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    BeamExport
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Memory-bounded CSV exports for Elixir: from Ecto queries or any enumerable
to files, iodata and Plug/Phoenix downloads, without holding a database
connection for as long as a slow client takes to download.

The problem
Large CSV exports commonly hurt production systems in two ways.
1. Memory spikes (Repo.all). Loading every row, then building the whole CSV in
memory, makes memory grow with the size of the export:
# Loads the entire dataset into the process heap
Repo.all(query) |> Enum.map(&format_row/1) |> CSV.encode() |> send_download(...)
2. Connection pool starvation (naive HTTP streaming). Repo.stream/2 must run
inside a transaction, so streaming it straight to an HTTP client holds a database
connection for the entire download:
# Holds a pool connection for as long as the slowest client takes
Repo.transaction(fn ->
  query |> Repo.stream() |> NimbleCSV.dump_to_stream() |> Enum.into(conn)
end, timeout: :infinity)
A handful of slow downloads can exhaust the pool. Long transactions also delay
PostgreSQL vacuum.
The approach
BeamExport streams rows through a lazy pipeline whose memory is proportional to
:chunk_size, not to the export. For HTTP downloads, its recommended path stages the
export on local disk first, so the database connection is released as soon as the
rows are read, then serves the file with sendfile:
STAGE 1  database cursor ──> CSV chunks ──> private temp file      (holds 1 DB connection)
                                                │
         ── transaction commits, connection returns to the pool ──
                                                │
STAGE 2  HTTP client  <────── send_file ─────── temp file          (no DB connection)
                                                │
         ── temp file deleted when the request process exits ──
What it does for you:
	Bounded memory. Rows are fetched (:max_rows), encoded and written in chunks.
	Atomic files. to_file/3 writes a temporary file, syncs it and renames it
over the target, so readers never see a partial file. Disk-full and other write
errors, including errors only reported when the file is closed, fail the export.
	Fails loudly. An export that does not complete (a crash, a rolled-back
transaction, a consumer or database that stops making progress) returns or raises
an error. It is never reported as a successful but shorter export.
	Safe defaults. Spreadsheet formula injection protection is on; exported files
are created 0600; errors and telemetry never contain row data.
	Correct CSV. RFC 4180 quoting; exact floats and decimals; values without a
faithful text form (lists, maps, tuples) are rejected instead of being mangled.
	Observability. :telemetry events for start, chunks, stop and exceptions.


Installation
def deps do
  [
    {:beam_export, "~> 0.1.0"},

    # Optional integrations:
    {:ecto, "~> 3.10"},      # Ecto sources (usually via ecto_sql and an adapter)
    {:plug, "~> 1.14"},      # BeamExport.Plug (Phoenix already includes Plug)
    {:decimal, "~> 2.0"}     # Decimal values (already included with Ecto)
  ]
end
Requires Elixir 1.15 or later.

Quick start
Export an Ecto query to a file (background jobs, CLI tasks)
import Ecto.Query

query = from(u in MyApp.Accounts.User, where: u.active, order_by: u.id)

{:ok, meta} =
  BeamExport.to_file({MyApp.Repo, query}, "/var/app/exports/active_users.csv",
    headers: ["ID", "Full Name", "Email Address", "Created At"],
    mapper: fn user -> [user.id, user.name, user.email, user.inserted_at] end
  )

# meta => %{path: "...", rows: 50_001, bytes: 2_450_120, compressed: false, duration: ...}
# `rows` includes the header row; `duration` is in :native time units.
Write exports somewhere private. Never under priv/static, which is publicly served.
Phoenix download (staged, recommended)
defmodule MyAppWeb.UserExportController do
  use MyAppWeb, :controller
  import Ecto.Query

  def index(conn, _params) do
    query = from(u in MyApp.Accounts.User, order_by: u.id)

    BeamExport.Plug.send_staged_export(conn, "users.csv", {MyApp.Repo, query},
      headers: ["User ID", "Name", "Email"],
      mapper: fn u -> [u.id, u.name, u.email] end
    )
  end
end
The export is written to a private temporary directory, the transaction commits, and
the file is sent with sendfile. The temporary files are removed when the request
process exits. If the export fails, BeamExport.ExportError is raised before any
response is sent (a 500 in Phoenix).
Without a mapper
Lists and tuples are used as rows directly. Maps and structs are read by :headers,
which must then be their keys:
# Ecto `select` returning lists or tuples:
BeamExport.to_file({Repo, from(u in User, select: {u.id, u.email})}, path, headers: ["ID", "Email"])

