

    

        Replicant

        v1.1.0



    


  

    Table of contents

    
      



      	Replicant


      	Changelog





    	Invariants & ADRs
      


      	Replicant — binding invariants for a sink author


      	Architecture Decision Records


      	ADR-0001: Logical-decoding message delivery guarantees (transactional vs non-transactional)


      	ADR-0002: Multi-publication per pipeline (discovery union + fail-closed existence check)


      	ADR-0003: The value-free error, log, and telemetry boundary (Critical Rule 1)


      	ADR-0004: The commit-LSN transaction-granularity watermark (Critical Rule 3)


      	ADR-0005: Spill is ephemeral non-fsync'd scratch, not a durable WAL


      	ADR-0006: Fail-closed supervision — :one_for_all Pipeline + :temporary child


      	ADR-0007: Actual replication-session identity precedes checkpoint lookup



      

    




    	Guides
      


      	Getting started with Replicant


      	replicant usage rules



      

    




    	Project
      


      	Replicant — Feature Tracker


      	Contributing to Replicant


      	LICENSE


      	NOTICE



      

    




        	
          Modules
          


      	Replicant.Change.Column


      	Replicant.Decoder.Messages.Begin


      	Replicant.Decoder.Messages.Commit


      	Replicant.Decoder.Messages.Delete


      	Replicant.Decoder.Messages.Insert


      	Replicant.Decoder.Messages.Message


      	Replicant.Decoder.Messages.Origin


      	Replicant.Decoder.Messages.Relation


      	Replicant.Decoder.Messages.Relation.Column


      	Replicant.Decoder.Messages.StreamAbort


      	Replicant.Decoder.Messages.StreamCommit


      	Replicant.Decoder.Messages.StreamStart


      	Replicant.Decoder.Messages.StreamStop


      	Replicant.Decoder.Messages.Truncate


      	Replicant.Decoder.Messages.Type


      	Replicant.Decoder.Messages.Unsupported


      	Replicant.Decoder.Messages.Update


      	Replicant.SnapshotWindow


      	Replicant.Snapshotter.Incremental





    	Core API
      


      	Replicant


      	Replicant.Config


      	Replicant.Sink



      

    




    	Data structures
      


      	Replicant.Change


      	Replicant.Error


      	Replicant.SchemaChange


      	Replicant.SessionIdentity


      	Replicant.SnapshotProgress


      	Replicant.Transaction



      

    




    	Observability
      


      	Replicant.Telemetry



      

    




    	Runtime
      


      	Replicant.Assembler


      	Replicant.AssemblerServer


      	Replicant.CheckpointStore


      	Replicant.Connection


      	Replicant.Pipeline


      	Replicant.Snapshotter


      	Replicant.Supervisor



      

    




    	Disk spill
      


      	Replicant.Spill


      	Replicant.Spill.Error


      	Replicant.Spill.Reader



      

    




    	Decoding (pgoutput)
      


      	Replicant.Casting.ArrayParser


      	Replicant.Casting.Types


      	Replicant.Decoder


      	Replicant.Decoder.Messages


      	Replicant.Decoder.OidDatabase


      	Replicant.Identifier


      	Replicant.QueryBuilder



      

    




        



      

    

  

    Replicant

A framework-agnostic Elixir CDC consumer for Postgres logical replication
(pgoutput), delivering committed row changes to a pluggable sink with
zero data loss: the replication slot advances only after the sink has
durably persisted the transaction.
Replicant is tenant-blind and classification-blind — the reliable CDC
consumer sibling to arcadic.
Multitenancy, classification, and Ash resources live one layer up, in the
ash_replicant sink adapter.
Status: 1.1.0 is published on Hex (tagged v1.1.0). Replicant owns
the replication slot via Postgrex.ReplicationConnection, acks only after the
sink durably commits (ack-after-checkpoint), halts fail-closed on slot
invalidation, and is proven by a real-PG16 crash-injection suite
(loss = 0, effect-dup = 0). The 1.0 contract includes initial snapshot/backfill (incl. a
resumable incremental mode), a lib-owned checkpoint
store for non-transactional sinks, batched checkpointing, sink-owned atomic
batch delivery, in-progress-transaction streaming, consumer-side disk
spill for oversized transactions, multi-publication per pipeline, and
logical-decoding messages have all shipped. See "How it streams" below.

Highlights
	Sink-owned, transaction-granularity exactly-once — the unit of delivery
and of the watermark is the transaction, keyed by its single commit_lsn
(every row in a pgoutput proto-v1 transaction shares one commit LSN). A sink
skips any transaction whose commit_lsn <= checkpoint and upserts rows by
table PK; that is at-least-once plus an idempotent sink, which is the only
honest way to reach exactly-once without two-phase commit.
	Value-free errors, logs, and telemetry — every row value is assumed to
be PII or a secret. Decode failures are caught and scrubbed into a
Replicant.Error that never carries raw WAL bytes; telemetry metadata is
allowlisted to LSNs, table names, counts, durations, and error classes.
	Identifier-validated SQL — slot and publication names pass through
Replicant.Identifier.validate/1 (a strict Postgres-identifier allowlist)
before they reach SQL, closing the raw-interpolation surface in the
upstream parser this library vendors from.
	TOAST-sentinel aware — an UPDATE that doesn't touch a TOASTed column
sends a sentinel, not the value. Replicant surfaces it as a first-class
unchanged: [col] list on Replicant.Change, so a sink knows exactly which
columns to leave untouched on upsert, instead of overwriting them with a
placeholder.
	Fail-closed on destructive schema drift — a replica-identity change or a
dropped column is classified :destructive and halts, rather than silently
emitting incomplete or misattributed rows.
	Actual replication-session identity — IDENTIFY_SYSTEM runs on the exact
replication connection before checkpoint lookup. A source-aware sink can
accept or reject %Replicant.SessionIdentity{} synchronously on every connect
and reconnect; no separate-connection preflight is treated as authoritative.
	Column names stay strings — never String.to_atom, so a wide or
attacker-influenced schema cannot exhaust the atom table.

LSN representation
A Postgres LSN is exposed as a single non_neg_integer — the 64-bit value
(xlog_file <<< 32) ||| xlog_offset — so that ordinary integer comparison is
correct WAL ordering, and the same value feeds the wire-level standby status
update:
Replicant.lsn_to_string(0x16E3778)
#=> "0/16E3778"
Use Replicant.lsn_to_string/1 for display; LSNs are WAL positions, not row
data, so they are permitted in telemetry metadata. The exactly-once watermark
check is plain integer comparison: txn.commit_lsn <= checkpoint.
How it streams
A running pipeline is two processes under a :one_for_all supervisor (three in
lib/checkpoint-store mode, which adds Replicant.CheckpointStore as the first child):
	Replicant.Connection (Postgrex.ReplicationConnection) owns the
replication slot and the socket. It answers a keepalive with the last
durably-checkpointed LSN while a published transaction is in flight (never
advancing the slot past un-persisted data); when the pipeline is idle it
advances the slot to the server WAL position so a quiet-but-filtered
publication does not pin WAL. It decodes each WAL message behind the
value-free boundary and forwards it to the assembler — it never runs the sink,
so it is always free to answer keepalives. It advances the ack asynchronously
when the sink signals a durable commit, and halts fail-closed on slot
invalidation (wal_status = 'lost' / conflicting), a decode failure, or a
sustained sink-lag backlog (the bounded in-flight window).
	Replicant.AssemblerServer applies the sink synchronously, off the
keepalive path, and halts fail-closed on a destructive schema change or a
sink write fault.

Because the ack reports the durable checkpoint while a transaction is in flight
(advancing over filtered WAL only when idle, which carries no publication data),
a crash between dispatch and persist re-delivers from the durable confirmed_flush
and the idempotent sink dedups — the exactly-once seam that walex's
fire-and-forget wal_end + 1 ack does not have.
PostgreSQL version support
Replicant targets PostgreSQL 16 as the tested baseline and is forward-compatible with
17+. On PG17+ it reads the authoritative invalidation_reason slot column (a superset of
the PG16 wal_status/conflicting signals) and supports failover slots for HA.
Failover slots (PG17+)
Pass failover: true to Replicant.start_link/1 to create the replication slot with the
FAILOVER option, so PostgreSQL syncs it to physical standbys:
Replicant.start_link(
  connection: [hostname: "primary.internal", ...],
  slot_name: "replicant_orders",
  publication: "orders_pub",
  sink: MyApp.OrdersSink,
  failover: true            # PG17+ only; on PG16 the pipeline halts {:config, :failover_unsupported}
)
After a failover, repoint the connection at the promoted primary — the slot already exists
there with its confirmed_flush position, so replication resumes with zero loss. Slot sync
(sync_replication_slots), promotion, and DNS/endpoint changes are operator concerns.
Do not point Replicant at an unpromoted standby's synced slot — it cannot be consumed
until promotion, and Replicant halts fail-closed ({:slot_synced_unpromoted}) rather than
looping.
The 5 critical rules (see docs/INVARIANTS.md for the full text)
	No row value in an error, log, or telemetry event.
	Validate identifiers before they reach SQL.
	Exactly-once is at-least-once + a transaction-watermark-idempotent
sink — never claim a naked exactly-once.
	Unchanged TOAST is a sentinel, not a value — never overwrite it.
	Stay tenant-blind — multitenancy and classification live in
ash_replicant, never here.

Installation
def deps do
  [
    {:replicant, "~> 1.0"}
  ]
end
Contributors working from a source checkout can point Mix at the local checkout
via a path override, as shown in the Livebook.
Interactive tour (Livebook)
[image: Run in Livebook]
notebooks/getting_started.livemd is a
runnable, self-verifying tour: it starts a live pipeline against a local Postgres,
streams INSERT/UPDATE/DELETE through a tiny sink you can watch, then
demonstrates the unchanged-TOAST sentinel, transaction-granularity exactly-once,
snapshot/backfill, and logical-decoding messages. Click the badge to open it in
Livebook, or read it rendered on
HexDocs. The notebook's code
is executed against a live PG16/PG17 on every CI run
(test/integration/livebook_getting_started_test.exs), so it never drifts from the
library.
Usage
Start a pipeline against a standby with Replicant.start_link/1, pointing it at
a sink that implements checkpoint/0 + handle_transaction/1:
Replicant.start_link(
  connection: [hostname: "standby.internal", port: 5432, username: "u",
               password: "p", database: "orders", ssl: true],
  slot_name: "replicant_orders",
  publication: "orders_pub",
  sink: MyApp.OrdersSink,
  go_forward_only: false
)

defmodule MyApp.OrdersSink do
  @behaviour Replicant.Sink

  @impl true
  def handle_session_identity(identity, %{slot_name: slot, publication: publications}) do
    # Before checkpoint/0 runs: bind or compare {identity.system_identifier,
    # identity.database, slot, publications}. Return :ok only when safe to resume.
    :ok
  end

  @impl true
  def checkpoint, do: {:ok, MyApp.Repo.last_committed_lsn()}

  @impl true
  def handle_transaction(%Replicant.Transaction{commit_lsn: lsn} = txn) do
    # In ONE DB transaction: skip if lsn <= checkpoint, else upsert txn.changes
    # by table PK and persist lsn as the new checkpoint. Then:
    {:ok, lsn}
  end
end
Start modes. A :state_mirror sink starting from an empty checkpoint must declare
its intent — go_forward_only: true (stream only new changes), or snapshot: true
(backfill the current state, then hand off to streaming at the snapshot LSN with zero
gap and zero duplication). A non-empty checkpoint simply resumes. snapshot: true
requires the sink to also implement handle_snapshot/2 (batch upsert; clear the table on
first_for_table?) and handle_snapshot_complete/1 (durably persist the handoff
checkpoint); a mid-snapshot crash halts fail-closed (:snapshot_incomplete) for an
operator to drop the slot and retry.
Resumable incremental snapshot. For large tables where an all-or-nothing snapshot: true
(a crash at 99% of a multi-hour COPY redoes everything) is the adoption blocker, opt into the
incremental mode instead:
snapshot: [mode: :incremental, chunk_rows: 1000, max_pending_chunks: 4]
It creates a durable slot and streams immediately, while a linked reader backfills the
publication's tables in PK-ordered keyset chunks on its own connection — each chunk
consistency-bracketed by read-only LSN watermarks and collision-corrected against the live
stream (a concurrent write to a backfilling row wins; the stale chunk row is dropped). Progress
is durable per chunk, so a crash, halt, or reconnect resumes from the last applied chunk
rather than restarting. Chunks arrive through the same handle_snapshot/2 callback; sink-owned
mode gives effect-once chunks, lib mode dup ≤ 1 chunk (never loss). PK-less tables fall back to a
bounded whole-table redo. snapshot: true remains the point-in-time option and is untouched.
Lib-owned checkpoint (non-transactional sinks). Pass a :checkpoint_store
([connection: <postgrex opts>, table: "replicant_checkpoints"]) to flip the pipeline
into lib mode: the library writes the checkpoint to a durable Postgres table after
the sink persists (checkpoint-after-persist), so a non-transactional sink (files, S3,
Kafka, external APIs) needs to implement only handle_transaction/1. The guarantee is
at-least-once, duplicate bounded to one transaction, never loss — not effect-once (a
non-transactional sink cannot dedup). A store outage (connect-read or mid-stream write) is
bounded: the pipeline retries max_retries times (default 5) retry_backoff_ms apart
(default 1000 ms — ~5s of outage tolerated) then halts fail-closed; a permanent fault
(schema mismatch / invalid config) halts immediately.
Persistent replication-command errors (max_command_retries, default 5). A replication
command that fails before the stream starts — e.g. CREATE_REPLICATION_SLOT when the
server's max_replication_slots are exhausted, a second consumer already holding the slot,
or a forward-incompatible result shape — otherwise reconnects forever (auto_reconnect).
Replicant bounds this: after max_command_retries failed connect cycles without the stream
establishing, the pipeline halts fail-closed and stays idle instead of livelocking, and
emits [:replicant, :connection, :command_error_halt] (metadata: attempt, max_retries,
slot_name — value-free, no error content, Critical Rule 1). Set max_command_retries: 0
to halt on the first such fault. The bound is a cycle count, not a wall-clock time (the
failing reconnect is a hot loop). Only errors before the first replication frame are
bounded — once the stream is flowing, a later transient outage resets the counter and
still self-heals, and a server that is simply down (connection refused) keeps retrying
untouched, exactly as before.
Sink-owned atomic batch delivery (transactional sinks). For a transactional sink that
can persist multiple rows + checkpoint in one database transaction, pass a top-level
batch_delivery: [max_transactions: 100, max_delay_ms: 1000] to accumulate committed
transactions and deliver them as a batch:
Replicant.start_link(
  connection: [hostname: "standby.internal", port: 5432, username: "u",
               password: "p", database: "orders", ssl: true],
  slot_name: "replicant_orders",
  publication: "orders_pub",
  sink: MyApp.OrdersSink,
  batch_delivery: [max_transactions: 100, max_delay_ms: 1000],
  go_forward_only: false
)

defmodule MyApp.OrdersSink do
  @behaviour Replicant.Sink

  @impl true
  def checkpoint, do: {:ok, MyApp.Repo.last_committed_lsn()}

  @impl true
  def handle_batch(transactions) do
    # In ONE DB transaction: skip any commit_lsn <= checkpoint, else upsert all
    # rows from all transactions by table PK, and persist the batch's highest
    # commit_lsn as the new checkpoint. Then:
    {:ok, List.last(transactions).commit_lsn}
  end
end
The batch flushes when it reaches max_transactions transactions, after max_delay_ms
milliseconds idle, or when the batch's WAL span (LSN-span lag) hits an auto-derived
safety cap (derived from :max_inflight_lag). Because the rows + checkpoint write is
atomic, effect-once is preserved (dup=0, loss=0) — stronger than lib-mode's
checkpoint_store: [batch: …] which is per-transaction delivery with batched checkpointing.
The sink must implement both checkpoint/0 (resume) and handle_batch/1; it cannot
use checkpoint_store, and any handle_transaction/1 implementation is ignored.
Emits [:replicant, :sink, :batch_committed] telemetry once per flush.
Consumer-side disk spill (oversized transactions). By default a single in-progress streamed
transaction is bounded by the in-flight window: one larger than max_inflight_lag halts
fail-closed. Opt into disk spill to reassemble such a transaction partly on disk and still deliver
it effect-once:
Replicant.start_link(
  connection: [...], slot_name: "replicant_orders", publication: "orders_pub",
  sink: MyApp.OrdersSink, go_forward_only: false,
  max_inflight_lag: 64 * 1024 * 1024,
  streaming: [
    max_concurrent_txns: 64,
    spill: [dir: "/var/lib/replicant/spill", max_spill_bytes: 1024 * 1024 * 1024]
  ]
)
A transaction whose resident bytes cross max_inflight_lag spills its oldest changes to a per-txn file
under dir; at commit it is delivered as a lazy, single-pass, disk-backed %Transaction{} whose
changes streams the spilled frames + the resident tail. There are two ceilings: the resident RAM
bound max_inflight_lag (the spill trigger) and the disk bound max_spill_bytes (a transaction
exceeding it halts :spill_exhausted). Defaults: max_spill_bytes is 16 × max_inflight_lag; dir
is a 0700 subdir of the OS temp dir.
Delivery obligation. A spilled transaction's changes is a single-pass Enumerable valid only
during the handle_transaction/1 (or handle_batch/1) call — iterate it with Enum/Stream and do
not call length/1, Enum.to_list/1, or re-iterate it (any of which forces the whole transaction
back into RAM, defeating spill), and do not retain it past the call. The usual List-backed changes
still works exactly as before; only an oversized spilled transaction delivers the lazy form.
Operator guidance. Spill files are ephemeral non-fsync'd scratch (0600, value-free on fault),
deleted on commit/abort/reset/halt and swept per-slot on (re)connect. Replicant does not encrypt
them — if the source rows are sensitive, point dir at an encrypted/secure volume; a custom persistent
dir is yours to clean on decommission (the default OS temp dir is cleared by the OS).
Multi-publication per pipeline. publication: accepts a single name (the default) or a list.
Pass a list to stream the union of several publications through one slot — every name is validated
and deduplicated, and overlapping tables are de-duped by pgoutput on the wire:
Replicant.start_link(
  connection: [...],
  slot_name: "replicant_orders",
  publication: ["orders_pub", "audit_pub"],   # was: publication: "orders_pub"
  sink: MyApp.OrdersSink,
  go_forward_only: false
)
Every requested publication must exist; a missing one halts fail-closed at connect time rather
than silently streaming the subset (a START_REPLICATION that names a missing publication would
otherwise stream only the found subset).
Logical-decoding messages (pg_logical_emit_message). Opt into Postgres logical-decoding
messages with messages: true to receive outbox-pattern / heartbeat rows emitted via
pg_logical_emit_message. The durability guarantee depends on the message's transactional flag
(stated honestly in the handle_message/2 docs):
	Transactional (transactional => true to pg_logical_emit_message) — rides
%Transaction.messages and inherits the transaction path's commit_lsn effect-once dedup
(effect-once, just like the row changes in the same txn).
	Non-transactional (transactional => false) — arrives standalone via the
handle_message/2 sink callback and is at-least-once (no dedup key; duplicates are possible
on reconnect). This is the honest guarantee — do not claim effect-once for it.

Replicant.start_link(
  connection: [...],
  slot_name: "replicant_orders",
  publication: "orders_pub",
  sink: MyApp.OrdersSink,
  messages: true,                            # opt-in; sink MUST implement handle_message/2
  go_forward_only: false
)

defmodule MyApp.OrdersSink do
  @behaviour Replicant.Sink

  @impl true
  def checkpoint, do: {:ok, MyApp.Repo.last_committed_lsn()}

  @impl true
  def handle_transaction(%Replicant.Transaction{commit_lsn: lsn, messages: msgs} = txn) do
    # msgs :: [Replicant.Decoder.Messages.Message.t()] — transactional messages ride the
    # txn and inherit its commit_lsn effect-once dedup. Persist them with the txn's rows.
    {:ok, lsn}
  end

  @impl true
  # context :: %{lsn: lsn}; non-transactional messages ONLY (transactional ride handle_transaction/1).
  # At-least-once: a reconnect can re-deliver — your effect must be idempotent. The message's
  # `content`/`prefix` are USER BYTES (Critical Rule 1: never log or surface them in telemetry).
  def handle_message(%Replicant.Decoder.Messages.Message{} = msg, %{lsn: lsn}) do
    :ok
  end
end
messages: true requires the sink to implement handle_message/2; a sink missing it is rejected at
start (:messages_unsupported) rather than silently dropping non-transactional messages later.
Development
mix deps.get
mix test
mix quality   # format --check-formatted + credo --strict + dialyzer

The published redaction, identifier-validation, and tenant-blind invariants live
in docs/INVARIANTS.md. Repository contributors also follow
the checkout's repository-specific contributor contract.
Roadmap
The v1 CDC core and every delivery slice have shipped and are closeout-reviewed
against a real-PG16 crash-injection suite:
	Offline core — decode / assemble / validate / redact behind the value-free boundary.
	Live streaming + exactly-once — the Postgrex.ReplicationConnection that owns the slot with ack-after-checkpoint, slot-invalidation fail-closed halt, and the bounded in-flight window (loss = 0, effect-dup = 0).
	Initial snapshot / backfill — EXPORT_SNAPSHOT → COPY → stream-at-snapshot-LSN, gap-free and dup-free.
	Resumable incremental snapshot — snapshot: [mode: :incremental]: a durable-slot, PK-ordered keyset-chunk backfill interleaved with the live stream and collision-corrected against it, resuming from the last applied chunk after a crash/halt/reconnect (sink-owned effect-once chunks / lib dup ≤ 1 chunk; PK-less whole-table fallback).
	Lib-owned checkpoint store — a durable Postgres checkpoint written after persist for non-transactional sinks (at-least-once, dup bounded to one transaction, never loss), with bounded retry-then-halt on store faults.
	Batched checkpointing (lib mode) and sink-owned atomic batch delivery — amortize the checkpoint write / the sink's own commit across a batch of transactions.
	In-progress-transaction streaming (pgoutput v2) and consumer-side disk spill — reassemble and deliver a transaction larger than memory, effect-once, instead of halting.
	Multi-publication per pipeline — publication: [p1, p2] streams the union of several publications through one slot, with fail-closed missing-publication detection.
	Logical-decoding messages — opt-in messages: true delivers pg_logical_emit_message payloads: transactional messages ride %Transaction.messages (effect-once); non-transactional via handle_message/2 (at-least-once).

The sibling libraries live one layer up from this tenant-blind core:
	ash_replicant — the Ash /
multitenancy / classification sink adapter. Its coordinated 1.0 release will
require Replicant 1.x so the actual-session identity check cannot be resolved away.
	ash_onetime — the authoritative
idempotency-key / one-time-nonce admission layer for Ash/Postgres actions.
AshReplicant uses idempotency, not nonce rejection, for retryable
non-transactional logical-message effects. Replicant transaction replay remains
governed by the durable commit-LSN watermark; it is not replaced by AshOnetime.

Credits
	walex — the pgoutput byte parser,
OID-to-type database, type caster, and array parser this library vendors
from (MIT). See NOTICE for the full attribution chain (cainophile,
Supabase Realtime, epgsql).
	The postgrex/ash_postgres split that inspired arcadic and
ash_arcadic also shapes the replicant/ash_replicant layering.

License
MIT — see LICENSE. Third-party attributions in NOTICE.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
1.1.0 - 2026-08-13
Fixed
	Float-array casting no longer halts the pipeline on valid Postgres output (Critical-Rule-1
path, fail-closed). The _float4/_float8 array clauses called String.to_float/1, which
raises on the exact text Postgres float4out/float8out emits for whole numbers ("1"),
scientific notation ("1e+20"), and the special values NaN/Infinity/-Infinity. So a
double precision[] / real[] column holding an ordinary whole-valued element raised inside
Casting.Types.cast_record/2; the decode boundary caught it and halted the pipeline
fail-closed (no data loss, no value leak), but a schema with a whole-number float-array element
permanently stalled the consumer. The array clauses now mirror the scalar float* clause
(Float.parse fallback + the :nan/:infinity/:neg_infinity atoms) and never raise. For
symmetry the _int* array clause is likewise lenient (Integer.parse fallback) instead of
String.to_integer/1. The Casting.Types moduledoc's raise-site list is now accurate (the
array bangs it omitted are gone). Covered by a new red-first float-array unit test (whole
numbers, scientific notation, special values, NULL, multidimensional nesting).

Changed
	Post-halt incremental-window calls are rejected with {:error, :window_reset}. After a
fail-closed halt, the {:message, ...} cast was already dropped, but the three incremental
snapshot-window handle_call clauses (open_snapshot_window, deliver_snapshot_chunk,
finish_snapshot_table) still ran — so apply_ready_chunks could call sink.handle_snapshot
once during the async teardown window. Idempotent sinks bound the impact, but this contradicted
the halt contract the module states. All three now carry a halted: true guard returning
{:error, :window_reset} (the reload/stop signal the reader already handles). Covered by a
red-first halted-guard unit test.
	Snapshotter / incremental-reader connection opts use Keyword.merge (library wins). Both
reader call sites used conn_opts ++ [pool_size: 1], so a caller-supplied pool_size won over
the library's and duplicate keys reached Postgrex. Now Keyword.merge(conn_opts, pool_size: 1)
— parity with the checkpoint-store and connection merges, which document the library-wins rule
as load-bearing.

