is a pointer. The inspector does not read those 24 bytes. The checksums match the tail dump and are not recomputed. F3.read/2 decodes these units when the native decoder is compiled. The default mix test build leaves that decoder unloaded.
What is experimental?
The layout comes from format/File.fbs and FileWriter::finish at bd92506447dc1333820cfe9a34ebbf497fe0219e. The schema says it can change. Unknown checksum bytes panic in the upstream converter. This library records an unknown checksum byte and continues. It does not verify either checksum. Footer compression other than uncompressed is refused. The inspector does not execute Wasm bytes. A sandboxed read can. See tutorial 6.
Next
Tutorial 3 opens this fixture from Elixir and prints the schema and, when the native decoder is loaded, the rows.
Sources
	Pinned schema comment and tables: https://github.com/future-file-format/F3/blob/bd92506447dc1333820cfe9a34ebbf497fe0219e/format/File.fbs
	Writer tail: fff-poc/src/writer.rs, finish, at the same commit
	Constants: fff-format/src/lib.rs (POSTSCRIPT_SIZE 32, MAGIC F3, version 0.1)
	Paper sections 3 and 4, for IOUnit versus row group and for FlatBuffers metadata: https://doi.org/10.1145/3749163



  

    Your first F3 file in Elixir

Status: technically reviewed
Audience: an Elixir engineer who can run mix in this repository.
Estimated reading time: 8 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
This article opens a committed fixture, prints the schema, and reads the rows. The row decoder is a native library. The default mix test build does not compile it. With F3_BUILD_NATIVE=1, F3.read/2 returns the three rows of small.f3.
Setup
The project pins Elixir 1.20.2 on OTP 28. mix test does not need Rust. The CASCADE decoder is compiled only when F3_BUILD_NATIVE=1, and it uses Rust nightly-2025-11-15. Without that flag, F3.read/2 returns :native_unavailable and metadata inspection still works.
mix deps.get
mix test
mix f3.inspect test/fixtures/small.f3

test/fixtures/small.f3 was written by the pinned upstream FileWriter. Do not replace it with a hand-built file. The manifest records its SHA-256.
Open, inspect, close
F3.open/2 returns {:ok, file} or {:error, %F3.Error{}}. A missing path is :not_found. A file that is too short is :truncated. A bad magic is :invalid_magic. A version other than 0.1 is :unsupported_version.
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, schema} = F3.schema(file)
{:ok, metadata} = F3.metadata(file)
{:ok, [batch]} = F3.read(file)
{:ok, rows} = F3.Batch.to_rows(batch)
{:ok, file} = F3.close(file)
F3.read/2 returns columnar batches. F3.Batch.to_rows/1 zips those columns into maps. That zip is the convenience path. close/1 returns the updated handle. Keep that value. The previous struct still looks open, and a read on it fails as I/O because the descriptor is already closed. Calling close/1 again on the returned handle is a no-op. Using that returned handle is :closed.
examples/tutorial_03.exs prints the fields from that fixture:
command: mix run examples/tutorial_03.exs
fields:
  trade_id int64
  symbol utf8
  price float64
row_groups: 1
rows: 3
read:
[
  %{"price" => 123.5, "symbol" => "AAPL", "trade_id" => 1},
  %{"price" => 234.0, "symbol" => "MSFT", "trade_id" => 2},
  %{"price" => 345.25, "symbol" => "GOOG", "trade_id" => 3}
]
inspect:
version: 0.1
rows: 3
row_groups: 1
schema: trade_id int64, symbol utf8, price float64
footer_bytes: 792
metadata_bytes: 1168
footer_compression: uncompressed
checksum_type: xxhash
data_checksum: 0x5415D4C0F14C1F51
schema_checksum: 0xA2D956A3E70080C2
after close: closed
That read: block is the output of F3_BUILD_NATIVE=1 mix run examples/tutorial_03.exs on this machine. A build without the native decoder prints read: native decoder is not loaded instead, and the rest of the script is the same. The same script then tries a one-row write. The default build prints write: native writer is not loaded and creates no file. The checksums are displayed, not verified.
max_metadata_bytes: on schema/1, metadata/1, and inspect/2 caps the sizes in the tail. The default is 16 MiB. A larger claim returns :resource_limit and does not allocate that buffer.
flowchart LR
  Open[F3.open]
  Tail[Postscript]
  Footer[Footer and column metadata]
  Rows[F3.read]
  Open --> Tail --> Footer --> Rows
The postscript is the only fixed-position record. The footer is the FlatBuffers table at the end of the metadata span. Column chunks are separate FlatBuffers roots just before that footer. F3.schema/1 is the Arrow IPC schema stored in the footer. F3.metadata/1 adds row groups, IOUnits, EncUnits, encoding versions, and Wasm pointers.
What is experimental?
Upstream F3 at bd92506447dc1333820cfe9a34ebbf497fe0219e is a research prototype. This Elixir build matches that reader's metadata on the eight committed fixtures. With the native decoder it also matches the row values. Wasm bytes are not executed. Footer compression other than uncompressed is refused. Nothing here is a production reader.
Next
Tutorial 4 streams a file and projects columns. to_rows/1 stays the convenience path. Tutorial 5 writes a local file and reads it back.
Sources
	Public calls: F3.open/2, F3.schema/1, F3.metadata/1, F3.inspect/2
	Example: examples/tutorial_03.exs
	Fixture provenance: test/fixtures/manifest.json and test/fixtures/golden/small.json



  

    Streaming and column projection

Status: technically reviewed
Audience: an Elixir engineer who has opened small.f3 with tutorial 3.
Estimated reading time: 8 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
F3.read/2 returns every selected row group before the caller sees a batch. F3.stream/2 returns a stream and does not pread until the first pull. Enum.take/2 stops further reads. The caller still owns F3.close/1.
What a batch is
A batch is columnar. Each field name maps to an F3.Column. F3.Batch.to_rows/1 zips those columns into one map per row. That is the convenience path. A large file should keep the columns. Building a map per row copies every value onto the process heap.
One native call decodes a whole encoding unit. Elixir then slices it to batch_size rows. The default is 8192 (F3.Reader.default_batch_size/0). The committed fixtures are smaller than one unit, so a row group is one batch unless batch_size is set lower.
The native call runs on the dirty CPU scheduler. These fixtures are too small to measure scheduler delay. This article has no latency or RSS numbers.
Project, then take
columns: is a list of logical field names. An unknown name is :invalid_projection. Omitted means every logical field. row_groups: is a list of indexes. An index past the footer is :invalid_argument.
test/fixtures/multi_row_group.f3 has two row groups, with 2 rows and then 1 row, and one trade_id column. This takes the first batch only:
{:ok, file} = F3.open("test/fixtures/multi_row_group.f3")
{:ok, stream} = F3.stream(file, columns: ["trade_id"], batch_size: 2)
[batch] = Enum.take(stream, 1)
{:ok, rows} = F3.Batch.to_rows(batch)
{:ok, file} = F3.close(file)
examples/tutorial_04.exs prints that when the native decoder is loaded:
command: mix run examples/tutorial_04.exs
batches taken: 1
batch rows: 2
columns: trade_id
to_rows of the first batch:
[%{"trade_id" => 1}, %{"trade_id" => 2}]
to_rows copies every value into a map. Keep the batch for a large file.
A build without the decoder prints stream: native decoder is not loaded and does not pread the encoding units. mix test is that build. Compile the decoder with F3_BUILD_NATIVE=1 mix compile on Rust nightly-2025-11-15, then run the script again.
The second row group stays unread after Enum.take/2. Closing is still the caller's job. The handle returned by close/1 is the one that is closed.
What is experimental?
The eight fixtures fit in one encoding unit each. They do not show how a multi-unit column is concatenated, and they are the wrong size for a scheduler measurement. A shared dictionary is refused. CUSTOM_WASM runs only when the caller passes wasm: :sandbox. Bool is claimed from the writer round trip. Plain binary is not a claimed type.
Next
Tutorial 5 writes a local file and reads it back. Tutorial 6 is Wasm. It stays off unless the caller passes wasm: :sandbox.
Sources
	F3.read/2, F3.stream/2, F3.Batch.to_rows/1
	Example: examples/tutorial_04.exs
	Fixture: test/fixtures/multi_row_group.f3



  

    Writing F3 from Elixir

Status: technically reviewed
Audience: an Elixir engineer who can run mix in this repository.
Estimated reading time: 8 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
This article writes one local F3 file and reads it back. The writer is an out-of-process helper compiled only when F3_BUILD_NATIVE=1. The default mix test build does not start it. A valid open/2 then returns :not_implemented and creates no file.
Setup
The project pins Elixir 1.20.2 on OTP 28. mix test does not need Rust. The native build uses two nightlies: nightly-2025-11-15 for the CASCADE decoder, and nightly-2025-02-24 for the writer helper. The helper is pinned fff-poc. The decoder crate does not link that crate.
mix deps.get
mix test

Open, write, close
schema: is a keyword list or an %F3.Schema{}. A bare :int64 is non-null. {:float64, null: true} is nullable. compression: is :uncompressed by default, or :zstd, or :lz4.
schema = [trade_id: :int64, symbol: :utf8, price: {:float64, null: true}]
{:ok, writer} = F3.Writer.open(path, schema: schema, compression: :zstd)
:ok = F3.Writer.write(writer, [%{trade_id: 1, symbol: "AAPL", price: nil}])
{:ok, writer} = F3.Writer.close(writer)
open/2 creates a temp file in the destination directory and does not create or truncate the destination. close/1 finishes the helper, then File.rename/2 moves the temp file onto the destination. A failed finish deletes the temp file and leaves an existing destination unchanged. The rename is the local filesystem's rename. It is not a remote write. A second close/1 returns the same closed handle.
write/2 also accepts an %F3.Batch{}. A list of maps is the convenience form. A missing key is null only when the field is nullable. An extra key or a binary that is not UTF-8 is :invalid_argument. An integer outside the field width is :invalid_type. An empty batch is accepted and is not sent to the helper.
examples/tutorial_05.exs takes that path when the helper is loaded:
command: mix run examples/tutorial_05.exs
write: round trip
[%{"price" => nil, "symbol" => "AAPL", "trade_id" => 1}]
That block is F3_BUILD_NATIVE=1 mix run examples/tutorial_05.exs on this machine. The default build prints write: native writer is not loaded and does not create a file.
flowchart LR
  Open[F3.Writer.open]
  Port[Port to f3_write]
  Tmp[temp file]
  Rename[rename after finish]
  Open --> Port --> Tmp --> Rename
F3.Writer.open checks the schema, starts the helper, and leaves the destination untouched. The helper encodes one batch at a time. The rename happens only after finish returns.
What is experimental?
Upstream F3 at bd92506447dc1333820cfe9a34ebbf497fe0219e is a research prototype. The claimed writer types are the ones this reader already returns: signed int64 and int32, unsigned int64, int32, int16, and int8, float64, float32, bool, utf8, and lists and structs of those, including nulls. Signed int8 and int16, float16, binary, decimal, dates, timestamps, map, and shared dictionaries are not claimed. The writer does not embed Wasm. iounit_bytes: defaults to 8 MiB and is rejected above 64 MiB.
Next
Tutorial 6 is Wasm. It stays off unless the caller passes wasm: :sandbox.
Sources
	Public calls: F3.Writer.open/2, F3.Writer.write/2, F3.Writer.close/1
	Example: examples/tutorial_05.exs
	Helper: native/f3_write
	Upstream writer: fff-poc/src/writer.rs at the pinned commit



  

    Taking the decoder with the data

Status: technically reviewed
Audience: an Elixir engineer who has read a CASCADE file and wants to know what CUSTOM_WASM does in this build.
Estimated reading time: 8 minutes. That is the author's estimate, not a measurement.
Pin: upstream F3 bd92506447dc1333820cfe9a34ebbf497fe0219e. This article does not apply to any other commit.
F3 can store a decoder next to the bytes it decodes. The pinned writer does that for custom_wasm.f3 by embedding fff-ude-example-fff, compiled for wasm32-wasip1. The encoding label on those units is CUSTOM_WASM. The Wasm ABI symbol is FFFUDE_VERSION_1_0. This library accepts major 1 only.
An Elixir extension is not an F3 file field. F3.Registry is process-local policy. Two reads share it only when both are given the same pid.
flowchart TD
  read[F3.read]
  cascade{CASCADE 0.21.0}
  ext{Registered extension}
  opt{wasm: :sandbox}
  host[Wasmtime 28 on a dirty scheduler]
  refuse[unsupported_encoding]
  read --> cascade
  cascade -->|yes| native[Vortex NIF]
  cascade -->|no| ext
  ext -->|yes| elixir[F3.Extension]
  ext -->|no| opt
  opt -->|yes| host
  opt -->|no| refuse
examples/tutorial_06.exs opens test/fixtures/custom_wasm.f3. The default read does not execute the module:
command: mix run examples/tutorial_06.exs
wasm: off
extension rows:
[%{"trade_id" => 1}, %{"trade_id" => 2}, %{"trade_id" => 3}]
wasm: sandbox needs the native decoder
That block is mix run examples/tutorial_06.exs without F3_BUILD_NATIVE. The extension returns the manifest rows. It does not prove the embedded module. With the native decoder compiled, the same script's sandbox branch prints:
sandbox rows:
[%{"trade_id" => 1}, %{"trade_id" => 2}, %{"trade_id" => 3}]
That second list is F3_BUILD_NATIVE=1 mix run examples/tutorial_06.exs on this machine. The fuel budget is 5_000_000 instructions. Upstream sets no fuel. Linear memory is capped at 8 MiB. lib_urls are not fetched.
What is experimental?
Upstream F3 at this pin is a research prototype. Wasm stays off unless the caller passes wasm: :sandbox. Majors 2 and 3 of the ABI are not accepted. Nested Wasm output is not implemented upstream and is not claimed here. small.f3 remains a Vortex file. Nothing here is a production sandbox.
Next
Tutorial 7 compares F3, Arrow, and Parquet as jobs. Wasm stays opt-in. The writer does not embed a Wasm module.
Sources
	Pinned fff-ude/src/ffi.rs, fff-ude-wasm/src/lib.rs, and fff-poc/src/decoder/encunit.rs
	test/fixtures/custom_wasm.f3 and test/fixtures/manifest.json
	docs/upstream-compatibility.md and docs/security.md
	Example: examples/tutorial_06.exs



  

    F3, Apache Arrow, and Parquet

Status: technically reviewed
Audience: people who already use Arrow or Parquet and want to know which job F3 is claiming.
Estimated reading time: 7 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
This article compares jobs. It does not compare speeds. The recorded benchmark did not run a Parquet tool. See tutorial 9 for that run.
Three jobs
Apache Arrow is an in-memory columnar representation. Engines pass arrays to each other without first agreeing on a file. The F3 footer stores an Arrow IPC schema so a reader can name fields and types. That schema is metadata. It is not an Arrow C Data Interface, and this library does not return Arrow arrays across the NIF. A decoded batch is an Elixir term.
Apache Parquet is a file format for exchanging columnar data. Readers in many languages already agree on it. A Parquet file does not carry a new decoder for an encoding the reader has never seen. That is the constraint the F3 paper is arguing with. This library does not read or write Parquet.
F3 is a research file format. The pinned writer puts Vortex-encoded values in the file, or a Wasm decoder when the writer was asked for one. A reader can refuse that decoder. This library does: wasm: :off is the default, and :sandbox is the only other accepted value.
flowchart LR
  arrow[Arrow in memory]
  parquet[Parquet file]
  f3[F3 file]
  arrow --- schema[Arrow IPC schema in the footer]
  f3 --- schema
  parquet --- interchange[Interchange without an embedded decoder]
  f3 --- decoder[Optional Wasm decoder]
What this library actually opens
small.f3 is three rows and an Arrow IPC schema in the footer. F3.schema/1 returns that schema. F3.read/2 returns columnar batches when the native decoder is compiled, and :native_unavailable when it is not. Neither call produces a Parquet file or an Arrow array.
From the repository root:
mix run examples/tutorial_07.exs

The script prints the three jobs and the schema line for small.f3. It does not print a timing.
What is experimental?
Upstream F3 at this pin is a research prototype. The footer schema is Arrow IPC. The payloads are not Parquet row groups and they are not Arrow arrays. Shared dictionaries are still :unsupported_encoding. Nothing here says F3 is faster or slower than Parquet.
Next
Building a safe binary-file reader on the BEAM is the bounds and the opt-in paths. Tutorial 9 is the only place that quotes a measured run.
Sources
	Zeng, Meng, Prammer, McKinney, Patel, Pavlo, and Zhang, "F3: The Open-Source Data File Format for the Future", Proc. ACM Manag. Data 3, 4, Article 245 (2025). https://doi.org/10.1145/3749163
	Example: examples/tutorial_07.exs
	Fixture: test/fixtures/small.f3



  

    Building a safe binary-file reader on the BEAM

Status: technically reviewed
Audience: Elixir engineers who read untrusted binaries.
Estimated reading time: 8 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
The rules below are the ones this library implements. They are not a general BEAM security guide.
The tail is the allocation
The postscript is 32 bytes. metadata_size and footer_size are integers in that tail, so they are attacker-controlled. F3.Postscript.max_metadata_bytes/0 is 16_777_216 (16 MiB). A larger claim is :resource_limit and is not allocated. The cap is an argument to schema/1, metadata/1, and inspect/2. It is not a process global.
pread/3 returns at most the requested length. A read at or past the end returns an empty binary. It does not raise.
The NIF stays on a dirty scheduler
CASCADE decoding runs in f3_native on the dirty CPU scheduler, and only when F3_BUILD_NATIVE=1. The NIF does not link fff-poc and it does not install a global allocator. Arrow buffers do not cross into Elixir. A panic becomes {:error, %F3.Error{}}. Without that build, F3.read/2 returns :native_unavailable and does not scan the payload.
Wasm is opt-in
wasm: defaults to :off. CUSTOM_WASM is then :unsupported_encoding, and the WASMBinaries section is not read. :sandbox runs Wasmtime 28 with a 16 MiB module ceiling, 8 MiB of linear memory, and 5_000_000 units of fuel. There is no preopened directory. lib_urls in the footer are not fetched.
Remote bytes are also opt-in
source: {:http, url} sends one HEAD and then one ranged GET per pread/3. Redirects are refused. A local F3.schema/1 does not open a socket. The writer still renames a temp file on the local filesystem.
Inspect prints an origin, a size, and a closed flag. It does not print file bytes, request headers, or a signing secret.
flowchart LR
  open[F3.open]
  cap[postscript cap]
  pread[pread one chunk]
  nif[dirty CPU NIF]
  open --> cap --> pread --> nif
From the repository root:
mix run examples/tutorial_08.exs