# Maps or structs, read by key:
BeamExport.to_iodata([%{id: 1, name: "Alice"}, %{id: 2, name: "Bob"}], headers: [:id, :name])
Use a :mapper when you want human-readable titles for struct fields. Headers such as
"Email Address" do not match any struct field, so BeamExport raises
BeamExport.EncodeError instead of exporting blank columns.
Lazy streams
BeamExport.to_stream(rows, headers: ["ID", "Name"])
|> Stream.into(File.stream!("users.csv"))
|> Stream.run()
For an Ecto source outside a transaction, to_stream/2 runs the cursor in a worker
process that holds the connection until the stream finishes. Consume the stream
promptly: if the consumer stops asking for data for :consumer_timeout (default 30 s),
the cursor is closed and BeamExport.TimeoutError is raised.
Gzip
BeamExport.to_file({MyApp.Repo, query}, "/var/app/exports/users.csv.gz", mapper: &[&1.id, &1.email])
A .gz path (or compress: true) streams through gzip. Staged Plug downloads of
compressed files are sent as application/gzip.

Options
Unknown options raise ArgumentError, so a typo cannot silently turn a feature off.
	Option	Applies to	Default	Description
	:headers	all	none	Column titles (strings/atoms) written first. Also the keys read from map/struct records when there is no :mapper.
	:mapper	all	none	fn record -> [field, ...] end (a tuple is accepted too).
	:chunk_size	all	500	Rows per chunk / file write.
	:separator	all	","	Field separator. Must not contain ", CR or LF.
	:line_terminator	all	"\r\n"	"\r\n" or "\n".
	:sanitize_formulas	all	true	Prefix text starting with = + - @ TAB or CR with ' (see Security).
	:include_record_in_errors	all	false	Put record contents in MappingError (never in telemetry).
	:max_rows	Ecto	500	Rows per database fetch.
	:timeout	Ecto	:infinity	Maximum time the export may hold its DB connection; the export fails when it elapses.
	:consumer_timeout	to_stream, chunked	30_000	Max wait for the consumer to request the next batch.
	:batch_timeout	to_stream, chunked	120_000	Max wait for the database to deliver the next batch.
	:atomic	to_file, staged	true	Temp file + sync + rename. With false, a failed export still removes its partial file, but the previous contents of the target are lost.
	:compress	to_file, staged	by extension	true/:gzip or false; defaults to on for .gz paths.
	:file_mode	to_file, staged	0o600	Permissions of created files.
	:tmp_dir	staged	System.tmp_dir!()	Parent of the private temporary directory.
	:content_type, :charset	Plug	"text/csv", "utf-8"	Response content type.


Values
	Value	CSV text
	nil	empty field
	strings, atoms	as-is (formula-sanitized by default)
	integers	42
	floats	shortest exact form: 0.1, 1.0e-12
	Decimal	plain notation, never scientific: 1000, -0.00012
	Date / Time / NaiveDateTime / DateTime	ISO 8601
	booleans	true / false
	structs implementing String.Chars (e.g. URI)	to_string/1
	lists, maps, tuples, other terms	BeamExport.EncodeError: convert them in your :mapper


Errors
to_file/3 and to_iodata/2 return {:ok, ...} or {:error, exception}.
to_stream/2 raises the same exceptions while it is consumed. Invalid options raise
ArgumentError.
	Exception	Meaning
	BeamExport.MappingError	The mapper raised, or returned something other than a list/tuple. Has :row (1-based) and :reason.
	BeamExport.EncodeError	A record or value has no faithful CSV form, or headers do not match the records. Has :row, :column, :reason.
	BeamExport.PreloadError	The query has preloads (not supported by database cursors).
	BeamExport.TimeoutError	An Ecto stream stopped making progress (:consumer_timeout / :batch_timeout). The export is incomplete.
	BeamExport.ExportError	Other failures (for example a transaction that did not commit, or a failed staged download).
	File.Error, File.RenameError	Filesystem errors, including a full disk.

case BeamExport.to_file(source, path, opts) do
  {:ok, %{rows: rows}} -> {:ok, rows}
  {:error, %BeamExport.MappingError{row: row}} -> {:error, "bad record at row #{row}"}
  {:error, exception} -> {:error, Exception.message(exception)}
end