1.0.0 - 2026-08-13
Fixed
	Incremental-reader "exactly-one" made structural (was comment-defended). The
incremental-backfill reader is spawn_link'd to the Connection, and the "exactly one reader
per slot" invariant was previously defended only by comments (reader_pid carried across
reconnect + retire_reader/1 on every reconnect path). A future reconnect path that forgot
retire_reader would spawn a second reader → double delivery of snapshot chunks. The reader
now registers under {:incremental_reader, slot} in Replicant.Registry (:unique) at start;
a live prior registration halts fail-closed (:duplicate_reader) instead of double-delivering.
Registry auto-frees the key on the owner's death, so the normal retire+restart flow is unchanged.
	v1 snapshot value-type convergence. snapshot: true shipped Postgrex's native row
decode (SELECT *), so a typed column delivered a different runtime type from the snapshot
than from the stream — e.g. a timestamp column arrived as %NaiveDateTime{} from the v1
snapshot and %DateTime{} from the stream (which casts through Casting.Types.cast_record/2).
The incremental snapshot was fixed; v1 was not. v1 now projects <col>::text and casts each
value through the SAME path the stream uses, so the v1 snapshot and the stream deliver
byte-identical %Change{}.record values for every type. Also extends cast_record to
recognize bool's full-word ::text form ("true"/"false") — PG bool::text emits the word
form while pgoutput emits "t"/"f", so both ::text snapshot paths (v1 AND incremental)
previously delivered the string "true" for a bool column where the stream delivers boolean
true; both now converge to boolean. (Critical Rule 1 boundary preserved; the stream never
sends the word form, so the new clauses fire only on snapshot paths.)
	postgrex CVE bump (0.22.2 → 0.22.4). mix hex.audit reported two advisories on
postgrex 0.22.2: CVE-2026-58225 (LOW, dollar-quote in Postgrex.Notifications reconnect
replay, fixed 0.22.3) and CVE-2026-66838 (MEDIUM, SQLi via the :comment option in
Postgrex.stream/4, fixed 0.22.4). Replicant's call sites use neither vector (the snapshotter's
Postgrex.stream passes no :comment; there is no Postgrex.Notifications usage), but the floor
moves to ~> 0.22.4 so the audit is clean and transitive consumers are not exposed. No
ReplicationConnection API change across 0.22.2 → 0.22.4 (security patches only).
	Integration suite was silently masked. Every integration module started a NAMED Postgres
pool in setup and never stopped it; ExUnit's async: false one-process model then made test 2+
fail with {:error, {:already_started, _}}, cascading to setup failure. The full integration
suite was 66 tests / 31 failures — roughly half the live-PG16 crash-injection marquees (the
project's primary correctness evidence) were not running. PG16.named_conn/2 now centralizes
per-test isolation (start the pool unlinked + register an on_exit that stops it); all 23
named-pool sites route through it. The full suite is now 66/0.
	Bound the lib-mode incremental-snapshot concurrency marquee's writer and
assert real chunk/stream overlap before quiescing it, so constrained CI
runners prove convergence instead of being starved by an unbounded WAL source.

Added
	Actual replication-session identity. Every connect and reconnect now runs
IDENTIFY_SYSTEM on the exact Postgrex.ReplicationConnection before reading
any sink-owned or library-owned checkpoint. The public
%Replicant.SessionIdentity{} and optional handle_session_identity/2
callback let a source-aware sink reject drift synchronously; malformed identity
or any callback failure halts with a fixed value-free reason.

	Foundational ADRs + published Critical Rules. Four ADRs record the load-bearing 1.0
posture decisions a bare-clone maintainer cannot recover from code alone: 0003
the value-free error/log/telemetry boundary, 0004
the commit-LSN transaction-granularity watermark, 0005
spill as ephemeral non-fsync'd scratch, 0006 the
:one_for_all + :temporary fail-closed supervision. The 5 Critical Rules are published as
docs/INVARIANTS.md (sink-author-facing; AGENTS.md was removed from the
tarball in 0.2.1 as an agent contract, so this is the published home for the binding invariants).
Both ship in the Hex tarball (docs added to package files) and render on HexDocs.


Changed
	Replicant.Assembler split into three modules. The assembler was a 1633-LOC god module;
it is now Replicant.Assembler (Core: v1 router + sink-dispatch/scrub cluster + change-building +
watermark, 1072 LOC), its streaming helper (proto-v2 reassembly + spill,
398 LOC), and its batch helper (batched-checkpoint buffering + flush, 230 LOC). The
%Assembler{} struct is UNCHANGED; every moved function is a pure function on that struct, and
the 545-unit + 613-integration suites are the preservation net (green at every commit, no
behavior change). The cross-cutting Rule-1 scrub cluster stays intact (every sink-call site keeps
its value-free rescue/catch); the moved batch-flush scrub travels as one tamper-tested unit.
The Core↔Streaming/Core↔Batch call cycles are runtime-resolved in Elixir; the 8 widened defp→def
internal seams carry @doc false. Closeout: fresh-context diff-review CLEAN; cross-vendor
codex+claude CLEAN; crash-injection marquees loss=0 / effect-dup=0 green against live PG16.
	Batch spill-IO fault now labeled :spill_io_failed (was :sink_failed). A spill-IO fault
(a lazy Reader raising Spill.Error while the sink forced its enumeration during sink-owned batch
delivery) is now distinguished from a sink fault — parity with the per-transaction deliver_now
path, which already labeled it :spill_io_failed. Still fail-closed and value-free (Critical Rule
1); only the surfaced error reason / telemetry :reason becomes more specific for triage.
	Batch flush-trigger deduplicated. The lib-batch and sink-owned-batch flush triggers were
two identical cond blocks (count cap OR LSN-span cap OR buffer); extracted to a shared
Assembler.maybe_trip_batch/3 so the two modes cannot drift (a drift would silently change the
dup bound in one mode). Pure refactor, behavior unchanged.
	Conformance suite tamper-evidence is now machine-checked. A parametric byte-flip test
(type byte + sampled payload, per message class) proves each real-captured fixture goes red on
mutation — previously tamper-red by construction (strict pattern-matches), not by test.
	Install constraint corrected. The README and getting-started Livebook shipped
{:replicant, "~> 0.2"} (= < 0.3.0), locking users out of every 0.3 feature; the
prepared 1.0 source release now shows ~> 1.0. The coordinated AshReplicant 1.0
release will require Replicant 1.x; that consumer dependency change lands separately.
	Release hygiene. A .tool-versions pins Elixir 1.20.3-otp-29 / Erlang 29.0.3; CI's setup-beam
is aligned to it (it was otp-27 / elixir-1.17, and the formatter's list-wrap heuristic is
version-sensitive — mix format --check-formatted was red on the dev toolchain). mix audit
(the declared-but-unenforced deps.unlock --check-unused + hex.audit + deps.audit alias) is
now a CI gate before build, and the cache key binds the pinned toolchain + mix.lock + .tool-versions.
	Hex package boundary. Package files now enumerate the published docs and
ADR directories instead of including all of docs/, so ignored local Forge
specs, plans, reviews, and handoffs cannot leak into release bytes.
	Replicant.Config.t no longer advertises a :batch key. It is derived from
checkpoint_store[:batch]; a top-level batch: option is rejected with :config_invalid, so the
public type advertising it was a trapdoor.
	%Transaction.changes typed as the union it is. Was Enumerable.t() (broad enough to hide
that a spilled streamed txn delivers a single-pass Replicant.Spill.Reader, not a re-iterable
List); now [Change.t()] | Spill.Reader.t() with a strengthened moduledoc naming the forbidden
calls (length/1, Enum.to_list/1, re-iteration) that force a spilled txn back into RAM.
	Hex description states the delivery guarantee honestly. Was an unqualified "exactly-once
delivery"; now "zero-loss delivery — exactly-once for transactional sinks, at-least-once
(duplicate-bounded) for non-transactional sinks" (Critical Rule 3).
	The three vendored public functions are specced. Casting.Types.cast_record/2,
Casting.ArrayParser.parse/1, Decoder.OidDatabase.name_for_type_id/1 now carry @spec; the
frozen public surface is fully specced.

0.3.1 - 2026-07-14
Changed
	Docs. Documented the A6 command-error watchdog on every surface it was missing:
a "Resilience knobs" reference section in the getting-started Livebook (grouping
max_inflight_lag, checkpoint-store retry, max_command_retries, and failover), and
the max_command_retries option + [:connection, :command_error_halt] event in
usage-rules.md. No library API change (the watchdog itself shipped in 0.3.0).

0.3.0 - 2026-07-14
Added
	Replication-command-error watchdog (max_command_retries, default 5). A persistent
pre-frame replication-command error (e.g. CREATE_REPLICATION_SLOT failing because the
server's replication slots are exhausted, or a slot already active for another consumer)
previously reconnected forever via auto_reconnect. The pipeline now halts fail-closed and
stays idle after max_command_retries failed connect cycles without the stream establishing,
emitting [:replicant, :connection, :command_error_halt] (value-free metadata:
attempt/max_retries/slot_name). max_command_retries: 0 halts on the first fault.
Transient outages that occur once the stream is flowing still self-heal (the counter resets
on the first replication frame), and a down server keeps retrying untouched. The bound is a
cycle count, not a wall-clock time. (Behavior change: persistent pre-frame command errors
now halt instead of livelocking.)

0.2.2 - 2026-07-14
Added
	Getting-started Livebook. notebooks/getting_started.livemd — a runnable, self-verifying
interactive tour: it starts a live pipeline, streams INSERT/UPDATE/DELETE through a small
in-notebook sink, then demonstrates the unchanged-TOAST sentinel, transaction-granularity
exactly-once, snapshot/backfill, and logical-decoding messages. Rendered on HexDocs (with a
"Run in Livebook" badge) and shipped in the Hex package. Its code is executed against a live
PG16/PG17 on every CI run (test/integration/livebook_getting_started_test.exs), so it can
never drift from the library. No library API change.

0.2.1 - 2026-07-14
Changed
	Packaging: AGENTS.md is no longer included in the published Hex tarball — it is an
agent-contract/meta file, not part of the library's public documentation. No code change.

0.2.0 - 2026-07-14
Added
	Idle-slot heartbeat / ack-advance. On a keepalive with zero transactions in flight, the
confirmed-flush LSN advances to wal_end, so a quiet-but-filtered publication no longer pins
WAL indefinitely (the #1 real-world logical-replication incident class). Always on, no knob; the
advance is gated on a transaction-boundary predicate (no open transaction, no in-flight streamed
txn, checkpoint ≥ last commit) so it can never ack past an undelivered transaction or message.
	Incremental (resumable) initial snapshot. snapshot: [mode: :incremental] chunks the
backfill and persists a resume token, so a large snapshot survives a restart without re-copying
from scratch. The streaming window drops any snapshot chunk row a concurrent change already
superseded (convergence-safe, effect-once); PK-update, delete, and truncate all taint the
drop-set correctly.
	PostgreSQL 17+ forward-compatibility: reads the authoritative invalidation_reason slot
column (plus wal_status/conflicting) on PG17+ for complete invalidation detection.
	Opt-in failover: true for PG17 failover slots (HA resume on a promoted standby). Halts
fail-closed {:config, :failover_unsupported} on PG16.
	Fail-closed halt {:slot_synced_unpromoted} when pointed at an unpromoted standby's synced slot.
	GitHub Actions CI matrix testing PG16 and PG17.
	Multi-publication per pipeline. publication: accepts a single validated name or a list
(publication: ["p1", "p2"]) to stream the union of several publications through one slot. Every
name is identifier-validated; start_replication/3 and the four discovery queries bind
DISTINCT ... pubname = ANY($1), and publication_exists/1 interpolates a validated IN (...)
list (the connect-chain simple-query protocol can't bind $1). A new connect-chain
:publication_check step halts fail-closed if the found-pubnames set ≠ the requested set — a
START_REPLICATION that names a missing publication would otherwise silently stream the subset.
pgoutput de-dupes overlapping tables across publications on the wire.
	Logical-decoding messages (pg_logical_emit_message). Opt-in via messages: true (the sink
must implement handle_message/2, else the pipeline is rejected at start as :messages_unsupported
rather than silently dropping messages later). The guarantee is stated honestly per message kind:
a transactional message (transactional => true) rides %Transaction{messages: [...]} and is
effect-once (inherits the txn commit_lsn dedup); a non-transactional message routes to
handle_message/2 and is at-least-once — duplicates possible on reconnect (no dedup key). Two
durability seams prevent silent loss: the idle-ack track_txn bump (§8.1 — a non-txn message in
flight blocks the idle slot advance, so a keepalive cannot advance confirmed_flush past an
undelivered message) and the batch-boundary {:flush_before_message} seam (§8.4 — a non-txn
message flushes an open sink-owned batch in delivery order). New %Message{} struct
(transactional?, lsn, prefix, content, xid, ordinal) decoded by v1 + streamed clauses;
the messages flag threads through to start_replication. A message's content and prefix are
user bytes (Critical Rule 1: never logged or surfaced in telemetry).

0.1.0 - 2026-07-08
First public release: the complete v1 zero-loss streaming CDC core plus every
delivery slice — initial snapshot/backfill, the lib-owned checkpoint store for
non-transactional sinks, batched checkpointing, sink-owned atomic batch
delivery, pgoutput proto-v2 in-progress-transaction streaming, and
consumer-side disk spill for oversized transactions — each closeout-reviewed
against a real-PG16 crash-injection suite (loss = 0, effect-dup = 0).
Added — Consumer-side disk spill for oversized transactions (replicant-streaming-spill)
	Consumer-side disk spill (opt-in streaming: [spill: [dir: …, max_spill_bytes: …]]): a single
in-progress streamed transaction larger than max_inflight_lag reassembles partly on disk and
delivers effect-once as a lazy, single-pass, disk-backed %Transaction{changes: …} (an
Enumerable.t(), Replicant.Spill.Reader) — instead of hitting the §4 fail-closed halt. Two
ceilings: resident RAM max_inflight_lag (the spill trigger) and disk max_spill_bytes
(:spill_exhausted halt; default 16 × max_inflight_lag, dir default a 0700 subdir of
System.tmp_dir!()). The §4 in-flight-lag numerator is received − floor − spilled (spilled bytes
are on disk, not RAM, so a legitimately-spilling txn is not counted toward the RAM halt) compared
to max_inflight_lag + max_spill_bytes (RAM + disk); resident RAM is bounded by the spill trigger.
A new
Replicant.Spill module is the sole File.* + at-rest boundary (0700 dir / 0600 per-txn files,
length-prefixed frames, per-slot startup sweep, value-free :spill_io_failed); spill files are
ephemeral non-fsync'd scratch, deleted on commit/abort/reset/halt. Delivery obligation: a spilled
txn's changes is single-pass and valid only during the handle_transaction/1/handle_batch/1 call —
iterate it with Enum/Stream (never length/Enum.to_list, which would force the whole txn into
RAM); do not retain it past the call. Composes with the batch modes (a spilled txn buffered into a
sink-owned batch migrates its file to the batch, delivered/deleted at flush). Emits
[:replicant, :stream, :spilled] and [:replicant, :stream, :spill_exhausted] (both value-free).
No in-lib encryption — a persistent dir is the operator's to
place on a secure/encrypted volume and to clean on decommission.

Added — Sink-owned atomic batch delivery (replicant-batch-delivery)
	Sink-owned atomic batch delivery (batch_delivery:): an optional handle_batch/1 sink
callback delivering N committed transactions as one atomic unit, amortizing a transactional
sink's per-commit cost. Preserves effect-once (dup=0, loss=0). Opt-in via a top-level
batch_delivery: [max_transactions: 100, max_delay_ms: 1000] (sink-owned only; mutually
exclusive with checkpoint_store). Emits [:replicant, :sink, :batch_committed].

Added — Batched checkpointing (lib mode) (replicant-batching)
	Batched checkpointing (lib mode). Opt-in checkpoint_store: [batch: [max_transactions: 100, max_delay_ms: 1000]] defers the lib-owned checkpoint write + slot ack to once per batch, amortizing the per-transaction store round-trip. Sink delivery stays per-transaction; the sink contract is unchanged. loss=0 is unconditional; the crash/stop dup bound widens to one batch. An auto LSN-span cap (max_inflight_lag/4) keeps a batch from self-tripping the §4 in-flight-lag halt.

Added — Bounded-retry-then-halt on checkpoint-store faults (replicant-store-fault-retry)
	:checkpoint_store gains two retry-policy keys: max_retries (default 5, non-negative
integer; 0 = halt-now) and retry_backoff_ms (default 1000, positive integer). A
transient connect-read store fault now paces max_retries FRESH reconnects (each
re-runs the full connect chain, so slot invalidation is re-checked every attempt) instead
of retrying UNPACED forever; a transient mid-stream checkpoint write fault retries
max_retries times — blocking the serial applier, so duplicate-bounded-to-one is
preserved — instead of halting on the first fault. A permanent fault
(:checkpoint_store_schema_mismatch / :config_invalid) halts immediately, 0 retries. On
exhaustion the pipeline halts fail-closed via Supervisor.halt (loss = 0 preserved).
The default policy tolerates ~5s of store outage before halting. Sink-owned mode is
untouched. Resolves the checkpoint-store closeout design-decision F3.
	New value-free telemetry [:replicant, :checkpoint_store, :retrying] (slot_name,
attempt, max_retries) fires on each retry; attempt + max_retries added to the
value-free telemetry allowlist.

Added — Lib-owned checkpoint store (non-transactional sinks) (replicant-checkpoint-store)
	A second checkpoint mode, selected once in Replicant.Config by the presence of a
:checkpoint_store option. Absent → today's sink-owned path, unchanged. Present
→ the library owns the checkpoint for a non-transactional sink (files, S3, Kafka,
external APIs) by writing it to a durable Postgres table after the sink confirms
persist. Guarantee: at-least-once, duplicate bounded to one transaction, never loss —
NOT effect-once (a non-transactional sink cannot dedup).
	Replicant.CheckpointStore — a supervised GenServer over a normal Postgrex connection
owning one replicant_checkpoints row per slot (commit_lsn bigint; validated table
identifier, values bound $n). Lazy CREATE TABLE IF NOT EXISTS + information_schema
shape-probe (a wrong pre-existing commit_lsn type halts :checkpoint_store_schema_mismatch),
non-sync connect for boot resilience, all behind the value-free error boundary (Critical Rule 1).
	The checkpoint write lives in the Assembler's apply_sink, after the sink returns
{:ok, _} and before the [:replicant, :sink, :committed] telemetry / ack
(checkpoint-after-persist); a write fault halts :checkpoint_store_failed, never announcing
commit. The three checkpoint reads redirect to the store: the connect-time authority
(a store read fault fail-closes to a retryable disconnect, never streaming past an unknown
checkpoint), the go-forward guard (deferred from config to connect), and the watermark
pre-skip (an in-memory watermark seeded once from the connect read).
	snapshot: true composes with lib mode: the snapshot handoff LSN is written to the store
(the sink's handle_snapshot_complete/1 is not called in lib mode), ordered before streaming;
a handoff write fault halts :snapshot_handoff_failed (whole-snapshot redo on operator restart).
	Replicant.Sink: checkpoint/0 is now an @optional_callbacks entry — a lib-mode sink
implements only handle_transaction/1 (persisting data; its returned LSN is ignored).
Config enforces checkpoint/0 presence at start for sink-owned mode only.
	New telemetry [:replicant, :checkpoint_store, :written | :read | :failed]; new Replicant.Error
reasons :checkpoint_store_failed and :checkpoint_store_schema_mismatch; slot_name added to
the value-free telemetry allowlist.


Added — Initial snapshot / backfill (replicant-snapshot)
	snapshot: true start mode: Replicant.start_link/1 bootstraps a :state_mirror
(or any snapshot-capable) sink from an already-populated source and hands off to
streaming at the snapshot LSN — gap-free and dup-free by the existing transaction
watermark. Composes with go_forward_only and resume (both true → :conflicting_start_mode).
	Replicant.Sink gains two @optional_callbacks: handle_snapshot/2 (batch upsert;
first_for_table? triggers the per-table reset — a hard redo-safety obligation) and
handle_snapshot_complete/1 (the durable checkpoint handoff). %Change{op: :snapshot}
carries backfill rows.
	Replicant.Snapshotter reads the publication's tables at the exported
consistent_point via a REPEATABLE READ cursor on a separate connection, behind a
value-free error boundary (Critical Rule 1). EXPORT_SNAPSHOT slot creation +
SET TRANSACTION SNAPSHOT (snapshot-name-literal validated, not the identifier
allowlist) + server-side format('%I.%I') table quoting.
	Fail-closed crash recovery: a mid-COPY crash halts :snapshot_incomplete (never
auto-drops a slot); a checkpoint read fault in snapshot mode halts
:checkpoint_unreadable. The operator drops the slot to retry.
	Replicant.lsn_from_string/1; Replicant.Error reason :snapshot_failed.

Added — Plan 1: offline CDC core (decode / assemble / validate / redact)
	Vendored pgoutput byte parser behind a value-free-error decode boundary
(Replicant.Decoder.decode/1) — catches every raise and scrubs raw bytes so no
row value ever reaches an error, log, or telemetry event (Critical Rule 1).
	Type-aware value casting (Replicant.Casting.Types / Replicant.Casting.ArrayParser)
and the OID→type database (Replicant.Decoder.OidDatabase), vendored from walex
(MIT; credited in NOTICE).
	Replicant.Assembler — pgoutput message stream → %Replicant.Transaction{}:
transaction-granularity commit LSN, unchanged-TOAST extraction (the sentinel is a
first-class unchanged list, never in record), watermark skip
(commit_lsn <= checkpoint), additive/destructive schema-change classification
with fail-closed halt, and synchronous per-transaction sink apply.
	Data contract structs: Replicant.Transaction, Replicant.Change (+ Change.Column),
Replicant.SchemaChange; the LSN facade (Replicant.lsn/0 uint64, lsn_to_string/1).
	Replicant.Sink behaviour with @optional_callbacks (a minimal sink compiles clean).
	Identifier allowlist (Replicant.Identifier) + validated slot/publication SQL builder
(Replicant.QueryBuilder), hardening walex's raw interpolation against injection
(Critical Rule 2).
	Structure-only telemetry allowlist (Replicant.Telemetry) — LSNs/counts/table
names/durations/error classes only, never row values (Critical Rule 1).
	Typed, value-free Replicant.Error.
	Real-pgoutput byte conformance suite (walex-captured fixtures) covering every
message type including the unchanged-TOAST sentinel and all replica-identity modes —
runs with no live database.

Fixed — Plan 1 closeout review (2026-07-04)
	The assembler's value-free boundary now catches sink throw/exit (not only
raises), scrubbing them value-free — a sink exit reason (e.g. a GenServer.call
timeout) can embed the transaction's row values (Critical Rule 1).
	A row or truncate for a relation never seen in the stream halts fail-closed
instead of emitting a table-less empty change checkpointed as success.
	A replica-identity change expressed via the :key-flagged column set (a
REPLICA IDENTITY USING INDEX / primary-key swap with the enum unchanged) now
classifies :destructive (spec §7/§9), not silently unhandled.
	old_record is key-only under non-FULL replica identity — the NULL placeholders
a key tuple carries for non-key columns are dropped (spec §7).
	A multi-relation Truncate assigns each relation a unique, monotonic ordinal
(previously all shared one, colliding with a following change's ordinal).
	Sink raise/throw/exit failures are labeled :sink_failed (distinguishable from a
casting :decode_failure).

Added — Plan 2: live streaming + exactly-once
	Replicant.Connection (Postgrex.ReplicationConnection) — owns the replication
slot and advances it only after the sink durably commits: keepalive replies and
the async ack report the last durably-checkpointed LSN as the flush position
(never the received wal_end — fixes walex's fire-and-forget wal_end+1
at-most-once ack). Decodes each WAL message behind the value-free boundary and
forwards decoded messages to the assembler; never blocks on the sink.
	Slot-invalidation fail-closed halt (spec §8 R-ISO) — detects wal_status = 'lost'
or conflicting on PG16 (not invalidation_reason, which is PG17+) and halts the
pipeline permanently rather than silently recreating the slot.
	Replicant.AssemblerServer — a serial process that applies the sink synchronously
off the keepalive path; halts fail-closed on a destructive schema change or a sink
write fault. Replicant.Pipeline (:one_for_all) + Replicant.Supervisor
(DynamicSupervisor) + the OTP Application callback + a named Registry.
	Go-forward-only start guard (Replicant.Config) — refuses a :state_mirror
sink resuming from an empty checkpoint without go_forward_only: true.
	Bounded in-flight window + fail-closed "sink cannot keep up" lag-halt (spec §4) —
the Connection tracks un-checkpointed WAL lag and halts fail-closed past a
configurable :max_inflight_lag (default 64 MiB backlog ceiling) rather than
growing the assembler mailbox unboundedly; keepalive-safe (never blocks the
Connection).
	byte_size + lag_ms on [:replicant, :transaction, :assembled]; the
[:replicant, :connection, *] and [:replicant, :checkpoint, :advanced] events.
	Gated crash-injection integration suite (real PG16, wal_level=logical): baseline
exactly-once, crash-and-resume (loss = 0), re-delivery dedup (effect-dup = 0),
mid-transaction + during-keepalive kills, the §4 backpressure spike, and an
independent PG16 pgoutput-conformance capture.
	postgrex ~> 0.22.2 dependency (co-resolves with decimal ~> 3.1; floor is
0.22.2 for CVE-2026-32687).