The script prints the 16 MiB cap, the default Wasm mode, and the read result for small.f3 on this build.
What is experimental?
The caps are tested. They are not a sandbox for the BEAM, and they are not a claim that every native dependency is audited. A shared dictionary is still refused. Hex has not been published.
Next
Performance, compatibility, and what remains experimental quotes the benchmark script and names what is still off.
Sources
	F3.Postscript.max_metadata_bytes/0
	docs/security.md
	Example: examples/tutorial_08.exs



  

    Performance, compatibility, and what remains experimental

Status: technically reviewed
Audience: someone deciding whether this repository is a library they can depend on.
Estimated reading time: 8 minutes, estimated from length, not from a timed reading.
Upstream pin: bd92506447dc1333820cfe9a34ebbf497fe0219e
The numbers in this article are the output of one command on one machine. They are not a comparison with Parquet, and they are not decode times. The native stamp was 0, so F3.read/2 returned before decoding a payload.
The recorded run
Command, from the repository root, on Darwin arm64 with Elixir 1.20.2 and OTP 28:
/usr/bin/time -l mix run scripts/bench.exs

/usr/bin/time -l exited 0. It printed maximum resident set size 109854720 and peak memory footprint 97747616. The script also printed ps_rss_kb: 107136 from ps. That figure is the resident set ps reported, not the time peak.
command: mix run scripts/bench.exs
elixir: 1.20.2
otp: 28
native_stamp: 0
---
fixture: test/fixtures/compressed_lz4.f3
bytes: 1391
read_us: 10889
read: error category=native_unavailable
stream_us: 106
stream: error category=native_unavailable
---
fixture: test/fixtures/compressed_zstd.f3
bytes: 1216
read_us: 229
read: error category=native_unavailable
stream_us: 27
stream: error category=native_unavailable
---
fixture: test/fixtures/custom_wasm.f3
bytes: 10663647
read_us: 1072
read: error category=unsupported_encoding
stream_us: 96
stream: error category=unsupported_encoding
---
fixture: test/fixtures/dictionary.f3
bytes: 4912
read_us: 270
read: error category=native_unavailable
stream_us: 58
stream: error category=native_unavailable
---
fixture: test/fixtures/multi_row_group.f3
bytes: 3072
read_us: 263
read: error category=native_unavailable
stream_us: 29
stream: error category=native_unavailable
---
fixture: test/fixtures/nested.f3
bytes: 7200
read_us: 220
read: error category=native_unavailable
stream_us: 48
stream: error category=native_unavailable
---
fixture: test/fixtures/nullable.f3
bytes: 5064
read_us: 91
read: error category=native_unavailable
stream_us: 39
stream: error category=native_unavailable
---
fixture: test/fixtures/small.f3
bytes: 4168
read_us: 81
read: error category=native_unavailable
stream_us: 49
stream: error category=native_unavailable
---
fixture: test/fixtures/wide.f3
bytes: 30640
read_us: 298
read: error category=native_unavailable
stream_us: 128
stream: error category=native_unavailable
---
ps_rss_kb: 107136
---
parquet comparison: skipped
---
batch_size: default
projection: all columns
custom_wasm.f3 is :unsupported_encoding because the default read does not execute Wasm. The other eight fixtures are :native_unavailable because the decoder was not compiled. parquet-cli and a pyarrow binary were not on PATH, so the comparison was skipped. The script did not download a dataset.
batch_size stayed 8192. Projection stayed every column. A chunk is still one pread/3. This run does not name a defect in those defaults, so they were not changed.
examples/tutorial_09.exs prints this recorded result. It does not time the fixtures again.
What remains experimental
Version 0.1.0 has not been published to Hex. Precompiled NIFs are not part of the package. A source build needs nightly-2025-11-15 for the NIF and nightly-2025-02-24 plus a fetch of pinned fff-poc for the writer.
Still off, or only present when the caller opts in:
	Wasm, unless wasm: :sandbox
	shared dictionaries
	signed int8 and int16, float16, binary, decimal, dates, timestamps, and map
	remote writes
	fetches of lib_urls

The MinIO tag was not run for the stage 5 report. Linux arm64 and upstream's Intel Debian 12 claim were not run from this machine.
What is experimental?
Upstream F3 at this pin is a research prototype. These timings are the cost of refusing a read on small fixtures. They are not a throughput number for Vortex or Wasm.
Sources
	scripts/bench.exs
	docs/test-reports/stage-5.md
	Example: examples/tutorial_09.exs



  

    Publication plan

Nothing in this file is scheduled, submitted, or posted. It is a backlog for a possible later series on a personal blog or an Elixir publication.
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	4	Streaming and column projection	Batches, projection, and when not to call to_rows	elixir, streaming
	5	Writing F3 from Elixir	Schema, compression, and a round trip	elixir, arrow
	6	Taking the decoder with the data	Wasm, trust, and what stays off	elixir, webassembly
	7	F3, Apache Arrow, and Parquet	Three different jobs	arrow, parquet
	8	Building a safe binary-file reader on the BEAM	Bounds, NIFs, and a bug that the tests still catch	elixir, rustler
	9	Performance, compatibility, and what remains experimental	Numbers only from a recorded run	elixir, benchmarks

Articles 1–9 exist as technically reviewed drafts. None are ready to publish. Nothing here is scheduled.
Canonical links
When a post exists, its canonical URL should point at one place, not at both the blog and a mirror. This repository can keep the Markdown source. Do not invent that URL now.
Diagrams
	Article	Diagram	Form
	1	File regions: data, Wasm, column metadata, footer, postscript	Mermaid in the article
	2	Postscript fields, then footer, then data	Mermaid in the article
	3	Open, postscript, footer, then rows	Mermaid in the article
	4	Stream, project, take one batch	prose; no benchmark table
	5	Open, write, rename, read	Mermaid in the article
	6	Wasm stays off, then one sandboxed call	Mermaid in the article
	7	Arrow, Parquet, and F3 as three jobs	Mermaid in the article
	8	Open, cap, pread, dirty CPU NIF	Mermaid in the article
	9	Recorded bench output	the script output in the article; no separate diagram

No external images. A text description sits next to each Mermaid block in the article itself.
Checklist before any post
	Status on the article is ready to publish, not technically reviewed or draft.
	The example script still exits 0 at the git revision being published.
	Hex dump and any benchmark table have a command in the repository that regenerates them.
	The experimental section names the upstream SHA and says whether row reads exist.
	Links that use repository-relative paths are rewritten for the host, or the host renders them.
	The prototype warning remains in the first screen of article 1.
	The author has explicitly asked to publish. This plan is not that request.



  

    Stage 0 test report

Recorded 2026-11-03 after the commands below. CI has not run. Linux x86_64 is configured in .github/workflows/ci.yml and is untested here.
Environment
	Tool	Version
	Host	Darwin arm64
	Elixir	1.20.2, compiled with Erlang/OTP 28
	OTP	28, erts 16.2
	NIF Rust	rustc 1.97.1, host aarch64-apple-darwin
	Fixture Rust	nightly-2025-02-24, rustc 1.87.0-nightly (f8a913b13 2025-02-23), aarch64-apple-darwin
	Upstream	bd92506447dc1333820cfe9a34ebbf497fe0219e

rustup on this machine is an x86_64 binary running under emulation. The toolchains it installed and the rustc processes used above are aarch64.
Commands
Default build, no F3_BUILD_NATIVE:
mix test
15 passed (3 doctests, 12 tests)
mix format --check-formatted
mix docs
mix format --check-formatted exited 0. mix docs wrote doc/index.html.
Optional NIF, then a return to the default build:
F3_BUILD_NATIVE=1 mix compile --force --warnings-as-errors
F3_BUILD_NATIVE=1 mix test test/f3/contract_test.exs
12 passed (3 doctests, 9 tests)
priv/native/f3_native.so is a Mach-O arm64 dylib. F3.Native.info/0 returned {:ok, {"f3_native", "0.0.1"}} under that test. The crate version is now 0.1.0. A later mix compile --force without the flag restored the default beam, and mix test passed again with available?/0 false.
Fixture generation:
scripts/fixtures/generate.sh
Eight files were written: small.f3, nullable.f3, wide.f3, multi_row_group.f3, compressed_zstd.f3, compressed_lz4.f3, dictionary.f3 (LocalDictionary), nested.f3 (struct and list<int32>). custom_wasm.f3 was skipped. fff-ude-example-fff failed to build for wasm32-wasip1 because clang could not find stdlib.h, string.h, stdio.h, and assert.h while compiling zstd-sys. The manifest records that reason. No Wasm fixture was invented.
mix run examples/tutorial_02.exs printed the tail of the committed small.f3 (4168 bytes, SHA-256 6f1ff9d7202c3f0d8f910a4ef154ba195cd225804d261ca752339cc8fc123a13). That output is copied into tutorial 2.
Not measured
No throughput, RSS, or scheduler numbers. Linux x86_64 and Linux arm64 were not executed. The GitHub Actions file is present and has not been run from this machine.
Implemented
The Mix library at the repository root opens a local path or an in-memory binary and closes that handle. lib/f3.ex refuses schema, metadata, read, stream, and inspect with :not_implemented. lib/f3/writer.ex refuses open, write, and close the same way. lib/f3/format.ex holds the pinned constants and compatible?/2. lib/f3/io/local.ex and lib/f3/io/memory.ex implement size, positioned read, and idempotent close. lib/f3/error.ex is the error struct. Schema, metadata, row group, and batch structs exist and are not filled from a file.
native/f3_native is a stable-Rust version probe. It is compiled only when F3_BUILD_NATIVE=1. It does not link fff-poc.
scripts/fixtures/generate.sh clones the pinned upstream commit, builds FileWriter from scripts/fixtures/generator/src/main.rs with that checkout's Cargo.lock, and writes test/fixtures/*.f3 plus test/fixtures/manifest.json.
Public API
F3.open/2 and F3.close/1 work. The other public calls do not read the format:
{:ok, file} = F3.open("test/fixtures/small.f3")
{:error, %F3.Error{category: :not_implemented}} = F3.schema(file)
:ok = F3.close(file)
{:error, %F3.Error{category: :closed}} = F3.schema(file)
F3.Format.compatible?(0, 1) is true. Any other pair is false. F3.Native.available?/0 is false unless the module was compiled with the native flag. There is no application callback.
Documentation
Tutorials 1 and 2 are technically reviewed. The hex dump in tutorial 2 matches the committed small.f3 (4168 bytes, SHA-256 6f1ff9d7202c3f0d8f910a4ef154ba195cd225804d261ca752339cc8fc123a13). examples/tutorial_01.exs and examples/tutorial_02.exs run under mix test. Tutorials 3–9 are backlog entries in docs/tutorials/README.md and have no article files. docs/tutorials/publication-plan.md does not schedule or post anything. Compatibility, architecture, the feature matrix, security notes, and ADR 0001 are in docs/.
Next stage
Stage 1 is a postscript decoder checked against these fixtures: bounds, magic, version, and truncation, with no FlatBuffers walk and no row reader. The footer checksum and the out-of-band column metadata stay unread until that decoder exists. Regenerating fixtures can change bytes because the upstream writer samples with thread_rng, so a new manifest has to replace the tutorial 2 dump from a new mix run examples/tutorial_02.exs.


  

    Stage 1 test report

Recorded 2026-11-03 after the commands below. CI has not run. Linux x86_64 is configured in .github/workflows/ci.yml and is untested here.
Environment
	Tool	Version
	Host	Darwin arm64
	Elixir	1.20.2, compiled with Erlang/OTP 28
	OTP	28, erts 16.2
	Upstream	bd92506447dc1333820cfe9a34ebbf497fe0219e

The eight .f3 fixtures were not regenerated. Their SHA-256 values are still the ones in test/fixtures/manifest.json. small.f3 is 4168 bytes, SHA-256 6f1ff9d7202c3f0d8f910a4ef154ba195cd225804d261ca752339cc8fc123a13.
Commands
mix format
mix compile --warnings-as-errors
mix test
30 passed (3 doctests, 27 tests)
mix format --check-formatted
mix docs
mix f3.inspect test/fixtures/small.f3
mix f3.inspect test/fixtures/small.f3 --detail
mix run examples/tutorial_02.exs
mix run examples/tutorial_03.exs
mix format --check-formatted exited 0. mix docs wrote doc/index.html. mix test does not compile Rust. The golden comparison inside test/f3/metadata_test.exs matched F3.Metadata.to_map/1 to test/fixtures/golden/*.json for all eight fixtures. Those JSON files were produced by one local run of scripts/fixtures/dump_metadata.sh against the already-built pinned reader. That script is not part of mix test.
Not measured
No throughput, RSS, or scheduler numbers. Linux x86_64 and Linux arm64 were not executed. The GitHub Actions file is present and has not been run from this machine. Checksums were not recomputed. Wasm bytes were not read.
Implemented
F3.Postscript reads the 32-byte tail. A short file is :truncated. A bad magic is :invalid_magic. A version other than 0.1 is :unsupported_version. Footer compression other than uncompressed is :unsupported_encoding. A claimed metadata or footer size above max_metadata_bytes: (default 16 MiB) is :resource_limit and is not allocated. Checksum type 0 is :xxhash. Any other byte is {:unknown, byte}. Both u64 checksums are stored and not verified.
F3.FlatBuffer walks the footer and the Arrow IPC schema message with bounds, a depth cap, and a visit cap. F3.Footer fills F3.Schema, F3.Metadata, and F3.RowGroup from the footer and from each out-of-band column-metadata root. F3.schema/1, F3.metadata/1, and F3.inspect/2 return {:ok, _} for the eight fixtures. mix f3.inspect prints the text. JSON inspection uses Elixir JSON and the same decoded fields. It does not include raw footer bytes.
The Elixir maps match the upstream reader on small, nullable, wide, multi_row_group, compressed_zstd, compressed_lz4, dictionary (LocalDictionary), and nested (struct and list). An empty row-group vector is covered by a synthetic footer inside test/f3/metadata_test.exs, not by a new .f3 file. No Rust FlatBuffers bridge was added.
Public API
{:ok, file} = F3.open("test/fixtures/small.f3")
{:ok, schema} = F3.schema(file)
{:ok, metadata} = F3.metadata(file)
{:ok, text} = F3.inspect(file)
{:ok, detail} = F3.inspect(file, detail: true)
{:ok, json} = F3.inspect(file, format: :json)
{:error, %F3.Error{category: :not_implemented}} = F3.read(file)
{:error, %F3.Error{category: :not_implemented}} = F3.stream(file)
{:ok, file} = F3.close(file)
{:error, %F3.Error{category: :closed}} = F3.schema(file)
schema/2, metadata/2, and inspect/2 take max_metadata_bytes:. F3.Writer and F3.Batch.to_rows/1 still return :not_implemented. close/1 returns the handle that must be used afterwards.
Documentation
Tutorial 2 stays technically reviewed. Its hex dump is unchanged. The inspect text is the output of mix run examples/tutorial_02.exs. Tutorial 3 is a draft, with examples/tutorial_03.exs. Nothing was posted. docs/tutorials/publication-plan.md does not schedule a post.
Next stage
Stage 2 is row decoding: Vortex CASCADE values for the types in these fixtures, projection, and F3.stream/2. Wasm execution stays off. Checksum verification is still not part of that gate unless the stage says so.