Security
	CSV / formula injection. By default, text fields starting with =, +, -,
@, TAB or CR (also after leading whitespace) get a leading ', so Excel,
LibreOffice and Google Sheets display them instead of evaluating them (OWASP
recommendation). This intentionally changes such text: a string "-5" becomes
"'-5" (numbers are never changed). For files consumed by programs rather than
spreadsheets, pass sanitize_formulas: false.
	No row data in errors or telemetry. MappingErrors are redacted: they report
the row number and a safe description (for example key :email not found), not the
record. Stacktraces in telemetry carry arities, not arguments. Opt in with
include_record_in_errors: true while debugging. Exceptions raised by your own
source or by the database driver are passed through unchanged.
	Files. Exports are created with mode 0600. Staged downloads use a fresh 0700
directory per request. Never pass user input as a file path or :tmp_dir.
	Limits are your job. BeamExport does not limit export size or concurrency.
Every in-flight export holds one database connection while it reads rows (staged
downloads too, until the file is written), so concurrent exports beyond your pool
size starve the rest of the application. Cap them below pool_size (for example
with an Oban queue limit or a semaphore), put authorization and rate limiting in
front of export endpoints, and make sure the temporary directory has room for
concurrent exports. In containers, /tmp may be RAM-backed.


Performance
Measured on Linux (OTP 26, Elixir 1.17) writing a 5-column synthetic dataset with
to_file/3, single runs:
	Rows	Time	Rows/s	Peak process memory
	10,000	66 ms	~150k	0.4 MB
	100,000	477 ms	~210k	0.4 MB
	300,000	1.6 s	~190k	0.3 MB

From SQLite, 50,000 rows took about 0.5 s with to_file/3. Memory is proportional to
chunk_size × row size, so wide rows or large text fields use more. Disk usage and
time grow linearly with the export. Your numbers will depend on the database, row
width and mapper. bench/export_bench.exs contains a reproducible benchmark
(MIX_ENV=test mix run bench/export_bench.exs).

Limitations
	Preloads are not supported (BeamExport.PreloadError); use joins or select.
	Staged downloads block until the whole file is written, so very large exports
can hit proxy or load balancer timeouts. Run those with to_file/3 in a background
job (for example Oban) and serve the result separately.
	Staged temporary files are removed when the request process exits. Some
servers (for example Bandit with HTTP/1.1 keep-alive) reuse one process for
several requests on a connection, so files can outlive the request until the
connection closes. A crashed node can leave files behind in :tmp_dir.
	send_chunked_export/4 holds a database connection for the whole download. Use
it only for fast, trusted clients.
	to_stream/2 and send_chunked_export/4 emit no telemetry.
	Atomic writes and power loss. to_file/3 syncs the file to disk before the
rename, but not the parent directory (Erlang/OTP has no portable way to do that). On
some filesystems, a crash or power loss right after the rename can leave the
previous file in place.
	meta.rows includes the header row.
	CSV only for now; see ROADMAP.md.


Telemetry
	Event	Measurements	Metadata
	[:beam_export, :export, :start]	system_time	destination, format
	[:beam_export, :export, :chunk]	rows, bytes (uncompressed)	destination
	[:beam_export, :export, :stop]	duration (native units), rows, bytes (on disk)	destination, format
	[:beam_export, :export, :exception]	duration (native units)	destination, kind, reason, stacktrace, format

Emitted by to_file/3 (destination: :file, also used by staged downloads) and
to_iodata/2 (destination: :iodata). See BeamExport.Telemetry.

Contributing
	Fork the repository and create a branch.
	mix test (the disk-full tests need /dev/full, so they run on Linux only).
	mix format and mix compile --warnings-as-errors.
	Open a pull request describing the change.

License
Licensed under the Apache License, Version 2.0. See LICENSE.


  

    Changelog

All notable changes to beam_export will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.1.0] - 2026-11-07
First public release.
Added
	Exports from any Enumerable or {Repo, queryable} Ecto source:	BeamExport.to_file/3: atomic file writes (temporary file, fsync, rename),
optional streaming gzip (compress: true or a .gz path), files created with
mode 0600 (:file_mode).
	BeamExport.to_iodata/2: in-memory exports for small datasets.
	BeamExport.to_stream/2: lazy stream of CSV iodata chunks.


	Plug/Phoenix downloads (BeamExport.Plug, requires :plug):	send_staged_export/4 writes the export to a private (0700) temporary
directory, releases the database connection, then serves the file with
send_file. Temporary files are removed when the request process exits.
	send_chunked_export/4 streams with chunked transfer encoding and stops reading
the source when the client disconnects.