Fixed — Plan 2 closeout review (2026-07-05)
	Data loss on a missing slot with a live checkpoint — an absent
pg_replication_slots row was unconditionally recreated; with a non-empty sink
checkpoint the fresh slot streamed from its creation LSN, silently skipping the
WAL between the checkpoint and now. Now halts fail-closed with a :data_gap
signal when the checkpoint is non-empty; an empty checkpoint (first run /
go-forward) still creates the slot (spec §8 / §14.19).
	Over-advance on a sink-returned LSN — the ack advanced to whatever LSN
handle_transaction/1 returned; a value higher than the transaction's own
commit LSN would advance the slot past un-persisted WAL. The ack now uses the
known txn.commit_lsn (spec §2 / §14.20).
	Go-forward guard fail-open on an invalid sink_kind — an unrecognized
sink_kind/0 return was treated as the laxer :append_log; a typo could let an
empty :state_mirror sink start and partial-deliver. Unknown kinds now coerce to
the strict :state_mirror default.
	Caller :connection opts could override library control opts — a caller
sync_connect/name/auto_reconnect in :connection won over the library's,
breaking the non-blocking facade or Registry wiring. The library's control opts
now take precedence.
	Sink write-fault recovery contract clarified — a sink write fault is a
permanent fail-closed halt (operator restart required), not auto-retry
(spec §6 / §14.18).



  

    Replicant — binding invariants for a sink author

These five invariants are the contract between replicant and any sink / consumer. They are
the published form of the Critical Rules that govern the library's own implementation (the full
narrative lives in the contributor guide). A sink that violates one is a bug in the sink; a
library change that violates one is a bug in the library.
1. No row value in an error, log, or telemetry event
Assume every value is PII or a secret. The library guarantees that no row value ever reaches an
error, a log line, a telemetry event, or a crash dump through its own surfaces — decode faults
are scrubbed to a value-free Replicant.Error{reason, shape}, telemetry metadata is allowlisted
to LSNs / table names / counts / durations / error-class atoms, and there is no Logger or IO.*
usage in lib/. The sink must uphold the same boundary: do not log record values, do not embed
them in error reasons, do not emit them in telemetry. (Governing ADR:
0003.)
A logical-decoding message's content and prefix are user bytes — they are treated exactly
like row values under this rule.
2. Validate identifiers before they reach SQL
Slot and publication names pass through Replicant.Identifier.validate/1 (a strict
[a-z_][a-z0-9_]{0,62} Postgres-identifier allowlist) before any SQL interpolation; a
multi-publication list validates every name and fails closed on a missing publication. Column names
reaching SQL are server-quoted (format('%I') / quote_ident). A sink that interpolates
catalog-sourced identifiers into its own SQL must apply the same discipline.
3. Exactly-once is at-least-once + a transaction-watermark-idempotent sink
The honest construction. The unit of delivery and of the watermark is the transaction, keyed by
its single commit_lsn (every row in a pgoutput proto-v1 transaction shares one commit LSN). A
sink MUST skip any transaction whose commit_lsn <= checkpoint and upsert rows by table PK. The
guarantee is stated per mode, never as a naked exactly-once:
	Transactional sink + transactional path → effect-once (dup=0, loss=0): the sink persists
rows + checkpoint atomically in one DB transaction; re-delivery upserts to zero net effect.
	Non-transactional sink / handle_message/2 non-transactional messages / lib-mode incremental
snapshot chunks → at-least-once, duplicate-bounded: no dedup key, so duplicates are possible on
reconnect. State this guarantee honestly to your consumers; do not claim effect-once for these.

The slot ack advances only after the sink durably commits (ack-after-checkpoint). (Governing ADR:
0004.)
Sink-side admission for an Ash sink — ash_onetime. The idempotency obligation above is the
sink's half of Rule 3; replicant owns at-least-once delivery and the commit_lsn dedup key, it
does NOT own the sink's effect-once admission. For an Ash/Postgres sink,
ash_onetime is the authoritative admission layer: protect
the apply action with strategy :idempotency keyed on the transaction's commit_lsn, and the
Postgres unique constraint (not a hand-rolled "did this run?" pre-check) decides the replay within
the retention boundary — the clean split ash_onetime itself draws between local admission and
end-to-end delivery. The same mechanism upgrades the at-least-once handle_message/2 delivery
path to effect-once at the sink: strategy :one_time_nonce keyed on the message's
{lsn, ordinal} makes the effect once while replicant still states that path's delivery honestly
as at-least-once.
4. Unchanged TOAST is a sentinel, not a value
An UPDATE that does not touch a TOASTed column sends a sentinel, not the value. The library
surfaces it as a first-class unchanged: [col] list on Replicant.Change; the sentinel never
appears in record. A sink MUST leave those columns untouched on upsert (do not overwrite them
with NULL or a placeholder). A change of replica identity or a dropped column classifies as
:destructive and halts fail-closed.
5. Stay tenant-blind
This library is deliberately tenant-blind and classification-blind. There is no multitenancy,
scope, or classification logic in lib/ — that boundary is the whole reason replicant and
ash_replicant are separate packages. Do not add tenant/scope/classification concerns to a sink
that targets the core library; put them one layer up.

Reference: delivery modes and their guarantees
	Mode	When	Guarantee
	Sink-owned, per-transaction (default)	handle_transaction/1	effect-once (transactional sink) — dup=0, loss=0
	Sink-owned batch delivery	batch_delivery: + handle_batch/1	effect-once (atomic multi-txn write) — dup=0, loss=0
	Lib-owned checkpoint store	checkpoint_store:	at-least-once, dup-bounded to one transaction — never loss
	Non-transactional message	messages: true + handle_message/2	at-least-once — duplicates possible on reconnect
	Transactional message	messages: true, rides %Transaction.messages	effect-once (inherits the txn's commit_lsn dedup)
	Initial snapshot (snapshot: true)	handle_snapshot/2	sink-owned effect-once chunks; lib-mode dup ≤ 1 chunk
	Incremental snapshot	snapshot: [mode: :incremental]	sink-owned effect-once chunks; lib-mode dup ≤ 1 chunk
	Spilled oversized transaction	streaming: [spill: [...]]	inherits the active checkpoint-mode guarantee (effect-once sink-owned; at-least-once lib-mode — spill adds no duplicates), delivered as a single-pass lazy changes

See the README for the full configuration reference and the ROADMAP
for the feature tracker.


  

    Architecture Decision Records

Product-shaping decisions (contracts, data model, architecture, security posture) that a bare
clone / CI / future maintainer must understand — recorded as plain numbered Markdown files in
the Nygard ADR
format (Context → Decision → Options → Consequences).
These are the tracked, product-level companion to the on-disk deliberation notes under
docs/superpowers/ (gitignored). An ADR records the DECISION and its trade-offs; the design
note records the deliberation. docs/ROADMAP.md rows link their governing ADR here.
ADRs are authored when a slice's stakes warrant one (a contract/data-model/architecture/
security-posture decision), not retroactively for pre-existing history.
	ADR	Title	Feature
	0001	Logical-decoding message delivery guarantees (transactional vs non-transactional)	A2
	0002	Multi-publication per pipeline (discovery union + fail-closed existence check)	A3
	0003	The value-free error, log, and telemetry boundary (Critical Rule 1)	D8
	0004	The commit-LSN transaction-granularity watermark (Critical Rule 3)	D8
	0005	Spill is ephemeral non-fsync'd scratch, not a durable WAL	D8
	0006	Fail-closed supervision — :one_for_all Pipeline + :temporary child	D8
	0007	Actual replication-session identity precedes checkpoint lookup	D2



  

    ADR-0001: Logical-decoding message delivery guarantees (transactional vs non-transactional)

Status: Accepted
Date: 2026-07-14
Deciders: replicant maintainer (feature A2; spec 2026-07-11-replicant-messages-multipub-design.md §7)
Context
Postgres pg_logical_emit_message/3 writes logical-decoding messages into WAL, surfaced by
pgoutput as 'M' frames. They come in two flavors:
	Transactional (flags = 1): emitted inside a transaction, bracketed by Begin/Commit
(or StreamCommit for proto-v2 streamed txns). They have a commit boundary.
	Non-transactional (flags = 0): emitted standalone, written to WAL immediately with no
Begin/Commit bracket and no commit LSN of a surrounding transaction.

replicant's flagship guarantee is effect-once on the sink-owned atomic path: a
handle_transaction/1 that persists data + checkpoint in one DB transaction, deduped by
commit_lsn. Messages needed a delivery contract that does not silently violate that guarantee
or silently lose data. A message can be consumed for two very different jobs — a transactional
outbox row that must be exactly-once with its data, or a heartbeat emitted outside any
transaction — so one uniform guarantee cannot serve both honestly.
Decision
Adopt a split guarantee keyed on the message's transactional? flag, opt-in via a top-level
messages: true config:
	Transactional messages ride %Transaction{messages: [...]} and inherit the transaction
path's effect-once dedup (the txn's commit_lsn). They are delivered atomically with the
transaction's row changes. (decoder/messages.ex, assembler.ex v1 + streamed clauses;
transaction.ex.)
	Non-transactional messages route to optional Replicant.Sink.handle_message/2 and are
at-least-once — NO dedup key; duplicates are possible on reconnect (documented in the
handle_message/2 docstring — Critical Rule 3, guarantee honesty). (sink.ex, config.ex.)
	Fail-closed opt-in: messages: true requires the sink to implement handle_message/2
(Sink.supports_messages?/1); otherwise the pipeline is rejected at START with
:messages_unsupported — never silently dropping messages later. (config.ex fetch_messages.)

Two durability seams prevent a non-transactional message from causing silent loss by acking
the slot past undelivered/undurable data:
	§8.1 idle-ack seam — a non-txn message in flight bumps last_commit_lsn, so the idle-ack
keepalive path (idle?/1) refuses to advance the slot to wal_end until the message is
durably delivered ({:sink_committed, msg_lsn} advances checkpoint_lsn).
(connection.ex track_txn/2 non-txn clause.)
	§8.4 batch-boundary seam — when a lib-batch or sink-owned batch is OPEN, the message
signals {:flush_before_message}: the AssemblerServer flushes + acks the batch first
(durability-before-ack), then re-dispatches the message, which now finds no open batch and
delivers. (assembler.ex non-txn Message clause; assembler_server.ex dispatch/3.)

Options Considered
Option A: Both flavors at-least-once (uniform, simplest)
	Dimension	Assessment
	Complexity	Low
	Honesty	Poor — silently downgrades transactional outbox from the effect-once the txn path already provides

Cons: A transactional outbox message emitted with its data would lose exactly-once semantics
the surrounding transaction already guarantees. Rejected.
Option B: Both flavors effect-once (uniform, strongest-sounding)
Cons: Impossible for non-transactional messages — they carry no commit boundary and no
dedup key, so there is nothing to dedup against. Claiming effect-once here would be a false
guarantee. Rejected.
Option C: Split guarantee keyed on transactional? (adopted)
	Dimension	Assessment
	Complexity	Medium (two delivery paths + two durability seams)
	Honesty	High — each flavor gets the strongest guarantee its structure actually supports, truthfully documented

Trade-off Analysis
The split trades one extra delivery path and two composition seams for honest guarantees.
The alternative "one guarantee" designs each require lying about one flavor. The durability
seams add real complexity precisely at the composition of a message with the deferral modes
(lib-batch, sink-owned batch, streaming) — this is the library's known
cross-mode-composition-blindspot class, so the seams are load-bearing and must be tested at
those compositions.
Consequences
	Easier: Transactional-outbox consumers get exactly-once delivery of the message with its
data. Non-txn heartbeat consumers get simple standalone delivery.
	Harder: Non-transactional message consumers must be idempotent — duplicates are
possible on reconnect (by design; there is no dedup key). Every durability-signal / batch path
must preserve the §8.1 and §8.4 seams or a message can ack past undurable data (silent loss).
	Revisit if: a future need for exactly-once non-transactional messages arises — it would
require a consumer-supplied dedup key, a product change requiring its own ADR/supersession.

Ordinal — the shared per-txn interleaving hint
Within a delivered %Transaction{}, changes and messages are each in commit order, and the
library never uses Message.ordinal for its own delivery ordering — it is a hint for consumers
who choose to interleave the two lists. Both the v1 and the proto-v2 streamed paths assign
ordinal from a single shared per-transaction counter incremented per change AND per
transactional message (stamped at accumulation/attach and preserved through replay/spill), so a
message emitted between two changes sorts strictly between them. An aborted (rolled-back) streamed
change and an interleaved message each occupy a slot, so surviving ordinals may have gaps —
sorting the changes ∪ messages union by ordinal still yields commit-emission order. (Earlier
the streamed message used the change-buffer length at attach, which could collide with a following
change's replay ordinal — resolved 2026-07-14.)
Telemetry (§10)
[:replicant, :message, :received] fires for BOTH message kinds — non-transactional at
handle_message/2 delivery (transactional: false) and each transactional message when its
transaction is durably delivered (transactional: true) — carrying only commit_lsn + byte_size
	the transactional boolean (never prefix/content, Rule 1).

Verification (closeout 2026-07-14)
Both seams and both flavors are proven at runtime against live PG16 by
test/integration/messages_test.exs (transactional effect-once dup=0 across a crash; non-txn
at-least-once via handle_message/2; the §8.4 batch-boundary flush loss=0 in lib-batch and
sink-owned batch). Real captured 'M' bytes (both flavors) corroborate the decoder in
test/replicant/decoder/conformance_test.exs.


  

    ADR-0002: Multi-publication per pipeline (discovery union + fail-closed existence check)

Status: Accepted
Date: 2026-07-14
Deciders: replicant maintainer (feature A3; spec 2026-07-11-replicant-messages-multipub-design.md §5.3)
Context
A replicant pipeline consumed exactly one publication (:publication was a single string).
Real deployments need to consume multiple publications through one replication slot (pgoutput
accepts a comma-list of publication_names). Adding this touches three security- and
correctness-sensitive surfaces:
	The identifier interpolation surface (Critical Rule 2 — the replication simple-query protocol
cannot bind $1, so publication names are interpolated and must be allowlist-validated).
	Snapshot/PK/column discovery queries, which enumerate the tables to snapshot and their PK
and column sets from pg_publication_tables.
	The failure mode when a requested publication does not exist on the server.

Two facts were probe-established on live PG16 during design:
	START_REPLICATION with a missing publication does NOT error — it silently streams the
existing subset. So a typo'd publication would silently under-replicate.
	A table in two publications produces two pg_publication_tables rows, and the
pg_class/pg_index/pg_attribute joins fan out per pubname-row, so a bare pubname = ANY($1)
duplicates array_agg PK/column entries (["id","id"]).

Decision
	publication: String | [String]. A single string is the byte-unchanged default path
(the published 0.1.0 START_REPLICATION is reproduced exactly); a list enables multi-publication.
Every name is validated via Identifier.validate/1 and normalized to a list. (config.ex.)

	Discovery queries drive from a DISTINCT table set:
(SELECT DISTINCT schemaname, tablename FROM pg_publication_tables WHERE pubname = ANY($1)) p
THEN join — collapsing the pubname dimension before the joins so array_agg never duplicates
PK/column entries (decision #19; probe-proven pk_raw = ["id"] for a shared table).
(query_builder.ex publication_tables/1, pk_columns/0, table_columns/0.)
	A new fail-closed connect-chain :publication_check step. After the recovery check and
before slot invalidation/classification, run publication_exists (pubname = ANY(...)) and
halt if the found set ≠ the requested set — because START_REPLICATION would otherwise
silently stream the subset. publication_exists interpolates a validated IN (...) list
(the connect-chain simple-query protocol can't bind $1), each name allowlist-guarded.
(connection.ex :publication_check; query_builder.ex publication_exists/1.)

Options Considered
Option A: Comma-string only (publication: "p1,p2")
Cons: No validation boundary per name; pushes the parsing/validation burden onto the user
and makes the identifier-allowlist guarantee (Rule 2) harder to enforce. Rejected in favor of an
explicit list normalized + validated in Config.
Option B: Bare pubname = ANY($1) on pg_publication_tables (no DISTINCT)
Cons: A table in two publications duplicates array_agg PK/column entries via the per-pubname
join fan-out — probe-disproven (["id","id"]). Would corrupt PK-based dedup. Rejected.
Option C: Rely on START_REPLICATION to reject a missing publication
Cons: Probe-disproven — it silently streams the existing subset. A typo would silently
under-replicate with no error. Rejected in favor of an explicit connect-time existence check.
Option D: Validated list + DISTINCT discovery + fail-closed existence check (adopted)
	Dimension	Assessment
	Complexity	Medium (one new connect step, four discovery queries reworked)
	Security	High — every interpolated name allowlist-validated (Rule 2)
	Correctness	High — DISTINCT prevents discovery duplication; fail-closed prevents silent subset streaming

Trade-off Analysis
The adopted design pays for one new connect-chain step and a discovery-query rework in exchange
for (a) no silent under-replication on a bad publication name and (b) no PK/column duplication for
tables shared across publications. The rejected simpler options each fail silently — exactly the
class of failure this library's fail-closed posture exists to prevent.
Consequences
	Easier: One slot can consume many publications; overlapping tables deliver once (pgoutput
dedups streaming; the DISTINCT driving set dedups discovery); a typo'd publication fails fast at
START with a :publication_missing signal instead of silently streaming a subset.
	Harder: The connect chain has one more fail-closed gate to reason about; discovery queries
must keep the DISTINCT driving set (a future edit that reverts to a bare ANY($1) reintroduces
the duplication bug).
	Revisit if: per-publication routing/filtering (delivering a change tagged by which
publication carried it) is ever required — the current design intentionally deduplicates and
does not preserve the pubname dimension past discovery.

Verification (closeout 2026-07-14)
Proven at runtime against live PG16 by test/integration/multipub_test.exs: both publications'
changes deliver overlap-deduped in commit order; snapshot discovery unions across the list with
the shared table snapshotted exactly once (DISTINCT); a missing publication halts fail-closed at
START (:publication_missing).


  

    ADR-0003: The value-free error, log, and telemetry boundary (Critical Rule 1)

Status: Accepted
Date: 2026-08-12
Deciders: replicant maintainer (1.0 hardening D8; records the Plan-1 decision that shipped in 0.1.0)
Context
Every row value that flows through this library must be assumed to be PII or a secret.
Two facts make naive error handling dangerous:
	The vendored pgoutput byte parser (walex/MIT, credited in NOTICE) raises on malformed
WAL and its exception messages embed the raw bytes it could not parse — i.e. row values.
	A sink call is a user-code boundary: a raise/throw/exit from sink code (e.g. a
GenServer.call timeout) can embed the transaction's row values in its reason term.

If any of these reached an OTP crash log, a Logger call, a telemetry event, or a surfaced
%Error{}, the library would become a PII-exfiltration path. The error/log/telemetry surface
is exactly where operators route to centralized (and often replicated) observability systems.
Decision
A single value-free boundary wraps every path that can surface a value. The boundary is
enforced at four mechanically distinct points:
	Decode boundary — Replicant.Decoder.decode/1 runs the vendored parser inside a rescue
and catch, scrubbing any fault into a %Replicant.Error{reason: :decode_failure, shape: inspect(mod)} that keeps only a structural module name, never bytes or values.
(lib/replicant/decoder/decoder.ex.)
	Assembler boundary — Replicant.Assembler.handle_message/2 wraps the per-message work
in rescue/catch, AND every sink-call site (deliver_now, deliver_message,
flush_sink_batch, apply_chunk, commit_txn checkpoint write, checkpoint/0 read)
independently scrubs raise/throw/exit to a value-free :sink_failed /
:checkpoint_store_failed / :snapshot_failed reason (a spill-Reader fault raised while the sink
forces a lazy changes enumeration is distinguished as :spill_io_failed, still value-free).
This includes the batch-flush and snapshot-chunk paths that run OUTSIDE handle_message/2's
rescue. (lib/replicant/assembler.ex, lib/replicant/assembler/batch.ex,
lib/replicant/assembler_server.ex, lib/replicant/snapshotter.ex.)
	Telemetry allowlist — Replicant.Telemetry defines @allowed_meta_keys (LSNs, table
names, counts, durations, error-class atoms, slot_name, attempt, transactional) and
validate!/1 RAISES on any off-allowlist key. Telemetry metadata is the only external
observable channel besides the halt itself. (lib/replicant/telemetry.ex.)
	Halt reason discard — Replicant.Supervisor.halt/2 accepts a reason for symmetry but
DISCARDS it (_reason); the halt tears the pipeline down from an unlinked spawned process
(to avoid the self-termination deadlock), and the only outward signal is the value-free
telemetry [:replicant, :*, :halted]. (lib/replicant/supervisor.ex.)

There is no Logger usage and no IO.* usage anywhere in lib/ — the library's only
observable channels are telemetry and the halt.
Options Considered
Option A: Log, then redact
Cons: Logging infrastructure (backends, formatters, structured-log shippers) is a wide and
version-varying surface; a redaction layer that runs after a value is formatted can miss a new
backend or a %Inspect path. Rejected — the value must never be materialized in a loggable form.
Option B: Trust callers (sinks, operators) not to log values
Cons: The library cannot enforce caller behavior, and the most dangerous values are the ones
embedded in sink exit reasons and vendored-parser raises — neither of which a caller controls.
Rejected.
Option C: Value-free boundary at every surfacing path (adopted)
	Dimension	Assessment
	Complexity	Low — one scrapping discipline applied at each surfacing site
	Security	High — no value can reach an error, log, telemetry event, or crash dump by construction
	Diagnosability	Trade: errors carry a structural shape + fixed atom reason, never the offending bytes

Trade-off Analysis
The boundary trades diagnostic detail (an operator sees :decode_failure + shape: "Postgrex.Error", never the bad bytes) for a hard guarantee that the error/log/telemetry surface
is not a PII path. That trade is load-bearing for a CDC consumer whose entire payload is user
data. The structural shape field is enough to triage (which subsystem faulted) without the
bytes; deeper diagnosis is done against the source WAL with direct DB access, not via library
emissions.
Consequences
	Easier: Operators can route Replicant telemetry and errors to any centralized
observability system without a redaction layer; a malformed WAL or a crashing sink cannot leak
values through the library's own surfaces.
	Harder: Every new code path that can surface a value (a new sink-call site, a new fault
class) must add the same rescue/catch + scrub. A future edit that drops the catch on a
sink-call path is a Critical-Rule-1 regression; the closeout security lens exists to catch it.
	Revisit if: the library ever ships a Logger-based diagnostic mode — that would need its
own value-scrubbing layer and is currently a non-goal (no Logger in lib/).

Verification
grep -rn 'Logger\|IO\.\|IO\.inspect' lib/ → zero matches. Every sink-call site lists an
explicit value-free catch (corroborated by the security audit at the 1.0 readiness review,
2026-08-12). The decode boundary's scrub is exercised by the conformance suite's malformed-byte
fixtures.


  

    ADR-0004: The commit-LSN transaction-granularity watermark (Critical Rule 3)

Status: Accepted
Date: 2026-08-12
Deciders: replicant maintainer (1.0 hardening D8; records the Plan-1/Plan-2 decision that shipped in 0.1.0)
Context
"Exactly-once delivery" is widely overclaimed. Without two-phase commit between the source WAL
and the sink, true exactly-once is impossible; the honest construction is at-least-once
delivery + a transaction-watermark-idempotent sink. Two design questions follow:
	At what granularity is the watermark — per-row or per-transaction?
	What LSN does the slot-ack report — the received wal_end or the durably-checkpointed one?

A per-row LSN is unworkable: in a pgoutput proto-v1 transaction, every row shares the
transaction's single commit LSN, so a per-row watermark would collapse an N-row transaction
into one row and provide no intra-transaction dedup. And acking the received wal_end (the
upstream walex behavior) is at-most-once: a crash between dispatch and persist then loses rows
— the slot has already advanced past them.
Decision
	The watermark is the transaction's commit_lsn (a single non_neg_integer, the 64-bit
(xlog_file <<< 32) ||| xlog_offset). The sink skips any transaction whose commit_lsn <= checkpoint and upserts rows by table PK. Plain integer comparison is correct WAL ordering.
(lib/replicant/transaction.ex, skip in lib/replicant/assembler.ex.)
	The ack reports the last durably-checkpointed LSN, never the received wal_end. A
keepalive reply and the async ack both report checkpoint_lsn; the slot advances over
un-persisted WAL only in the narrow idle case (a quiet-but-filtered publication carries nothing
for the publication, verified safe by the transaction-boundary idle predicate). A crash between
dispatch and persist therefore re-delivers from the durable confirmed_flush and the idempotent
sink dedups. (lib/replicant/connection.ex.)
	The guarantee is stated per mode, not naked. Sink-owned transactional delivery is
effect-once (dup=0). Lib-mode (checkpoint_store), non-transactional handle_message/2, and
lib-mode incremental-snapshot chunks are honestly at-least-once, duplicate-bounded — the
library never claims a naked exactly-once.