  

    Stage 2 test report

Recorded 2026-11-04 after the commands below. GitHub Actions has not been run from this machine. Linux x86_64 is configured as a required decode job and is untested here.
Environment
	Tool	Version
	Host	Darwin arm64
	Elixir	1.20.2, compiled with Erlang/OTP 28
	OTP	28, erts 16.2
	Decoder Rust	1.93.0-nightly (nightly-2025-11-15, commit b6d7ff3aa, 2025-11-14), aarch64-apple-darwin
	Upstream	bd92506447dc1333820cfe9a34ebbf497fe0219e
	Vortex	c0d89a66cbaa542bd9aa277cfdf52f2728c4b37a
	Arrow	arrow-array 53.3.0

The eight .f3 fixtures were not regenerated. Their SHA-256 values are still the ones in test/fixtures/manifest.json. small.f3 is 4168 bytes, SHA-256 6f1ff9d7202c3f0d8f910a4ef154ba195cd225804d261ca752339cc8fc123a13.
Toolchain spike
Stable rustc 1.97.1 cargo check of native/f3_native stopped in fastlanes on #![feature(generic_const_exprs)].
nightly-2025-02-24 (rustc 1.87.0-nightly) stopped before compiling Vortex. Rustler 0.38.0 declares rust-version = "1.91". A fresh resolve also selected croaring 2.9.0, which wants rustc 1.95.
rustc 1.101.0-nightly (2026-10-15) compiled Vortex's feature gates, then failed in vortex-fastlanes because ArrayChunks::into_remainder no longer returns Option. That signature changed in rust-lang/rust#149127, merged 2025-11-21. The same nightly also needed chrono = "=0.4.39" so arrow-arith 53.3.0 could compile. chrono 0.4.45 adds Datelike::quarter, which collides with Arrow's own quarter.
nightly-2025-11-15 is after Rust 1.91 and before that standard-library change. With croaring = "=2.1.0" (the upstream lock) and chrono = "=0.4.39", cargo check finished. F3_BUILD_NATIVE=1 mix compile --force produced an arm64 priv/native/f3_native.so. nm -gU on that file showed no fff-poc and no mimalloc symbols.
The first uncompressed int64 EncUnit of small.f3 (offset 0, size 1664) decoded to the values 1, 2, and 3.
Commands
mix format
mix credo --strict
mix test
66 passed (3 doctests, 63 tests), 4 excluded
mix test --cover
66 passed, coverage 92.05%
F3_BUILD_NATIVE=1 mix test --only native
4 passed, 65 excluded
mix test and mix test --cover compile without Rust. F3_BUILD_NATIVE=1 mix compile --force in the test environment is what loads the NIF for --only native. The default beam used by mix test does not contain it.
One local run of the pinned FileReaderV2 (fff-poc example dump_rows, built with nightly-2025-02-24) wrote test/fixtures/golden/*_rows.json for seven fixtures. dictionary.f3 panics in that reader with Incorrect type of indices. The native test compares those seven files to the golden JSON and all eight files to the manifest rows. CI does not regenerate the .f3 files.
Not measured
No throughput, latency, or RSS. The eight fixtures are smaller than one encoding unit, so they cannot show dirty-scheduler delay. The NIF is still scheduled DirtyCpu. Linux x86_64 and Linux arm64 were not executed. The required decode job in .github/workflows/ci.yml installs nightly-2025-11-15 on macos-14 and ubuntu-latest and runs mix test --only native. The informational native job stays on stable Rust and is expected to fail.
Implemented
F3.read/2 returns {:ok, [F3.Batch.t()]}. F3.stream/2 returns a stream and does not pread until the first pull. Enum.take/2 stops further reads. The caller owns close/1. Options are columns:, row_groups:, and batch_size: (default 8192). One NIF call decodes a whole EncUnit. Elixir slices it.
The eight fixtures round-trip, including nullable values, a nullable struct, a list of int32 with an empty list, a local dictionary, zstd, and lz4. CUSTOM_WASM and a shared dictionary are :unsupported_encoding and are not executed. Bool and plain binary are not in the fixtures.
A wiped EncUnit returns {:error, %F3.Error{category: :corrupt}}. The caller stays alive. Chunk checksums are checked only when the footer field is present. These fixtures store none. Postscript checksums stay reported and unverified.
Next
Stage 3 is Wasm. Execution stays off.


  

    Stage 3 test report

Recorded 2026-11-04 after the commands below. GitHub Actions has not been run from this machine. Linux x86_64 is configured as a required decode job and is untested here.
Environment
	Tool	Version
	Host	Darwin arm64
	Elixir	1.20.2, compiled with Erlang/OTP 28
	OTP	28, erts 16.2
	Decoder Rust	1.93.0-nightly (nightly-2025-11-15, commit b6d7ff3aa, 2025-11-14), aarch64-apple-darwin
	Fixture Rust	nightly-2025-02-24, aarch64-apple-darwin, target wasm32-wasip1
	WASI C toolchain	Homebrew wasi-libc 34 and wasi-runtimes 23.1.5. That formula upgraded Homebrew LLVM to 23.1.5, which compiled the C objects inside zstd-sys. The final .wasm link used rustc's linker
	Upstream	bd92506447dc1333820cfe9a34ebbf497fe0219e
	Wasmtime	28.0.0, with wasi-common 28.0.0
	Vortex	c0d89a66cbaa542bd9aa277cfdf52f2728c4b37a

The eight earlier .f3 fixtures were not regenerated. custom_wasm.f3 was added. It is 10_663_647 bytes, SHA-256 70beae4fedc5825d3de83e0ff0a117712283138afcdfee610da7f6d800eb6c8b. The embedded module is 10_661_135 bytes, so the hard module cap is 16 MiB. A 8 MiB cap would reject this file.
Wasm build
The first link used Homebrew clang as CARGO_TARGET_WASM32_WASIP1_LINKER. zstd-sys compiled. The link failed:
rust-lld: error: entry symbol not defined (pass --no-entry to suppress): _initialize
The retry kept CC_wasm32_wasip1 on Homebrew clang and WASI_SYSROOT=/opt/homebrew/opt/wasi-libc/share/wasi-sysroot, and left the Wasm link to nightly-2025-02-24. That build finished. fff-ude-example-fff.wasm exports FFFUDE_VERSION_1_0 and decode_general_ffi.
tmp/upstream-f3/target/release/f3_fixture_gen then wrote every fixture into /tmp/f3-stage3-fixtures. Only custom_wasm.f3 was copied into test/fixtures/. The upstream dump_rows example wrote custom_wasm_rows.json with trade_id 1, 2, and 3.
Host
cargo check of native/f3_native on nightly-2025-11-15 compiled Wasmtime 28. The Vortex nightly was not changed. F3_BUILD_NATIVE=1 MIX_ENV=test mix compile --force produced the NIF.
Fuel is 5_000_000 instructions. Upstream sets none. Linear memory is 8 MiB. The built-in module grows a table to 3308 elements, so the table-element cap is 16_384. An omitted wasm_id is FlatBuffers default 0. This file omits it and has one module.
Commands
brew install wasi-libc wasi-runtimes
# wasi-libc 34, wasi-runtimes 23.1.5, llvm 23.1.5

cargo build --locked -p fff-ude-example-fff --target wasm32-wasip1 --profile opt-size-lvl3
# nightly-2025-02-24, WASI_SYSROOT set, rustc linker

f3_fixture_gen --upstream tmp/upstream-f3 --out /tmp/f3-stage3-fixtures
cargo run --release --example dump_rows -- /tmp/f3-stage3-rows /tmp/f3-stage3-fixtures/custom_wasm.f3

F3_BUILD_NATIVE=1 mix test --only native
6 passed

mix compile --force
mix ci
77 passed (3 doctests, 74 tests), 6 native tests excluded
coverage 92.30%
mix credo --strict found no issues
mix test --only native included the sandboxed read of custom_wasm.f3. Those rows match the manifest and test/fixtures/golden/custom_wasm_rows.json. The same run rejects a short buffer, fuel exhaustion, a 16 MiB memory minimum, a memory grow, path_open, sock_accept, a missing ABI symbol, and major 2. No throughput or RSS numbers were collected.
Default F3.read/2 and F3.stream/2 on custom_wasm.f3 return :unsupported_encoding and do not pread the WASMBinaries section. lib_urls are not walked. A trace of :httpc during the sandboxed read received no calls.


  

    Stage 4 test report

Recorded 2026-11-06 after the commands below. GitHub Actions has not been run from this machine. Linux x86_64 is configured and is untested here. No latency or RSS numbers.
Environment
	Tool	Version
	Host	Darwin arm64
	Elixir	1.20.2, compiled with Erlang/OTP 28
	OTP	28, erts 16.2
	Decoder Rust	1.93.0-nightly (nightly-2025-11-15, commit b6d7ff3aa, 2025-11-14), aarch64-apple-darwin
	Writer Rust	1.87.0-nightly (nightly-2025-02-24, commit f8a913b13, 2025-02-23), aarch64-apple-darwin
	Upstream	bd92506447dc1333820cfe9a34ebbf497fe0219e

The eight committed .f3 fixtures and custom_wasm.f3 were not regenerated. f3_write is a Mach-O arm64 executable copied to gitignored priv/native/f3_write. f3_native does not link it. There is no freestanding native/f3_write/Cargo.lock. Resolving one pulls crates this nightly cannot compile. The binary is cargo build --locked -p fff-poc --bin f3_write inside tmp/upstream-f3.
nightly-2025-02-24 compiled fff-poc here. The helper was not reimplemented. A list column split across two batches makes pinned FileReaderV2 panic in primitive_to_arrow (unaligned ScalarBuffer). This library reads that file. The upstream row check uses one batch for nested values. An empty batch is accepted and is not sent.
Commands
cargo build --locked --release -p fff-poc --bin f3_write from tmp/upstream-f3, with nightly-2025-02-24 on PATH, finished in 8.34s.
F3_BUILD_NATIVE=1 mix test --only native — 15 passed, 83 excluded.
F3_BUILD_NATIVE=1 mix run examples/tutorial_05.exs printed:
command: mix run examples/tutorial_05.exs
write: round trip
[%{"price" => nil, "symbol" => "AAPL", "trade_id" => 1}]
unset F3_BUILD_NATIVE && mix ci — format check, compile with warnings as errors, Credo strict, and docs passed. Tests: 83 passed (3 doctests, 80 tests), 15 excluded. Coverage 90.03%. The beam was the rust-free stub.


  

    Stage 5 test report

Recorded 2026-11-07 after the commands below. GitHub Actions has not been run from this machine. The required workflow is still mix ci plus the native decode job. This stage did not add a benchmark gate or a MinIO service.
Environment
	Tool	Version
	Host	Darwin arm64
	Elixir	1.20.2, compiled with Erlang/OTP 28
	OTP	28
	Native stamp	0 for the benchmark and for mix ci
	Upstream	bd92506447dc1333820cfe9a34ebbf497fe0219e

The committed .f3 fixtures were not regenerated. Hex was not published. The library version is 0.1.0.
HTTP
mix test test/f3/io/http_test.exs — 12 passed. The run excluded :minio and :native. F3_MINIO was unset, so the MinIO tag was not run. The tests spoke HTTP to a :gen_tcp server in the test process. A full read of small.f3 matched the local schema, metadata, and F3.read/2 result. A ranged pread was capped. A missing object was :not_found. A redirect was refused. F3.schema/1 on the local fixture did not contact that server.
Benchmark
/usr/bin/time -l mix run scripts/bench.exs exited 0. native_stamp was 0. Eight fixtures returned :native_unavailable. custom_wasm.f3 returned :unsupported_encoding. parquet-cli and a pyarrow binary were not on PATH, so the script printed parquet comparison: skipped. It did not download data.
/usr/bin/time -l printed maximum resident set size 109854720 and peak memory footprint 97747616. The script printed ps_rss_kb: 107136 from ps. That is the resident set ps reported, not the time peak.
batch_size stayed 8192. Projection stayed every column. A chunk is still one pread/3. This run does not name a defect in those defaults.
The script's stdout is quoted in docs/tutorials/09-performance-and-what-remains-experimental.md.
Packaging
mix.exs files includes native/f3_write/src, native/f3_write/build.ex, native/f3_write/Cargo.toml, and native/f3_write/rust-toolchain.toml. It does not list priv/native, tmp/, or a built helper. Precompiled NIFs stay off. NOTICE records the license fields read from the Vortex, Arrow, Wasmtime, and fff-poc crate files.
Required checks
mix ci passed. Format check, compile with warnings as errors, Credo strict, and docs passed. Tests: 100 passed (3 doctests, 97 tests), 16 excluded. Coverage 90.53%. The excluded tags were :native and :minio. The beam was the rust-free stub (native_stamp 0).
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Experimental Elixir API for the F3 columnar file format.
Upstream F3 is a research prototype. open/2 and close/1 acquire and
release a byte source. schema/1, metadata/1, and inspect/2 decode the
postscript and the FlatBuffers footer. read/2 returns columnar batches.
stream/2 returns a lazy stream and does not pread until the first pull.
F3.Writer writes a local file when F3_BUILD_NATIVE=1 and returns
:not_implemented otherwise. Wasm bytes are not executed.
max_metadata_bytes on the metadata calls caps the postscript size fields.
The default is F3.Postscript.max_metadata_bytes/0.
These functions return {:error, %F3.Error{}} for a missing file, a closed
handle, a bad option, or a footer this build will not decode. They do not
raise for those cases. stream/2 returns that error before a stream when
the native decoder is not loaded. A later pull that cannot decode throws
{:f3, %F3.Error{}}.
A memory source is open(path, source: {:memory, binary}) or
open({:memory, binary}). When the :source option is a memory binary,
path is not opened. An HTTP source is open(path, source: {:http, url})
or open(path, source: {:http, url, opts}). path is not opened. Remote
reads do not follow redirects and do not fetch lib_urls.

      


      
        Summary


  
    Functions
  


    
      
        close(file)

      


        Releases the source. Closing a closed handle returns {:ok, file}.
A value that is not an F3.File is :invalid_argument. This does not raise.



    


    
      
        inspect(file, opts \\ [])

      


        Textual inspection of a file.



    


    
      
        metadata(file, opts \\ [])

      


        Returns footer and column metadata.



    


    
      
        open(source, opts \\ [])

      


        Opens a local path, an in-memory binary, or an HTTP url.



    


    
      
        read(file, opts \\ [])

      


        Reads row data into columnar batches.



    


    
      
        schema(file, opts \\ [])

      


        Returns the logical schema from the footer.



    


    
      
        stream(file, opts \\ [])

      


        Lazy columnar batches.



    





      


      
        Functions


        


  
    
      
    
    
      close(file)



    

  


  

      

          @spec close(F3.File.t()) :: {:ok, F3.File.t()} | {:error, F3.Error.t()}


      


Releases the source. Closing a closed handle returns {:ok, file}.
A value that is not an F3.File is :invalid_argument. This does not raise.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, closed} = F3.close(file)
iex> closed.closed
true
iex> {:ok, again} = F3.close(closed)
iex> again.closed
true
iex> {:error, error} = F3.close(:nope)
iex> error.message
"expected an F3.File"

  



    

  
    
      
    
    
      inspect(file, opts \\ [])



    

  


  

      

          @spec inspect(F3.File.t(), keyword()) :: {:ok, String.t()} | {:error, F3.Error.t()}


      


Textual inspection of a file.
This name is the public inspection API. It is unrelated to Kernel.inspect/2.
The default is a compact summary. detail: true adds row groups, encoding
units, and optional sections. format: :json returns the golden metadata
map encoded as JSON. Neither form includes column payloads.
max_metadata_bytes overrides the allocation cap for this call.
detail must be a boolean. format is :text or :json.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, text} = F3.inspect(file, detail: false, format: :text)
iex> text =~ "schema: trade_id int64, symbol utf8, price float64"
true

  



    

  
    
      
    
    
      metadata(file, opts \\ [])



    

  


  

      

          @spec metadata(F3.File.t(), keyword()) ::
  {:ok, F3.Metadata.t()} | {:error, F3.Error.t()}


      


Returns footer and column metadata.
Checksums are reported and not verified. Wasm sections are offsets only.
max_metadata_bytes overrides the allocation cap for this call.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, meta} = F3.metadata(file)
iex> {meta.major_version, meta.minor_version, length(meta.row_groups)}
{0, 1, 1}

  



    

  
    
      
    
    
      open(source, opts \\ [])



    

  


  

      

          @spec open(Path.t() | {:memory, binary()}, keyword()) ::
  {:ok, F3.File.t()} | {:error, F3.Error.t()}


      


Opens a local path, an in-memory binary, or an HTTP url.
The returned handle is not validated as F3. Missing local paths and missing
HTTP objects return {:error, %F3.Error{category: :not_found}}. HTTP options
live inside {:http, url, opts}.
opts for a path may contain :source. A memory tuple accepts no options.
:source is :file (the default), {:memory, binary}, {:http, url}, or
{:http, url, http_opts}. HTTP options are headers:, timeout_ms:
(default 10_000), sign:, and the six SigV4 keys. See F3.IO.HTTP.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> file.origin
"test/fixtures/small.f3"

iex> {:ok, memory} = F3.open("unused", source: {:memory, <<1, 2>>})
iex> memory.origin
:memory

iex> {:error, missing} = F3.open("missing-file.f3")
iex> missing.category
:not_found

iex> {:error, bad} = F3.open("unused", source: {:http, "ftp://example.test/a"})
iex> bad.message
"http url must be http or https"

  



    

  
    
      
    
    
      read(file, opts \\ [])



    

  


  

      

          @spec read(F3.File.t(), keyword()) :: {:ok, [F3.Batch.t()]} | {:error, F3.Error.t()}


      


Reads row data into columnar batches.
Options:
	:columns — logical field names. Omitted means every top-level field.
An unknown name is :invalid_projection.
	:row_groups — zero-based indexes. An index past the footer is
:invalid_argument. Omitted means every row group.
	:batch_size — a positive integer. The default is 8192.
	:wasm — :off (default) or :sandbox. :off returns
:unsupported_encoding for CUSTOM_WASM and does not read the module.
:sandbox runs that module inside the fuel and memory caps.
	:extensions — pid from F3.Registry.start_link/1. A matching Elixir
extension runs instead of Wasm. Registries are not shared by default.
	:wasm_module_bytes — module size cap. Default 1 MiB. Hard ceiling 16 MiB.

One native call decodes a whole encoding unit. Elixir slices it to
batch_size. These fixtures are smaller than one unit. Without the native
decoder this returns :native_unavailable and does not read the payload.
A bad option is :invalid_argument and does not raise.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:error, error} = F3.read(file, columns: ["trade_id"], batch_size: 2)
iex> error.category
:native_unavailable

  



    

  
    
      
    
    
      schema(file, opts \\ [])



    

  


  

      

          @spec schema(F3.File.t(), keyword()) :: {:ok, F3.Schema.t()} | {:error, F3.Error.t()}


      


Returns the logical schema from the footer.
max_metadata_bytes overrides the allocation cap for this call. It must be
a non-negative integer. The default is 16_777_216. A closed file is
:closed. A short file is :truncated.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, schema} = F3.schema(file, max_metadata_bytes: 1_048_576)
iex> Enum.map(schema.fields, & &1.name)
["trade_id", "symbol", "price"]

  



    

  
    
      
    
    
      stream(file, opts \\ [])



    

  


  

      

          @spec stream(F3.File.t(), keyword()) :: {:ok, Enumerable.t()} | {:error, F3.Error.t()}


      


Lazy columnar batches.
The stream does not pread until the first pull. Enum.take/2 stops further
reads. The caller still owns close/1. Options match read/2. A pull that
cannot decode throws {:f3, %F3.Error{}}. Without the native decoder this
returns {:error, %F3.Error{}} and does not return a stream.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:error, error} = F3.stream(file, wasm: :off, row_groups: [0])
iex> error.message
"native decoder is not loaded"

  


        

      


  

    
F3.Batch 
    



      
Columnar batch.
columns maps a field name to an F3.Column. That is the storage form.
to_rows/1 zips those columns into maps and is the convenience path for
a small result. A large file should keep the columns.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        One batch.