	CSV encoding: RFC 4180 quoting, custom separators, "\r\n" or "\n" line
terminators. Exact floats (Float.to_string/1), decimals in plain notation,
ISO 8601 dates and times, tuple rows (Ecto select: {...}), and map/struct records
read by :headers.
	Formula injection protection, enabled by default (sanitize_formulas: true),
following the OWASP recommendation.
	Ecto integration: cursor streaming with :max_rows batches; eager rejection of
preloads (BeamExport.PreloadError); reuses the caller's transaction when there is
one; uses Repo.transact/2 on Ecto 3.13+ and Repo.transaction/2 before.
	Errors: BeamExport.MappingError, BeamExport.EncodeError,
BeamExport.TimeoutError, BeamExport.ExportError, BeamExport.PreloadError.
Record contents are redacted by default (:include_record_in_errors opts in).
	Option validation: unknown options and invalid values raise ArgumentError.
	Telemetry: [:beam_export, :export, :start | :chunk | :stop | :exception]
events from to_file/3 and to_iodata/2. Exception metadata is always redacted.


Behaviour notes
These describe guarantees that a pre-release audit found missing in earlier
development snapshots:
	An export that does not complete is never reported as successful. This covers
stalled consumers (:consumer_timeout), unresponsive databases (:batch_timeout),
failed commits, crashed workers, and write errors reported only when a file is
closed (for example a full disk).
	A failed export never deletes a file it did not create or truncate, and never
deletes non-regular files.
	meta.rows counts the header row.



  

    BeamExport Roadmap

This document outlines the planned future milestones and technical architecture for upcoming releases of BeamExport.

🎯 Release Horizons
v0.1.0 (Current)              v0.2.0                        v0.3.0                        v0.4.0
┌───────────────────────┐     ┌───────────────────────┐     ┌───────────────────────┐     ┌───────────────────────┐
│ • Production CSV Core │ ──> │ • Cloud Storage Sinks │ ──> │ • Additional Formats  │ ──> │ • Oban Background     │
│ • Ecto Cursor Stream  │     │   (S3, GCS, R2)       │     │   (NDJSON, Parquet)   │     │   Worker Blueprint    │
│ • Plug Staged/Chunked │     │ • Multipart Streaming │     │ • Pluggable Format    │     │ • Dialyzer in CI      │
│ • Hardened Security   │     │ • Zero-Disk Uploads   │     │   Architecture        │     │ • Progress Webhooks   │
└───────────────────────┘     └───────────────────────┘     └───────────────────────┘     └───────────────────────┘

☁️ Milestone 1 (v0.2.0): Cloud Object Storage Sinks
Goal
Directly stream large datasets to AWS S3, Google Cloud Storage, Cloudflare R2, or MinIO via S3-compatible multipart uploads without requiring intermediate local disk storage.
Planned Architecture: BeamExport.Destination.S3
┌─────────────────┐       ┌─────────────────┐       ┌────────────────────────┐       ┌─────────────────┐
│ Ecto DB Cursor  │ ────> │ CSV/Gzip Stream │ ────> │ 5MB Part Buffer Stream │ ────> │ S3 Multipart    │
│ (Repo.stream)   │       │ (iodata chunks) │       │ (Stream.chunk_while)   │       │ Upload Parts    │
└─────────────────┘       └─────────────────┘       └────────────────────────┘       └─────────────────┘
Proposed API
{:ok, meta} =
  BeamExport.to_s3(
    {MyApp.Repo, query},
    bucket: "company-exports",
    key: "exports/users_2026.csv.gz",
    s3_client: MyApp.S3Client, # e.g. ExAws.S3 or ReqS3
    compress: :gzip,
    part_size_mb: 5,
    headers: ["ID", "Email", "Name"],
    mapper: fn u -> [u.id, u.email, u.name] end
  )
Key Considerations
	Minimum Part Size: S3 requires all multipart parts (except the last) to be $\ge 5\text{ MB}$. The pipeline will accumulate iodata up to 5 MB per part before dispatching asynchronously.
	Connection Isolation: Database cursor is held only while reading and uploading chunks; once complete, the transaction commits and the multipart upload finalizes.
	Error Abort: If an error occurs mid-stream, AbortMultipartUpload is automatically invoked to prevent orphaned, billed storage parts.


📊 Milestone 2 (v0.3.0): Multi-Format Extensibility (NDJSON & Parquet)
Goal
Extend BeamExport beyond RFC 4180 CSV to support modern machine learning and analytics data interchange formats.
Target Formats
	Newline-Delimited JSON (NDJSON / .jsonl):
	High-throughput streaming of structured JSON objects.
	Built on Jason.encode_to_iodata!/1 with zero extra string allocations.
	Ideal for log exports, Elasticsearch indexing, and BigQuery data ingestion.