Options Considered
Option A: Per-row LSN watermark
Cons: Every row in a pgoutput proto-v1 transaction shares one commit LSN, so a per-row key
collapses an N-row transaction to one. Rejected — it provides no intra-transaction dedup and
misrepresents the protocol.
Option B: Ack the received wal_end (the upstream walex fire-and-forget ack)
Cons: This is at-most-once. A crash between dispatch and persist loses rows the slot already
advanced past. Rejected — it violates the zero-loss posture.
Option C: Commit-LSN transaction watermark + ack-after-checkpoint (adopted)
	Dimension	Assessment
	Complexity	Low — plain integer comparison + a single durable watermark
	Correctness	High — loss=0 unconditional; dup bounded (0 for transactional sinks, ≤1 txn/batch for non-txn)
	Honesty	High — the guarantee is stated per mode, never as a naked exactly-once

Trade-off Analysis
The adopted design rests the exactly-once CLAIM on the sink being transactional + idempotent (it
persists rows + checkpoint atomically, then upserts by PK on re-delivery). That is the only
honest path without two-phase commit. The cost is that a non-transactional sink (files, external
APIs) cannot reach effect-once — the library offers lib-mode checkpoint_store for those sinks
and states the at-least-once bound plainly rather than overclaiming.
Consequences
	Easier: The watermark is one integer per transaction; comparison is trivial; the sink
contract is "skip commit_lsn <= checkpoint, upsert by PK, persist the new checkpoint." For an
Ash/Postgres sink the idempotency half is best delegated to ash_onetime
(strategy :idempotency keyed on commit_lsn) — authoritative DB-constraint admission rather
than a hand-rolled pre-check; replicant supplies the key, ash_onetime decides the replay.
	Harder: The ack-after-checkpoint seam is load-bearing — an edit that acks wal_end instead
reintroduces at-most-once loss. The idle-ack advance is gated on a transaction-boundary
predicate precisely so it can never ack past an undelivered transaction or message.
	Revisit if: proto-v3 two-phase streaming (Stream Prepare) is added — a prepared txn would
need its own "prepared-but-not-committed" concept in the idle predicate, but the commit-LSN
watermark itself is unchanged.



  

    ADR-0005: Spill is ephemeral non-fsync'd scratch, not a durable WAL

Status: Accepted
Date: 2026-08-12
Deciders: replicant maintainer (1.0 hardening D8; records the replicant-streaming-spill decision that shipped in 0.1.0)
Context
A single in-progress streamed transaction can be larger than memory. Without a spill path the
bounded in-flight window halts fail-closed at the first oversized transaction — a hard ceiling on
transaction size. Spilling the transaction to disk introduces an at-rest surface: spilled frames
are :erlang.term_to_binary({subxid, %Change{}}), i.e. cleartext row values for the duration
of the transaction. Two design questions follow:
	Is spill a durable WAL (fsync'd, crash-surviving) or ephemeral scratch?
	Is the spill file encrypted at rest?

Decision
	Spill is ephemeral non-fsync'd scratch. Frames are written to a per-txn file under a 0700
spill directory with 0600 files, length-prefixed, write-once-read-once within a single
transaction's lifetime, deleted on commit/abort/reset/halt, and swept per-slot on every
reconnect. There is no fsync — spill is not a WAL; a crash re-streams the transaction from
the durable confirmed_flush LSN (the spill is discarded, never replayed).
(lib/replicant/spill.ex, lib/replicant/spill/reader.ex.)
	Two ceilings, not one: resident RAM is bounded by max_inflight_lag (the spill trigger),
and disk is bounded by max_spill_bytes (a transaction exceeding it halts :spill_exhausted).
The §4 in-flight numerator is received − floor − spilled compared to max_inflight_lag + max_spill_bytes, so a legitimately-spilling transaction is not double-counted toward the RAM
halt.
	No in-lib encryption. Key management is a separable subsystem with its own operational
surface (KMS, rotation, envelope keys) that this library does not own. The operator places the
spill dir on a secure/encrypted volume and cleans it on decommission; the default dir is a
0700 subdir of the OS temp dir. (lib/replicant/spill.ex, documented in the README.)
	Value-free on fault. Any spill File.* / binary_to_term fault scrubs to a fixed
Replicant.Spill.Error{reason: :spill_io_failed} (no bytes). binary_to_term uses [:safe]
(no atom/function creation) and shape-validates the frame; the snapshot-resume-token path
additionally rejects the compressed external-term format before deserialization (a
decompression-bomb guard). (lib/replicant/spill/reader.ex, lib/replicant/snapshot_progress.ex.)

Options Considered
Option A: fsync'd durable spill (treat it like a WAL)
Cons: Spill is NOT a WAL — its correctness comes from re-streaming on crash, not from
surviving one. fsync'ing would impose disk-latency on the hot path for no correctness gain (the
durable anchor is the slot's confirmed_flush, not the spill file). Rejected.
Option B: In-lib blanket encryption of spill files
Cons: Key management is its own operational subsystem (provisioning, rotation, envelope
encryption). Embedding it here would couple a CDC library to a KMS and force a key-handling
contract on every consumer. The 0600/0700 permissions + scratch-lifetime + operator-placed
encrypted volume is the documented mitigation. Rejected as a library responsibility; noted as a
clean future addition (a persistent dir is the operator's to secure). See the 1.0 P2 backlog.
Option C: Ephemeral non-fsync'd scratch, no in-lib encryption (adopted)
	Dimension	Assessment
	Complexity	Low — one File.* boundary, no fsync, no key management
	Correctness	High — loss=0 via re-stream; the spill is never the durable anchor
	Security	Medium — cleartext at rest during a spill; mitigated by 0600/0700 + scratch lifetime + operator-secured volume

Trade-off Analysis
The adopted design treats spill as scratch whose only job is to keep a too-large transaction out
of RAM until its StreamCommit. Correctness does NOT depend on the spill surviving a crash — it
depends on the durable confirmed_flush watermark + idempotent sink, which already exist. Paying
fsync or encryption cost would optimize a non-load-bearing property. The residual cleartext-at-rest
risk during a spill is real and documented; it is the operator's to mitigate via the spill dir
placement (the default OS-temp location is cleared by the OS).
Consequences
	Easier: Oversized transactions deliver effect-once without halting; no fsync latency on the
hot path; no key-management surface in the library.
	Harder: Spilled row values are cleartext at rest for the duration of one transaction. This
is a deployment-time responsibility (point dir at a secure volume) and is documented in the
README "Operator guidance" and noted in the 1.0 P2 backlog (in-lib blanket encryption is a clean
future addition).
	Revisit if: the threat model includes an attacker who can read the owner's filesystem
mid-spill AND the operator cannot place dir on an encrypted volume — then in-lib encryption
(Option B) becomes the right call and is additive (a streaming: [spill: [encrypt: true]] knob
over a key-management subsystem).



  

    ADR-0006: Fail-closed supervision — :one_for_all Pipeline + :temporary child

Status: Accepted
Date: 2026-08-12
Deciders: replicant maintainer (1.0 hardening D8; records the Plan-2 supervision decision that shipped in 0.1.0)
Context
A CDC consumer that loses data silently is worse than one that halts loudly. Two supervision
guarantees are load-bearing for the zero-loss / fail-closed posture:
	A fail-closed halt must be PERMANENT — a destructive schema change, a slot invalidation, a
sustained sink-lag backlog, or a sink write fault must NOT be auto-retried into a livelock or
a silent partial delivery. The operator must restart with intent (drop the slot, fix the sink,
etc.) before delivery resumes.
	A fresh Connection resuming from the durable checkpoint must never be paired with a stale
in-memory buffer — a half-received transaction, an open batch, or a pending snapshot window
held over from a crashed assembler would corrupt the exactly-once invariant on resume.

Decision
	The per-pipeline supervisor is :one_for_all over the pipeline children —
[AssemblerServer, Connection] in sink-owned mode, [CheckpointStore, AssemblerServer, Connection] in lib mode (CheckpointStore + AssemblerServer start before the Connection, so
the Connection has somewhere to cast to before it streams). Any child crashing tears the
WHOLE set down and re-derives from the durable watermark — the AssemblerServer's volatile
buffers (in-flight transaction, open batch, snapshot window) are explicitly discarded on
reconnect ({:seed_lib_checkpoint}, {:reset_batch}, {:reset_streams},
{:reset_snapshot_window}). (lib/replicant/pipeline.ex.)
	The DynamicSupervisor pipeline child is :temporary — a halted pipeline is never restarted
by the supervisor; restart happens only via an explicit operator Replicant.start_link/1.
(lib/replicant/supervisor.ex.)
	A halt tears the pipeline down from an unlinked spawned process. Replicant.Supervisor.halt/2
does NOT self-crash the caller (a crash exit would race a :one_for_all restart); it spawns an
unlinked process that performs the DynamicSupervisor.terminate_child, so the halting process
returns normally and the pipeline is gone for good. The reason argument is discarded
(Critical Rule 1) — the only outward signal is value-free telemetry. (lib/replicant/supervisor.ex,
lib/replicant/assembler_server.ex.)

Options Considered
Option A: :one_for_one over AssemblerServer + Connection
Cons: A crashed Connection would restart fresh while a stale AssemblerServer buffer survived
— re-pairing a fresh checkpoint read with a half-received transaction buffer. This is a
silent-corruption window for exactly-once. Rejected.
Option B: :permanent / :transient DynamicSupervisor child (auto-restart on halt)
Cons: A fail-closed halt that auto-restarts is a livelock (the same fault trips immediately on
restart), and worse it can mask a destructive condition (e.g. re-creating an invalidated slot) into
a silent partial delivery. Rejected — a halt must be permanent until the operator intervenes.
Option C: Self-crash the pipeline from the halting process
Cons: A Process.exit(self, :kill) or Supervisor.stop(self) from within the pipeline races
the :one_for_all/DynamicSupervisor restart semantics and can deadlock or double-restart. Rejected
in favor of teardown-from-an-unlinked-process.
Option D: :one_for_all + :temporary + external teardown (adopted)
	Dimension	Assessment
	Complexity	Low — standard OTP strategies, one external-teardown helper
	Correctness	High — no stale-buffer pairing; halts are permanent; no restart race
	Operability	Trade: every halt requires operator action (by design)

Trade-off Analysis
The adopted design makes "halt" mean halt: the pipeline is gone, the durable watermark is
unchanged, and the operator restarts with intent. The :one_for_all scoping is the single
mechanism that prevents the fresh-Connection-plus-stale-buffer corruption class. The
external-teardown trick is the one non-obvious bit — it exists precisely so the halting process
does not race its own supervisor.
Consequences
	Easier: Every fail-closed condition (slot invalidation, destructive schema change, sink write
fault, checkpoint-store exhaustion, §4 sink-too-slow, spill-exhausted, command-error watchdog,
publication-missing, data_gap) is a permanent halt with a single, consistent teardown path; the
exactly-once invariant cannot be corrupted by a stale buffer on resume.
	Harder: Every halt is an operator action — there is no auto-recovery from a fail-closed
condition (by design). The external-teardown mechanism is comment-load-bearing; a future edit
that self-crashes the pipeline reintroduces the restart race.
	Revisit if: proto-v4 parallel streaming (concurrent apply of interleaved streams) is added —
it would break the AssemblerServer's "serial apply in commit order" baseline and require a
worker pool with an ordered-commit barrier, a rework of this supervision design's core
invariant. The current Sink behaviour is unaffected (a parallel-apply txn still delivers as one
%Transaction{}), so this ADR does not block that future addition at the contract layer.



  

    ADR-0007: Actual replication-session identity precedes checkpoint lookup

Status
Accepted for 1.0.0.
Context
A durable CDC checkpoint is safe only for the PostgreSQL source that produced
it. Connection configuration, DNS, a load balancer, or a separate preflight
connection cannot prove which system and database the replication socket
actually reached. Across failover or routing changes, using a checkpoint from a
different source can skip unrelated WAL or replay against the wrong dataset.
Replicant previously read the sink or library checkpoint before its first
server command. That ordering made authoritative source binding impossible.
Decision
Every connect and reconnect issues IDENTIFY_SYSTEM as the first command on the
same Postgrex.ReplicationConnection that later issues START_REPLICATION.
Replicant normalizes the one-row result into Replicant.SessionIdentity and
synchronously invokes the optional sink callback handle_session_identity/2.
Its context contains the configured slot and normalized publication list.
Only :ok accepts the session. Any other return, raise, throw, exit, or malformed
protocol result halts fail-closed with a fixed structural reason. The callback
runs before a sink-owned checkpoint read, checkpoint-store read, snapshot, or
stream command. Generic sinks may omit the callback; sinks that bind durable
state to a source implement it and reject drift.
Consequences
	Source-aware sinks receive authoritative system/database identity without a
second connection or a time-of-check/time-of-use gap.
	Reconnects revalidate identity before resuming from any checkpoint.
	Existing transaction, batch, message, and snapshot callback arities remain
unchanged.
	Replicant does not persist source identity; storage and compatibility policy
remain sink responsibilities.
	The coordinated AshReplicant 1.0.0 release will require Replicant 1.x because
its checkpoint contract depends on this pre-check.



  

    Getting started with Replicant

Replicant is a framework-agnostic Elixir CDC consumer for Postgres logical
replication (pgoutput). It delivers committed row changes to a pluggable
sink with zero data loss — the replication slot advances only after your
sink has durably persisted the transaction.
This notebook takes you from an empty database to a live pipeline you can watch,
then tours the signature guarantees and two of the beyond-the-basics features.
Everything below runs against a real Postgres; nothing is faked.
The sink contract
A sink is a module implementing Replicant.Sink. The callbacks that matter
first:
	handle_session_identity/2 (optional for generic sinks) — accept the actual
PostgreSQL system/database identity before any checkpoint is read.
	checkpoint/0 — the last durably-persisted commit LSN (your resume point and
the dedup watermark). nil means "never persisted anything".
	handle_transaction/1 — persist a whole %Replicant.Transaction{} and its
checkpoint atomically, then return {:ok, commit_lsn}.

The five critical rules (from docs/INVARIANTS.md)
	No row value in an error, log, or telemetry event — every value is assumed PII.
	Validate identifiers (slot / publication names) before they reach SQL.
	Exactly-once = at-least-once + a transaction-watermark-idempotent sink — never
a naked exactly-once claim.
	Unchanged TOAST is a sentinel, not a value — never overwrite it.
	Stay tenant-blind — multitenancy / classification live one layer up, in
ash_replicant.

Setup
Mix.install([
  {:replicant, "~> 1.0"},
  {:kino, "~> 0.14"}
])
Contributors: to run against your working tree instead of the published
package, replace the :replicant line with {:replicant, path: "/path/to/replicant"}.

Connect to a logical-replication Postgres
Replicant needs a Postgres started with wal_level = logical. The quickest way to
get one locally:
docker run -d --name replicant_pg16 -e POSTGRES_HOST_AUTH_METHOD=trust \
  -p 5599:5432 postgres:16 \
  -c wal_level=logical -c max_wal_senders=10 -c max_replication_slots=10
Point the input below at it (it defaults to REPLICANT_TEST_URL, then to the local
container above):
default_url = System.get_env("REPLICANT_TEST_URL") || "postgres://postgres@localhost:5599/postgres"
url_input = Kino.Input.text("Postgres URL (needs wal_level = logical)", default: default_url)
# Parse the URL into Postgrex connection options.
db_url = Kino.Input.read(url_input)

pg_opts =
  (fn url ->
     uri = URI.parse(url)

     {user, pass} =
       case uri.userinfo do
         nil ->
           {"postgres", nil}

         ui ->
           case String.split(ui, ":", parts: 2) do
             [u, p] -> {u, p}
             [u] -> {u, nil}
           end
       end

     base = [
       hostname: uri.host || "localhost",
       port: uri.port || 5432,
       database: String.trim_leading(uri.path || "/postgres", "/"),
       username: user
     ]

     if pass, do: base ++ [password: pass], else: base
   end).(db_url)

# A plain (non-replication) connection for issuing demo DML + reading the mirror.
# start-or-reuse so re-running this cell in Livebook is harmless.
sql =
  case Postgrex.start_link(pg_opts ++ [name: :lb_sql, pool_size: 4]) do
    {:ok, pid} -> pid
    {:error, {:already_started, pid}} -> pid
  end

Postgrex.query!(sql, "SELECT 1", [])
:connected
A few small helpers
LbDemo wraps the boilerplate every pipeline needs: start-and-wait-until-live,
stop-and-drop-the-slot, and some tiny query helpers. This is the same shape the
library's own integration suite uses.
defmodule LbDemo do
  @moduledoc false

  # Poll `fun` every 25 ms until it returns truthy; raise after `tries` polls. The generous
  # default (400 polls ≈ 10 s) absorbs shared-Postgres load jitter and never manufactures a
  # pass — it returns on the FIRST successful poll, so the happy path stays fast.
  def wait_until(fun, tries \\ 400) do
    cond do
      fun.() -> :ok
      tries == 0 -> raise "timed out waiting for a live-Postgres condition"
      true -> Process.sleep(25) && wait_until(fun, tries - 1)
    end
  end

  # Start a pipeline and block until it owns the slot and is streaming. We attach a
  # NAMED handler (`&__MODULE__.on_slot_active/4`) with config rather than an anonymous
  # function — that's the form :telemetry recommends (no per-event performance note).
  def start_pipeline(config) do
    slot = Keyword.fetch!(config, :slot_name)
    ref = make_ref()

    :telemetry.attach(
      {__MODULE__, :active, ref},
      [:replicant, :connection, :slot_active],
      &__MODULE__.on_slot_active/4,
      %{pid: self(), ref: ref}
    )

    {:ok, pid} = Replicant.start_link(config)

    receive do
      {:slot_active, ^ref} -> :ok
    after
      15_000 -> raise "pipeline never reached slot_active for #{slot}"
    end

    :telemetry.detach({__MODULE__, :active, ref})

    wait_until(
      fn -> match?([{_, _}], Registry.lookup(Replicant.Registry, {slot, :connection})) end,
      200
    )

    {:ok, pid}
  end

  # Telemetry handler for [:replicant, :connection, :slot_active] — notifies the waiting caller.
  def on_slot_active(_event, _measure, _meta, %{pid: pid, ref: ref}), do: send(pid, {:slot_active, ref})

  # Stop a pipeline and drop its slot (so it stops pinning WAL).
  def stop(slot) do
    Replicant.stop(slot)
    wait_until(fn -> Registry.lookup(Replicant.Registry, {slot, :pipeline}) == [] end, 200)
    drop_slot(:lb_sql, slot)
    :ok
  end

  def drop_slot(conn, slot, tries \\ 20)

  def drop_slot(conn, slot, 0), do: do_drop_slot(conn, slot)

  def drop_slot(conn, slot, tries) do
    do_drop_slot(conn, slot)
  rescue
    _ ->
      Process.sleep(50)
      drop_slot(conn, slot, tries - 1)
  end

  defp do_drop_slot(conn, slot) do
    Postgrex.query!(
      conn,
      "SELECT pg_drop_replication_slot(slot_name) FROM pg_replication_slots WHERE slot_name = $1",
      [slot]
    )
  end

  def rows(conn, sql, params \\ []), do: Postgrex.query!(conn, sql, params).rows
  def ids(conn, table), do: rows(conn, "SELECT id FROM #{table} ORDER BY id") |> Enum.map(&hd/1)
  def count(conn, table), do: rows(conn, "SELECT count(*) FROM #{table}") |> hd() |> hd()
end
LbCapture is a tiny in-memory recorder so we can look at the real
%Replicant.Change{} structs the sink receives.
defmodule LbCapture do
  @moduledoc false
  use Agent

  def start do
    case Agent.start_link(fn -> [] end, name: __MODULE__) do
      {:ok, pid} -> pid
      {:error, {:already_started, pid}} -> pid
    end
  end

  def record(changes), do: Agent.update(__MODULE__, fn acc -> acc ++ [changes] end)
  def reset, do: Agent.update(__MODULE__, fn _ -> [] end)
  def all, do: Agent.get(__MODULE__, & &1)
  def any?, do: Agent.get(__MODULE__, &(&1 != []))
end

LbCapture.start()
:ok
Create a demo schema
We create a source table lb_orders, a PUBLICATION naming it, and a mirror
table the sink will keep in sync. The SET STORAGE EXTERNAL on memo forces a
large value out-of-line (TOAST) so we can demonstrate the unchanged-TOAST sentinel
later. This cell is idempotent and self-heals any leftover demo slots from a prior
run.
# Self-heal: stop any leftover demo pipelines + drop their slots from a prior run.
for slot <- ~w(replicant_lb_core replicant_lb_snapshot replicant_lb_messages) do
  Replicant.stop(slot)
  LbDemo.drop_slot(:lb_sql, slot)
end

ddl = [
  "DROP PUBLICATION IF EXISTS lb_pub",
  "DROP TABLE IF EXISTS lb_orders, lb_sink_orders, lb_sink_cp, lb_sink_calls",
  "CREATE TABLE lb_orders (id int PRIMARY KEY, item text, qty int, memo text)",
  "ALTER TABLE lb_orders ALTER COLUMN memo SET STORAGE EXTERNAL",
  "CREATE TABLE lb_sink_orders (id int PRIMARY KEY, item text, qty int)",
  "CREATE TABLE lb_sink_cp (id int PRIMARY KEY, lsn bigint)",
  "CREATE TABLE lb_sink_calls (seq bigserial PRIMARY KEY, lsn bigint, outcome text)",
  "CREATE PUBLICATION lb_pub FOR TABLE lb_orders"
]

for stmt <- ddl, do: Postgrex.query!(sql, stmt, [])
:schema_ready
Define a sink and start the pipeline
LbCoreSink persists each transaction's rows into the mirror and the
checkpoint in one database transaction — that atomicity is what makes replay
effect-once. It also skips any transaction at or below the checkpoint
(commit_lsn <= checkpoint), the transaction-granularity dedup watermark.
defmodule LbCoreSink do
  @moduledoc false
  @behaviour Replicant.Sink

  alias Replicant.{Change, Transaction}

  @conn :lb_sql

  @impl true
  def checkpoint do
    case Postgrex.query(@conn, "SELECT lsn FROM lb_sink_cp WHERE id = 1", []) do
      {:ok, %Postgrex.Result{rows: [[lsn]]}} -> {:ok, lsn}
      {:ok, %Postgrex.Result{rows: []}} -> {:ok, nil}
      {:error, _} = err -> err
    end
  end

  @impl true
  def handle_transaction(%Transaction{commit_lsn: lsn, changes: changes}) do
    change_list = Enum.to_list(changes)

    result =
      Postgrex.transaction(@conn, fn c ->
        case current_cp(c) do
          cp when is_integer(cp) and lsn <= cp ->
            record_call(c, lsn, "skipped")

          _not_yet_applied ->
            Enum.each(change_list, &apply_change(c, &1))
            set_cp(c, lsn)
            record_call(c, lsn, "applied")
        end
      end)

    # Record the delivered changes so the notebook can display the real structs.
    LbCapture.record(change_list)

    case result do
      {:ok, _} -> {:ok, lsn}
      {:error, reason} -> {:error, reason}
    end
  end

  defp current_cp(c) do
    case Postgrex.query!(c, "SELECT lsn FROM lb_sink_cp WHERE id = 1", []).rows do
      [[lsn]] -> lsn
      [] -> nil
    end
  end

  defp set_cp(c, lsn) do
    Postgrex.query!(
      c,
      "INSERT INTO lb_sink_cp (id, lsn) VALUES (1, $1) ON CONFLICT (id) DO UPDATE SET lsn = EXCLUDED.lsn",
      [lsn]
    )
  end

  defp record_call(c, lsn, outcome) do
    Postgrex.query!(c, "INSERT INTO lb_sink_calls (lsn, outcome) VALUES ($1, $2)", [lsn, outcome])
  end

  defp apply_change(c, %Change{op: op, record: r}) when op in [:insert, :update] do
    Postgrex.query!(
      c,
      "INSERT INTO lb_sink_orders (id, item, qty) VALUES ($1, $2, $3) " <>
        "ON CONFLICT (id) DO UPDATE SET " <>
        "item = COALESCE(EXCLUDED.item, lb_sink_orders.item), " <>
        "qty = COALESCE(EXCLUDED.qty, lb_sink_orders.qty)",
      [r["id"], r["item"], r["qty"]]
    )
  end

  defp apply_change(c, %Change{op: :delete, old_record: old}) do
    Postgrex.query!(c, "DELETE FROM lb_sink_orders WHERE id = $1", [old["id"]])
  end

  defp apply_change(_c, _change), do: :ok
end
go_forward_only: true tells a from-empty state-mirror sink to start streaming
from now (as opposed to bootstrapping with a snapshot — we do that further down).
core_slot = "replicant_lb_core"

{:ok, _pipeline} =
  LbDemo.start_pipeline(
    connection: pg_opts,
    slot_name: core_slot,
    publication: "lb_pub",
    sink: LbCoreSink,
    go_forward_only: true
  )

:streaming
Watch changes flow
Insert three rows, update one, delete one — each Postgrex.query! below is its own
committed transaction. The pipeline streams every commit to LbCoreSink, which
mirrors it into lb_sink_orders. We poll the mirror after each step (CDC is
asynchronous — the change lands a few milliseconds later).
# INSERT 3 orders.
for {id, item, qty} <- [{1, "widget", 9}, {2, "gadget", 4}, {3, "gizmo", 7}] do
  Postgrex.query!(sql, "INSERT INTO lb_orders (id, item, qty, memo) VALUES ($1, $2, $3, $4)", [
    id,
    item,
    qty,
    "memo-#{id}"
  ])
end

LbDemo.wait_until(fn -> LbDemo.count(:lb_sql, "lb_sink_orders") == 3 end)