    





  
    Functions
  


    
      
        to_rows(batch)

      


        Materializes a batch as row maps.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.Batch{
  columns: %{optional(String.t()) => term()},
  num_rows: non_neg_integer(),
  schema: F3.Schema.t() | nil
}


      


One batch.
columns maps a logical field name to an F3.Column. num_rows is the
row count of every column. schema is the logical schema for those
names. to_rows/1 requires it. A batch with num_rows 0 returns []
even when schema is nil.

  


        

      

      
        Functions


        


  
    
      
    
    
      to_rows(batch)



    

  


  

      

          @spec to_rows(t()) :: {:ok, [map()]} | {:error, F3.Error.t()}


      


Materializes a batch as row maps.
Keys are the logical field names. Nested values are maps and lists.
Nulls are nil. A batch that is not an F3.Batch is :invalid_argument.
This does not raise.
Examples
iex> field = %{name: "id", type: {:int, 64, true}, nullable: false}
iex> {:ok, column} = F3.Column.from_native(:i64, 1, <<3::little-64>>, nil)
iex> batch = %F3.Batch{columns: %{"id" => column}, num_rows: 1, schema: %F3.Schema{fields: [field]}}
iex> F3.Batch.to_rows(batch)
{:ok, [%{"id" => 3}]}

iex> F3.Batch.to_rows(%F3.Batch{num_rows: 0})
{:ok, []}

iex> {:error, error} = F3.Batch.to_rows(%F3.Batch{num_rows: 1})
iex> error.message
"batch has no schema"

  


        

      


  

    
F3.Checksum 
    



      
XXH64 checksums for chunk bytes.
The pinned writer uses xxhash_rust Xxh64 with seed 0. Postscript
checksums stay recorded and are not recomputed. A chunk checksum is
checked only when the footer field is present.

      


      
        Summary


  
    Functions
  


    
      
        verify(bytes, checksum)

      


        Checks a chunk checksum. nil means the footer did not store one and
returns :ok. A mismatch is {:error, %F3.Error{category: :checksum}}.
This does not raise.



    


    
      
        xxh64(bytes)

      


        XXH64 of bytes with seed 0. bytes must be a binary. Any other term
raises FunctionClauseError.



    


    
      
        xxh64(bytes, seed)

      


        XXH64 of bytes with an integer seed. Seed 0 matches xxh64/1.



    





      


      
        Functions


        


  
    
      
    
    
      verify(bytes, checksum)



    

  


  

      

          @spec verify(binary(), non_neg_integer() | nil) :: :ok | {:error, F3.Error.t()}


      


Checks a chunk checksum. nil means the footer did not store one and
returns :ok. A mismatch is {:error, %F3.Error{category: :checksum}}.
This does not raise.
Examples
iex> :ok = F3.Checksum.verify("a", nil)
iex> :ok = F3.Checksum.verify("a", F3.Checksum.xxh64("a"))
iex> {:error, error} = F3.Checksum.verify("a", 1)
iex> error.message
"chunk checksum mismatch"

  



  
    
      
    
    
      xxh64(bytes)



    

  


  

      

          @spec xxh64(binary()) :: non_neg_integer()


      


XXH64 of bytes with seed 0. bytes must be a binary. Any other term
raises FunctionClauseError.
Examples
iex> F3.Checksum.xxh64("")
17241709254077376921

iex> F3.Checksum.xxh64("a")
15154266338359012955

  



  
    
      
    
    
      xxh64(bytes, seed)



    

  


  

      

          @spec xxh64(binary(), integer()) :: non_neg_integer()


      


XXH64 of bytes with an integer seed. Seed 0 matches xxh64/1.
Examples
iex> F3.Checksum.xxh64("a", 0)
15154266338359012955

  


        

      


  

    
F3.Column 
    



      
One columnar vector owned by Elixir.
Primitive values are little-endian binaries. UTF-8 values are a list of
binaries. Booleans are a binary of bytes 0 and 1. List columns store
little-endian offsets of length num_rows + 1 and one child column.
Struct columns store child columns and a validity binary of bytes 0
and 1. validity is nil when every row is present. A 0 byte means
null. These terms are what F3.Batch stores. F3.Batch.to_rows/1 is the
convenience conversion.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


        One column.



    





  
    Functions
  


    
      
        concat(left, column)

      


        Appends two columns of the same kind along the row axis.
nil on the left returns the right column. Different kinds are :corrupt.



    


    
      
        empty(kind)

      


        An empty column of a primitive, boolean, UTF-8, or list kind.
An unknown kind raises FunctionClauseError.



    


    
      
        from_native(kind, rows, values, validity)

      


        Builds a column from the native decoder term.



    


    
      
        gather(dict, index)

      


        Replaces each index with the dictionary value at that position.



    


    
      
        list(parent, child)

      


        List column from an offset vector and its child values.



    


    
      
        matches?(column, kind)

      


        Whether column has the kind a logical field asked for.
:integer accepts any integer width. That is the dictionary index path.
Any other kind must match exactly. This returns a boolean and does not raise
for a column.



    


    
      
        slice(column, start, length)

      


        Rows start through start + length, exclusive of the end.
The range must fit in the column. A range past the end raises
FunctionClauseError.



    


    
      
        struct(names, flags, children)

      


        Struct column. names are the child field names. flags is the boolean
physical column. A false or null flag makes that struct null. children
must have the same row count as flags. A mismatch is :corrupt.



    


    
      
        value(column, index)

      


        The Elixir value of row index.



    





      


      
        Types


        


  
    
      
    
    
      kind()



    

  


  

      

          @type kind() ::
  :i64
  | :i32
  | :u64
  | :u32
  | :u16
  | :u8
  | :f64
  | :f32
  | :bool
  | :utf8
  | :list32
  | :list64
  | :struct


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.Column{
  child: t() | nil,
  children: [t()] | nil,
  kind: kind(),
  names: [String.t()] | nil,
  num_rows: non_neg_integer(),
  validity: binary() | nil,
  values: binary() | [binary()] | nil
}


      


One column.
kind selects the physical layout. num_rows is the logical row count.
values holds little-endian scalars, UTF-8 binaries, or list offsets.
validity is nil when every row is present, otherwise one byte per row.
child is the list element column. children and names are the struct
fields, in the same order.

  


        

      

      
        Functions


        


  
    
      
    
    
      concat(left, column)



    

  


  

      

          @spec concat(t() | nil, t()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Appends two columns of the same kind along the row axis.
nil on the left returns the right column. Different kinds are :corrupt.
Examples
iex> {:ok, left} = F3.Column.from_native(:i64, 1, <<1::little-64>>, nil)
iex> {:ok, right} = F3.Column.from_native(:i64, 1, <<2::little-64>>, nil)
iex> {:ok, both} = F3.Column.concat(left, right)
iex> F3.Column.value(both, 1)
2
iex> {:ok, column} = F3.Column.concat(nil, right)
iex> column.num_rows
1

  



  
    
      
    
    
      empty(kind)



    

  


  

      

          @spec empty(kind()) :: t()


      


An empty column of a primitive, boolean, UTF-8, or list kind.
An unknown kind raises FunctionClauseError.
Examples
iex> F3.Column.empty(:i64).num_rows
0

iex> F3.Column.empty(:utf8).values
[]

  



  
    
      
    
    
      from_native(kind, rows, values, validity)



    

  


  

      

          @spec from_native(atom(), non_neg_integer(), term(), binary() | nil) ::
  {:ok, t()} | {:error, F3.Error.t()}


      


Builds a column from the native decoder term.
kind is a primitive, :bool, :utf8, :list32, or :list64. rows
is the logical row count. values is the payload for that kind. validity
is nil or one byte per row, where 0 is null. A bad shape returns
{:error, %F3.Error{category: :corrupt}} and does not raise.
Examples
iex> {:ok, column} = F3.Column.from_native(:i64, 2, <<1::little-64, 2::little-64>>, nil)
iex> F3.Column.value(column, 1)
2

iex> {:error, error} = F3.Column.from_native(:nope, 0, <<>>, nil)
iex> error.category
:corrupt

  



  
    
      
    
    
      gather(dict, index)



    

  


  

      

          @spec gather(t(), t()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Replaces each index with the dictionary value at that position.
index must be an integer column. An index past dict is :corrupt.
This does not raise for a well-formed column.
Examples
iex> values = <<10::little-64, 20::little-64>>
iex> {:ok, dict} = F3.Column.from_native(:i64, 2, values, nil)
iex> {:ok, index} = F3.Column.from_native(:i32, 2, <<1::little-32, 0::little-32>>, nil)
iex> {:ok, taken} = F3.Column.gather(dict, index)
iex> F3.Column.value(taken, 0)
20

  



  
    
      
    
    
      list(parent, child)



    

  


  

      

          @spec list(t(), t()) :: {:ok, t()} | {:error, F3.Error.t()}


      


List column from an offset vector and its child values.
offsets is :list32 or :list64 with num_rows + 1 offsets. The last
offset must equal child.num_rows. A mismatch is :corrupt.
Examples
iex> offsets = <<0::little-32, 1::little-32>>
iex> {:ok, parent} = F3.Column.from_native(:list32, 1, offsets, nil)
iex> {:ok, child} = F3.Column.from_native(:i64, 1, <<4::little-64>>, nil)
iex> {:ok, column} = F3.Column.list(parent, child)
iex> F3.Column.value(column, 0)
[4]

  



  
    
      
    
    
      matches?(column, kind)



    

  


  

      

          @spec matches?(t(), atom()) :: boolean()


      


Whether column has the kind a logical field asked for.
:integer accepts any integer width. That is the dictionary index path.
Any other kind must match exactly. This returns a boolean and does not raise
for a column.
Examples
iex> {:ok, column} = F3.Column.from_native(:i32, 0, <<>>, nil)
iex> F3.Column.matches?(column, :integer)
true
iex> F3.Column.matches?(column, :i64)
false

  



  
    
      
    
    
      slice(column, start, length)



    

  


  

      

          @spec slice(t(), non_neg_integer(), non_neg_integer()) :: t()


      


Rows start through start + length, exclusive of the end.
The range must fit in the column. A range past the end raises
FunctionClauseError.
Examples
iex> {:ok, column} = F3.Column.from_native(:i64, 2, <<1::little-64, 2::little-64>>, nil)
iex> sliced = F3.Column.slice(column, 1, 1)
iex> F3.Column.value(sliced, 0)
2

  



  
    
      
    
    
      struct(names, flags, children)



    

  


  

      

          @spec struct([String.t()], t(), [t()]) :: {:ok, t()} | {:error, F3.Error.t()}


      


Struct column. names are the child field names. flags is the boolean
physical column. A false or null flag makes that struct null. children
must have the same row count as flags. A mismatch is :corrupt.
Examples
iex> {:ok, flags} = F3.Column.from_native(:bool, 1, <<1>>, nil)
iex> {:ok, id} = F3.Column.from_native(:i64, 1, <<7::little-64>>, nil)
iex> {:ok, column} = F3.Column.struct(["id"], flags, [id])
iex> F3.Column.value(column, 0)
%{"id" => 7}

  



  
    
      
    
    
      value(column, index)



    

  


  

      

          @spec value(t(), non_neg_integer()) :: term()


      


The Elixir value of row index.
Integers and floats are numbers. Booleans are true or false. UTF-8 is
a binary. A struct is a map. A list is a list. A null row is nil.
An index past the column is not checked and may raise.
Examples
iex> {:ok, column} = F3.Column.from_native(:i64, 1, <<9::little-64>>, <<0>>)
iex> F3.Column.value(column, 0)
nil

  


        

      


  

    
F3.Decoder behaviour
    



      
Decodes one CASCADE encoding unit into an owned F3.Column.
The default implementation is F3.Decoder.Native. Tests replace it by
setting Application.put_env(:f3, :decoder, module). The module must
implement this behaviour. F3.read/2 uses that module for every unit
and does not call it when the native build is absent.
Examples
A test double returns one owned column and does not touch a file:
defmodule SampleDecoder do
  @behaviour F3.Decoder

  @impl true
  def decode(_bytes, :uncompressed, :i64) do
    F3.Column.from_native(:i64, 1, <<1::little-64>>, nil)
  end

  def decode(_bytes, _compression, _type) do
    {:error, F3.Error.unsupported_encoding(:decode, "unsupported unit")}
  end
end
decode/3 receives the unit bytes, the compression atom, and the
physical type atom. It returns {:ok, column} or {:error, %F3.Error{}}.
It should not raise for a unit it refuses.

      


      
        Summary


  
    Callbacks
  


    
      
        decode(binary, atom, atom)

      


        Decodes one CASCADE unit.



    





      


      
        Callbacks


        


  
    
      
    
    
      decode(binary, atom, atom)



    

  


  

      

          @callback decode(binary(), atom(), atom()) ::
  {:ok, F3.Column.t()} | {:error, F3.Error.t()}


      


Decodes one CASCADE unit.
bytes is the unit payload. compression is :uncompressed, :zstd,
or :lz4. type is the physical kind, such as :i64. The return is an
owned column or an error. A refusal does not raise.

  


        

      


  

    
F3.Decoder.Native 
    



      
Calls the dirty-CPU NIF for one encoding unit.
The NIF is loaded only when F3_BUILD_NATIVE=1 was set at compile time.
Otherwise decode/3 returns :native_unavailable and does not read a file.
A panic inside the NIF comes back as {:error, %F3.Error{category: :corrupt}}.

      


      
        Summary


  
    Functions
  


    
      
        decode(bytes, compression, type)

      


        Decodes bytes after applying compression, as type.



    





      


      
        Functions


        


  
    
      
    
    
      decode(bytes, compression, type)



    

  


  

      

          @spec decode(binary(), atom(), atom()) ::
  {:ok, F3.Column.t()} | {:error, F3.Error.t()}


      


Decodes bytes after applying compression, as type.
Without the NIF this returns :native_unavailable and does not raise.
A term that is not a binary or an atom raises FunctionClauseError.
Examples
iex> {:error, error} = F3.Decoder.Native.decode(<<>>, :uncompressed, :i64)
iex> error.category
:native_unavailable

  


        

      


  

    
F3.Dispatch 
    



      
Chooses a decoder for one encoding unit.
A CASCADE unit whose footer version is compatible with native 0.21.0
uses the Vortex NIF. Otherwise a registered F3.Extension wins. Otherwise
sandboxed Wasm runs when the read passed wasm: :sandbox. Anything else
is :unsupported_encoding. An extension route does not fall through.

      


      
        Summary


  
    Functions
  


    
      
        cascade_native?(file)

      


        Whether this CASCADE version stays on the Vortex NIF.



    


    
      
        cascade_version()

      


        Native CASCADE version this build decodes without Wasm.



    


    
      
        choose(unit, plan)

      


        {:ok, :native | :wasm | {:extension, module}} or an error.



    





      


      
        Functions


        


  
    
      
    
    
      cascade_native?(file)



    

  


  

      

          @spec cascade_native?(map()) :: boolean()


      


Whether this CASCADE version stays on the Vortex NIF.
file is %{major, minor, patch}. An equal or older version stays native.
A newer version with major 0 takes Wasm.
Examples
iex> F3.Dispatch.cascade_native?(%{major: 0, minor: 21, patch: 0})
true
iex> F3.Dispatch.cascade_native?(%{major: 0, minor: 22, patch: 0})
false

  



  
    
      
    
    
      cascade_version()



    

  


  

      

          @spec cascade_version() :: %{major: 0, minor: 21, patch: 0}


      


Native CASCADE version this build decodes without Wasm.
Examples
iex> F3.Dispatch.cascade_version()
%{major: 0, minor: 21, patch: 0}

  



  
    
      
    
    
      choose(unit, plan)



    

  


  

      

          @spec choose(map(), map()) ::
  {:ok, :native | :wasm | {:extension, module()}} | {:error, F3.Error.t()}


      


{:ok, :native | :wasm | {:extension, module}} or an error.
plan needs :versions, :wasm, :extensions, and :operation.
Upstream runs Wasm for CASCADE when the file version is newer and the
reader major is 0 or the majors differ. Native 0.21.0 has major 0, so
any newer CASCADE version takes the Wasm path. An equal or older version
stays on the Vortex NIF.   The committed fixtures are 0.21.0.
A missing version is :corrupt. This does not raise for a map plan.
Examples
iex> unit = %{encoding: :cascade, compression: :uncompressed, wasm_id: nil}
iex> version = %{major: 0, minor: 21, patch: 0}
iex> plan = %{versions: [%{encoding: :cascade, version: version}], wasm: :off, operation: :read}
iex> F3.Dispatch.choose(unit, plan)
{:ok, :native}
iex> {:error, error} = F3.Dispatch.choose(unit, %{versions: [], operation: :read})
iex> error.category
:corrupt

  


        

      


  

    
F3.Error 
    



      
Error returned by the public F3 API.
message is safe to show to a caller. It does not include file bytes,
secrets, or an underlying payload. context carries small identifiers
such as a path, offset, or operation name.