	Apache Parquet (.parquet):
	Columnar storage format for analytical queries (DuckDB, Snowflake, ClickHouse, Pandas).
	High compression ratio and typed schema definitions.



Proposed API
# Streaming NDJSON export:
BeamExport.to_file(
  {MyApp.Repo, query},
  "exports/events.ndjson.gz",
  format: :ndjson,
  mapper: fn event -> %{id: event.id, type: event.type, payload: event.data} end
)

⚙️ Milestone 3 (v0.4.0): Oban Background Worker Blueprint
Goal
Provide a production-ready, turnkey Oban worker behavior and recipe for handling asynchronous background export workflows.
Planned Features: BeamExport.Oban.Worker
	Standardized Job Lifecycle: Automatic state transitions (queued $\to$ exporting $\to$ uploaded $\to$ completed / failed).
	Telemetry-Driven Progress: Emits chunk progress events so web apps can display live export progress bars over Phoenix LiveView or WebSockets.
	Signed URL Delivery: Generates short-lived pre-signed download URLs (e.g. valid for 24 hours) upon completion and triggers email or webhook notifications.
	Resource Limits: Built-in concurrency rate-limiting across Oban queues to prevent concurrent export jobs from starving primary application database pools.

Proposed Usage
defmodule MyApp.Workers.UserExportWorker do
  use BeamExport.Oban.Worker,
    repo: MyApp.Repo,
    storage: :s3,
    bucket: "my-app-exports"

  @impl BeamExport.Oban.Worker
  def build_query(%{"organization_id" => org_id}) do
    from(u in MyApp.User, where: u.org_id == ^org_id)
  end

  @impl BeamExport.Oban.Worker
  def mapper(user), do: [user.id, user.email, user.name]
end

🔍 Milestone 4: CI & Static Analysis (Dialyzer)
Goal
Ensure comprehensive static type safety and contract verification across all optional dependency configurations.
Action Items
	Add dialyxir to mix.exs :dev and :test environments.
	Generate and cache Dialyzer Persistent Lookup Tables (PLTs) in GitHub Actions (.github/workflows/ci.yml).
	Enforce clean typespec verification with zero Dialyzer warnings in pull request checks.



  

    LICENSE


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work.

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or exemplary damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS
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Memory-bounded CSV exports from Ecto queries and enumerables.
BeamExport streams records through a lazy pipeline (source -> rows -> CSV chunks)
so memory stays proportional to :chunk_size rather than to the size of the export.
	to_file/3 writes a file atomically (temporary file, sync, rename).
	to_iodata/2 collects a small export in memory.
	to_stream/2 returns a lazy stream of CSV iodata chunks.
	BeamExport.Plug serves downloads from Plug/Phoenix.

Sources
	any Enumerable (lists, ranges, streams)
	{Repo, queryable}: an Ecto query or schema. Preloads are not supported
(BeamExport.PreloadError); use joins or select instead.

Records
Each record becomes one CSV row:
	with :mapper, the mapper's return value: a list (or tuple) of field values
	a list or tuple is used as-is (so Ecto select: [u.id, u.name] and
select: {u.id, u.name} work without a mapper)
	a map or struct is read by :headers. Headers must be its keys: atoms, or
strings naming existing atom keys (:id or "id"). A header that is not a field
of a struct, or a map row that matches none of the headers, raises
BeamExport.EncodeError rather than exporting blank columns. To use
human-readable titles such as "Email Address", pass a :mapper.

Values
	Value	CSV text
	nil	empty field
	strings, atoms	as-is (formula-sanitized, see below)
	integers	decimal digits
	floats	shortest exact form: 0.1, 1.0e-12 (Float.to_string/1)
	Decimal	plain notation, never scientific: 1000, -0.00012
	Date, Time, NaiveDateTime, DateTime	ISO 8601
	booleans	true / false
	other structs implementing String.Chars	to_string/1

Lists, maps, tuples and other terms raise BeamExport.EncodeError: convert them
explicitly in your :mapper (for example with Enum.join/2 or a JSON encoder).
Options
Unknown options raise ArgumentError, so a typo cannot silently disable a feature.
Common to every function:
	:headers - list of column titles (strings or atoms) written as the first row.
Also selects the keys read from map/struct records when no :mapper is given.
	:mapper - fn record -> [field, ...] end.
	:chunk_size - rows per emitted chunk (and per file write). Default 500.
	:separator - field separator. Default ",". Must not contain ", CR or LF.
	:line_terminator - "\r\n" (default, RFC 4180) or "\n".
	:sanitize_formulas - neutralize spreadsheet formula injection. Default true.
See "Security".
	:include_record_in_errors - include record contents in BeamExport.MappingError.
Default false. Never affects telemetry, which is always redacted.