# UPDATE order 1.
Postgrex.query!(sql, "UPDATE lb_orders SET qty = 42 WHERE id = 1", [])
LbDemo.wait_until(fn -> LbDemo.rows(:lb_sql, "SELECT qty FROM lb_sink_orders WHERE id = 1") == [[42]] end)

# DELETE order 2.
Postgrex.query!(sql, "DELETE FROM lb_orders WHERE id = 2", [])
LbDemo.wait_until(fn -> LbDemo.count(:lb_sql, "lb_sink_orders") == 2 end)

Kino.DataTable.new(
  LbDemo.rows(:lb_sql, "SELECT id, item, qty FROM lb_sink_orders ORDER BY id")
  |> Enum.map(fn [id, item, qty] -> %{id: id, item: item, qty: qty} end)
)
Those weren't opaque blobs — the sink received fully-decoded
%Replicant.Change{} structs. Here are the real ones, newest last. Notice that a
DELETE's old_record carries only the key column under the default replica
identity (set REPLICA IDENTITY FULL upstream to receive the whole old row):
LbCapture.all()
|> List.flatten()
|> Enum.map(fn ch ->
  %{
    op: ch.op,
    record: inspect(ch.record),
    old_record: inspect(ch.old_record),
    unchanged: inspect(ch.unchanged)
  }
end)
|> Kino.DataTable.new()
Guarantee 1 — the unchanged-TOAST sentinel
When an UPDATE doesn't touch a TOASTed (large, out-of-line) column, Postgres sends
a sentinel instead of the value. Replicant surfaces that as a first-class
unchanged: [col] list so your sink knows to leave that column alone rather
than overwrite it with a placeholder. We insert a row with a big memo, then
update only qty:
big_memo = String.duplicate("x", 8_000)

Postgrex.query!(sql, "INSERT INTO lb_orders (id, item, qty, memo) VALUES (10, 'bulky', 1, $1)", [
  big_memo
])

LbDemo.wait_until(fn -> LbDemo.count(:lb_sql, "lb_sink_orders") == 3 end)

# Now update a DIFFERENT column and watch `memo` come through as unchanged.
LbCapture.reset()
Postgrex.query!(sql, "UPDATE lb_orders SET qty = 99 WHERE id = 10", [])
LbDemo.wait_until(fn -> LbCapture.any?() end)

toast_change =
  LbCapture.all()
  |> List.flatten()
  |> Enum.find(fn ch -> ch.op == :update and ch.record["id"] == 10 end)

toast_unchanged = toast_change.unchanged
toast_unchanged is ["memo"] — the UPDATE never carried the 8 KB value, and the
sink knew not to clobber it.
Guarantee 2 — transaction-granularity exactly-once
Replicant's watermark is the transaction, keyed by its single commit_lsn.
The sink skips any commit_lsn <= checkpoint and upserts rows by primary key —
that's at-least-once plus an idempotent sink, the only honest route to exactly-once
without two-phase commit. Our lb_sink_calls ledger is append-only (no PK), so a
duplicate delivery would be visible as a repeated LSN. It isn't:
calls =
  LbDemo.rows(:lb_sql, "SELECT lsn, outcome FROM lb_sink_calls ORDER BY seq")
  |> Enum.map(fn [lsn, outcome] -> {lsn, outcome} end)

applied_lsns = for {lsn, "applied"} <- calls, do: lsn
core_dup_count = length(applied_lsns) - length(Enum.uniq(applied_lsns))

{:ok, checkpoint_lsn} = LbCoreSink.checkpoint()
core_final_ids = LbDemo.ids(:lb_sql, "lb_sink_orders")

%{
  checkpoint: Replicant.lsn_to_string(checkpoint_lsn),
  applied_transactions: length(applied_lsns),
  duplicates: core_dup_count,
  mirror_ids: core_final_ids
}
A real crash between dispatch and persist re-delivers from the durable
confirmed_flush and the idempotent sink dedups — that end-to-end crash-injection
proof lives in the library's test/integration/crash_injection_test.exs. Let's
stop this pipeline before moving on.
LbDemo.stop(core_slot)
:core_stopped
Beyond the basics 1 — snapshot / backfill
Point a sink at a table that already has data and you need a backfill before
streaming. snapshot: true runs EXPORT_SNAPSHOT → COPY → hand off to streaming
at the snapshot LSN, gap-free and dup-free. A snapshot-capable sink adds
handle_snapshot/2 (upsert a batch; clear the table on first_for_table?) and
handle_snapshot_complete/1 (persist the handoff checkpoint).
defmodule LbSnapshotSink do
  @moduledoc false
  @behaviour Replicant.Sink

  alias Replicant.{Change, Transaction}

  @conn :lb_sql

  @impl true
  def checkpoint do
    case Postgrex.query(@conn, "SELECT lsn FROM lb_snapshot_cp WHERE id = 1", []) do
      {:ok, %Postgrex.Result{rows: [[lsn]]}} -> {:ok, lsn}
      {:ok, %Postgrex.Result{rows: []}} -> {:ok, nil}
      {:error, _} = err -> err
    end
  end

  @impl true
  def handle_snapshot(changes, %{first_for_table?: first?}) do
    Postgrex.transaction(@conn, fn c ->
      # Redo-safety: clear the prior snapshot-origin rows on the first batch per table.
      if first?, do: Postgrex.query!(c, "TRUNCATE lb_snapshot_sink", [])

      Enum.each(changes, fn %Change{record: r} ->
        Postgrex.query!(
          c,
          "INSERT INTO lb_snapshot_sink (id, name) VALUES ($1, $2) " <>
            "ON CONFLICT (id) DO UPDATE SET name = EXCLUDED.name",
          [r["id"], r["name"]]
        )
      end)
    end)

    :ok
  rescue
    e -> {:error, e}
  end

  @impl true
  def handle_snapshot_complete(lsn) do
    Postgrex.query!(
      @conn,
      "INSERT INTO lb_snapshot_cp (id, lsn) VALUES (1, $1) ON CONFLICT (id) DO UPDATE SET lsn = EXCLUDED.lsn",
      [lsn]
    )

    {:ok, lsn}
  end

  @impl true
  def handle_transaction(%Transaction{commit_lsn: lsn, changes: changes}) do
    Postgrex.transaction(@conn, fn c ->
      Enum.each(changes, fn
        %Change{op: op, record: r} when op in [:insert, :update] ->
          Postgrex.query!(
            c,
            "INSERT INTO lb_snapshot_sink (id, name) VALUES ($1, $2) " <>
              "ON CONFLICT (id) DO UPDATE SET name = EXCLUDED.name",
            [r["id"], r["name"]]
          )

        %Change{op: :delete, old_record: old} ->
          Postgrex.query!(c, "DELETE FROM lb_snapshot_sink WHERE id = $1", [old["id"]])

        _other ->
          :ok
      end)

      Postgrex.query!(
        c,
        "INSERT INTO lb_snapshot_cp (id, lsn) VALUES (1, $1) ON CONFLICT (id) DO UPDATE SET lsn = EXCLUDED.lsn",
        [lsn]
      )
    end)

    {:ok, lsn}
  end
end
Seed five rows into a fresh source table, then start with snapshot: true and
watch them arrive through handle_snapshot/2:
snapshot_ddl = [
  "DROP PUBLICATION IF EXISTS lb_snapshot_pub",
  "DROP TABLE IF EXISTS lb_snapshot_orders, lb_snapshot_sink, lb_snapshot_cp",
  "CREATE TABLE lb_snapshot_orders (id int PRIMARY KEY, name text)",
  "CREATE TABLE lb_snapshot_sink (id int PRIMARY KEY, name text)",
  "CREATE TABLE lb_snapshot_cp (id int PRIMARY KEY, lsn bigint)",
  "CREATE PUBLICATION lb_snapshot_pub FOR TABLE lb_snapshot_orders"
]

for stmt <- snapshot_ddl, do: Postgrex.query!(sql, stmt, [])

for id <- 1..5 do
  Postgrex.query!(sql, "INSERT INTO lb_snapshot_orders (id, name) VALUES ($1, $2)", [
    id,
    "item-#{id}"
  ])
end

snapshot_slot = "replicant_lb_snapshot"

{:ok, _} =
  LbDemo.start_pipeline(
    connection: pg_opts,
    slot_name: snapshot_slot,
    publication: "lb_snapshot_pub",
    sink: LbSnapshotSink,
    snapshot: true
  )

LbDemo.wait_until(fn -> LbDemo.count(:lb_sql, "lb_snapshot_sink") == 5 end, 400)
snapshot_mirror_count = LbDemo.count(:lb_sql, "lb_snapshot_sink")
The five pre-existing rows were backfilled, and the pipeline is now streaming any
new commits from the snapshot's consistent point onward. Stop it:
LbDemo.stop(snapshot_slot)
:snapshot_stopped
Beyond the basics 2 — logical-decoding messages
Postgres can emit out-of-band messages into the WAL via
pg_logical_emit_message — perfect for the outbox pattern or heartbeats. Opt in
with messages: true. A non-transactional message arrives standalone through
handle_message/2 and is at-least-once (no dedup key — your effect must be
idempotent). A transactional one instead rides %Transaction.messages and inherits
the transaction's effect-once (see ADR-0001).
defmodule LbMessageSink do
  @moduledoc false
  @behaviour Replicant.Sink

  alias Replicant.Transaction
  alias Replicant.Decoder.Messages.Message

  @conn :lb_sql

  @impl true
  def checkpoint do
    case Postgrex.query(@conn, "SELECT lsn FROM lb_msg_cp WHERE id = 1", []) do
      {:ok, %Postgrex.Result{rows: [[lsn]]}} -> {:ok, lsn}
      {:ok, %Postgrex.Result{rows: []}} -> {:ok, nil}
      {:error, _} = err -> err
    end
  end

  @impl true
  def handle_transaction(%Transaction{commit_lsn: lsn}) do
    Postgrex.query!(
      @conn,
      "INSERT INTO lb_msg_cp (id, lsn) VALUES (1, $1) ON CONFLICT (id) DO UPDATE SET lsn = EXCLUDED.lsn",
      [lsn]
    )

    {:ok, lsn}
  end

  @impl true
  def handle_message(%Message{lsn: lsn, prefix: prefix, content: content}, %{lsn: ctx_lsn}) do
    # `prefix`/`content` are USER BYTES — Critical Rule 1 says never log or surface them
    # in telemetry. Persisting them into your own store (as here) is fine.
    Postgrex.query!(@conn, "INSERT INTO lb_msg_messages (lsn, prefix, content) VALUES ($1, $2, $3)", [
      ctx_lsn || lsn,
      prefix,
      content
    ])

    :ok
  end
end
message_ddl = [
  "DROP PUBLICATION IF EXISTS lb_msg_pub",
  "DROP TABLE IF EXISTS lb_msg_orders, lb_msg_messages, lb_msg_cp",
  "CREATE TABLE lb_msg_orders (id int PRIMARY KEY, note text)",
  "CREATE TABLE lb_msg_messages (lsn bigint, prefix text, content text)",
  "CREATE TABLE lb_msg_cp (id int PRIMARY KEY, lsn bigint)",
  "CREATE PUBLICATION lb_msg_pub FOR TABLE lb_msg_orders"
]

for stmt <- message_ddl, do: Postgrex.query!(sql, stmt, [])

message_slot = "replicant_lb_messages"

{:ok, _} =
  LbDemo.start_pipeline(
    connection: pg_opts,
    slot_name: message_slot,
    publication: "lb_msg_pub",
    sink: LbMessageSink,
    messages: true,
    go_forward_only: true
  )

# Emit a non-transactional message straight into the WAL.
Postgrex.query!(sql, "SELECT pg_logical_emit_message(false, 'lb_heartbeat', 'tick')", [])
LbDemo.wait_until(fn -> LbDemo.count(:lb_sql, "lb_msg_messages") == 1 end)

nontxn_message =
  LbDemo.rows(:lb_sql, "SELECT prefix, content FROM lb_msg_messages")
  |> Enum.map(fn [prefix, content] -> {prefix, content} end)
  |> List.first()
LbDemo.stop(message_slot)
:messages_stopped
The rest of the toolbox
The core flow above is most of what you need day to day. The features below are
each one config option away — see the linked README section for the full contract:
	Feature	Turn it on with	README
	In-progress transaction streaming (proto-v2)	streaming: [max_concurrent_txns: 64]	How it streams
	Consumer-side disk spill (oversized txns)	streaming: [spill: [dir: ..., max_spill_bytes: ...]]	Usage
	Resumable incremental snapshot	snapshot: [mode: :incremental, chunk_rows: 1000]	Usage
	Lib-owned checkpoint (non-transactional sinks)	checkpoint_store: [connection: ..., table: ...]	Usage
	Sink-owned atomic batch delivery	batch_delivery: [max_transactions: 100]	Usage
	Multi-publication per pipeline	publication: ["p1", "p2"]	Usage
	Failover slots (PG17+, HA)	failover: true	Failover slots

For multitenancy, classification, and Ash resources, use the
ash_replicant sink adapter, which is
built on this tenant-blind core.
Resilience knobs
Every failure mode fails closed — Replicant halts and stays idle rather than
silently dropping data or reconnecting forever. Most fail-closed halts are automatic
(a slot invalidation, a destructive schema change, a sink that raises); the four knobs
below tune the bounded fault paths. All halt telemetry is value-free (LSNs + counts
only, never a row value — critical rule 1).
	Knob (default)	Bounds	On exhaustion	Telemetry
	max_inflight_lag: 64 * 1024 * 1024	how far the received WAL frontier may run ahead of the durable checkpoint before the sink is "too slow"	halt fail-closed (sink can't keep up)	—
	checkpoint_store: [max_retries: 5, retry_backoff_ms: 1000] (lib mode)	transient checkpoint-store faults (connect-read + mid-stream write)	halt after N retries; a permanent fault (schema/config) halts at once; max_retries: 0 = halt-now	[:replicant, :checkpoint_store, :retrying] per attempt
	max_command_retries: 5	a persistent pre-frame replication-command error — slot exhaustion, a slot already active for another consumer, a forward-incompatible result — that otherwise reconnects forever	halt after N failed connect cycles; max_command_retries: 0 = halt-now	[:replicant, :connection, :command_error_halt] on halt
	failover: true (PG17+)	enables an HA failover slot that survives a promoted standby	on PG16 halts {:config, :failover_unsupported}; an unpromoted synced slot halts fail-closed	—

Two scope notes for max_command_retries: it bounds only pre-frame errors — once
the stream is flowing the counter resets on the first replication frame, so a later
transient outage self-heals, and a server that never connects (connection refused) keeps
retrying untouched — and it holds a separate budget from the checkpoint-store retry, so
a store outage never trips the command watchdog. Full contracts:
usage rules ·
README.
Verify everything we just saw
These assertions are the same ones the library's CI runs against this notebook (via
test/integration/livebook_getting_started_test.exs), so this page can never
silently drift from the code:
import ExUnit.Assertions

assert core_final_ids == [1, 3, 10]
assert core_dup_count == 0
assert toast_unchanged == ["memo"]
assert snapshot_mirror_count == 5
assert nontxn_message == {"lb_heartbeat", "tick"}

:all_green
%{
  core_final_ids: core_final_ids,
  core_dup_count: core_dup_count,
  toast_unchanged: toast_unchanged,
  snapshot_mirror_count: snapshot_mirror_count,
  nontxn_message: nontxn_message
}


  

    replicant usage rules

A framework-agnostic Elixir CDC consumer for Postgres logical replication (pgoutput).
What replicant is (and is not)
	Is: a reliable CDC consumer. Decodes the pgoutput logical replication
stream, assembles committed transactions, validates schema changes, and
delivers each transaction to a pluggable sink with sink-owned,
transaction-granularity exactly-once semantics.
	Is not: Ash-aware, tenant-aware, or classification-aware. Never put
multitenancy or sensitive-data logic here — that is ash_replicant's job.
	Is: a live streaming client. Owns the replication slot via
Postgrex.ReplicationConnection, acks only after the sink durably commits
(ack-after-checkpoint), and halts fail-closed on slot invalidation — proven
by a real-PG16 crash-injection suite (loss = 0, effect-dup = 0).

Public surface
	Replicant — the facade module. start_link/1 starts a supervised
streaming pipeline (validates opts, enforces the go-forward guard) and
stop/1 tears one down; t:lsn/0 (a non_neg_integer 64-bit LSN,
(file <<< 32) ||| offset) and lsn_to_string/1 (uppercase "file/offset"
hex display, matching Postgres pg_lsn).
	Replicant.Transaction — an assembled, committed transaction: ordered
changes plus the transaction's single commit_lsn, and (when messages: true
is enabled) any transactional logical-decoding messages in messages
(a [Replicant.Decoder.Messages.Message.t()] — these ride the txn and inherit
its commit_lsn effect-once dedup). Ordinarily changes is a
List; for an oversized spilled streamed transaction (opt-in
streaming: [spill: [dir: …, max_spill_bytes: …]]) it is a lazy, single-pass,
disk-backed Enumerable (Replicant.Spill.Reader) valid only during the
handle_transaction/1 / handle_batch/1 call — iterate it with Enum/Stream,
never length/1 / Enum.to_list/1 (which force the whole transaction back into
RAM, defeating spill), and do not retain it past the call. Spill emits value-free
[:replicant, :stream, :spilled] (a tail flushed to disk) and, when disk usage
would exceed max_spill_bytes, [:replicant, :stream, :spill_exhausted] before
the fail-closed halt — attach to alert operators on exhaustion.
	Replicant.Change — a single row change (insert/update/delete),
the decoded record, and the unchanged list of TOASTed columns the source
UPDATE did not touch (never a value — sinks must leave those columns alone).
	Replicant.SchemaChange — a detected DDL-shape change (column add/drop,
type change, replica-identity change). Destructive changes halt fail-closed.
	Replicant.SessionIdentity — the system identifier, timeline, current LSN,
and database returned by IDENTIFY_SYSTEM on the exact replication connection.
A source-bound sink implements handle_session_identity/2 and returns :ok
only after accepting the identity plus context slot/publications. This callback
always precedes checkpoint lookup and runs again on reconnect; a separate
preflight connection is not authoritative.
	Replicant.Sink — the behaviour a consumer implements. In the default sink-owned
transaction mode (batch_delivery not set), receives one Replicant.Transaction at a time
and must durably persist it (or raise) before the slot advances past its commit_lsn. When
sink-owned batch delivery is enabled (batch_delivery: [max_transactions: N, max_delay_ms: T]),
receives N committed transactions in a single handle_batch/1 call and must persist all rows	checkpoint atomically — the transaction is atomic and the effect-once guarantee (dup=0, loss=0)
rests on it. Transactions arrive in ascending commit_lsn order; the sink must skip any
commit_lsn <= checkpoint and upsert rows by table PK. A non-{:ok, _} return (or a
raise/throw/exit) halts the pipeline fail-closed; the batch is discarded un-acked and
re-delivered on resume, deduped to zero net effect by the idempotent sink. Optional snapshot
callbacks (handle_snapshot/2 + handle_snapshot_complete/1) let a sink be bootstrapped
from a populated source: batches of %Change{op: :snapshot} rows (upsert by PK;
clear the table when first_for_table? is true — a hard redo-safety obligation),
then a durable handoff checkpoint at the snapshot's consistent point. In lib mode
(:checkpoint_store configured) the library owns the checkpoint, so a sink implements
only handle_transaction/1 — checkpoint/0 is optional there; its returned LSN is ignored.
Batch delivery is mutually exclusive with lib mode.


	handle_message/2 (opt-in, messages: true) — delivers a non-transactional
logical-decoding message (pg_logical_emit_message with transactional => false).
The guarantee is at-least-once, NOT effect-once (see the rule below): a reconnect
between the {:ok} return and the checkpoint advancing can re-deliver the same message.
On :ok/{:ok, _} the library advances the checkpoint to the message's LSN; a non-:ok
return (or raise/throw/exit) halts fail-closed. context carries %{lsn: lsn}. A
messages: true config whose sink lacks this callback is rejected at start
(:messages_unsupported). Transactional messages do NOT route here — they ride
%Transaction.messages and inherit the txn path's effect-once.
	Incremental snapshot (snapshot: [mode: :incremental]) — a resumable, chunked backfill
for large tables, interleaved with the live stream. Chunks arrive through the SAME
handle_snapshot/2 (same first_for_table? redo-safety obligation; handle_snapshot_complete/1
is NOT used — completion rides a dedicated final handle_snapshot/2 call). A sink-owned
incremental sink must ALSO implement snapshot_progress/0 (return the opaque ctx.progress
token it persisted atomically with each chunk); lib mode carries progress in the checkpoint
store, so only handle_snapshot/2 is required. A concurrent write to a backfilling row wins over
its stale chunk row (collision-corrected); PK-less tables fall back to a bounded whole-table redo.
	Replicant.Decoder — decode/1 wraps the vendored pgoutput byte
parser; catches and redacts any raise into a value-free Replicant.Error.
	Replicant.Assembler — groups decoded messages into
Replicant.Transactions by commit_lsn.
	Replicant.Connection — the Postgrex.ReplicationConnection that owns
the replication slot: actual-session identity before checkpoint lookup,
ack-after-checkpoint keepalive replies, async ack,
slot-invalidation fail-closed halt, the bounded in-flight window, and the
replication-command-error watchdog (below).
	Replicant.AssemblerServer — the serial process that applies the sink
synchronously off the keepalive path.
	Replicant.Pipeline — the per-slot :one_for_all supervisor pairing a
Connection with an AssemblerServer; started by Replicant.start_link/1.
	Replicant.Config — validates pipeline options + the start-mode guard
(go_forward_only / snapshot / resume; go_forward_only + snapshot both
set is refused as :conflicting_start_mode). publication: accepts a single
validated name or a list (["p1", "p2"]) for multi-publication; every name
is identifier-validated, the connect chain fails closed if any requested pub is
absent (:publication_check), and messages: true is the opt-in for
logical-decoding messages (rejected :messages_unsupported if the sink lacks
handle_message/2).
	Replicant.Snapshotter — reads a consistent snapshot of the publication's
tables at the EXPORT_SNAPSHOT LSN (a REPEATABLE READ cursor on a separate
connection) and pushes %Change{op: :snapshot} batches to the sink, behind a
value-free error boundary; the Connection hands off to streaming at that LSN.
	Replicant.CheckpointStore — in lib mode (a :checkpoint_store option
is present), a supervised GenServer owning one replicant_checkpoints row per slot:
the library writes the checkpoint (commit_lsn bigint) to this durable Postgres table
after the sink persists, so a non-transactional sink (files, S3, Kafka, external
APIs) needs no atomic data+checkpoint unit. Value-free boundary; lazy table create +
shape-probe. A store fault is bounded by two :checkpoint_store knobs — max_retries
(default 5) and retry_backoff_ms (default 1000) — shared by both fault sites: a
transient connect-read fault paces N fresh reconnects, a transient mid-stream write fault
retries N (blocking the applier, so dup-bounded-to-one holds), then both halt
fail-closed on exhaustion (Supervisor.halt, loss = 0). A permanent fault (schema
mismatch / :config_invalid) halts immediately; max_retries: 0 opts out of retry
(halt-now). Each retry emits [:replicant, :checkpoint_store, :retrying].
	Replication-command-error watchdog — the top-level max_command_retries option
(default 5) bounds a persistent PRE-FRAME command error — CREATE_REPLICATION_SLOT
failing because the server's replication slots are exhausted, a slot already active for
another consumer, or a forward-incompatible result shape — which otherwise reconnects
forever via auto_reconnect. After max_command_retries failed connect cycles without
the stream establishing, the pipeline halts fail-closed and stays idle, emitting
value-free [:replicant, :connection, :command_error_halt] (attempt/max_retries/
slot_name); max_command_retries: 0 halts on the first fault. The bound is a CYCLE
count, not a wall-clock time. Sibling of the store-retry bound above but a separate
budget (a store outage never trips it). Only PRE-FRAME errors are bounded: once the
stream is flowing the counter resets on the first replication frame, so a later transient
outage self-heals, and a server that is simply down (connection refused, never
establishes) keeps retrying untouched.
	Replicant.QueryBuilder — builds the identifier-validated SQL used to
create/manage slots and publications.
	Replicant.Identifier — allowlist validation for slot, publication, and
other identifiers that reach SQL.
	Replicant.Telemetry — value-free :telemetry spans (LSNs, table
names, counts, durations, error classes — never row values).
	Replicant.Error — the typed, value-free error struct raised/returned
at decode and validation boundaries.