      


      
        Summary


  
    Types
  


    
      
        category()

      


        Stable class of a failure.



    


    
      
        t()

      


        One failure.



    





  
    Functions
  


    
      
        checksum(operation, message)

      


        A chunk checksum was present and did not match the bytes.



    


    
      
        closed(operation)

      


        The handle has been closed.



    


    
      
        corrupt(operation, message)

      


        An encoding unit could not be decoded. The message does not include file bytes.



    


    
      
        corrupt_metadata(operation, message, context \\ %{})

      


        A size, offset, or FlatBuffers field does not describe this file.



    


    
      
        invalid_argument(operation, message)

      


        The caller passed a value the function does not accept.



    


    
      
        invalid_magic(operation)

      


        The last two bytes are not the F3 magic.



    


    
      
        invalid_projection(operation, name)

      


        A projected name is not a top-level field.



    


    
      
        invalid_type(operation, message)

      


        A value does not fit the field type.



    


    
      
        io(operation, reason, context \\ %{})

      


        A source operation failed. reason is an Erlang file error atom.
context is merged with %{operation: operation}. The default context
is an empty map.



    


    
      
        native_unavailable(operation)

      


        Row decoding needs the native library and this build does not have it.



    


    
      
        not_found(path)

      


        A local path does not exist. reason is :enoent.



    


    
      
        not_implemented(operation)

      


        Builds an error for an operation this experimental version does not perform.



    


    
      
        resource_limit(operation, message, context \\ %{})

      


        A size field is above the caller's allocation cap. A timed-out request
uses this category as well.



    


    
      
        truncated(operation, message, context \\ %{})

      


        The file ends before a required field. context defaults to an empty map.



    


    
      
        unsupported_encoding(operation, message, context \\ %{})

      


        The file names an encoding this build will not decode.



    


    
      
        unsupported_version(operation, major, minor)

      


        The postscript version is outside the pinned pair.



    





      


      
        Types


        


  
    
      
    
    
      category()



    

  


  

      

          @type category() ::
  :not_implemented
  | :not_found
  | :io
  | :closed
  | :invalid_argument
  | :invalid_magic
  | :unsupported_version
  | :truncated
  | :corrupt_metadata
  | :unsupported_encoding
  | :invalid_projection
  | :checksum
  | :resource_limit
  | :invalid_type
  | :native_unavailable
  | :corrupt


      


Stable class of a failure.
:not_implemented is a feature this build does not perform.
:not_found is a missing path or HTTP object. :io is a source failure.
:closed is a handle that was already released. :invalid_argument is a
caller value this function does not accept. :invalid_magic is a file that
does not end in F3. :unsupported_version is a wire pair other than 0.1.
:truncated is a short file or a short HTTP body. :corrupt_metadata is a
footer that does not describe the file. :unsupported_encoding is an
encoding this build will not decode. :invalid_projection is an unknown
column name. :checksum is a stored chunk checksum that did not match.
:resource_limit is a size above the caller's cap, including a timeout.
:invalid_type is a value that does not fit the field. :native_unavailable
means the NIF was not compiled. :corrupt is an encoding unit that could
not be decoded.

  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.Error{
  category: category(),
  cause: term(),
  context: map(),
  message: String.t(),
  reason: atom()
}


      


One failure.
reason is the operation or the underlying atom, such as :enoent.
category is the stable class. message is safe to show. cause is
reserved and is nil for errors this library builds. context holds
small identifiers. Constructors set context.operation. File bytes and
secrets are not fields.

  


        

      

      
        Functions


        


  
    
      
    
    
      checksum(operation, message)



    

  


  

      

          @spec checksum(atom(), String.t()) :: t()


      


A chunk checksum was present and did not match the bytes.
Examples
iex> F3.Error.checksum(:read, "chunk checksum mismatch").category
:checksum

  



  
    
      
    
    
      closed(operation)



    

  


  

      

          @spec closed(atom()) :: t()


      


The handle has been closed.
Examples
iex> error = F3.Error.closed(:read)
iex> {error.category, error.context.operation}
{:closed, :read}

  



  
    
      
    
    
      corrupt(operation, message)



    

  


  

      

          @spec corrupt(atom(), String.t()) :: t()


      


An encoding unit could not be decoded. The message does not include file bytes.
Examples
iex> F3.Error.corrupt(:decode, "native column term is the wrong shape").category
:corrupt

  



    

  
    
      
    
    
      corrupt_metadata(operation, message, context \\ %{})



    

  


  

      

          @spec corrupt_metadata(atom(), String.t(), map()) :: t()


      


A size, offset, or FlatBuffers field does not describe this file.
Examples
iex> F3.Error.corrupt_metadata(:open, "footer is truncated").category
:corrupt_metadata

  



  
    
      
    
    
      invalid_argument(operation, message)



    

  


  

      

          @spec invalid_argument(atom(), String.t()) :: t()


      


The caller passed a value the function does not accept.
operation is the public call. message is the sentence returned to the
caller. This does not raise.
Examples
iex> error = F3.Error.invalid_argument(:open, "options must be a keyword list")
iex> error.category
:invalid_argument

  



  
    
      
    
    
      invalid_magic(operation)



    

  


  

      

          @spec invalid_magic(atom()) :: t()


      


The last two bytes are not the F3 magic.
Examples
iex> F3.Error.invalid_magic(:open).message
"file does not end with the F3 magic"

  



  
    
      
    
    
      invalid_projection(operation, name)



    

  


  

      

          @spec invalid_projection(atom(), String.t()) :: t()


      


A projected name is not a top-level field.
Examples
iex> error = F3.Error.invalid_projection(:read, "missing")
iex> error.message
"unknown column missing"

  



  
    
      
    
    
      invalid_type(operation, message)



    

  


  

      

          @spec invalid_type(atom(), String.t()) :: t()


      


A value does not fit the field type.
Examples
iex> F3.Error.invalid_type(:writer_write, "id is not an integer").category
:invalid_type

  



    

  
    
      
    
    
      io(operation, reason, context \\ %{})



    

  


  

      

          @spec io(atom(), atom(), map()) :: t()


      


A source operation failed. reason is an Erlang file error atom.
context is merged with %{operation: operation}. The default context
is an empty map.
Examples
iex> error = F3.Error.io(:pread, :eacces)
iex> error.message
"pread failed: eacces"

iex> error = F3.Error.io(:pread, :redirect, %{status: 301})
iex> error.context.status
301

  



  
    
      
    
    
      native_unavailable(operation)



    

  


  

      

          @spec native_unavailable(atom()) :: t()


      


Row decoding needs the native library and this build does not have it.
Examples
iex> F3.Error.native_unavailable(:read).message
"native decoder is not loaded"

  



  
    
      
    
    
      not_found(path)



    

  


  

      

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


      


A local path does not exist. reason is :enoent.
Examples
iex> error = F3.Error.not_found("missing-file.f3")
iex> error.message
"file not found: missing-file.f3"

  



  
    
      
    
    
      not_implemented(operation)



    

  


  

      

          @spec not_implemented(atom()) :: t()


      


Builds an error for an operation this experimental version does not perform.
Examples
iex> error = F3.Error.not_implemented(:read)
iex> {error.category, error.message}
{:not_implemented, "read is not implemented in this experimental build"}

  



    

  
    
      
    
    
      resource_limit(operation, message, context \\ %{})



    

  


  

      

          @spec resource_limit(atom(), String.t(), map()) :: t()


      


A size field is above the caller's allocation cap. A timed-out request
uses this category as well.
Examples
iex> error = F3.Error.resource_limit(:open, "request timed out", %{timeout_ms: 10})
iex> error.context.timeout_ms
10

  



    

  
    
      
    
    
      truncated(operation, message, context \\ %{})



    

  


  

      

          @spec truncated(atom(), String.t(), map()) :: t()


      


The file ends before a required field. context defaults to an empty map.
Examples
iex> error = F3.Error.truncated(:open, "file is shorter than the 32 byte postscript")
iex> error.category
:truncated

  



    

  
    
      
    
    
      unsupported_encoding(operation, message, context \\ %{})



    

  


  

      

          @spec unsupported_encoding(atom(), String.t(), map()) :: t()


      


The file names an encoding this build will not decode.
Examples
iex> F3.Error.unsupported_encoding(:read, "CUSTOM_WASM is not executed").category
:unsupported_encoding

  



  
    
      
    
    
      unsupported_version(operation, major, minor)



    

  


  

      

          @spec unsupported_version(atom(), non_neg_integer(), non_neg_integer()) :: t()


      


The postscript version is outside the pinned pair.
Examples
iex> error = F3.Error.unsupported_version(:open, 1, 0)
iex> error.message
"unsupported F3 version 1.0"

  


        

      


  

    
F3.Extension behaviour
    



      
Elixir decoder registered for one footer encoding.
This is this library's policy. An F3 file has no field that names an
Elixir module. decode/3 receives the encoded bytes, the footer fields
that describe that unit, and the physical Arrow type.
metadata is %{encoding: atom, version: %{major, minor, patch}, wasm_id: non_neg_integer | nil, compression: atom}. An error is returned to the
caller. The reader does not fall through into Wasm.
Examples
A counter extension ignores the unit bytes and returns one int64:
defmodule TradeCount do
  @behaviour F3.Extension

  @impl true
  def decode(_bytes, _metadata, :i64) do
    F3.Column.from_native(:i64, 1, <<9::little-64>>, nil)
  end

  def decode(_bytes, _metadata, _type) do
    {:error, F3.Error.unsupported_encoding(:decode, "only int64")}
  end
end

      


      
        Summary


  
    Types
  


    
      
        metadata()

      


        Footer fields for one encoding unit.



    





  
    Callbacks
  


    
      
        decode(binary, metadata, atom)

      


        Decodes one unit for a registered encoding.



    





      


      
        Types


        


  
    
      
    
    
      metadata()



    

  


  

      

          @type metadata() :: %{
  encoding: F3.RowGroup.encoding(),
  version: %{
    major: non_neg_integer(),
    minor: non_neg_integer(),
    patch: non_neg_integer()
  },
  wasm_id: non_neg_integer() | nil,
  compression: F3.RowGroup.compression()
}


      


Footer fields for one encoding unit.
encoding is :cascade, :custom_wasm, or an unknown integer.
version is %{major, minor, patch}. wasm_id is the module index, or
nil when the unit has none. compression is :uncompressed, :zstd,
:lz4, or an unknown integer.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      decode(binary, metadata, atom)



    

  


  

      

          @callback decode(binary(), metadata(), atom()) ::
  {:ok, F3.Column.t()} | {:error, F3.Error.t()}


      


Decodes one unit for a registered encoding.
bytes is the unit payload. metadata is the footer description above.
type is the physical kind. Return {:ok, column} or
{:error, %F3.Error{}}. Do not raise for a type the module refuses.

  


        

      


  

    
F3.File 
    



      
Open file handle.
The handle owns a F3.IO.Source. F3.open/2 does not check magic or
decode metadata. F3.close/1 releases the source. Closing a closed
handle succeeds and returns the same closed handle.
A memory handle keeps the source binary until close. An HTTP handle's
origin is the url without userinfo. Inspect prints the origin, the
source module, and the closed flag. It does not print bytes or request
headers.
source_module is the F3.IO.Source implementation. source_state is
that module's handle. origin is the path, :memory, or the display
URL. closed is false until F3.close/1.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> inspect(file)
~s(#F3.File<origin: "test/fixtures/small.f3", source: F3.IO.Local, closed: false>)
iex> {:ok, closed} = F3.close(file)
iex> closed.closed
true

      


      
        Summary


  
    Types
  


    
      
        origin()

      


        Path, :memory, or the HTTP url with userinfo removed.



    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      origin()



    

  


  

      

          @type origin() :: Path.t() | :memory


      


Path, :memory, or the HTTP url with userinfo removed.

  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.File{
  closed: boolean(),
  origin: origin(),
  source_module: module(),
  source_state: F3.IO.Source.state()
}


      



  


        

      


  

    
F3.FlatBuffer 
    



      
Bounded reader for the FlatBuffers tables this library needs.
Offsets are checked against the buffer before every read. A table that
points at itself stops at a depth or visit cap and returns :depth
rather than looping. This is not a general FlatBuffers toolkit. Field
numbers are the positions in the pinned File.fbs and in Arrow IPC 53.

      


      
        Summary


  
    Types
  


    
      
        error()

      


        :corrupt is a bad offset. :depth is the visit or nesting cap.



    


    
      
        t()

      


        One open table.



    





  
    Functions
  


    
      
        bytes(table, index)

      


        Raw byte vector, including an Arrow IPC message. Absent is nil.



    


    
      
        optional_scalar(table, index, kind)

      


        Same as scalar/4, but an absent slot is nil instead of a default.



    


    
      
        root(bin)

      


        Opens the root table. The first four bytes are a little-endian offset
from the start of bin. An empty or non-binary buffer is :corrupt.
This does not raise for those inputs.



    


    
      
        scalar(table, index, kind, default)

      


        Signed or unsigned little-endian scalar. An absent slot returns default.



    


    
      
        string(table, index)

      


        UTF-8 string. Absent is nil. Bytes that are not UTF-8 are :corrupt.



    


    
      
        string_vector(table, index)

      


        Vector of UTF-8 strings. Absent is an empty list.



    


    
      
        table(table, index)

      


        Follows a table slot. Absent is nil. A slot that does not point at a
table is :corrupt.



    


    
      
        tables(table, index)

      


        Vector of tables. Absent is an empty list.



    


    
      
        uints(table, index, width)

      


        Vector of unsigned little-endian integers. Absent is an empty list.
width is 4 or 8. Any other width raises FunctionClauseError.



    


    
      
        union(table, type_index)

      


        Union stored as a type byte at type_index and a table at the next slot.



    





      


      
        Types


        


  
    
      
    
    
      error()



    

  


  

      

          @type error() :: :corrupt | :depth


      


:corrupt is a bad offset. :depth is the visit or nesting cap.

  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.FlatBuffer{
  bin: binary(),
  depth: non_neg_integer(),
  object_size: pos_integer(),
  pos: non_neg_integer(),
  visits: non_neg_integer(),
  vtable: non_neg_integer(),
  vtable_size: pos_integer()
}


      


One open table.
bin is the whole buffer. pos is the table's start. vtable is the
vtable start. vtable_size and object_size come from that vtable.
depth counts nested tables. visits counts tables opened from this root.

  


        

      

      
        Functions


        


  
    
      
    
    
      bytes(table, index)



    

  


  

      

          @spec bytes(t(), non_neg_integer()) :: {:ok, binary() | nil} | {:error, error()}


      


Raw byte vector, including an Arrow IPC message. Absent is nil.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.bytes(table, 1)
{:ok, nil}

  



  
    
      
    
    
      optional_scalar(table, index, kind)



    

  


  

      

          @spec optional_scalar(
  t(),
  non_neg_integer(),
  :u8 | :u16 | :u32 | :u64 | :i16 | :i32 | :bool
) ::
  {:ok, term() | nil} | {:error, error()}


      


Same as scalar/4, but an absent slot is nil instead of a default.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.optional_scalar(table, 1, :u8)
{:ok, nil}

  



  
    
      
    
    
      root(bin)



    

  


  

      

          @spec root(binary()) :: {:ok, t()} | {:error, error()}


      


Opens the root table. The first four bytes are a little-endian offset
from the start of bin. An empty or non-binary buffer is :corrupt.
This does not raise for those inputs.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> table.pos
10

iex> F3.FlatBuffer.root(<<>>)
{:error, :corrupt}

  



  
    
      
    
    
      scalar(table, index, kind, default)



    

  


  

      

          @spec scalar(
  t(),
  non_neg_integer(),
  :u8 | :u16 | :u32 | :u64 | :i16 | :i32 | :bool,
  term()
) ::
  {:ok, term()} | {:error, error()}


      


Signed or unsigned little-endian scalar. An absent slot returns default.
index is the vtable field, starting at 0. kind is :u8, :u16,
:u32, :u64, :i16, :i32, or :bool. A bad offset is :corrupt.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.scalar(table, 0, :u8, 0)
{:ok, 7}
iex> F3.FlatBuffer.scalar(table, 1, :u8, 0)
{:ok, 0}

  



  
    
      
    
    
      string(table, index)



    

  


  

      

          @spec string(t(), non_neg_integer()) :: {:ok, String.t() | nil} | {:error, error()}


      


UTF-8 string. Absent is nil. Bytes that are not UTF-8 are :corrupt.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.string(table, 1)
{:ok, nil}

  



  
    
      
    
    
      string_vector(table, index)



    

  


  

      

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


      


Vector of UTF-8 strings. Absent is an empty list.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.string_vector(table, 1)
{:ok, []}

  



  
    
      
    
    
      table(table, index)



    

  


  

      

          @spec table(t(), non_neg_integer()) :: {:ok, t() | nil} | {:error, error()}


      


Follows a table slot. Absent is nil. A slot that does not point at a
table is :corrupt.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.table(table, 1)
{:ok, nil}

  



  
    
      
    
    
      tables(table, index)



    

  


  

      

          @spec tables(t(), non_neg_integer()) :: {:ok, [t()]} | {:error, error()}


      


Vector of tables. Absent is an empty list.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.tables(table, 1)
{:ok, []}

  



  
    
      
    
    
      uints(table, index, width)



    

  


  

      

          @spec uints(t(), non_neg_integer(), 4 | 8) ::
  {:ok, [non_neg_integer()]} | {:error, error()}


      


Vector of unsigned little-endian integers. Absent is an empty list.
width is 4 or 8. Any other width raises FunctionClauseError.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 7, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.uints(table, 1, 4)
{:ok, []}

  



  
    
      
    
    
      union(table, type_index)



    

  


  

      

          @spec union(t(), non_neg_integer()) ::
  {:ok, :none | {non_neg_integer(), t()}} | {:error, error()}


      


Union stored as a type byte at type_index and a table at the next slot.
Type 0 is none. Any other type follows the table. The caller interprets
the type byte. A non-zero type with no table is :corrupt.
Examples
iex> bin = <<10::little-32, 6::little-16, 8::little-16, 4::little-16, 6::little-32, 0, 0, 0, 0>>
iex> {:ok, table} = F3.FlatBuffer.root(bin)
iex> F3.FlatBuffer.union(table, 0)
{:ok, :none}

  


        

      


  

    
F3.Footer 
    



      
Decodes an F3 footer into F3.Metadata.
The footer FlatBuffers buffer is the last footer_size bytes of the
metadata span. Column metadata is a separate FlatBuffers root in the
bytes before that footer. Both reads stay inside the span already
accepted by F3.Postscript. Wasm section payloads are not read.