Ecto sources:
	:max_rows - rows fetched from the database per round trip. Default 500.
	:timeout - how long the export may hold its database connection, in
milliseconds, or :infinity (default). This bounds the whole export: when it
elapses, the export fails.
	:consumer_timeout - to_stream/2 only, outside a transaction: how long the
database worker waits for the consumer to ask for the next batch. Default
30_000. When it elapses the cursor is closed and the consumer gets
BeamExport.TimeoutError.
	:batch_timeout - to_stream/2 only, outside a transaction: how long the
consumer waits for the database to deliver the next batch. Default 120_000.

to_file/3 only:
	:atomic - write to a temporary file in the target directory, sync it, then
rename it over the target. Default true. With atomic: false the target is
written in place: a failure after the target was opened leaves no partial
file, but the previous contents are lost.
	:compress - true or :gzip to gzip the output; false to never compress.
By default, compression is enabled when the path ends in .gz.
	:file_mode - permissions of the file created by the export. Default 0o600
(owner read/write only). An existing file written with atomic: false keeps
its permissions.

Return values and errors
to_file/3 and to_iodata/2 return {:ok, ...} or {:error, exception}. Every
error is an exception struct:
	BeamExport.MappingError - the mapper raised or returned a non-list.
	BeamExport.EncodeError - a record or value has no faithful CSV form.
	BeamExport.PreloadError - the query has preloads.
	BeamExport.TimeoutError - an Ecto stream stopped making progress.
	BeamExport.ExportError - other failures, such as a transaction that did not commit.
	File.Error / File.RenameError - filesystem errors, including errors only
reported when the file is closed (for example a full disk).
	exceptions raised by your source or database driver, unchanged.

Invalid options raise ArgumentError. Exits and throws from the source are not
converted into error tuples; to_file/3 still removes its partial file.
to_stream/2 is lazy: the same exceptions are raised while the stream is consumed.
An export that does not complete is never reported as successful.
Security
	Formula injection: by default, text fields starting with =, +, -, @,
TAB or CR (optionally after whitespace) are prefixed with ' so spreadsheet
applications display rather than evaluate them (OWASP recommendation). This
changes such values, for example "-5" (a string) becomes "'-5". Numbers are
never changed. Pass sanitize_formulas: false for machine-to-machine exports.
	Errors and telemetry never contain record contents unless you pass
include_record_in_errors: true (which still never applies to telemetry).
Exceptions raised by your own source or database driver are passed through.
	Files are created with mode 0o600. Never pass untrusted input as the
path of to_file/3 or the :tmp_dir of BeamExport.Plug.
	Resources: BeamExport imposes no limit on export size or concurrency.
Rate-limit export endpoints, and run large exports in background jobs.

Examples
import Ecto.Query

query = from(u in MyApp.User, where: u.active, order_by: u.id)

{:ok, %{rows: rows, bytes: bytes}} =
  BeamExport.to_file({MyApp.Repo, query}, "/var/exports/users.csv",
    headers: ["ID", "Name", "Email"],
    mapper: fn user -> [user.id, user.name, user.email] end
  )

# Map records with key headers, no mapper needed:
{:ok, iodata, _meta} =
  BeamExport.to_iodata([%{id: 1, name: "Alice"}], headers: [:id, :name])
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        to_file(source, path, opts \\ [])

      


        Writes the export to the file at path, creating parent directories.



    


    
      
        to_iodata(source, opts \\ [])

      


        Collects the whole export in memory as iodata.



    


    
      
        to_stream(source, opts \\ [])

      


        Returns a lazy stream of CSV iodata chunks (one per :chunk_size rows, plus
one for the header row).
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      to_file(source, path, opts \\ [])



        
          
        

    

  


  

      

          @spec to_file(Enumerable.t() | {module(), Ecto.Queryable.t()}, Path.t(), keyword()) ::
  {:ok, map()} | {:error, Exception.t()}


      


Writes the export to the file at path, creating parent directories.
Returns {:ok, meta} where meta contains:
	:path - the target path
	:rows - rows written, including the header row
	:bytes - bytes written to disk (compressed size when gzipped)
	:compressed - whether the file is gzip-compressed
	:duration - in :native time units (System.convert_time_unit/3)

Returns {:error, exception} on failure (see "Return values and errors").
Ecto sources run in a transaction owned by the calling process (or the caller's
existing transaction), which holds one database connection until the file is
written.
By default the write is atomic: a failed export leaves an existing file at path
untouched and never leaves partial or temporary files behind. The file is synced
to disk before the rename; the parent directory is not (there is no portable way to
do so), so on some filesystems a power loss right after the rename can leave the
previous file in place.
See the module documentation for options.