Non-negotiable rules
	No row value in an error, log, or telemetry event. Assume every value is
PII or a secret. Column names are strings, never atoms (String.to_atom on
a wide or attacker-influenced schema exhausts the atom table).
	Validate identifiers. Slot and publication names go through
Replicant.Identifier.validate/1 before reaching SQL. A failure carries the
invalid-shape fact only, never the offending string.
	Exactly-once is at-least-once + a transaction-watermark-idempotent sink.
The watermark is the commit LSN at transaction granularity — skip any
transaction whose commit_lsn <= checkpoint; upsert rows by table PK.
There is no naked exactly-once without two-phase commit or an idempotent
sink; never claim one.
	Lib mode is at-least-once, never effect-once. With a :checkpoint_store, the
library writes the checkpoint after the sink persists (checkpoint-after-persist), so a
crash between persist and checkpoint re-delivers exactly one transaction on resume:
duplicate bounded to one transaction, never loss. A non-transactional sink cannot
dedup — do not claim effect-once for it.
	Batching is opt-in and lib-mode only. checkpoint_store: [batch: [max_transactions: N, max_delay_ms: T]]. It batches the checkpoint write + ack, NOT sink delivery (handle_transaction/1 is still per-transaction). A crash or graceful stop mid-batch re-delivers up to one batch — size max_transactions for your dup tolerance. Do not set :batch at the top level (it belongs under :checkpoint_store; a misplaced top-level :batch is rejected at start).
	Sink-owned atomic batch delivery (handle_batch/1) preserves effect-once. The batch_delivery: [max_transactions: N, max_delay_ms: T] config (top-level, sink-owned only; mutually exclusive with :checkpoint_store) routes delivery through handle_batch/1 instead of handle_transaction/1. The HARD OBLIGATION is that the data + checkpoint write is ATOMIC — the effect-once guarantee (dup=0 across mid-batch teardown) rests on it. Transactions arrive in ascending commit_lsn order; the sink must skip any commit_lsn <= checkpoint and upsert rows by table PK, exactly as handle_transaction/1 does. A non-{:ok, _} return (or a raise/throw/exit) halts the pipeline fail-closed; the batch is discarded un-acked and re-delivered on resume, deduped to zero net effect by the idempotent sink.
	Failover slots are opt-in and PG17+. failover: true creates the replication slot with
Postgres's FAILOVER option so it syncs to physical standbys, letting a pipeline resume
against a promoted standby with zero loss (the slot's confirmed_flush position carries
over). PG16 does not support FAILOVER slots — passing failover: true there halts
fail-closed ({:config, :failover_unsupported}) instead of silently ignoring the option.
Never point Replicant at an unpromoted standby's synced slot — it halts fail-closed
({:slot_synced_unpromoted}) instead of retry-looping against a slot it cannot yet consume.
	Multi-publication is opt-in via a list. publication: "p" stays the byte-unchanged default;
publication: ["p1", "p2"] streams the union. Every requested publication must exist — a missing
one halts fail-closed at connect (:publication_check) rather than silently streaming the subset
(a START_REPLICATION that names a missing pub streams only the found set). pgoutput de-dupes
overlapping tables across pubs on the wire.
	Logical-decoding messages: state the guarantee honestly. messages: true is opt-in. A
transactional message (transactional => true to pg_logical_emit_message) rides
%Transaction.messages and is effect-once (inherits the txn commit_lsn dedup). A
non-transactional message routes to handle_message/2 and is at-least-once — duplicates
are possible on reconnect (no dedup key). Never claim effect-once for the non-transactional path.
A message's content and prefix are user bytes (Critical Rule 1) — never log them or surface
them in telemetry.
	Unchanged TOAST is a sentinel, not a value. It surfaces only as
Replicant.Change's unchanged list of column names, never in record.
Sinks must leave those columns untouched on upsert.
	Stay tenant-blind. No multitenancy, scope, or classification logic
belongs here — that boundary is the whole reason replicant and
ash_replicant are separate libraries.

See docs/INVARIANTS.md for the full published rules.


  

    Replicant — Feature Tracker

Updated: 2026-08-13 · Release: v1.1.0 (tagged) · Branch: main
⚠ Commit-SHA note. Git history was rewritten after most of this file was
written, so the historical commit SHAs cited in the slice rows below (e.g.
489c6b1, 6387e35, a6467af, 2699e72) no longer resolve to commits in
this repo. They are retained as a historical record of the lifecycle narrative,
not as addressable refs. The authoritative current refs are the snapshot below.
Test counts in historical rows are milestone evidence and are not claims about
the current suite.

Current package snapshot
The initial sequencing plan below is complete, and both packages have continued
through later releases:
	replicant 1.1.0 is published and tagged v1.1.0 (a post-1.0 hardening patch —
see CHANGELOG [1.1.0]; 1.0.0 shipped at v1.0.0).
	ash_replicant 0.3.0 is published and tagged at c5ef154; a coordinated
1.0 release requiring Replicant ~> 1.0 is in progress. Its source dependency
remains {:replicant, "~> 0.1.0"} until that coordinated release.

Sequencing (user directive, 2026-07-05) — ✅ FULLY EXECUTED
Historical record of the build order, now complete. "One in-build project at a
time": ash_replicant was gated until replicant was "completed in full and
published" = build the remaining §3 slices → publish replicant to Hex → start
ash_replicant. Value-ranked order (1) checkpoint-store → (2) batching → (3)
proto≥2 streaming was executed in full; each slice was closeout-reviewed
(/review-autopilot --fix) to 100/100. With replicant 0.1.0 on Hex the gate
cleared, and ash_replicant has since shipped through to its own 0.3.0 release.
Shipped — v1 streaming core (fail-closed, reviewed, green)
	Slice	What landed	Closeout
	Plan 1 — offline core	decode / assemble / validate / redact; value-free boundary, TOAST sentinel, watermark skip, schema-change classification, identifier allowlist, sink behaviour, telemetry, real-pgoutput byte conformance	100/100
	Plan 2 — live streaming + exactly-once	Connection owns the slot, ack-after-checkpoint, slot-invalidation fail-closed halt, AssemblerServer, per-pipeline supervision, §4 bounded in-flight window, real-PG16 crash-injection (loss=0, effect-dup=0)	89→100
	replicant-snapshot — initial backfill	snapshot: true: EXPORT_SNAPSHOT → COPY at consistent_point → hand off at snapshot LSN, gap-free/dup-free; handle_snapshot/2 + handle_snapshot_complete/1; mid-COPY crash halts :snapshot_incomplete	100/100

Test evidence at that milestone (pre-history-rewrite figures): unit 184/0,
integration 197/0, dialyzer 0. The later 6fe9d3c release milestone recorded
unit 350/0 + integration 38/0 and dialyzer 0; see the current snapshot above
for present package refs.
Delivered — the spec §3 slices (all shipped + closed-out)
Each was a named slice the v1 primitive was fail-closed without — absence
refused partial delivery rather than doing it silently. All are now shipped,
closeout-reviewed to 100/100, and first published in replicant 0.1.0.
	#	Slice	Unlocks	Depends on	Status
	—	ash_replicant (standalone lib)	The first-class consumer: an Ash/Postgres sink adapter carrying multitenancy + classification, one layer up from the tenant-blind core. This is what turns the primitive into a usable product.	replicant published (gate cleared)	✅ BUILT + PUBLISHED — 0.3.0 on Hex (tagged at c5ef154; repo /Users/rp/Developer/Base/ash_replicant, current main 4000681). Consumes {:replicant, "~> 0.1.0"} from Hex. Sibling to arcadic→ash_arcadic.
	1	replicant-checkpoint-store	Non-transactional sinks (files, external APIs): a lib-owned checkpoint table with a mandatory checkpoint-after-persist write order (dup, never loss).	Core (shipped)	✅ Shipped + closeout-ready 2026-07-05 (13/13 tasks, exec-autopilot) · /review-autopilot --fix HEAD 2d23832: graded 89/100 → 100 on user ruling for the sole design-decision; 6 findings fixed, gate battery ALL-PASS 231/0 dialyzer 0. F3 RESOLVED (2026-07-05: build §14.18 next — spawns slice 1b).
	1b	replicant-store-fault-retry (§14.18)	Bounded-retry-then-halt on a checkpoint-store fault: a transient blip self-heals within N; a persistent outage retries N times then HALTS + alerts the operator (replaces the current UNPACED connect-retry interim + the immediate mid-stream write halt). Closes checkpoint-store closeout F3.	replicant-checkpoint-store (shipped)	✅ Shipped 2026-07-05 (exec-autopilot; 7/7 tasks, per-task two-stage opus review; unit 224/0, integration 25/0, dialyzer 0, credo/format clean; 0 tier escalations, 3 test-hardening review-fix rounds T1/T5/T6). Closeout /review-autopilot pending. Design adversarially reviewed (9 challenges 8-acc/1-refuted); plan machine-gated + independently reviewed (5/5 fixed).
	2	replicant-batching	Throughput: batched checkpointing for lib mode — defer the lib-owned checkpoint write + slot ack to once per batch of N txns (sink delivery stays per-txn). Amortizes the synchronous serial store round-trip. Per-transaction checkpointing is the correctness baseline it optimizes.	Core + checkpoint-store + store-fault-retry (shipped)	✅ Shipped + closed-out 2026-07-06 (exec-autopilot 5 tasks 2 opus/3 sonnet, 0 tier escalations/0 review-fix rounds → /review-autopilot --fix 100/100 grader-verified; post-fix HEAD 7bfa193, unit 249/0 + integration 28/0, dialyzer 0, credo 677/0, format/compile clean). Commits: config c22f03e, assembler/server 2ef4d7d, pipeline 3c4734b, integration ce9bf25, docs 904d153; closeout fixes 113a2a4/65040f3/7a9812f/c6c1c48/85672f1/7bfa193. Both closeout design-decisions user-ratified + implemented (spec §15 amendments): LSN-span base → max(lib_checkpoint, stream_floor); batch discarded on mid-stream reconnect. Cross-vendor Codex: 2 uniques (reconnect-stale-batch, value-free-leak). Opt-in checkpoint_store: [batch: [max_transactions: 100, max_delay_ms: 1000]] + auto LSN-span lag-cap (max_inflight_lag/4); dup bound widens to one batch (crash + graceful stop + mid-stream reconnect), loss=0 unconditional. Sink-owned batching → replicant-batch-delivery ✅ executed 2026-07-06 (row 2b).
	2b	replicant-batch-delivery	Sink-owned (transactional) batching: a new handle_batch sink callback delivering N transactions as ONE atomic unit — amortizes the sink's own commit cost (distinct from replicant-batching's library-owned checkpoint-write amortization). Carved out of replicant-batching because it needs a mechanically distinct delivery contract + atomic-multi-txn semantics (a fresh-context reviewer confirmed the boundary is mechanical, not effort).	replicant-batching (shipped)	✅ Executed 2026-07-06 (exec-autopilot, 9 tasks: 5 opus / 3 sonnet / 1 haiku; per-task two-stage opus review, 4 review-fix rounds total, 0 tier escalations). Post-sweep HEAD 6387e35 (range 7bfa193..6387e35, 8 code/test/docs commits): unit 271/0 + integration 31/0, dialyzer 0, credo 741/0, format/compile clean (gate-log 20260706-071040-bd-full-sweep-6387e350f1). Effect-once (dup=0) crash-injection marquee GREEN against live PG16 (mid-batch atomic-checkpoint fault rolls the whole handle_batch txn back → resume re-delivers dup=0). Designed via brainstorm-autopilot, user-approved; fresh-context adversarial review folded — 11 challenges / 3 blocking, all reconciled. Effect-once preserved (dup=0, loss=0) — the transactional idempotent sink writes N txns + checkpoint atomically; stronger than batching's dup≤batch. Opt-in top-level batch_delivery: [max_transactions: 100, max_delay_ms: 1000] (sink-owned only; + checkpoint_store ⇒ :config_invalid; missing handle_batch/1 ⇒ :batch_unsupported). 6 lib modules (sink/config/assembler/assembler_server/pipeline/connection); telemetry unchanged. CLOSED-OUT 2026-07-06 via /review-autopilot (8 lenses): 97 → 100 after one in-session fix. The lone should-fix (flush_sink_batch's result case lacked a value-free catch-all → a non-conforming handle_batch RETURN raised CaseClauseError in the flush path — which runs via do_flush, outside handle_message/2's value-free rescue — leaking the returned term into the OTP crash log, Critical Rule 1; caught by the security lens and the Codex cross-vendor lens, duplicate/live-repro'd) was fixed in commit 215d58b (value-free _unexpected catch-all + red-capable test RED→GREEN; spec §8 matrix + §14.19 amended). Fresh full battery @ 215d58b: credo 744/0, dialyzer 0, unit 303/0, integration 31/0 (marquee dup=0 green).
	3	replicant-streaming	pgoutput proto ≥ 2 in-progress-transaction streaming (opt-in streaming:): decode Stream Start/Stop/Commit/Abort + (sub)xid-prefixed changes, reassemble each streamed txn in memory demultiplexed by top-level xid (interleave + subtransaction-abort filtering), deliver the complete %Transaction{} on Stream Commit through the unchanged sink contract. Primary benefit is server-side (walsender streams a large txn instead of buffering it whole); consumer memory bounded by the existing §4 halt.	Core (shipped)	✅ Executed 2026-07-06 (exec-autopilot, 10 tasks 7 opus/3 sonnet; per-task two-stage opus review, 0 tier escalations). Post-sweep HEAD a6467af (range 2901d4f..a6467af, 17 code/test commits): unit 307/0 + integration 34/0 (baseline 272/31 → +35 unit / +3 marquee tests, 0 regressions; the plan's recorded "303" unit baseline was a mis-record — true pre-slice count 272, per the batch-delivery closeout), dialyzer 0, credo 814/0, format/compile clean (gate-logs 20260706-1610…1612, HEAD-bound). Streaming effect-once (dup=0) crash-injection marquee GREEN on live PG16 — a large streamed txn with a nested-savepoint rollback (ids 1001..1500) delivers effect-once with the sub-aborted range filtered ABSENT end-to-end; streaming proven fired ([:replicant, :stream, :committed] probe, RED when the work_mem forcing is removed). Real spec-§7 defect found + fixed by the marquee + an adversarial investigation: StreamCommit delivered an EMPTY streamed txn (a spilled unpublished-only txn streams under pgoutput v2 but is skipped by v1), violating "a streamed txn is indistinguishable from a non-streamed one at the sink" — fixed via {:skipped} empty-suppression (fe01f0c); the masked-assertion workaround was caught and reverted to the honest calls_count == 1 live red-gate. Opt-in top-level streaming: [max_concurrent_txns: N] (default 64); Config streaming: nil ≡ disabled (parity with batch_delivery). Sink contract + telemetry.ex UNCHANGED; effect-once preserved (dedup pre-skip + subxid-abort filter). Designed via brainstorm→plan-autopilot (design fresh-context-reviewed — 9 challenges/3 blocking folded; plan machine-gated 0-errors + independently reviewed 5/5). Closeout /review-autopilot --fix 2026-07-06 → 100/100 (fresh-context grader), post-fix HEAD b9e0947 (range 11f6afc..b9e0947). 8 lenses + adversarial refuter + worktree-isolated fix-diff re-reviewer. 1 blocking cross-vendor UNIQUE catch FIXED: an EMPTY StreamCommit returned {:skipped, lsn} which acks the slot immediately — because streaming composes with the batch modes (§7) and a buffered-but-unflushed txn's commit_lsn is BELOW the empty txn's lsn (commit order), the ack advanced confirmed_flush PAST un-delivered/un-checkpointed WAL = loss=0 violation (sink-owned batch_delivery); fixed by folding the empty txn's lsn into the open batch (suppress_empty_stream_commit/2, 123287e; red-capable test mutation-proven; same-family lenses reasoned stream-interleave but missed the batch composition). Cross-vendor CV2 (streamed Relation cache scoping) adversarially REFUTED (§8-conformant halt + Enum.zip truncation + pgoutput Relation re-send). 2 should-fixes fixed: §8 halt reason reconciled to :too_many_streams (123287e), byte-level xid-tamper decoder test §12.2 added (75c0947); replay collapsed to one-pass map_reduce. Post-fix full battery GREEN on live PG16 @ b9e0947 (clean tree, gate-run --verify): unit+integration 344/0, integration marquee 34/0, dialyzer 0, credo 815/0, compile/format clean (baseline 341→344, +3 unit tests, 0 regressions). See spec §15 closeout amendments.
	3-spill	replicant-streaming-spill	Consumer-side disk spill so a single transaction larger than memory streams through without halting — the "unbounded single-txn size" capability. Carved from row 3 (its first-disk-I/O + PII-at-rest + OTP-lifetime risk surface earns its own review); row 3 is fail-closed without it (a too-large streamed txn halts, as under v1).	replicant-streaming	✅ Executed 2026-07-07 (exec-autopilot 12 tasks [9 opus / 3 sonnet] — 5 review-fix rounds, 0 tier escalations; unit 383/0 + integration 38/0 live PG16, dialyzer 0, credo 903/0, format/compile clean; range 9d9821e..473cef9; gate-log 20260707-042549-spill-full-sweep-473cef984a). Designed via brainstorm-autopilot Stage-6 fresh-context adversarial review (9 challenges / 4 blocking reworked). Delivery contract user-ratified — a >RAM txn delivers as a lazy disk-backed %Transaction.changes (Enumerable.t()); the parent's event-based "incremental streaming sink contract" non-goal is OBVIATED (not deferred) — lazy whole-Transaction changes gives the same memory capability while preserving atomicity. Two ceilings: resident RAM max_inflight_lag (spill trigger) + disk max_spill_bytes (:spill_exhausted halt); §4 numerator now received − floor − spilled (the change the parent deferred here). One Replicant.Spill module = the sole File.* + at-rest boundary (0700 dir / 0600 files, global startup sweep, value-free :spill_io_failed); ephemeral non-fsync'd scratch (write-once-read-once-within-one-lifetime); no in-lib encryption (key-mgmt ownership, NOT Rule 5 — a clean future). Plan-autopilot: 12 tasks (9 opus / 3 sonnet), machine-gated (plan-verify 0/0) + fresh-context reviewed (7 findings / 7 fixed — 2 blocking: Error.reason() enum gap → dialyzer fail; lib+batch spilled-file happy-path leak). Exec DONE — oversized-txn spill effect-once (dup=0) marquee GREEN on live PG16 (append-only ledger, [:stream,:spilled] probe fired), no stale spill files, both ceilings halt (:spill_exhausted disk + §4 RAM). The crash-injection marquee CAUGHT A REAL §8 BUG — a per-txn spilled delivery orphaned its spill file on a sink-fault halt (deliver_now deleted only on {:ok}) → fixed dab7f2f; a live-probe quality review also caught a §4-halt evasion (stale spilled_bytes mirror survived reconnect via handle_connect, init/1 runs once) → fixed in 191284f. CLOSED-OUT 2026-07-08 via /review-autopilot --fix (fresh-account resume): all 6 findings FIXED (TDD red→green), post-fix HEAD 489c6b1; full battery GREEN (gate-log 20260708-064419-spill-closeout-fix2, nonce c40733be685617fe): unit 387/0 + integration 38/0 live PG16, dialyzer 0, credo/format/compile clean. Fixes: CV1 sink_batch_failed deletes migrated spill files on the FAULT branch — no cleartext orphan (9e57f11); empty-suppression closes the spill FD via Spill.discard (not Spill.rm) — no :emfile leak (97edc74); CV2 append-before-account reorder so a single row > max_inflight_lag spills, {:spilled_bytes} cast now sends the NET post-dispatch total (3ad3cbc); decode_frame validates the frame shape at the at-rest boundary → value-free :spill_io_failed (5561b23); :spill_exhausted telemetry emitted at the disk-ceiling breach (489c6b1). CV3 (§4 ceiling — this spec's own contradiction) resolved via Option A: the CODE is correct (received−floor−spilled vs the SUM max_inflight_lag+max_spill_bytes); §1/§4/§8 text wrongly said max_inflight_lag and was amended. A "Design 2" attempt to CHANGE the code (drop −spilled) was CAUGHT by the live disk-ceiling marquee (it made §4 pre-empt the disk ceiling → :spill_exhausted unreachable) and reverted — the −spilled numerator is LOAD-BEARING (adaptive: routes oversized single txns to the disk ceiling, non-spilling backlogs to §4).** Also de-vacuumed the "disk ceiling" marquee (it always halted via §4 :sink_too_slow — the disk-ceiling halt is deferred to StreamCommit, which a never-committing oversized txn never reaches — now asserts the real reason). See [[replicant-streaming-spill-slice]], [[replicant-fault-path-resource-cleanup]]. Spec closeout amendment added.
	—	Multi-sink fan-out per slot	Deliberate non-goal, no slice: one slot = one sink = one checkpoint keeps the watermark tractable. Compose a dispatching sink or run multiple slots.	—	Won't build