      


      
        Summary


  
    Functions
  


    
      
        decode(span, postscript)

      


        Decodes a metadata span that was already bounds-checked.



    


    
      
        load(file, max)

      


        Reads the metadata span and returns the decoded file metadata.



    





      


      
        Functions


        


  
    
      
    
    
      decode(span, postscript)



    

  


  

      

          @spec decode(binary(), F3.Postscript.t()) ::
  {:ok, F3.Metadata.t()} | {:error, F3.Error.t()}


      


Decodes a metadata span that was already bounds-checked.
span is the metadata bytes. postscript.footer_size selects the footer
at the end of that span. A span shorter than footer_size raises
ArgumentError. A span that is not a FlatBuffers table returns
:corrupt_metadata.
Examples
iex> post = %F3.Postscript{
...>   metadata_size: 1,
...>   footer_size: 1,
...>   footer_compression: :uncompressed,
...>   checksum_type: :xxhash,
...>   data_checksum: 0,
...>   schema_checksum: 0,
...>   major_version: 0,
...>   minor_version: 1,
...>   metadata_offset: 0,
...>   footer_offset: 0,
...>   file_size: 1
...> }
iex> {:error, error} = F3.Footer.decode(<<0>>, post)
iex> error.category
:corrupt_metadata

  



  
    
      
    
    
      load(file, max)



    

  


  

      

          @spec load(F3.File.t(), non_neg_integer()) ::
  {:ok, F3.Metadata.t()} | {:error, F3.Error.t()}


      


Reads the metadata span and returns the decoded file metadata.
max is the metadata cap in bytes. A short file is :truncated. A file
that is not an F3.File, or a negative max, raises FunctionClauseError.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, meta} = F3.Footer.load(file, F3.Postscript.max_metadata_bytes())
iex> Enum.map(meta.schema.fields, & &1.name)
["trade_id", "symbol", "price"]

iex> {:ok, short} = F3.open({:memory, "no"})
iex> {:error, error} = F3.Footer.load(short, 32)
iex> error.category
:truncated

  


        

      


  

    
F3.Format 
    



      
Pinned wire-format constants from upstream F3.
These values were read from fff-format/src/lib.rs and format/File.fbs
at commit bd92506447dc1333820cfe9a34ebbf497fe0219e. This module holds
the constants. F3.Postscript reads them from a file.
The postscript is 32 little-endian bytes at the end of the file. The two
magic bytes F3 are last.

      


      
        Summary


  
    Types
  


    
      
        layout_field()

      


        Field name and width in bytes, from the start of the postscript.



    





  
    Functions
  


    
      
        compatible?(major, minor)

      


        Whether this build accepts a wire version.



    


    
      
        magic()

      


        Two-byte magic that terminates a file.



    


    
      
        major_version()

      


        Wire major version this build accepts. The library version is a separate
number.



    


    
      
        minor_version()

      


        Wire minor version this build accepts.



    


    
      
        postscript_layout()

      


        Postscript fields in file order. Widths sum to postscript_size/0.



    


    
      
        postscript_size()

      


        Postscript length in bytes, including the magic.



    


    
      
        upstream_sha()

      


        Full upstream commit this build is compatible with.



    





      


      
        Types


        


  
    
      
    
    
      layout_field()



    

  


  

      

          @type layout_field() :: {atom(), pos_integer()}


      


Field name and width in bytes, from the start of the postscript.

  


        

      

      
        Functions


        


  
    
      
    
    
      compatible?(major, minor)



    

  


  

      

          @spec compatible?(integer(), integer()) :: boolean()


      


Whether this build accepts a wire version.
Only major 0 and minor 1, the pair pinned from upstream, is accepted.
Any other pair is unsupported until a version adapter exists.
Examples
iex> F3.Format.compatible?(0, 1)
true

iex> F3.Format.compatible?(1, 0)
false

iex> F3.Format.compatible?(0, 2)
false

  



  
    
      
    
    
      magic()



    

  


  

      

          @spec magic() :: <<_::16>>


      


Two-byte magic that terminates a file.
Examples
iex> F3.Format.magic()
"F3"

  



  
    
      
    
    
      major_version()



    

  


  

      

          @spec major_version() :: 0


      


Wire major version this build accepts. The library version is a separate
number.
Examples
iex> F3.Format.major_version()
0

  



  
    
      
    
    
      minor_version()



    

  


  

      

          @spec minor_version() :: 1


      


Wire minor version this build accepts.
Examples
iex> F3.Format.minor_version()
1

  



  
    
      
    
    
      postscript_layout()



    

  


  

      

          @spec postscript_layout() :: [layout_field()]


      


Postscript fields in file order. Widths sum to postscript_size/0.
Integer fields are little-endian. :magic is the raw bytes F3.
Examples
iex> F3.Format.postscript_layout() |> Enum.map(&elem(&1, 1)) |> Enum.sum()
32

  



  
    
      
    
    
      postscript_size()



    

  


  

      

          @spec postscript_size() :: 32


      


Postscript length in bytes, including the magic.
Examples
iex> F3.Format.postscript_size()
32

  



  
    
      
    
    
      upstream_sha()



    

  


  

      

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


      


Full upstream commit this build is compatible with.
Examples
iex> F3.Format.upstream_sha()
"bd92506447dc1333820cfe9a34ebbf497fe0219e"

  


        

      


  

    
F3.IO.FileSystem behaviour
    



      
Operating-system calls used by F3.IO.Local.
Production code uses F3.IO.FileSystem.OS. Tests pass a Mox double as
:file_system on F3.IO.Local.open/2 so read and close failures can be
returned without changing a real file.
A double returns the same tagged tuples as File and :file:
defmodule StubFiles do
  @behaviour F3.IO.FileSystem

  @impl true
  def stat(_path), do: {:ok, %File.Stat{type: :regular, size: 2}}

  @impl true
  def open(_path, _modes), do: {:ok, :fd}

  @impl true
  def pread(_fd, _offset, length), do: {:ok, String.duplicate("a", length)}

  @impl true
  def close(_fd), do: :ok
end

      


      
        Summary


  
    Callbacks
  


    
      
        close(term)

      


        Closes a descriptor. :ok is success. {:error, reason} is an OS error.



    


    
      
        open(t, list)

      


        Opens path with modes. The modes used by F3.IO.Local are
[:read, :raw, :binary].



    


    
      
        pread(term, non_neg_integer, non_neg_integer)

      


        Reads length bytes at offset from an open descriptor.
:eof means the position is past the file.



    


    
      
        stat(t)

      


        File metadata for path. A missing path is {:error, :enoent}.



    





      


      
        Callbacks


        


  
    
      
    
    
      close(term)



    

  


  

      

          @callback close(term()) :: :ok | {:error, atom()}


      


Closes a descriptor. :ok is success. {:error, reason} is an OS error.

  



  
    
      
    
    
      open(t, list)



    

  


  

      

          @callback open(Path.t(), [atom()]) :: {:ok, term()} | {:error, atom()}


      


Opens path with modes. The modes used by F3.IO.Local are
[:read, :raw, :binary].

  



  
    
      
    
    
      pread(term, non_neg_integer, non_neg_integer)



    

  


  

      

          @callback pread(term(), non_neg_integer(), non_neg_integer()) ::
  {:ok, binary()} | :eof | {:error, atom()}


      


Reads length bytes at offset from an open descriptor.
:eof means the position is past the file.

  



  
    
      
    
    
      stat(t)



    

  


  

      

          @callback stat(Path.t()) :: {:ok, File.Stat.t()} | {:error, atom()}


      


File metadata for path. A missing path is {:error, :enoent}.

  


        

      


  

    
F3.IO.FileSystem.OS 
    



      
F3.IO.FileSystem implementation that calls File and :file.
stat/1 uses File.stat/1. open/2, pread/3, and close/1 use the
Erlang :file module. Errors are the atoms those functions return.
They do not raise for a missing path.

      


      
        Summary


  
    Functions
  


    
      
        close(fd)

      


        :file.close/1 for an open descriptor.



    


    
      
        open(path, modes)

      


        :file.open/2 for path and modes.



    


    
      
        pread(fd, offset, length)

      


        :file.pread/3 for an open descriptor.



    


    
      
        stat(path)

      


        File.stat/1 for path.



    





      


      
        Functions


        


  
    
      
    
    
      close(fd)



    

  


  

:file.close/1 for an open descriptor.
Examples
iex> {:ok, fd} = F3.IO.FileSystem.OS.open("test/fixtures/small.f3", [:read, :binary])
iex> F3.IO.FileSystem.OS.close(fd)
:ok

  



  
    
      
    
    
      open(path, modes)



    

  


  

:file.open/2 for path and modes.
Examples
iex> {:ok, fd} = F3.IO.FileSystem.OS.open("test/fixtures/small.f3", [:read, :binary])
iex> :ok = F3.IO.FileSystem.OS.close(fd)
iex> is_pid(fd) or is_reference(fd) or is_tuple(fd) or is_atom(fd)
true

  



  
    
      
    
    
      pread(fd, offset, length)



    

  


  

:file.pread/3 for an open descriptor.
Examples
iex> {:ok, fd} = F3.IO.FileSystem.OS.open("test/fixtures/small.f3", [:read, :binary])
iex> {:ok, "F3"} = F3.IO.FileSystem.OS.pread(fd, 4166, 2)
iex> :ok = F3.IO.FileSystem.OS.close(fd)
:ok

  



  
    
      
    
    
      stat(path)



    

  


  

File.stat/1 for path.
Examples
iex> {:ok, stat} = F3.IO.FileSystem.OS.stat("test/fixtures/small.f3")
iex> stat.size
4168

iex> F3.IO.FileSystem.OS.stat("missing-file.f3")
{:error, :enoent}

  


        

      


  

    
F3.IO.HTTP 
    



      
HTTP byte source.
open/2 sends one HEAD and stores Content-Length. pread/3 sends one
GET with Range: bytes=offset-end and returns at most the requested
length. Redirects are refused. lib_urls in a footer are not requests.
Unsigned options are headers: and timeout_ms:. sign: is a function
(method, url, headers) -> {:ok, headers} | {:error, F3.Error.t()} that
the caller uses to attach its own signature. When endpoint:, bucket:,
key:, region:, access_key:, and secret_key: are all set, this
module signs path-style HEAD and GET with SigV4. The object URL is
endpoint/bucket/key. The secret is not stored on the error or printed
by Inspect.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        One HTTP source.



    





  
    Functions
  


    
      
        close(state)

      


        Marks the handle closed and drops headers and the signer.



    


    
      
        open(url, opts \\ [])

      


        Opens url with one HEAD request.



    


    
      
        pread(state, offset, length)

      


        One ranged GET. A closed handle is :closed. A negative offset or length
is :invalid_argument. A start at or past size is {:ok, ""} and does
not send a request.



    


    
      
        size(http)

      


        Size from the HEAD response. A closed handle is :closed.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.IO.HTTP{
  closed: boolean(),
  display_url: String.t(),
  headers: [{String.t(), String.t()}],
  signer:
    (atom(), String.t(), [{String.t(), String.t()}] ->
       {:ok, [{String.t(), String.t()}]} | {:error, F3.Error.t()})
    | nil,
  size: non_neg_integer(),
  timeout: pos_integer(),
  url: String.t()
}


      


One HTTP source.
url is the request URL. display_url is that URL with userinfo removed.
size is the Content-Length from HEAD. headers are the caller headers.
timeout is the request timeout in milliseconds. signer is the optional
arity-3 function, or nil. closed drops the signer and headers.

  


        

      

      
        Functions


        


  
    
      
    
    
      close(state)



    

  


  

Marks the handle closed and drops headers and the signer.
Examples
iex> state = %F3.IO.HTTP{
...>   url: "http://example.test/a",
...>   display_url: "http://example.test/a",
...>   size: 4,
...>   headers: [{"authorization", "redacted"}],
...>   timeout: 10_000,
...>   signer: nil
...> }
iex> {:ok, closed} = F3.IO.HTTP.close(state)
iex> {closed.closed, closed.headers, closed.signer}
{true, [], nil}

  



    

  
    
      
    
    
      open(url, opts \\ [])



    

  


  

      

          @spec open(String.t(), keyword()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Opens url with one HEAD request.
See the module docs for opts. When the six signing keys are set, url
is not requested. The path-style object URL is.
A non-http URL, a partial key set, a bad sign:, and timeout_ms that
is not a positive integer are :invalid_argument and do not raise.
Combining sign: with the six keys is the same error.
Examples
iex> {:error, error} = F3.IO.HTTP.open("ftp://example.test/a")
iex> error.category
:invalid_argument

iex> {:error, error} = F3.IO.HTTP.open("http://example.test/a", timeout_ms: 0)
iex> error.message
"timeout_ms must be a positive integer"

iex> {:error, error} = F3.IO.HTTP.open("http://example.test/a", bucket: "b")
iex> error.message
"signed request needs endpoint, bucket, key, region, access_key, and secret_key"

  



  
    
      
    
    
      pread(state, offset, length)



    

  


  

One ranged GET. A closed handle is :closed. A negative offset or length
is :invalid_argument. A start at or past size is {:ok, ""} and does
not send a request.
Examples
iex> state = %F3.IO.HTTP{
...>   url: "http://example.test/a",
...>   display_url: "http://example.test/a",
...>   size: 4,
...>   headers: [],
...>   timeout: 10_000,
...>   signer: nil,
...>   closed: true
...> }
iex> {:error, error} = F3.IO.HTTP.pread(state, 0, 1)
iex> error.category
:closed

  



  
    
      
    
    
      size(http)



    

  


  

Size from the HEAD response. A closed handle is :closed.
Examples
iex> state = %F3.IO.HTTP{
...>   url: "http://example.test/a",
...>   display_url: "http://example.test/a",
...>   size: 4,
...>   headers: [],
...>   timeout: 10_000,
...>   signer: nil
...> }
iex> F3.IO.HTTP.size(state)
{:ok, 4}

  


        

      


  

    
F3.IO.Local 
    



      
Local filesystem source.
open/2 stats the path and keeps that size for later reads. pread/3
never asks the operating system for more bytes than remain in that size.
A missing path is :not_found. close/1 is idempotent.
:file_system replaces F3.IO.FileSystem.OS for tests.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Local source.



    





  
    Functions
  


    
      
        close(state)

      


        Closes the descriptor. A second close returns the same handle.



    


    
      
        open(path, opts \\ [])

      


        Opens path for positioned reads.



    


    
      
        pread(local, offset, length)

      


        Reads at most length bytes at offset, and never past the size from
open/2. A start at or past the end is {:ok, ""}.



    


    
      
        size(local)

      


        Size recorded by open/2. A closed handle is :closed.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.IO.Local{
  closed: boolean(),
  fd: term(),
  file_system: module(),
  path: Path.t(),
  size: non_neg_integer()
}


      


Local source.
path is the opened path. fd is the :file descriptor. size is the
size from stat. file_system is the F3.IO.FileSystem module. closed
is true after close/1.

  


        

      

      
        Functions


        


  
    
      
    
    
      close(state)



    

  


  

Closes the descriptor. A second close returns the same handle.
Examples
iex> {:ok, state} = F3.IO.Local.open("test/fixtures/small.f3")
iex> {:ok, closed} = F3.IO.Local.close(state)
iex> closed.closed
true

  



    

  
    
      
    
    
      open(path, opts \\ [])



    

  


  

      

          @spec open(Path.t(), keyword()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Opens path for positioned reads.
file_system: replaces F3.IO.FileSystem.OS. A missing path is
:not_found. A path that is not a regular file is :invalid_argument.
This does not raise for a missing path.
Examples
iex> {:ok, state} = F3.IO.Local.open("test/fixtures/small.f3")
iex> state.size
4168

iex> {:error, error} = F3.IO.Local.open("missing-file.f3")
iex> error.category
:not_found

  



  
    
      
    
    
      pread(local, offset, length)



    

  


  

Reads at most length bytes at offset, and never past the size from
open/2. A start at or past the end is {:ok, ""}.
Examples
iex> {:ok, state} = F3.IO.Local.open("test/fixtures/small.f3")
iex> F3.IO.Local.pread(state, 4166, 2)
{:ok, "F3"}
iex> :ok = elem(F3.IO.Local.close(state), 0)
:ok

  



  
    
      
    
    
      size(local)



    

  


  

Size recorded by open/2. A closed handle is :closed.
Examples
iex> {:ok, state} = F3.IO.Local.open("test/fixtures/small.f3")
iex> F3.IO.Local.size(state)
{:ok, 4168}

  


        

      


  

    
F3.IO.Memory 
    



      
In-memory byte source.
The struct keeps the caller's binary until close/1, which drops this
source's reference. Inspect does not print the bytes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        In-memory source.



    





  
    Functions
  


    
      
        close(state)

      


        Drops this source's binary. A second close returns the same closed handle.



    


    
      
        open(data)

      


        Wraps data. The binary may be empty. Any other term is
:invalid_argument and does not raise.



    


    
      
        pread(memory, offset, length)

      


        Reads at most length bytes at offset.