  



    

  
    
      
    
    
      to_iodata(source, opts \\ [])



        
          
        

    

  


  

      

          @spec to_iodata(Enumerable.t() | {module(), Ecto.Queryable.t()}, keyword()) ::
  {:ok, iodata(), map()} | {:error, Exception.t()}


      


Collects the whole export in memory as iodata.
Memory grows with the size of the export: use it for small exports (tests, email
attachments). Use to_file/3 or to_stream/2 for large ones.
Returns {:ok, iodata, %{rows: rows, bytes: bytes, duration: duration}}, where
rows includes the header row and duration is in :native time units, or
{:error, exception} (see "Return values and errors").
Ecto sources run in a transaction owned by the calling process.
See the module documentation for options.

  



    

  
    
      
    
    
      to_stream(source, opts \\ [])



        
          
        

    

  


  

      

          @spec to_stream(Enumerable.t() | {module(), Ecto.Queryable.t()}, keyword()) ::
  Enumerable.t()


      


Returns a lazy stream of CSV iodata chunks (one per :chunk_size rows, plus
one for the header row).
Nothing runs until the stream is consumed. Errors are raised during consumption.
For an Ecto source outside a transaction, a dedicated worker process holds the
database transaction and cursor while the stream is consumed. Consume it promptly:
if the consumer does not ask for the next batch within :consumer_timeout, the
cursor is closed and BeamExport.TimeoutError is raised. The export is then
incomplete, and BeamExport never reports it as complete. Inside a transaction
(Repo.transaction/2), the caller's connection is used directly.
This function emits no telemetry events.
See the module documentation for options.
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Plug and Phoenix integration for CSV downloads.
Requires the optional :plug dependency.
Staged export (recommended): send_staged_export/4
Streaming a database cursor straight to a slow HTTP client holds a database
connection for the whole download. send_staged_export/4 instead writes the
export to a private temporary file first, releases the database connection, and
then serves the file with Plug.Conn.send_file/3.
Trade-off: the response starts only after the whole export has been written, so
very large exports keep the request waiting (and can hit proxy or load balancer
timeouts). For those, run BeamExport.to_file/3 in a background job instead.
Chunked export: send_chunked_export/4
Streams chunks with chunked transfer encoding as they are produced. The database
connection is held until the download finishes, so use it only for trusted,
fast clients (internal tools, service-to-service).
Errors
Both functions raise when the export fails. send_staged_export/4 raises
BeamExport.ExportError before any response is sent (resulting in a 500 in
Phoenix). send_chunked_export/4 has already sent the status line when a
mid-stream error happens; the exception aborts the connection without the final
chunk, so HTTP clients detect the download as incomplete rather than receiving a
truncated file that looks complete.
Error messages never contain record data unless include_record_in_errors: true
is passed.
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    Functions
  


    
      
        send_chunked_export(conn, filename, source, opts \\ [])

      


        Streams CSV chunks directly to the client using chunked transfer encoding.



    


    
      
        send_staged_export(conn, filename, source, opts \\ [])

      


        Exports source to a private temporary file, then sends it as a download.
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          @spec send_chunked_export(
  Plug.Conn.t(),
  String.t(),
  Enumerable.t() | {module(), Ecto.Queryable.t()},
  keyword()
) :: Plug.Conn.t()


      


Streams CSV chunks directly to the client using chunked transfer encoding.
Stops reading the source as soon as the client disconnects. Holds the database
connection (for Ecto sources) for the whole download: prefer
send_staged_export/4 for public or slow clients.
Options
	:content_type - defaults to "text/csv".
	:charset - defaults to "utf-8".
	every option accepted by BeamExport.to_stream/2.