Backlog — enhancement opportunities (2026-07-09 code-probe audit)
Complete inventory from a code-level capability audit at HEAD 499c8ba (all
claims probe-verified against lib/, not doc-skimmed). Three sources: (A) new
gaps found by the probe, (B) future slices already named with owners in the
shipped specs' §3 non-goal tables, (C) ecosystem/adoption-layer candidates
(new sibling libs, like ash_replicant). Value-ranked build order:
B1 → A1 → A5 → A2+A3 (paired) → remainder.
A. Code-probe gaps (not previously in any spec)
	#	Item	Unlocks	Evidence	Status
	A1	Idle-slot heartbeat / ack-advance	Prevents indefinite WAL pinning on a quiet publication in a busy cluster — the #1 real-world logical-replication incident class. Ack wal_end on keepalive when zero txns are in flight (safe: filtered WAL carries nothing for the publication); today every keepalive acks the checkpointed LSN unconditionally. Touches the exactly-once ack seam → full brainstorm→spec rigor despite small size.	connection.ex:6-9 ("never the received wal_end"); README delegates WAL-lag to ops monitoring	✅ CLOSED-OUT 2026-07-11 = 100/100 (/review-autopilot --fix, 8 lenses + cross-vendor Codex + fresh-context grader; grader-concurred zero-open). Full lifecycle brainstorm→spec→plan→exec→review, 9 commits abcf22f..34a208d; final battery VERIFIED green: 518 tests/0 failures live PG16, dialyzer 0, credo 1266/0, compile --force --warnings-as-errors + format clean, tree clean; gate-log 20260711-041642-idle-ack-closeout-fix-34a208d0de. Idle predicate not in_txn and open_streams empty and checkpoint_lsn ≥ last_commit_lsn (transaction-boundary; the approved received_lsn ≤ checkpoint_lsn was CAUGHT broken at plan-time — 48-byte tail gap). Closeout fixed 2 should-fix + spec-doc: CV1/CV2 (9dd1ec5) — the single in_txn boolean under-counted proto-v2 CONCURRENT + savepoint streamed txns → open_streams xid-keyed MapSet (StreamAbort closes only on whole-txn abort); CV1 was a CROSS-VENDOR (Codex) UNIQUE catch, missed by all 5 same-family lenses (not constructible loss — §3.2 commit-boundary backstop — but the primary invariant was wrong). A2 (34a208d) idle-advance telemetry tagged kind: :idle. Every task RED-before-GREEN; 3 live marquees each tamper-proven non-vacuous; 0 tier escalations. Standby marquee UNRUN (no substrate) — named coverage gap (spec §3.5).
	A2	Logical decoding Message ('M') decode	Outbox-pattern + heartbeat-table consumers (pg_logical_emit_message). Decoder has no Message struct (frames fall to Unsupported); START_REPLICATION omits messages 'true'. Composes with A1.	messages.ex (14 types, no M); query_builder.ex:40-47	🏗️ BUILT 2026-07-12 (exec-autopilot; 10 of 12 tasks executed — Task 11 now CLOSED at closeout, see below; range b75f202..e7682b3, 11 commits). Gate battery VERIFIED green at HEAD e7682b3 (clean tree): 519 tests/0 failures (66 excluded integration — no live PG), dialyzer 0, credo 1386/0, compile --force --warnings-as-errors + format clean. Opt-in messages: true; a sink missing handle_message/2 is rejected at START (:messages_unsupported, never silently dropping later). Guarantees (Critical Rule 3 honesty): transactional messages (flags=1) ride %Transaction{messages: [...]} and inherit the txn path's commit_lsn effect-once dedup; non-transactional messages (flags=0) route to handle_message/2 and are at-least-once — no dedup key, duplicates possible on reconnect (stated in the handle_message/2 docstring). Two durability seams prevent silent loss: idle-ack track_txn bump (§8.1 — a non-txn message in flight blocks the idle advance, so keepalive can't advance confirmed_flush past an undelivered message) and the batch-boundary {:flush_before_message} seam (§8.4 — a non-txn message flushes an open sink-owned batch in delivery order). %Message{} struct (transactional?, lsn, prefix, content, xid, ordinal) decoded by v1 + streamed clauses; messages flag threads to start_replication. ⏸ Task 11 DEFERRED (non-blocking handoff): the real-byte 'M' conformance-capture fixtures (corroboration layer in conformance_test.exs) were NOT captured — three capture approaches failed (pg_logical_slot_peek_changes returns text mangling non-printables; pg_recvlogical across docker exec = 0-byte files; a postgrex ReplicationConnection capture timed out without :xlogdata frames). The decoder IS conformance-validated (Task 5's hand-crafted bytes prove the parser; the existing real-byte fixtures corroborate the shared decode path) — the independent 'M'-specific real-byte second layer was missing. ✅ Task 11 now CLOSED (2026-07-14 closeout): real 'M' bytes (non-txn flags=0 + txn flags=1) captured from live PG16.14 via a Postgrex.ReplicationConnection and added to conformance_test.exs (tamper-proven) — the ReplicationConnection capture works; the prior "timed out / uncapturable" claim was false on probe. ✅ CLOSED-OUT 2026-07-14 (forge T2 closeout, live PG16.14 @:5599; commit 5b3680f) — fresh-context spec-conformance + security + gate-integrity lenses + cross-vendor Codex. Caught + fixed a REAL silent-loss bug (spec §7.1): a proto-v2 streamed txn carrying only a transactional message with zero published row-changes was empty-suppressed → the message was DROPPED (v1 delivers it). Fix in assembler.ex deliver_or_skip_stream (suppress only when no surviving messages), red-first regression test in assembler_test.exs; cross-vendor (Codex) corroborated the same bug independently. Security lens: Critical Rules 1/2/3 empirically CLEAN (malformed 'M' → :decode_failure no byte leak; SQL-injection attempts rejected; guarantee-honesty docstring accurate). The integration marquees (messages_test.exs 7/7, multipub_test.exs 3/3) were driven to non-vacuity for the FIRST time — 3 never-run-marquee test-harness bugs fixed (row-shape, hand-rolled cp-table missing updated_at, hard-coded commit_lsn=1). Final battery mix test 586/0 live PG16 (2 :pg17 excluded), dialyzer 0, credo 1388/0, compile -Werror + format clean. ADR-0001. 2 advisory follow-ups ✅ COMPLETED 2026-07-14 in 7df3b69 (T1, fresh-context reviewed clean): streamed-message ordinal now shares the per-txn counter with changes (interleaves correctly, in-memory + spilled — mirrors v1); [:message,:received] telemetry now fires for txn messages (transactional: true) across all delivery modes. Record correction: HEAD 71594ea's (A2+A3 closeout) subject was docs-only; the closeout review actually ran in 5b3680f.
	A3	Multi-publication per pipeline	publication_names accepts a comma-list per pgoutput; config takes exactly one :publication. Small config-surface change, real capability.	config.ex:51; query_builder.ex:47	🏗️ BUILT 2026-07-12 = COMPLETE (exec-autopilot; 4 of 4 tasks, range b75f202..9c13b2b). publication: String | [String] — a single string is the byte-unchanged default path; a list enables multi-publication, each name validated via Identifier.validate/1 and normalized to a list. start_replication/3 + the four discovery queries (publication_tables/1, pk_columns/0, table_columns/0) bind DISTINCT ... pubname = ANY($1); publication_exists/1 interpolates a validated IN (...) list (the connect-chain simple-query protocol can't bind $1). A NEW connect-chain :publication_check step fails closed if the found-pubnames set ≠ the requested set (decision #18 — START_REPLICATION with a missing pub silently streams the subset). pgoutput dedups overlapping tables across publications (probe-verified). In the same gate battery as A2. ✅ CLOSED-OUT 2026-07-14 (forge T2 closeout with A2, live PG16.14 @:5599; commit 5b3680f) — fresh-context spec-conformance + security + gate-integrity + cross-vendor Codex, all CLEAN on the A3 surface. Probe-verified live: DISTINCT discovery dedup (a table in two publications → pk_raw = {id}, not {id,id}) and the fail-closed :publication_check (found set ≠ requested → halt_publication_missing, stay-idle, value-free). The multipub snapshot-discovery marquee was fixed (the sink lacked handle_snapshot/2 + handle_snapshot_complete/1) and now runs a REAL snapshot proving the DISTINCT union delivers the shared table exactly once. ADR-0002. Same battery: mix test 586/0 live PG16.
	A4	origin filter option	Bidirectional / blue-green replication setups (pgoutput PG16+ origin 'none'). Absent from the options builder.	query_builder.ex:40-47	Open
	A5	PG17+ forward-compat + failover slots	Invalidation detection is PG16-keyed (wal_status/conflicting); PG17 adds invalidation_reason (+ failover/synced). PG17 failover = true slots → HA resume-on-promoted-standby. Correction: "CI matrix is PG16-only" was false — there was NO CI; added in this slice.	query_builder.ex:123-127 (comments acknowledge the PG17 divergence)	📐 DESIGNED 2026-07-11 (brainstorm-autopilot; probe-grounded on live PG16.14 + disposable PG17.10). Fresh-context reviewed — 7 challenges folded: grammar reversed to dual/byte-safe (published default path untouched, FAILOVER only on the opt-in parenthesized path), PG16-failover stay-idle halt (mirrors halt_store_permanent), synced-unpromoted fail-closed halt (livelock→halt), invalidation_reason as authoritative fail-closed signal (fixed atom map, Rule-1 clean, forward-robust), executed dual-version DoD + GitHub Actions PG16+PG17 matrix. 🏗️ BUILT 2026-07-11 (exec-autopilot; 11 tasks [8 opus / 3 sonnet] + hotfix A1, per-task two-stage opus review, 3 review-fix rounds, 0 tier escalations). Gate battery VERIFIED green on BOTH substrates (HEAD 24c5670, tree clean): unit 484/0, PG16 integration (path-scoped, isolated) 52/0, PG17 integration (isolated) 56/0 (pg17 tests EXECUTED, not skipped), compile --force --warnings-as-errors + format clean, credo 1291/0, dialyzer 0; gate-logs 20260711-09*-a5-*. Task 8's PG16 integration run CAUGHT a real regression — replication-connection results arrive as TEXT ("160014", "t"/"f"), so the version gate ("160014" >= 170000 = true) forced the PG17 4-col query on PG16 → undefined_column → reconnect storm on every PG16 pipeline; hotfix A1 (76ffc8d) coerces version/in_recovery/conflicting/synced at the connect boundary (also fixed a pre-existing latent conflicting-text bug). Dual/byte-safe grammar (published default path byte-unchanged), PG16-failover stay-idle halt, synced-unpromoted halt, invalidation_reason authoritative signal, GitHub Actions PG16+PG17 matrix (fails on unready substrate). Commits 3a5ff8d..24c5670 + closeout fixes af6d8fd, 520906a. ✅ CLOSED-OUT 2026-07-11 = 100/100 (/review-autopilot --fix, fresh-context grader-concurred, zero open) — 6 read-only lenses + worktree-isolated tamper pass (all 5 safety-property tests RED-capable, zero vacuous) + independent grader. 2 should-fix fixed: test_helper server_version_num/0 now fails closed when REPLICANT_TEST_URL is set-but-unreachable (was fail-open → vacuous-green risk) af6d8fd; spec amended with the A1 text-coercion mechanism + §2/§5.1 corrections. 1 advisory fixed: orphaned is_in_recovery/0 re-homed to incremental.ex standby?/1 (de-dup + de-orphan) 520906a. Final battery green on BOTH substrates (HEAD 520906a, tree clean): PG16 538/0, PG17 540/0 (pg17 EXECUTED, 0 excluded), credo 1291/0, dialyzer 0; gate-log 20260711-102409-a5-closeout-final. Cross-vendor SKIPPED (Codex rate-limited, 0 probes). The 1st battery's 2 streaming_spill timeouts were load-induced flaky (untouched subsystem; isolated re-run 4/0, quiet-machine battery 0 failures) → backlog-routed to widen the marquee timeout.
	A6	Replication-command-error fail-closed policy	A persistent %Postgrex.Error{} from a replication command currently {:disconnect, :query_error} → auto_reconnect livelocks (no halt, no surfaced cause). Bounded-retry-then-halt like §14.18 store-fault-retry, without inspecting the value-free error (Rule 1).	connection.ex handle_result(%Postgrex.Error{})	✅ CLOSED-OUT 2026-07-14 (forge T2, live PG16.14 @:5599) — a chain-progress watchdog counts established-then-dropped connect cycles in handle_disconnect (store-retry exempt), enforces max_command_retries (default 5, 0=halt-now) in handle_connect before any store read via the shared CheckpointStore.retry_decision/2, resets on the first replication frame (?w/?k), and stay-idle halts emitting value-free [:connection, :command_error_halt]. Bounds the WHOLE pre-frame class (create-slot, START_REPLICATION, :unexpected_result), not just handle_result — server-down + post-frame transients still self-heal. Design adversarial pass caught+fixed a broken first mechanism (counter-through-{:disconnect} never persists); plan review + per-task review + live marquee (halt at attempt=budget+1, budgets 2→3 & 5→6). Range 9ca211a+981252e (+ core 23ecf47..b14c760); local Forge design and plan receipts retained under .forge/.

B. Spec-named future slices (owners assigned in shipped specs)
	#	Item	Unlocks	Named in	Status
	B1	replicant-snapshot-incremental — resumable / incremental snapshot (DBLog-derived chunking adapted to READ-ONLY sources, interleaved with the stream)	Large-table onboarding: today a crash at 99% of a multi-hour COPY redoes everything (all-or-nothing per attempt, exported snapshot dies with its session). The biggest adoption blocker.	snapshot spec §3	✅ CLOSED-OUT 2026-07-10 (/review-autopilot --fix, 8 lenses + cross-vendor Codex + fresh-context grader) = 100/100 (excellent) — 3 fix rounds (69→83→100) + Tasks 12–13 built + all findings closed. HEAD 3ecee0a, battery VERIFIED green (unit+integration 497/0 live PG16, dialyzer 0, credo 1242/0, format/compile clean, tree clean; gate-log 20260710-205502-inc-t12t13-final-3ecee0a368). ALL THREE BLOCKING data-loss defects the review found are FIXED: (1) DELETE/TRUNCATE during backfill crashed the AssemblerServer via pk_tuple(nil, …) OUTSIDE the value-free rescue (OTP row-value leak = Rule 1 breach) + ghost rows → 545fb06 (PK from old_record; truncate→taint); (2) cross-vendor UNIQUE — PK-changing UPDATE resurrected the old key → 9f54f06 (track BOTH keys); (3) CV2 — a keyed table's buffered final chunk discarded after the reader marked it done = loss → b795650 (keyed final-chunk completion barrier). Earlier: 8c8c7db/196140c/b67ee6c (keyless data-loss fixes) + a9a6e1f (lib+batch PK-retention drop-filter, LIFTED the interim lib-batch×incremental rejection) + 4eca198 (§9 chunkretried / compressed-token DoS guard / bounded last_buffered_changes). F7 RESOLVED (dd8f920, user-ratified): resume no longer backfills a mid-run-added table (matches §3/§18 non-goal). TASKS 12–13 BUILT + all findings closed: §12 live-marquee matrix filled — PK-less contended (:snapshot_table_contended+retry), completion at-least-once (lib-mode resume + durable complete?), batch_delivery×incremental effect-once (append-only chunk-PK ledger), :sink_too_slow §4 backpressure DURING backfill — all non-vacuous / red-capable on live PG16 (43eb452, 3ecee0a); feature docs added to README + Replicant moduledoc + usage-rules (7c6c064). Notes closed: post-completion window-clear + real :completed duration + close_table dead-code removed (74f2ccc); cross-run test isolation (drop `cp/prog_/default-progress row on_exit) + resume-marquee timeout +PG16.wait_untildoc (3ecee0a). RI-USING-INDEX-non-PK delete edge routed B2-adjacent (PK-keyed drop-set correct under default RI=PK/FULL; diagnosis on-disk). Fresh-context grader **concurred 100/100 zero-open**; spec closeout amendment + 8-lens reports + 25-finding table on-disk (gitignoredsuperpowers/`).
	A6b	SQLSTATE-class fast-halt for command errors	Halt IMMEDIATELY on an unfixable replication-command error class (insufficient_privilege / syntax_error / undefined_object) instead of burning the full max_command_retries budget — a halt-latency optimization on the one channel (handle_result(%Postgrex.Error{})) that carries a SQLSTATE. Rule-1-conformant via a SQLSTATE→fixed-atom map (the landed invalidation_reason_atom/1 precedent), so deferred on scope, not prohibition.	A6 design §Non-goals + A5 spec §11	Open — named by A6 (2026-07-14); the count-based A6 watchdog already bounds every channel correctly
	B2	Filtered / column-projected snapshot	Subset snapshots beyond the publication's natural scope	snapshot spec §3	Open
	B3	Parallel multi-table COPY	Snapshot throughput (v1 is serial)	snapshot spec §3	Open
	B4	Proto v3 two-phase streaming (Stream Prepare)	2PC-aware pipelines	streaming spec §3	Open
	B5	Proto v4 parallel streaming	Concurrent apply of interleaved streams	streaming spec §3	Open
	B6	At-rest spill encryption	In-lib blanket encryption of spill files ("a clean, unblocked future addition"); key management is the separable subsystem	spill spec §3	Open
	B7	Spill-file compression	Disk/CPU trade-off under the spill format	spill spec §3	Open
	B8	Checkpoint-read cache	Eliminates the per-Commit live sink.checkpoint() read; deferred pending profiling evidence that the read matters	batch-delivery spec §3	Open — profiling-gated
	B9	Snapshot column metadata via context	Full column metadata at snapshot time (values arrive natively typed today, so none is needed to interpret them)	snapshot spec §138	Open

C. Ecosystem / adoption layer (sibling-lib candidates)
	#	Item	Unlocks	Status
	C1	A proposed metrics/0 helper on Replicant.Telemetry (Telemetry.Metrics definitions)	Oban/Broadway convention — 27 structure-only events exist; every consumer currently hand-authors metric definitions	Open
	C2	Broadway producer adapter	Opens replicant to the dominant Elixir data-pipeline ecosystem	Open

Closed boundaries (cited, not silently dropped)
	Item	Ruling
	Multi-sink fan-out per slot	Won't-build, user-ratified (core spec §3; row above) — compose a dispatching sink or run multiple slots
	fsync'd / durable spill	Never, by design (spill spec §3) — spill is scratch, not a WAL; crashes re-stream
	Incremental streaming sink contract	Obviated (spill spec §3) — lazy whole-Transaction changes delivers the same memory capability with atomicity preserved

Why ash_replicant was the #1 value item (retrospective)
Value-ranking rationale, retained now that it has shipped as 0.3.0:
	It is the reason the core exists. README states it outright: replicant is
"the reliable CDC consumer sibling to arcadic," with multitenancy,
classification, and Ash resources living "one layer up, in the
ash_replicant sink adapter." Without it the core had no first-class
consumer — ash_replicant 0.3.0 is now that consumer.
	The other slices optimized a primitive that already worked. Checkpoint-store,
batching, and proto-v2 each added value only under a specific pressure
(non-transactional sinks / throughput / unbounded single-txn size); none
delivered new end-user capability the way the consumer layer does.
	Sequencing note. Despite the #1 value ranking, the user directive built the
§3 slices first (one in-build project at a time) and gated ash_replicant on
the replicant publish — which is how it actually shipped.

1.0.0 Release hardening — readiness assessment (2026-08-12)
A four-lens assessment (architecture, security, coverage, API-stability) of the
0.3.1 core against a 1.0.0 bar. The core is release-ready — no P0 in library
behavior. The rows below are the gaps to close at/around the 1.0 tag. Status
here is authored narrative (this section pre-dates forge-roadmap schema
migration); the slug is the slice join key.
	ID	What	Acceptance	Depends	Why
	D1	Stale install constraint — README + getting-started Livebook ship {:replicant, "~> 0.2"}, which resolves < 0.3.0 and locks users out of every 0.3 feature (and 1.0). slug:d1-install-constraint	README.md + notebooks/getting_started.livemd show ~> 1.0; grep finds no ~> 0.2 / ~> 0.1.0 install reference	—	Currency — the most-copied snippet
	D2	Coordinate the Replicant/AshReplicant major contract — Replicant 1.0 must expose authoritative actual-session identity before checkpoint lookup, and AshReplicant must not admit a 0.3 install that lacks it. slug:d2-ash-replicant-coord	Replicant's fetched package exposes SessionIdentity and handle_session_identity/2, the live callback reports system/database identity from the exact replication connection before checkpoint lookup, AshReplicant requires Replicant ~> 1.0, and the two release in dependency order without moving or deleting a tag	D1	Release coordination — a 1.0 that orphans its consumer or permits an unsafe downgrade
	D3	Release hygiene — toolchain/CI skew, a previously red format gate, an unenforced audit alias, and a vulnerable Postgrex floor cannot ship in 1.0. slug:d3-release-hygiene	.tool-versions pins Elixir 1.20.3-otp-29 / Erlang 29.0.3; CI matches it; format, audits, and gate red-probes pass; Postgrex is at least 0.22.4; actions and database images use immutable revisions	—	A red gate and an unpatched dependency cannot ship 1.0
	D4	:batch type trapdoor — Replicant.Config.t lists optional(:batch) but fetch_batch/3 rejects a top-level :batch with :config_invalid (it is derived). slug:d4-batch-type-trapdoor	The public type no longer advertises a key the user cannot set; dialyzer + compile clean	—	Freeze the type honestly
	D5	v1 snapshot casting divergence — snapshot: true runs SELECT * and zips raw Postgrex-decoded values (no cast), so a timestamp arrives as NaiveDateTime from the snapshot and DateTime from the stream; the incremental path was fixed (::text + cast_record) but v1 was never back-ported. slug:d5-snapshot-casting	A red-first convergence test proves a typed column delivers the SAME runtime type from v1 snapshot and the stream; v1 routes values through the shared Casting.Types.cast_record/2 (or v1 is explicitly deprecated); value-free boundary intact	—	Convergence correctness (Critical Rule 1 boundary preserved)
	D6	%Transaction.changes spill hazard — typed Enumerable.t(), but a spilled txn is single-pass / call-lifetime; a sink authored against List breaks on its first oversized spilled txn. slug:d6-changes-spill-type	The type names both forms as either [Change.t()] or Spill.Reader.t(), and a @typedoc states the single-pass contract; dialyzer clean	—	The biggest latent data-contract hazard
	D7	Hex description overclaims exactly-once — mix.exs description ends "…exactly-once delivery" unqualified; the lib has three at-least-once paths. slug:d7-hex-description	The Hex blurb qualifies exactly-once to the sink-owned/transactional path (Critical Rule 3)	—	Honesty on the most-visible surface
	D8	Foundational ADRs + published Critical Rules — docs/adr/ has only 0001/0002; the load-bearing posture decisions (value-free boundary, commit-LSN transaction watermark, spill-as-ephemeral-scratch, :one_for_all+:temporary supervision) are unrecoverable from code alone; the 5 Critical Rules live only in the un-tarballed AGENTS.md. slug:d8-foundation-adrs	Four ADRs land under docs/adr/; a tarball-shipped invariants doc (in mix.exs extras) carries the 5 Critical Rules for a Hex consumer	—	A 1.0 is the moment a bare-clone maintainer must recover the WHY
	D9	Three vendored public functions unspecced — Casting.Types.cast_record/2 (the central casting contract), Casting.ArrayParser.parse/1, Decoder.OidDatabase.name_for_type_id/1. slug:d9-vendored-specs	All three carry @spec; the frozen public surface is fully specced; dialyzer clean	—	Freeze the contract
	D10	Named-ctrl-conn cascade masked the integration suite — every integration module started a NAMED Postgrex pool in setup and never stopped it; ExUnit's async: false one-process model then made test 2+ fail with {:already_started, _}, silently masking ~half the suite (the full run was 66/31). Found while verifying D5. slug:d10-named-conn-cascade	PG16.named_conn/2 centralizes per-test isolation (start unlink + register on_exit stop); all 23 named-pool sites route through it; the full integration suite is 66/0 (was 66/31)	D5	A masked integration suite is not 1.0-grade correctness evidence

Status (2026-08-13 closeout)
All ten rows shipped in 1.0.0 (v1.0.0): D1 (install constraint), D4–D10 closed in the
hardening run, and the two 2026-08-13 major-contract rows — D2 (actual-session identity:
Replicant.SessionIdentity, handle_session_identity/2, the IDENTIFY_SYSTEM connect step,
ADR-0007) and D3 (release hygiene: .tool-versions pins Elixir 1.20.3-otp-29 / Erlang 29.0.3,
CI matches and uses immutable action/image revisions, mix audit is a gate, postgrex floors at
~> 0.22.4) — both verified against the fetched package. The only separately-authorized item is
the coordinated AshReplicant ~> 1.0 dependency publication. 1.1.0 (v1.1.0) is a
post-1.0 hardening patch: a float-array casting fix, a post-halt window-guard consistency fix,
and connection-opt merge hardening (see CHANGELOG [1.1.0]).
P2 backlog (post-1.0 hardening)
Not blocking the freeze; tracked here so nothing is lost. ✅ = shipped in the 1.0-hardening run.
	✅ Reader "exactly-one" invariant — structural guard (was comment-defended): Incremental.register_reader/1 registers under {:incremental_reader, slot} in Replicant.Registry; a forgotten retire_reader/1 halts fail-closed (:duplicate_reader) instead of double-delivering. 37ab768.
	✅ assembler.ex god-module split DONE — extracted Assembler.Streaming (proto-v2 streaming + spill, 398 LOC) and Assembler.Batch (batched-checkpoint buffering + flush, 230 LOC); Core is now 1072 LOC (was 1633), %Assembler{} struct UNCHANGED. Not mechanical — the move carries a cross-cutting Rule-1 scrub cluster (every sink-call site keeps its value-free rescue/catch), a runtime-resolved Core↔Batch call cycle (Core routes to Batch; Batch calls Core's reset/span_base/safe_shape/write_checkpoint), and 8 made-def internal seams (@doc false); it is the lowest-risk path to review-fidelity — pure functions on an unchanged struct, verified green at every commit by the 545-unit + 613-integration preservation net (no behavior change). Closeout HEAD f99ce14 (range 481d54d..f99ce14, 7 commits): forge T2; fresh-context diff-review CLEAN; cross-vendor codex+claude CLEAN (one stale-comment fix landed); crash-injection marquees loss=0 / effect-dup=0 green against live PG16.
	B8 checkpoint-read cache — Assembler.skip?/2 does a live sink.checkpoint()/0 read per Commit (sink-owned clause in lib/replicant/assembler.ex); the throughput floor in sink-owned mode. Profiling-gated.
	✅ Duplicated batch flush-trigger cond — extracted to Assembler.maybe_trip_batch/3 (lib-batch and sink-owned-batch trip identically; no drift). 55316e9.
	✅ Spill cleartext-at-rest threat model — documented in ADR-0005 (D8) + README "Operator guidance".
	Replicant.Config.t() is a map, not a struct — ✅ frozen: @typedoc states it is a plain map by contract (built only by validate/1; adding keys allowed, renaming/re-typing is 2.0). d0ebed4.
	handle_batch/1 arity — ✅ frozen: @doc states arity-1 is the 1.0 contract (no context arg; the batch high-water is List.last(transactions).commit_lsn; a context arg is a 2.0 callback change). d0ebed4.
	✅ Conformance tamper-evidence — machine-checked: a parametric byte-flip test (type byte + sampled payload) per message class proves each fixture goes red on mutation. b04b4d7.
	✅ (corrected) Effect-once / loss=0 / §4 unit proof — the readiness test-audit over-claimed "zero unit-level proof"; probing the suite shows the invariants ARE unit-covered: watermark-skip (assembler_test.exs:188-246), batch write-fault + watermark discipline (:791-800), reset_batch/reconnect-discard (assembler_server_test.exs:405-470), the §4 :sink_too_slow halt + first-frame no-false-halt (connection_test.exs:295-362), idle-ack ordering (:200). Crash-injection is integration-only by nature (the logic is unit-tested; the end-to-end marquees prove it under real reconnect). No gap to close.
	✅ Replicant.SnapshotProgress ungrouped in HexDocs + three public fns had @spec but no @doc — SnapshotProgress grouped under "Data structures"; @doc added to Replicant.Supervisor.start_link/1, Telemetry.span/3, Telemetry.event/3. d0ebed4.
	✅ Telemetry test-noise — silenced the :telemetry attach-time :info advisory by setting the test Logger level to :warning (one line; replicant emits no Logger calls, so nothing useful is hidden). a6f39f5.



  

    Contributing to Replicant

Thank you for your interest in contributing to Replicant!
Prerequisites
	Elixir 1.20.3 and Erlang/OTP 29 (the exact local/CI toolchain is in .tool-versions)
	PostgreSQL 16 with wal_level=logical (for integration tests) — e.g.
docker run -e POSTGRES_HOST_AUTH_METHOD=trust -p 5432:5432 postgres:16 \ -c wal_level=logical -c max_wal_senders=10 -c max_replication_slots=10

Getting Started
git clone https://github.com/baselabs/replicant.git
cd replicant
mix deps.get
mix test

Optionally install the pre-commit hook (runs mix format --check-formatted +
mix credo --strict, blocks the commit on red):
cp .githooks/pre-commit .git/hooks/pre-commit && chmod +x .git/hooks/pre-commit

Development Workflow
	Work directly on main (or a short-lived branch if required by your
workflow).
	Make your changes with clear, descriptive commit messages.
	Ensure all checks pass before opening a PR:

mix format                        # Format code
mix credo --strict                # Lint
mix compile --warnings-as-errors  # Zero warnings
mix test                          # Run tests
mix dialyzer                      # Type checking
mix audit                         # Dependency + Hex advisory audit
# or all quality gates at once:
mix quality

	Update CHANGELOG.md under [Unreleased].
	Open a Pull Request against main.

Code Style
	Use mix format — .formatter.exs holds the config.
	Add @moduledoc and @doc to public modules and functions.
	Read docs/INVARIANTS.md before changing decoder,
assembler, identifier, or telemetry code — its Critical Rules (no row values
in errors/logs/telemetry, validated
identifiers, transaction-granularity exactly-once, TOAST-sentinel handling,
tenant-blindness) are binding.

License
By contributing, you agree that your contributions will be licensed under the MIT License.


  

    LICENSE


MIT License

Copyright (c) 2026 rjpalermo / baselabs

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense, and/or sell copies
of the Software, and to permit persons to whom the Software is furnished to do so,
subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.



  

    NOTICE


replicant
Copyright 2026 rjpalermo / baselabs. Licensed under the MIT License (see LICENSE).