    


    
      
        size(memory)

      


        Byte length stored at open. A closed handle is :closed.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.IO.Memory{closed: boolean(), data: binary(), size: non_neg_integer()}


      


In-memory source.
data is the caller's binary until close, then <<>>. size is the
length at open and does not change. closed is true after close/1.

  


        

      

      
        Functions


        


  
    
      
    
    
      close(state)



    

  


  

Drops this source's binary. A second close returns the same closed handle.
Examples
iex> {:ok, state} = F3.IO.Memory.open(<<1>>)
iex> {:ok, closed} = F3.IO.Memory.close(state)
iex> closed.closed
true
iex> {:error, error} = F3.IO.Memory.size(closed)
iex> error.category
:closed

  



  
    
      
    
    
      open(data)



    

  


  

      

          @spec open(binary()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Wraps data. The binary may be empty. Any other term is
:invalid_argument and does not raise.
Examples
iex> {:ok, state} = F3.IO.Memory.open(<<1, 2, 3, 4>>)
iex> state.size
4

iex> {:error, error} = F3.IO.Memory.open(:nope)
iex> error.category
:invalid_argument

  



  
    
      
    
    
      pread(memory, offset, length)



    

  


  

Reads at most length bytes at offset.
A start at or past the end is {:ok, ""}. A negative offset or length
is :invalid_argument. A closed handle is :closed.
Examples
iex> {:ok, state} = F3.IO.Memory.open(<<1, 2, 3, 4>>)
iex> F3.IO.Memory.pread(state, 1, 2)
{:ok, <<2, 3>>}
iex> F3.IO.Memory.pread(state, 4, 2)
{:ok, <<>>}

  



  
    
      
    
    
      size(memory)



    

  


  

Byte length stored at open. A closed handle is :closed.
Examples
iex> {:ok, state} = F3.IO.Memory.open("abcd")
iex> F3.IO.Memory.size(state)
{:ok, 4}

  


        

      


  

    
F3.IO.Source behaviour
    



      
Positioned byte source.
pread/3 reads at most length bytes. That argument is the caller's cap.
There is no process-wide size limit. A read that starts at or past the end
returns {:ok, ""}. A read that extends past the end returns the bytes
that remain.   Implementations return a tagged error instead of raising.
F3.IO.Memory is the small implementation. A custom source has the same
three callbacks:
defmodule ByteSource do
  @behaviour F3.IO.Source

  defstruct [:data, closed: false]

  @impl true
  def size(%{closed: true}), do: {:error, F3.Error.closed(:size)}
  def size(%{data: data}), do: {:ok, byte_size(data)}

  @impl true
  def pread(%{closed: true}, _offset, _length), do: {:error, F3.Error.closed(:pread)}

  def pread(%{data: data}, offset, length) do
    {:ok, F3.IO.Memory.slice(data, byte_size(data), offset, length)}
  end

  @impl true
  def close(state), do: {:ok, %{state | data: <<>>, closed: true}}
end

      


      
        Summary


  
    Types
  


    
      
        state()

      


        Opaque handle owned by one source implementation.



    





  
    Callbacks
  


    
      
        close(state)

      


        Releases the source. Closing a closed handle returns {:ok, state}.



    


    
      
        pread(state, non_neg_integer, non_neg_integer)

      


        Reads at most length bytes starting at offset.



    


    
      
        size(state)

      


        Byte length of the source.



    





      


      
        Types


        


  
    
      
    
    
      state()



    

  


  

      

          @type state() :: term()


      


Opaque handle owned by one source implementation.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      close(state)



    

  


  

      

          @callback close(state()) :: {:ok, state()} | {:error, F3.Error.t()}


      


Releases the source. Closing a closed handle returns {:ok, state}.

  



  
    
      
    
    
      pread(state, non_neg_integer, non_neg_integer)



    

  


  

      

          @callback pread(state(), non_neg_integer(), non_neg_integer()) ::
  {:ok, binary()} | {:error, F3.Error.t()}


      


Reads at most length bytes starting at offset.
A start at or past the end returns {:ok, ""}. A read past the end
returns the bytes that remain. offset and length are non-negative
integers. A closed handle is :closed.

  



  
    
      
    
    
      size(state)



    

  


  

      

          @callback size(state()) :: {:ok, non_neg_integer()} | {:error, F3.Error.t()}


      


Byte length of the source.
A closed handle returns {:error, %F3.Error{category: :closed}}.

  


        

      


  

    
F3.Inspection 
    



      
Text and JSON rendering of F3.Metadata.
The JSON form is F3.Metadata.to_map/1. It has string keys and no column
payloads. Text never prints file bytes.

      


      
        Summary


  
    Functions
  


    
      
        render(metadata, atom, arg3)

      


        Renders metadata as text or JSON.



    





      


      
        Functions


        


  
    
      
    
    
      render(metadata, atom, arg3)



    

  


  

      

          @spec render(F3.Metadata.t(), :text | :json, boolean()) :: String.t()


      


Renders metadata as text or JSON.
format is :text or :json. detail adds row groups and sections when
format is :text. JSON ignores detail and is F3.Metadata.to_map/1.
Any other format raises FunctionClauseError. The text does not include
column bytes.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, meta} = F3.metadata(file)
iex> F3.Inspection.render(meta, :text, false) =~ "rows: 3"
true

  


        

      


  

    
F3.Logical 
    



      
Stitches physical columns into logical fields.
The footer leaves nested physical columns unnamed. This module walks the
schema in the same order as the pinned reader: a struct consumes a boolean
validity column and then its children, and a list consumes an offset column
and then its child. The logical tree must describe that same shape. A
disagreement stops the read.

      


      
        Summary


  
    Functions
  


    
      
        assemble(fields, names, physical)

      


        Builds logical columns for names from physical columns keyed by index.



    


    
      
        matches?(arg1, fields)

      


        The logical tree and the Arrow schema describe the same nesting.



    


    
      
        needed(fields, names)

      


        Physical {index, type} pairs required by the named top-level fields.



    





      


      
        Functions


        


  
    
      
    
    
      assemble(fields, names, physical)



    

  


  

      

          @spec assemble([F3.Schema.field()], [String.t()], %{
  required(non_neg_integer()) => F3.Column.t()
}) ::
  {:ok, %{optional(String.t()) => F3.Column.t()}} | {:error, F3.Error.t()}


      


Builds logical columns for names from physical columns keyed by index.
physical maps a physical index to an F3.Column. A missing column is
an error. The result maps each requested name to its logical column.
Examples
iex> field = %{name: "id", type: {:int, 64, true}, nullable: false}
iex> {:ok, physical} = F3.Column.from_native(:i64, 1, <<5::little-64>>, nil)
iex> {:ok, %{"id" => column}} = F3.Logical.assemble([field], ["id"], %{0 => physical})
iex> F3.Column.value(column, 0)
5

  



  
    
      
    
    
      matches?(arg1, fields)



    

  


  

      

          @spec matches?(F3.Metadata.logical_tree() | nil, [F3.Schema.field()]) :: boolean()


      


The logical tree and the Arrow schema describe the same nesting.
The tree must be %{id: :struct, children: nodes} with one child per
field. A flat child matches a primitive field. Any other shape is false.
This does not raise.
Examples
iex> field = %{name: "id", type: {:int, 64, true}, nullable: false}
iex> tree = %{id: :struct, children: [%{id: :flat, children: []}]}
iex> F3.Logical.matches?(tree, [field])
true
iex> F3.Logical.matches?(nil, [field])
false

  



  
    
      
    
    
      needed(fields, names)



    

  


  

      

          @spec needed([F3.Schema.field()], [String.t()]) ::
  {:ok, [{non_neg_integer(), atom()}]} | {:error, F3.Error.t()}


      


Physical {index, type} pairs required by the named top-level fields.
fields is the schema. names selects top-level fields. A name that is
not present contributes no pairs. An unclaimed primitive is
:unsupported_encoding.
Examples
iex> field = %{name: "id", type: {:int, 64, true}, nullable: false}
iex> F3.Logical.needed([field], ["id"])
{:ok, [{0, :i64}]}
iex> F3.Logical.needed([field], ["other"])
{:ok, []}

  


        

      


  

    
F3.Metadata 
    



      
File metadata from the postscript, the FlatBuffers footer, and the
out-of-band column metadata those tables point at.
Checksums are copied from the postscript. They are not recomputed.
Optional section offsets are recorded and not read. Nothing in this
struct is a Wasm module or a column payload.
to_map/1 is the JSON shape compared with the upstream reader. It uses
string keys and does not include column names, which exist only on
row_groups after the schema is aligned.

      


      
        Summary


  
    Types
  


    
      
        encoding_version()

      


    


    
      
        logical_id()

      


    


    
      
        logical_tree()

      


    


    
      
        section()

      


    


    
      
        shared_dictionary()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        to_map(meta)

      


        Map compared with the committed upstream golden files.



    





      


      
        Types


        


  
    
      
    
    
      encoding_version()



    

  


  

      

          @type encoding_version() :: %{
  encoding: F3.RowGroup.encoding(),
  version: %{
    major: non_neg_integer(),
    minor: non_neg_integer(),
    patch: non_neg_integer()
  }
}


      



  



  
    
      
    
    
      logical_id()



    

  


  

      

          @type logical_id() ::
  :flat | :list | :struct | :list_of_struct_of_primitive | non_neg_integer()


      



  



  
    
      
    
    
      logical_tree()



    

  


  

      

          @type logical_tree() :: %{id: logical_id(), children: [logical_tree()]}


      



  



  
    
      
    
    
      section()



    

  


  

      

          @type section() :: %{
  name: String.t(),
  offset: non_neg_integer(),
  size: non_neg_integer(),
  compression: F3.RowGroup.compression()
}


      



  



  
    
      
    
    
      shared_dictionary()



    

  


  

      

          @type shared_dictionary() :: %{
  chunks: [F3.RowGroup.chunk()],
  positions: [[non_neg_integer()]],
  schema: F3.Schema.t() | nil,
  schema_bytes: non_neg_integer()
}


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.Metadata{
  checksum_type: F3.Postscript.checksum_type(),
  data_checksum: non_neg_integer(),
  encoding_versions: [encoding_version()],
  footer_compression: :uncompressed,
  footer_size: non_neg_integer(),
  logical_tree: logical_tree(),
  major_version: non_neg_integer(),
  metadata_size: non_neg_integer(),
  minor_version: non_neg_integer(),
  optional_sections: [section()],
  row_groups: [F3.RowGroup.t()],
  schema: F3.Schema.t(),
  schema_checksum: non_neg_integer(),
  shared_dictionary: shared_dictionary() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      to_map(meta)



    

  


  

      

          @spec to_map(t()) :: map()


      


Map compared with the committed upstream golden files.
Keys are strings. Column payloads are not included. A value that is not
metadata raises FunctionClauseError.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, meta} = F3.metadata(file)
iex> map = F3.Metadata.to_map(meta)
iex> map["postscript"]["major_version"]
0

  


        

      


  

    
F3.Native 
    



      
Optional native decoder.
A Hex package that includes checksum-Elixir.F3.Native.exs downloads a
precompiled NIF for macOS Apple silicon (aarch64-apple-darwin) or Linux
x86_64 (x86_64-unknown-linux-gnu). OTP 28 uses NIF version 2.17. This
repository has no checksum file, so available?/0 is false unless
F3_BUILD_NATIVE=1 at compile time and the rustler dependency is
available. info/0 reports the crate name and version. decode_encunit/3
decodes one CASCADE encoding unit on the dirty CPU scheduler. It does not
open files, decode FlatBuffers, or run WebAssembly. The crate does not
link fff-poc and does not install a global allocator. Wasmtime 28 is in
the same crate. It runs only when decode_wasm/5 is called, which
F3.read/2 does only for wasm: :sandbox.
Mix recompiles this module when F3_BUILD_NATIVE changes and when the
checksum file appears. Other targets compile from source with
F3_BUILD_NATIVE=1.

      


      
        Summary


  
    Functions
  


    
      
        available?()

      


        Whether this VM loaded the native scaffold.



    


    
      
        decode_encunit(bytes, compression, type)

      


        Decodes one encoding unit when the NIF was compiled.



    


    
      
        info()

      


        Returns {:ok, {crate_name, version}} when the NIF is loaded.



    





      


      
        Functions


        


  
    
      
    
    
      available?()



    

  


  

      

          @spec available?() :: boolean()


      


Whether this VM loaded the native scaffold.
The default build does not compile the NIF, so this is false.
Examples
iex> F3.Native.available?()
false

  



  
    
      
    
    
      decode_encunit(bytes, compression, type)



    

  


  

      

          @spec decode_encunit(binary(), atom(), atom()) :: {:error, :native_unavailable}


      


Decodes one encoding unit when the NIF was compiled.
bytes is the unit. compression is :uncompressed, :zstd, or
:lz4. type is the physical kind, such as :i64. This build returns
{:error, :native_unavailable} and does not raise.
Examples
iex> F3.Native.decode_encunit(<<>>, :uncompressed, :i64)
{:error, :native_unavailable}

  



  
    
      
    
    
      info()



    

  


  

      

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


      


Returns {:ok, {crate_name, version}} when the NIF is loaded.
This build has no NIF, so the result is :native_unavailable. It does
not raise.
Examples
iex> F3.Native.info()
{:error, :native_unavailable}

  


        

      


  

    
F3.Postscript 
    



      
The 32-byte tail of an F3 file.
Fields are little-endian, in the order fixed by F3.Format.postscript_layout/0.
The magic F3 is last. This module checks the tail and the claimed sizes.
It does not decode the footer and it does not verify checksums.
metadata_size and footer_size are attacker-controlled. A claim larger
than max_metadata_bytes is :resource_limit and is not allocated.
The default cap is 16 MiB. Pass a non-negative integer to decode/2
to use another cap for that call.

      


      
        Summary


  
    Types
  


    
      
        checksum_type()

      


    


    
      
        compression()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(file, max)

      


        Reads and checks the postscript of an open file.



    


    
      
        max_metadata_bytes()

      


        Default maximum metadata span, in bytes, for one decode/2 call.



    





      


      
        Types


        


  
    
      
    
    
      checksum_type()



    

  


  

      

          @type checksum_type() :: :xxhash | {:unknown, 0..255}


      



  



  
    
      
    
    
      compression()



    

  


  

      

          @type compression() :: :uncompressed


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.Postscript{
  checksum_type: checksum_type(),
  data_checksum: non_neg_integer(),
  file_size: non_neg_integer(),
  footer_compression: compression(),
  footer_offset: non_neg_integer(),
  footer_size: non_neg_integer(),
  major_version: non_neg_integer(),
  metadata_offset: non_neg_integer(),
  metadata_size: non_neg_integer(),
  minor_version: non_neg_integer(),
  schema_checksum: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(file, max)



    

  


  

      

          @spec decode(F3.File.t(), non_neg_integer()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Reads and checks the postscript of an open file.
max_metadata_bytes limits metadata_size and footer_size. Checksum
type 0 is :xxhash. Any other byte is {:unknown, byte} and is not
a reason to stop. Footer compression other than uncompressed is
:unsupported_encoding. A file shorter than 32 bytes is :truncated.
max must be a non-negative integer. This does not raise for a short file.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:ok, post} = F3.Postscript.decode(file, F3.Postscript.max_metadata_bytes())
iex> {post.major_version, post.minor_version, post.footer_compression}
{0, 1, :uncompressed}

iex> {:ok, short} = F3.open({:memory, "no"})
iex> {:error, error} = F3.Postscript.decode(short, 32)
iex> error.category
:truncated

  



  
    
      
    
    
      max_metadata_bytes()



    

  


  

      

          @spec max_metadata_bytes() :: pos_integer()


      


Default maximum metadata span, in bytes, for one decode/2 call.
Examples
iex> F3.Postscript.max_metadata_bytes()
16_777_216

  


        

      


  

    
F3.Reader 
    



      
Projection, row-group selection, and batching.
One decoder call decodes a whole encoding unit. Elixir then slices that
column to batch_size rows. The default batch size is 8192. The committed
fixtures are smaller than one unit, so a row group becomes one batch unless
batch_size is set lower. F3.stream/2 does not pread until the first pull.
Enum.take/2 stops further reads. The caller still owns F3.close/1.
Chunk checksums are verified only when the footer stored one. The eight
fixtures store none. Shared dictionaries are refused. CUSTOM_WASM is
refused unless the caller passes wasm: :sandbox or registers an
F3.Extension. Metadata inspection never executes a module.

      


      
        Summary


  
    Functions
  


    
      
        default_batch_size()

      


        Default number of rows in one batch.



    


    
      
        read(file, opts)

      


        Reads the selected row groups into columnar batches.



    


    
      
        reject_chunk(map)

      


        Refuses a shared dictionary. Wasm is decided later by F3.Dispatch.
A chunk with dictionary: :none and no refused encoding unit returns :ok.
A shared dictionary is :unsupported_encoding and does not raise.



    


    
      
        stream(file, opts)

      


        Lazy batches. The first pull reads the footer. Later pulls read encoding
units. A pull that cannot decode throws {:f3, %F3.Error{}}. Without the
native decoder this returns the error and does not return a stream.