  



    

  
    
      
    
    
      send_staged_export(conn, filename, source, opts \\ [])



        
          
        

    

  


  

      

          @spec send_staged_export(
  Plug.Conn.t(),
  String.t(),
  Enumerable.t() | {module(), Ecto.Queryable.t()},
  keyword()
) :: Plug.Conn.t()


      


Exports source to a private temporary file, then sends it as a download.
The temporary file lives in a new directory (mode 0700) under :tmp_dir
and is created with mode 0600. Both are deleted when the request process
exits, whether it finishes normally, crashes or the client disconnects.
Options
	:tmp_dir - parent directory for temporary exports. Defaults to
System.tmp_dir!(). Never pass user input here.
	:content_type - the response content type. Defaults to "text/csv", or
"application/gzip" when the export is gzip-compressed (compress: true or
a filename ending in .gz).
	:charset - the content type charset. Defaults to "utf-8" (none for gzip).
	every option accepted by BeamExport.to_file/3.

filename is only used for the content-disposition header (sanitized,
RFC 6266 / RFC 5987 encoded) and the temporary file name (reduced to
[A-Za-z0-9._-]); it can never influence the temporary file's location.
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:telemetry events emitted by BeamExport.
Events are emitted by BeamExport.to_file/3 (destination: :file, including
BeamExport.Plug.send_staged_export/4) and BeamExport.to_iodata/2
(destination: :iodata). BeamExport.to_stream/2 and
BeamExport.Plug.send_chunked_export/4 emit no events.
Handlers run synchronously in the process performing the export.
	[:beam_export, :export, :start] - an export begins (after option validation).	Measurements: %{system_time: integer()}
	Metadata: %{destination: :file | :iodata, format: :csv}



	[:beam_export, :export, :chunk] - a chunk was written (:file only).	Measurements: %{rows: integer(), bytes: integer()} - bytes are uncompressed
	Metadata: %{destination: :file}


	[:beam_export, :export, :stop] - the export completed successfully.	Measurements: %{duration: integer(), rows: integer(), bytes: integer()}.
duration is in :native time units (convert with System.convert_time_unit/3),
rows includes the header row, and bytes is the size on disk (compressed
size for gzip files).
	Metadata: %{destination: :file | :iodata, format: :csv}



	[:beam_export, :export, :exception] - the export failed.	Measurements: %{duration: integer()} (:native time units)
	Metadata: %{destination: atom(), kind: :error, reason: Exception.t(), stacktrace: list(), format: :csv}



Exception metadata never contains record contents: BeamExport.MappingErrors are
always redacted (even with include_record_in_errors: true), and stacktrace
entries carry arities instead of arguments. Exceptions raised by your own source or
database driver are passed through unchanged.
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Raised (or returned) when a record or value cannot be turned into CSV without
losing or inventing data.
BeamExport refuses to guess: lists, maps, tuples and other values without an
obvious text form must be converted explicitly in your :mapper, and headers
must match the records they extract from. The message never includes record
values, only types, positions and header names.
Fields:
	:reason - one of:	{:unsupported_value, type} - a field value has no CSV representation.
	{:invalid_row, type} - a record is not a list, tuple, map or struct.
	:map_without_headers - a map/struct record without :headers or :mapper.
	{:unknown_header, header, struct_module} - a header is not a field of the struct.
	{:no_matching_headers, headers} - none of the headers is a key of the map.


	:row - 1-based data row (header row not counted), or nil for the header row.
	:column - 1-based column, when known.
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Raised or returned when an export fails for a reason that is not described by a
more specific BeamExport exception.
:reason holds the underlying cause: an exception or a term.
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Raised (or returned) when the :mapper function fails for a record.
Record contents are redacted by default. Exceptions end up in logs, error
trackers and telemetry handlers, so BeamExport never puts row data there unless
you opt in with include_record_in_errors: true (for example in development).
Fields:
	:row - the 1-based position of the failing record in the source
(the header row is not counted).
	:reason - {:exception, module} when the mapper raised, or
{:invalid_return, type} when it returned something other than a list or tuple.
	:record - the record, or :redacted.
	:detail - a short description of the failure that is safe to log (for
example key :email not found), or nil.
	:original_error - the exception the mapper raised, or :redacted.
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Raised (or returned) when an exported Ecto query contains preloads.
Database cursors (Repo.stream/2) cannot preload associations. Load the data with
joins and select, or a :mapper over joined fields, instead. The query is checked
before anything is written.

      




  

    
BeamExport.TimeoutError exception
    



      
Raised (or returned) when an Ecto-backed export stops making progress.
An export that fails with this error is incomplete: BeamExport aborts the
database cursor and never reports a partial export as a successful one.
Fields:
	:reason - :consumer_timeout when the stream consumer did not ask for the
next batch within :consumer_timeout milliseconds, or :batch_timeout when the
database did not deliver the next batch within :batch_timeout milliseconds.
	:timeout - the timeout that elapsed, in milliseconds.
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