    





      


      
        Functions


        


  
    
      
    
    
      default_batch_size()



    

  


  

      

          @spec default_batch_size() :: pos_integer()


      


Default number of rows in one batch.
Examples
iex> F3.Reader.default_batch_size()
8192

  



  
    
      
    
    
      read(file, opts)



    

  


  

      

          @spec read(F3.File.t(), keyword()) :: {:ok, [F3.Batch.t()]} | {:error, F3.Error.t()}


      


Reads the selected row groups into columnar batches.
Options match F3.read/2. Without the native decoder this returns
:native_unavailable. Options that are not a keyword list are
:invalid_argument. This does not raise for those cases.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:error, error} = F3.Reader.read(file, columns: ["symbol"], batch_size: 1024)
iex> error.category
:native_unavailable

  



  
    
      
    
    
      reject_chunk(map)



    

  


  

      

          @spec reject_chunk(F3.RowGroup.chunk()) :: :ok | {:error, F3.Error.t()}


      


Refuses a shared dictionary. Wasm is decided later by F3.Dispatch.
A chunk with dictionary: :none and no refused encoding unit returns :ok.
A shared dictionary is :unsupported_encoding and does not raise.
Examples
iex> :ok = F3.Reader.reject_chunk(%{dictionary: :none, encunits: []})
iex> {:error, error} = F3.Reader.reject_chunk(%{dictionary: {:shared, 3}})
iex> error.message
"shared dictionary 3 is not loaded"

  



  
    
      
    
    
      stream(file, opts)



    

  


  

      

          @spec stream(F3.File.t(), keyword()) :: {:ok, Enumerable.t()} | {:error, F3.Error.t()}


      


Lazy batches. The first pull reads the footer. Later pulls read encoding
units. A pull that cannot decode throws {:f3, %F3.Error{}}. Without the
native decoder this returns the error and does not return a stream.
Examples
iex> {:ok, file} = F3.open("test/fixtures/small.f3")
iex> {:error, error} = F3.Reader.stream(file, [])
iex> error.category
:native_unavailable

  


        

      


  

    
F3.Registry 
    



      
Bounded ETS table of F3.Extension modules.
The caller starts the process and passes that pid as extensions: to
F3.read/2 or F3.stream/2. Two reads share registrations only when they
are given the same pid. The key is the footer encoding and its
%{major, minor, patch} version. wasm_id is part of the key only when
the registration sets it.
The table is public so a read can look up a module without taking the
owner lock. register/3 and unregister/2 go through the owner. A full
table returns :resource_limit. The default capacity is 64. The ceiling
is 1024.

      


      
        Summary


  
    Types
  


    
      
        key()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        lookup(pid, metadata)

      


        Finds a module for one encoding unit. :error when the pid is dead, the
table is gone, or nothing matches. A registration that set wasm_id
matches only that id. A registration that omitted it matches any id,
after the exact id is tried. nil is :error and does not raise.



    


    
      
        register(pid, key, module)

      


        Registers module under the footer key. Replacing an existing key does
not consume another slot.



    


    
      
        start_link(opts \\ [])

      


        Starts an empty registry. capacity: defaults to 64
and must be from 1 to 1024. Any other value is
:invalid_argument and does not start a process.



    


    
      
        unregister(pid, key)

      


        Removes one key. A missing key is :ok.



    





      


      
        Types


        


  
    
      
    
    
      key()



    

  


  

      

          @type key() :: %{
  :encoding => atom(),
  :version => %{
    major: non_neg_integer(),
    minor: non_neg_integer(),
    patch: non_neg_integer()
  },
  optional(:wasm_id) => non_neg_integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      lookup(pid, metadata)



    

  


  

      

          @spec lookup(pid() | nil, map()) :: {:ok, module()} | :error


      


Finds a module for one encoding unit. :error when the pid is dead, the
table is gone, or nothing matches. A registration that set wasm_id
matches only that id. A registration that omitted it matches any id,
after the exact id is tried. nil is :error and does not raise.
Examples
iex> F3.Registry.lookup(nil, %{encoding: :cascade})
:error

  



  
    
      
    
    
      register(pid, key, module)



    

  


  

      

          @spec register(pid(), key(), module()) :: :ok | {:error, F3.Error.t()}


      


Registers module under the footer key. Replacing an existing key does
not consume another slot.
key needs :encoding and :version with :major, :minor, and
:patch. :wasm_id is optional. A bad argument is :invalid_argument.
Examples
iex> {:ok, pid} = F3.Registry.start_link(capacity: 1)
iex> key = %{encoding: :custom_wasm, version: %{major: 1, minor: 0, patch: 0}}
iex> :ok = F3.Registry.register(pid, key, F3.Column)
iex> F3.Registry.lookup(pid, Map.put(key, :wasm_id, 0))
{:ok, F3.Column}

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  

      

          @spec start_link(keyword()) :: {:ok, pid()} | {:error, F3.Error.t()}


      


Starts an empty registry. capacity: defaults to 64
and must be from 1 to 1024. Any other value is
:invalid_argument and does not start a process.
Examples
iex> {:ok, pid} = F3.Registry.start_link(capacity: 1)
iex> is_pid(pid)
true

iex> {:error, error} = F3.Registry.start_link(capacity: 0)
iex> error.category
:invalid_argument

  



  
    
      
    
    
      unregister(pid, key)



    

  


  

      

          @spec unregister(pid(), key()) :: :ok | {:error, F3.Error.t()}


      


Removes one key. A missing key is :ok.
Examples
iex> {:ok, pid} = F3.Registry.start_link()
iex> key = %{encoding: :cascade, version: %{major: 0, minor: 21, patch: 0}}
iex> F3.Registry.unregister(pid, key)
:ok

  


        

      


  

    
F3.RowGroup 
    



      
One row group, with the column chunks the footer points at.
columns follows the column-metadata order for that row group. name
is the matching schema field when the counts line up, and nil when
they do not. Chunks are IOUnits. Each encunits entry is one encoding
unit.   This struct does not contain column bytes.
index is the row group index. num_rows is its row count.
byte_offset and byte_size locate it in the file. columns follows
the column-metadata order. A column name is the schema field when the
counts line up, and nil when they do not.
Examples
iex> group = %F3.RowGroup{index: 0, num_rows: 3, byte_offset: 0, byte_size: 10}
iex> group.columns
[]

      


      
        Summary


  
    Types
  


    
      
        chunk()

      


    


    
      
        column()

      


    


    
      
        compression()

      


    


    
      
        dictionary()

      


    


    
      
        encoding()

      


    


    
      
        encunit()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      chunk()



    

  


  

      

          @type chunk() :: %{
  offset: non_neg_integer(),
  size: non_neg_integer(),
  num_rows: non_neg_integer(),
  dictionary: dictionary(),
  checksum: non_neg_integer() | nil,
  encunits: [encunit()]
}


      



  



  
    
      
    
    
      column()



    

  


  

      

          @type column() :: %{
  index: non_neg_integer(),
  name: String.t() | nil,
  chunks: [chunk()]
}


      



  



  
    
      
    
    
      compression()



    

  


  

      

          @type compression() :: :uncompressed | :zstd | :lz4 | non_neg_integer()


      



  



  
    
      
    
    
      dictionary()



    

  


  

      

          @type dictionary() ::
  :none | {:local, [non_neg_integer()]} | {:shared, non_neg_integer()}


      



  



  
    
      
    
    
      encoding()



    

  


  

      

          @type encoding() :: :cascade | :custom_wasm | non_neg_integer()


      



  



  
    
      
    
    
      encunit()



    

  


  

      

          @type encunit() :: %{
  size: non_neg_integer(),
  num_rows: non_neg_integer(),
  encoding: encoding(),
  compression: compression(),
  wasm_id: non_neg_integer() | nil
}


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.RowGroup{
  byte_offset: non_neg_integer(),
  byte_size: non_neg_integer(),
  columns: [column()],
  index: non_neg_integer(),
  num_rows: non_neg_integer()
}


      



  


        

      


  

    
F3.Schema 
    



      
Logical Arrow schema read from an F3 footer.
A field type is a nested term. Primitive widths that the committed
fixtures use are {:int, width, signed?} and {:float, precision}.
{:list, field} and {:struct, fields} carry their children. Any other
Arrow type id is {:unsupported, id} and does not by itself reject the file.
Row values are not part of this struct. F3.read/2 returns batches whose columns use these field names.

      


      
        Summary


  
    Types
  


    
      
        arrow_type()

      


    


    
      
        field()

      


        One logical field.



    


    
      
        t()

      


        fields is the top-level schema, in footer order.



    





  
    Functions
  


    
      
        field_map(field)

      


        JSON-ready form of one field. Keys are strings. A nested type is a map.
A primitive type is the same string as type_label/1.



    


    
      
        type_label(arg1)

      


        Short type name used by F3.inspect/2.



    





      


      
        Types


        


  
    
      
    
    
      arrow_type()



    

  


  

      

          @type arrow_type() ::
  :null
  | :bool
  | :utf8
  | :binary
  | {:int, pos_integer(), boolean()}
  | {:float, :half | :single | :double}
  | {:list, field()}
  | {:struct, [field()]}
  | {:unsupported, non_neg_integer()}


      



  



  
    
      
    
    
      field()



    

  


  

      

          @type field() :: %{name: String.t(), type: arrow_type(), nullable: boolean()}


      


One logical field.
name is the footer name. type is the nested Arrow term. nullable
is true when the field accepts nulls. A writer keyword :int64 becomes
nullable: false. {:int64, null: true} becomes nullable: true.

  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.Schema{fields: [field()]}


      


fields is the top-level schema, in footer order.

  


        

      

      
        Functions


        


  
    
      
    
    
      field_map(field)



    

  


  

      

          @spec field_map(field()) :: map()


      


JSON-ready form of one field. Keys are strings. A nested type is a map.
A primitive type is the same string as type_label/1.
Examples
iex> F3.Schema.field_map(%{name: "id", type: {:int, 64, true}, nullable: false})
%{"name" => "id", "nullable" => false, "type" => "int64"}

  



  
    
      
    
    
      type_label(arg1)



    

  


  

      

          @spec type_label(arrow_type()) :: String.t()


      


Short type name used by F3.inspect/2.
{:int, width, true} is int{width}. {:int, width, false} is
uint{width}. Float precisions are float16, float32, and float64.
Lists and structs include their children. This does not raise.
Examples
iex> F3.Schema.type_label({:int, 64, true})
"int64"

iex> F3.Schema.type_label({:list, %{name: "item", type: :utf8, nullable: true}})
"list<utf8>"

  


        

      


  

    
F3.Wasm 
    



      
Loads one embedded Wasm module after the caller has opted in.
Metadata inspection does not call this module. lib_urls are not read.
The section named WASMBinaries is a FlatBuffers table of offsets. The
module bytes are read only for the wasm_id on the encoding unit, and
only when F3.Dispatch has already chosen :wasm.
The host fuel budget is 5000000 instructions. Upstream does not set
fuel. Linear memory is capped at 8 MiB. A module is at most 1 MiB unless
wasm_module_bytes: raises that, and never above 16 MiB. An omitted
wasm_id selects module 0.

      


      
        Summary


  
    Functions
  


    
      
        decode(plan, unit, bytes, type)

      


        Decodes one unit with the sandboxed host. The module bytes do not leave
the NIF as an Arrow buffer. The return is an owned F3.Column.



    


    
      
        default_module_bytes()

      


        Default maximum module size, in bytes.



    


    
      
        fuel()

      


        Instruction budget passed to Wasmtime. Upstream sets no fuel.



    


    
      
        max_module_bytes()

      


        Hard maximum for wasm_module_bytes:. The pinned built-in module is
larger than 8 MiB, so the ceiling is 16 MiB.



    


    
      
        memory_bytes()

      


        Linear memory cap, in bytes.



    


    
      
        modules(bin)

      


        Parses a WASMBinaries FlatBuffers root. Field lib_urls is not walked.
A buffer that is not a table is :corrupt. A non-binary raises no error
here. It returns the same :corrupt error.



    





      


      
        Functions


        


  
    
      
    
    
      decode(plan, unit, bytes, type)



    

  


  

      

          @spec decode(map(), map(), binary(), atom()) ::
  {:ok, F3.Column.t()} | {:error, F3.Error.t()}


      


Decodes one unit with the sandboxed host. The module bytes do not leave
the NIF as an Arrow buffer. The return is an owned F3.Column.
plan must include :operation. A nested type is
:unsupported_encoding and does not load a module. A missing Wasm section
is :corrupt. This raises KeyError when plan.operation is absent.
Examples
iex> plan = %{operation: :read}
iex> {:error, error} = F3.Wasm.decode(plan, %{}, <<>>, :list)
iex> error.category
:unsupported_encoding

  



  
    
      
    
    
      default_module_bytes()



    

  


  

      

          @spec default_module_bytes() :: pos_integer()


      


Default maximum module size, in bytes.
Examples
iex> F3.Wasm.default_module_bytes()
1_048_576

  



  
    
      
    
    
      fuel()



    

  


  

      

          @spec fuel() :: pos_integer()


      


Instruction budget passed to Wasmtime. Upstream sets no fuel.
Examples
iex> F3.Wasm.fuel()
5_000_000

  



  
    
      
    
    
      max_module_bytes()



    

  


  

      

          @spec max_module_bytes() :: pos_integer()


      


Hard maximum for wasm_module_bytes:. The pinned built-in module is
larger than 8 MiB, so the ceiling is 16 MiB.
Examples
iex> F3.Wasm.max_module_bytes()
16_777_216

  



  
    
      
    
    
      memory_bytes()



    

  


  

      

          @spec memory_bytes() :: pos_integer()


      


Linear memory cap, in bytes.
Examples
iex> F3.Wasm.memory_bytes()
8_388_608

  



  
    
      
    
    
      modules(bin)



    

  


  

      

          @spec modules(binary()) :: {:ok, [map()]} | {:error, F3.Error.t()}


      


Parses a WASMBinaries FlatBuffers root. Field lib_urls is not walked.
A buffer that is not a table is :corrupt. A non-binary raises no error
here. It returns the same :corrupt error.
Examples
iex> {:error, error} = F3.Wasm.modules(<<>>)
iex> error.message
"wasm section is truncated"

  


        

      


  

    
F3.Writer 
    



      
Local F3 writer.
open/2 checks the schema and options, then starts the out-of-process
helper when F3_BUILD_NATIVE=1. Batches are sent one at a time. close/1
finishes the helper and renames a temp file onto the destination. A failed
finish deletes the temp file and leaves an existing destination unchanged.
The rename is local-filesystem behavior, not a remote write.
Without the native helper, a valid open/2 returns :not_implemented and
creates no file. Wasm is not written.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        One local writer.



    





  
    Functions
  


    
      
        close(writer)

      


        Finishes the file and renames it onto the destination.



    


    
      
        open(path, opts \\ [])

      


        Opens a writer for path.



    


    
      
        write(writer, batch)

      


        Writes one %F3.Batch{} or a list of row maps.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %F3.Writer{
  closed: boolean(),
  path: Path.t(),
  port: port() | nil,
  schema: F3.Schema.t(),
  temp: Path.t() | nil
}


      


One local writer.
port is the helper port, or nil before it starts. schema is the
accepted logical schema. path is the destination. temp is the file
renamed onto path at close/1. closed is true after a successful close.

  


        

      

      
        Functions


        


  
    
      
    
    
      close(writer)



    

  


  

      

          @spec close(t()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Finishes the file and renames it onto the destination.
A second call returns the same closed handle. A value that is not a
writer is :not_implemented.
Examples
iex> {:error, error} = F3.Writer.close(:nope)
iex> error.reason
:writer_close

  



    

  
    
      
    
    
      open(path, opts \\ [])



    

  


  

      

          @spec open(Path.t(), keyword()) :: {:ok, t()} | {:error, F3.Error.t()}


      


Opens a writer for path.
schema: is a field keyword list or an %F3.Schema{}. A bare :int64 is
non-null. {:float64, null: true} is nullable. compression: is
:uncompressed (the default), :zstd, or :lz4. row_group_rows: starts
a new row group after at least that many rows. iounit_bytes: defaults to
8 MiB and is rejected above 64 MiB.   checksum: true stores a per-IOUnit
xxHash.
A missing schema, an unknown option, and an IOUnit above 64 MiB return
an error and create no file. Without the native helper, a valid schema
returns :not_implemented and also creates no file. These checks do not
raise.
Examples
iex> {:error, error} = F3.Writer.open("unused.f3", [])
iex> error.message
"schema is required"

iex> {:error, error} = F3.Writer.open("unused.f3", schema: [id: :int64], source: :remote)
iex> error.message
"unknown option source"

iex> opts = [schema: [price: {:float64, null: true}], iounit_bytes: 64 * 1024 * 1024 + 1]
iex> {:error, error} = F3.Writer.open("unused.f3", opts)
iex> error.category
:resource_limit

  



  
    
      
    
    
      write(writer, batch)



    

  


  

      

          @spec write(t(), F3.Batch.t() | [map()]) :: :ok | {:error, F3.Error.t()}


      


Writes one %F3.Batch{} or a list of row maps.
Row maps may use atom or string keys. A missing key is null only when the
field is nullable. An integer outside the field width is :invalid_type.
A binary that is not UTF-8 is :invalid_argument. An empty batch is
accepted and does not call the helper. A value that is not a writer is
:not_implemented. This does not raise.
Examples
iex> {:error, error} = F3.Writer.write(:nope, [])
iex> error.category
:not_implemented

  


        

      


  

    
mix f3.inspect 
    



      
Prints metadata for one F3 file.
mix f3.inspect test/fixtures/small.f3
mix f3.inspect test/fixtures/small.f3 --detail
mix f3.inspect test/fixtures/small.f3 --json
The output is F3.inspect/2. It does not read row data.
--detail adds row groups. --json prints the metadata map.
--max-metadata-bytes N overrides the footer cap. No path, or an unknown
flag, raises Mix.Error. A missing file raises Mix.Error with the
F3.Error message.

      


      
        Summary


  
    Functions
  


    
      
        run(args)

      


        Runs the task.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



    

  


  

Runs the task.
args is the command-line list. A successful run prints the inspection
and returns :ok. An empty list raises Mix.Error.
Examples
iex> Mix.Tasks.F3.Inspect.run([])
** (Mix.Error) usage: mix f3.inspect FILE [--detail] [--json] [--max-metadata-bytes N]
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