This product includes vendored source from the following projects:

  * walex (https://github.com/cpursley/walex) — MIT License.
    The pgoutput message structs (lib/replicant/decoder/messages.ex), the byte
    parser (lib/replicant/decoder/decoder.ex), the OID-to-type database
    (lib/replicant/decoder/oid_database.ex), the type caster
    (lib/replicant/casting/types.ex), and the array parser
    (lib/replicant/casting/array_parser.ex) derive from walex.
  * walex in turn draws on cainophile / pgoutput_decoder
    (https://github.com/cainophile) — Apache 2.0.
  * and on Supabase Realtime (https://github.com/supabase/realtime) — Apache 2.0.
  * The OID database originates in epgsql (https://github.com/epgsql) — BSD.

All retained under their original license terms, compatible with MIT.



  

    
Replicant.Change.Column 
    



      
Per-column metadata carried on a Change (mirrors the Relation message).
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          @type t() :: %Replicant.Change.Column{
  flags: [atom()],
  name: String.t() | nil,
  type: String.t() | nil,
  type_modifier: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Begin 
    



      
B — start of a transaction; carries the final LSN, commit timestamp, and xid.
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          @type t() :: %Replicant.Decoder.Messages.Begin{
  commit_timestamp: DateTime.t() | nil,
  final_lsn: Replicant.lsn() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Commit 
    



      
C — end of a transaction; carries the commit LSN and timestamp.
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          @type t() :: %Replicant.Decoder.Messages.Commit{
  commit_timestamp: DateTime.t() | nil,
  end_lsn: Replicant.lsn() | nil,
  flags: [atom()] | nil,
  lsn: Replicant.lsn() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Delete 
    



      
D — a row delete; carries either the key or the full old tuple, depending on REPLICA IDENTITY.
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          @type t() :: %Replicant.Decoder.Messages.Delete{
  changed_key_tuple_data: tuple() | nil,
  old_tuple_data: tuple() | nil,
  relation_id: non_neg_integer() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Insert 
    



      
I — a row insert; tuple_data holds the new values. xid is the (sub)transaction id when streamed (spec §5), else nil.
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          @type t() :: %Replicant.Decoder.Messages.Insert{
  relation_id: non_neg_integer() | nil,
  tuple_data: tuple() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Message 
    



      
M — a logical-decoding message emitted by pg_logical_emit_message. A TRANSACTIONAL message
(flags = 1) arrives bracketed by Begin/Commit (or inside a streamed txn's S/E/c) and rides
%Transaction.messages; a NON-TRANSACTIONAL message (flags = 0) arrives standalone and
delivers via Replicant.Sink.handle_message/2. xid is set only for a streamed message.
ordinal is set by the assembler for a transactional message (spec §7.1).
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          @type t() :: %Replicant.Decoder.Messages.Message{
  content: binary() | nil,
  lsn: Replicant.lsn() | nil,
  ordinal: non_neg_integer() | nil,
  prefix: String.t() | nil,
  transactional?: boolean() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Origin 
    



      
O — origin marker emitted when a transaction has a logical replication origin.
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          @type t() :: %Replicant.Decoder.Messages.Origin{
  name: String.t() | nil,
  origin_commit_lsn: Replicant.lsn() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Relation 
    



      
R — relation (table) metadata: identifier, schema, name, replica identity, columns.
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          @type replica_identity() :: :default | :nothing | :all_columns | :index
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          @type t() :: %Replicant.Decoder.Messages.Relation{
  columns: [struct()] | nil,
  id: non_neg_integer() | nil,
  name: String.t() | nil,
  namespace: String.t() | nil,
  replica_identity: replica_identity() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Relation.Column 
    



      
Per-column metadata within a Relation message.
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          @type t() :: %Replicant.Decoder.Messages.Relation.Column{
  flags: [atom()] | nil,
  name: String.t() | nil,
  type: String.t() | nil,
  type_modifier: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.StreamAbort 
    



      
A — aborts a streamed (sub)transaction (spec §5); subxid == xid is a whole-transaction abort, else a savepoint rollback.
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          @type t() :: %Replicant.Decoder.Messages.StreamAbort{
  subxid: non_neg_integer() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.StreamCommit 
    



      
c — commits a streamed transaction (spec §5); carries the commit LSN.
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          @type t() :: %Replicant.Decoder.Messages.StreamCommit{
  commit_lsn: Replicant.lsn() | nil,
  commit_timestamp: DateTime.t() | nil,
  end_lsn: Replicant.lsn() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.StreamStart 
    



      
S — begins/continues a streamed transaction's segment (spec §5); carries the top-level xid and first-segment flag.
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          @type t() :: %Replicant.Decoder.Messages.StreamStart{
  first_segment: boolean() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.StreamStop 
    



      
E — ends a streamed transaction's segment (spec §5); no fields.
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          @type t() :: %Replicant.Decoder.Messages.StreamStop{}


      



  


        

      


  

    
Replicant.Decoder.Messages.Truncate 
    



      
T — a TRUNCATE of one or more relations; options indicate CASCADE / RESTART IDENTITY.
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          @type option() :: :cascade | :restart_identity


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Decoder.Messages.Truncate{
  number_of_relations: non_neg_integer() | nil,
  options: [option()] | nil,
  truncated_relations: [non_neg_integer()] | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Type 
    



      
Y — a type registration for a non-built-in OID.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Decoder.Messages.Type{
  id: non_neg_integer() | nil,
  name: String.t() | nil,
  namespace: String.t() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.Decoder.Messages.Unsupported 
    



      
Catch-all for replication messages Replicant does not yet decode; carries the raw binary.
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          @type t() :: %Replicant.Decoder.Messages.Unsupported{data: binary() | nil}


      



  


        

      


  

    
Replicant.Decoder.Messages.Update 
    



      
U — a row update; carries new values and, if available, the key or old tuple.
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          @type t() :: %Replicant.Decoder.Messages.Update{
  changed_key_tuple_data: tuple() | nil,
  old_tuple_data: tuple() | nil,
  relation_id: non_neg_integer() | nil,
  tuple_data: tuple() | nil,
  xid: non_neg_integer() | nil
}


      



  


        

      


  

    
Replicant.SnapshotWindow 
    



      
Pure window algebra for the incremental backfill (spec §2/§4): per-table PK
tracking opened BEFORE the reader captures LW (superset drop-set), pending
chunks that become ready when the epoch-guarded frontier passes their HW, the
drop-filter at apply, the derived drop-cap (discard + re-read on breach), and
the pending-chunk capacity bound.
Value-free discipline (Critical Rule 1): this module holds PK VALUES (tracking
sets, chunk rows) as data-plane state; nothing here formats, logs, or raises
them — every public return is a tagged tuple over the caller's own data.
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        add_chunk(w, chunk)

      


        Buffer a chunk awaiting closure. :at_capacity when max_pending is reached (caller defers the reader).



    


    
      
        clear_discarded(w, qualified)

      


        Clear a table's discard flag once its reader has been told to re-read.



    


    
      
        discarded?(snapshot_window, qualified)

      


        True when qualified's pending chunks were discarded (contention) and its reader not yet told.



    


    
      
        new(opts)

      


    


    
      
        observe_applied(w, lsn)

      


        Advance the frontier from an applied/skipped txn commit LSN (same-process, always current epoch).



    


    
      
        open_window(w, qualified)

      


        Start tracking a table's flushed PKs. MUST precede the reader's LW capture (spec §2 R1).



    


    
      
        pop_ready(w)

      


        Pop the first CLOSED pending chunk (frontier >= hw), drop-filtered. Chunks pop in
delivery order; a not-yet-closed head blocks later chunks of the same table (PK
order must be preserved per table) — and since the reader is serial, pending
chunks are already globally ordered.



    


    
      
        reset(w, new_epoch)

      


        Reconnect re-seed (spec §4): discard ALL pending chunks + tracking, adopt the new epoch.



    


    
      
        set_frontier(w, e, lsn)

      


        Advance the frontier from an epoch-tagged wal_end (stale epochs ignored — 85672f1 class).



    


    
      
        table_pending?(snapshot_window, qualified)

      


        Any of qualified's chunks still buffered (pending, not yet applied)?



    


    
      
        taint_table(w, qualified)

      


        Conservatively DISCARD a table's pending chunks, RESET its tracking entry, AND
SIGNAL RE-READ (spec §2/§4/§5/§6.4). Used by the applier when a delivered
transaction's changes is a lazy, single-pass spill-backed Enumerable (or is
otherwise unavailable) and so MUST NOT be enumerated to update the drop-set: the
table's in-flight chunks are dropped and the reader re-reads from durable progress.



    


    
      
        track(w, changes)

      


        Record delivered txn changes' PKs for every OPEN table (receipt-time, convergence-safe).



    


    
      
        track_capped(w, changes)

      


        track/2 + contention enforcement: a table whose pending chunks must be DISCARDED
and re-read is returned in the discard list AND recorded in w.discarded so the
caller can signal its reader {:error, :table_discarded} (spec §4/§6.4). Two triggers



    


    
      
        tracked?(w, qualified, pk_tuple)

      


        True when the PK tuple is in the table's tracking set (test/inspection helper).



    





      


      
        Types


        


  
    
      
    
    
      chunk()



        
          
        

    

  


  

      

          @type chunk() :: %{
  qualified: String.t(),
  schema: String.t(),
  table: String.t(),
  pk_raw: [String.t()],
  pk_canon: [[term()]],
  changes: [Replicant.Change.t()],
  hw: Replicant.lsn(),
  first?: boolean(),
  complete?: boolean(),
  progress: binary(),
  bound: [term()] | nil
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.SnapshotWindow{
  discarded: %{optional(String.t()) => true},
  drop_cap: pos_integer(),
  epoch: non_neg_integer(),
  frontier: Replicant.lsn(),
  max_pending: pos_integer(),
  pending: [chunk()],
  tracking: %{optional(String.t()) => %{pks: MapSet.t(), pk_raw: [String.t()]}}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_chunk(w, chunk)



        
          
        

    

  


  

      

          @spec add_chunk(t(), chunk()) :: {t(), :ok | :at_capacity}


      


Buffer a chunk awaiting closure. :at_capacity when max_pending is reached (caller defers the reader).

  



  
    
      
    
    
      clear_discarded(w, qualified)



        
          
        

    

  


  

      

          @spec clear_discarded(t(), String.t()) :: t()


      


Clear a table's discard flag once its reader has been told to re-read.

  



  
    
      
    
    
      discarded?(snapshot_window, qualified)



        
          
        

    

  


  

      

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


      


True when qualified's pending chunks were discarded (contention) and its reader not yet told.

  



  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      observe_applied(w, lsn)



        
          
        

    

  


  

      

          @spec observe_applied(t(), Replicant.lsn()) :: t()


      


Advance the frontier from an applied/skipped txn commit LSN (same-process, always current epoch).

  



  
    
      
    
    
      open_window(w, qualified)



        
          
        

    

  


  

      

          @spec open_window(t(), String.t()) :: t()


      


Start tracking a table's flushed PKs. MUST precede the reader's LW capture (spec §2 R1).

  



  
    
      
    
    
      pop_ready(w)



        
          
        

    

  


  

      

          @spec pop_ready(t()) ::
  {:apply, [Replicant.Change.t()], chunk(), t()}
  | {:discard, chunk(), t()}
  | :none


      


Pop the first CLOSED pending chunk (frontier >= hw), drop-filtered. Chunks pop in
delivery order; a not-yet-closed head blocks later chunks of the same table (PK
order must be preserved per table) — and since the reader is serial, pending
chunks are already globally ordered.

  



  
    
      
    
    
      reset(w, new_epoch)



        
          
        

    

  


  

      

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


      


Reconnect re-seed (spec §4): discard ALL pending chunks + tracking, adopt the new epoch.

  



  
    
      
    
    
      set_frontier(w, e, lsn)



        
          
        

    

  


  

      

          @spec set_frontier(t(), non_neg_integer(), Replicant.lsn()) :: t()


      


Advance the frontier from an epoch-tagged wal_end (stale epochs ignored — 85672f1 class).

  



  
    
      
    
    
      table_pending?(snapshot_window, qualified)



        
          
        

    

  


  

      

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


      


Any of qualified's chunks still buffered (pending, not yet applied)?

  



  
    
      
    
    
      taint_table(w, qualified)



        
          
        

    

  


  

      

          @spec taint_table(t(), String.t()) :: t()


      


Conservatively DISCARD a table's pending chunks, RESET its tracking entry, AND
SIGNAL RE-READ (spec §2/§4/§5/§6.4). Used by the applier when a delivered
transaction's changes is a lazy, single-pass spill-backed Enumerable (or is
otherwise unavailable) and so MUST NOT be enumerated to update the drop-set: the
table's in-flight chunks are dropped and the reader re-reads from durable progress.
The tainted table is folded into w.discarded — the SAME reader-facing signal the
keyed drop-cap breach / keyless concurrent-write taint use (apply_contention/3) —
so the reader's next open/deliver/barrier for it returns {:error, :table_discarded} and re-reads. Without this signal the reader would never learn
its chunks were dropped: its bound would advance, a later chunk would persist a
bound PAST the discarded chunks, and the discarded chunks' untouched rows would be
LOST (the confirmed data-loss hole). Convergence-safe (discard-and-re-read — never
data loss, never a chunk whose drop-set is now unknowable). A no-op for a table that
is not being tracked (no chunks to drop, nothing to re-read).

  



  
    
      
    
    
      track(w, changes)



        
          
        

    

  


  

      

          @spec track(t(), [Replicant.Change.t()]) :: t()


      


Record delivered txn changes' PKs for every OPEN table (receipt-time, convergence-safe).

  



  
    
      
    
    
      track_capped(w, changes)



        
          
        

    

  


  

      

          @spec track_capped(t(), [Replicant.Change.t()]) :: {t(), [String.t()]}


      


track/2 + contention enforcement: a table whose pending chunks must be DISCARDED
and re-read is returned in the discard list AND recorded in w.discarded so the
caller can signal its reader {:error, :table_discarded} (spec §4/§6.4). Two triggers:
	a KEYED table whose tracking set breaches drop_cap (superset discard + re-read); and
	a PK-LESS table (its tracking entry's pk_raw == []) that received ANY tracked write —
drop_cap can never fire for a keyless table (its PK tuple collapses to []), so any
concurrent write potentially staled the whole read ⇒ redo (spec §6.4).


  



  
    
      
    
    
      tracked?(w, qualified, pk_tuple)



        
          
        

    

  


  

      

          @spec tracked?(t(), String.t(), [term()]) :: boolean()


      


True when the PK tuple is in the table's tracking set (test/inspection helper).

  


        

      


  

    
Replicant.Snapshotter.Incremental 
    



      
The incremental-backfill chunk reader (spec §4): a spawn_link'ed process (dies
with the Connection — parent-spec closeout §17 precedent) on its OWN Postgrex
connection.
Loop per chunk: AssemblerServer.open_snapshot_window/2 (tracking starts BEFORE LW —
spec §2 R1; the deferred reply is also the §4 pacing gate) → capture LW → keyset
SELECT → capture HW → deliver_snapshot_chunk/2 (deferred reply = backpressure).
Progress tokens ride each chunk (ctx.progress); on {:error, :window_reset} (an
in-process reconnect, from open's released deferred call OR a deliver) the loop
RE-READS durable progress and continues — forward progress is monotone. Completion is
a dedicated empty final chunk with complete?: true, re-delivered until the
:complete token is durable (spec §6.3).
PK-less tables (spec §6.4): whole-table unit inside one REPEATABLE READ txn,
provisional streamed batches; contention ⇒ redo with first?: true on the attempt's
FIRST batch; 3 attempts ⇒ halt :snapshot_table_contended.
Resume is re-discovered, never token-trusted (Critical Rule 2)
On BOTH the initial resume and every reconnect-reload, table metadata (qualified,
pk_quoted, pk_raw, col_quoted, col_type_names) is re-discovered from the server
(quote_ident/format('%I.%I') via QueryBuilder.pk_columns/0 + table_columns/0). The persisted
progress token is attacker-writable (a row in the progress store) and decode/1
validates only that pk_quoted/pk_raw are LISTS — NOT that their elements are safe
identifiers. So the token is used ONLY for the resume POSITION (which tables are done,
which is current, the PK bound, and the terminal flag), matched to freshly-discovered
tables by QUALIFIED NAME (a value compared, never interpolated). No token-sourced
identifier ever reaches keyset_chunk SQL, so a tampered token can never inject SQL —
the M2 injection defense is fully closed. A tampered BOUND is a DIFFERENT axis and is
NOT convergence-safe: a valid-arity but numerically-HIGHER bound skips the rows below it
(a data-SKIP, not a re-read). But setting that bound needs progress-store WRITE access —
the same trust tier as corrupting the sink directly — so it is out of scope for the
injection defense.
Value-free boundary (Critical Rule 1)
Every Postgrex/decode fault — raised OR returned — scrubs to
%Replicant.Error{reason: :snapshot_failed} (shape-only), exactly the v1
Snapshotter's discipline. PK bounds are row values: they live ONLY in the token and
the bound parameters, never in telemetry, errors, or logs.
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        args()

      


    


    
      
        table_ref()

      


    





  
    Functions
  


    
      
        start(args)

      


        Spawn + LINK the reader to the caller (the Connection). Returns the pid.
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      args()



        
          
        

    

  


  

      

          @type args() :: %{
  slot_name: String.t(),
  connection: keyword(),
  publication: [String.t()],
  sink: module(),
  mode: :sink_owned | :lib,
  snapshot: keyword(),
  resume: Replicant.SnapshotProgress.t() | nil,
  floor_lsn: Replicant.lsn()
}


      



  



  
    
      
    
    
      table_ref()



        
          
        

    

  


  

      

          @type table_ref() :: %{
  schema: String.t(),
  table: String.t(),
  qualified: String.t(),
  pk_raw: [String.t()],
  pk_quoted: [String.t()],
  col_quoted: [String.t()],
  col_type_names: %{optional(String.t()) => String.t() | non_neg_integer()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      start(args)



        
          
        

    

  


  

      

          @spec start(args()) :: pid()


      


Spawn + LINK the reader to the caller (the Connection). Returns the pid.

  


        

      


  

    
Replicant 
    



      
Framework-agnostic Elixir CDC consumer for Postgres logical replication
(pgoutput), delivering committed row changes to a pluggable sink with
zero data loss: the replication slot advances only after the sink has
durably persisted the transaction.
replicant is tenant-blind and classification-blind — the reliable CDC
consumer sibling to arcadic. Multitenancy, classification, and Ash resources
live one layer up, in the ash_replicant sink adapter (published on Hex).
LSN representation
A Postgres LSN is exposed as a single non_neg_integer — the 64-bit value
(xlog_file <<< 32) ||| xlog_offset — so that ordinary integer comparison is
correct WAL ordering, and the same value feeds the wire-level standby status
update. Use lsn_to_string/1 for display ("0/16E3778"); LSNs are WAL
positions, not row data, so they are permitted in telemetry metadata.
Starting a pipeline
Configure each pipeline explicitly at start_link/1 (no global mutable state):
Replicant.start_link(
  connection: [hostname: "standby.internal", port: 5432, username: "u",
               password: "p", database: "orders", ssl: true],  # point at a STANDBY (R-ISO)
  slot_name: "replicant_orders",
  publication: "orders_pub",
  sink: MyApp.OrdersSink,        # implements Replicant.Sink
  go_forward_only: false         # must be true to start a :state_mirror sink from empty
)
The Replicant.Connection owns the slot, reports the exact replication-session
identity to the sink before checkpoint lookup, and advances the slot only after
the sink has durably persisted a transaction (ack-after-checkpoint); the
Replicant.AssemblerServer applies the sink synchronously off the keepalive path.

      


      
        Summary


  
    Types
  


    
      
        lsn()

      


        A Postgres LSN as a single 64-bit integer (file <<< 32) ||| offset.



    





  
    Functions
  


    
      
        lsn_from_string(string)

      


        Parse a Postgres pg_lsn display string ("0/16E3778") into the uint64 LSN —
the inverse of lsn_to_string/1. The two hex halves are file/offset;
String.to_integer/2 accepts either case (Postgres renders uppercase).



    


    
      
        lsn_to_string(lsn)

      


        The hex display form of an LSN, e.g. lsn_to_string(0x16E3778) == "0/16E3778".
Postgres displays pg_lsn as uppercase file/offset hex with no padding.



    


    
      
        start_link(opts)

      


        Start a CDC pipeline. Validates opts, enforces the go-forward-only start guard,
and supervises a Replicant.Connection + Replicant.AssemblerServer under the
pipeline DynamicSupervisor.



    


    
      
        stop(slot_name)

      


        Stop a running pipeline by slot name (idempotent).



    





      


      
        Types


        


  
    
      
    
    
      lsn()



        
          
        

    

  


  

      

          @type lsn() :: non_neg_integer()


      


A Postgres LSN as a single 64-bit integer (file <<< 32) ||| offset.
Integer comparison (<=, >) is correct WAL ordering, so the exactly-once
watermark is txn.commit_lsn <= checkpoint.

  


        

      

      
        Functions


        


  
    
      
    
    
      lsn_from_string(string)



        
          
        

    

  


  

      

          @spec lsn_from_string(String.t()) :: lsn()


      


Parse a Postgres pg_lsn display string ("0/16E3778") into the uint64 LSN —
the inverse of lsn_to_string/1. The two hex halves are file/offset;
String.to_integer/2 accepts either case (Postgres renders uppercase).

  



  
    
      
    
    
      lsn_to_string(lsn)



        
          
        

    

  


  

      

          @spec lsn_to_string(lsn()) :: String.t()


      


The hex display form of an LSN, e.g. lsn_to_string(0x16E3778) == "0/16E3778".
Postgres displays pg_lsn as uppercase file/offset hex with no padding.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: {:ok, pid()} | {:error, term()}


      


Start a CDC pipeline. Validates opts, enforces the go-forward-only start guard,
and supervises a Replicant.Connection + Replicant.AssemblerServer under the
pipeline DynamicSupervisor.
Options: :connection (a Postgrex connection keyword list — point at a STANDBY
per R-ISO), :slot_name, :publication (both allowlist-validated identifiers),
:sink (a module implementing Replicant.Sink), and :go_forward_only
(default false; must be true to start a :state_mirror sink from an empty
checkpoint — see Replicant.Config).
:snapshot bootstraps the sink from a populated source: snapshot: true is the
point-in-time backfill (EXPORT_SNAPSHOT → COPY → hand off; requires
handle_snapshot/2 + handle_snapshot_complete/1). For large tables, the resumable
form snapshot: [mode: :incremental, chunk_rows: 1000, max_pending_chunks: 4] streams
from a durable slot while a linked reader backfills in PK-ordered keyset chunks through
handle_snapshot/2, resuming from the last applied chunk after a crash/halt/reconnect
(sink-owned mode requires snapshot_progress/0; lib mode carries progress in the
checkpoint store). Both are mutually exclusive with go_forward_only: true.
Returns {:ok, pipeline_pid} or {:error, reason} where reason includes
:invalid_identifier / :invalid_sink / :config_invalid / :go_forward_required,
plus the start-gate rejections :conflicting_start_mode, :snapshot_unsupported,
:batch_unsupported, and :messages_unsupported (e.g. messages: true without a
handle_message/2 callback in the sink).

  



  
    
      
    
    
      stop(slot_name)



        
          
        

    

  


  

      

          @spec stop(String.t()) :: :ok


      


Stop a running pipeline by slot name (idempotent).

  


        

      


  

    
Replicant.Config 
    



      
Validates Replicant.start_link/1 options and enforces the go-forward-only
start guard: a :state_mirror sink resuming from an empty
checkpoint without go_forward_only: true would silently deliver partial data
from the slot's creation point, so it is refused at start.
Pure — no processes, no connection. Replicant.start_link/1 (the facade) calls
validate/1 then guard/1 before spawning a pipeline.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        The validated pipeline config — a plain map (by contract, not a struct), built exclusively
by validate/1 from Replicant.start_link/1 options. The map shape is the frozen 1.0 contract:
adding keys is allowed, but renaming/re-typing existing keys is a 2.0 change. Callers consume it
opaquely (pass it to start_link/1); do not pattern-match on the full shape across releases.



    





  
    Functions
  


    
      
        guard(map)

      


        The go-forward-only start guard. Refuses ONLY the exact unsafe triple — a
:state_mirror sink (default kind) with a definitively empty checkpoint
({:ok, nil}) and go_forward_only: false. An :append_log sink, a non-nil
checkpoint, go_forward_only: true, OR a checkpoint READ fault (raise/exit/
{:error, _}) all pass — the read-fault path is deliberately fail-open (a
re-dispatched already-persisted txn is deduped by the idempotent sink; only a
definitive empty checkpoint proves partial-delivery risk).
snapshot: true ALSO bypasses the empty-checkpoint refusal (alongside
go_forward_only: true): the backfill IS the safe seed, so an empty checkpoint
is the expected first-run state, not a partial-delivery risk.



    


    
      
        validate(opts)

      


        Validate raw start_link options into a normalised config map, or return a
plain-atom error: :config_invalid (missing/mis-shaped connection or opts),
:invalid_identifier (slot/publication fails the Postgres-identifier
allowlist), :invalid_sink (sink is not a module exporting the two mandatory
callbacks), :conflicting_start_mode (go_forward_only: true AND any snapshot
intent — snapshot: true OR snapshot: [mode: :incremental] — mutually
exclusive start intents), :snapshot_unsupported (a snapshot intent whose sink
is missing the required callbacks for that mode: snapshot: true needs both v1
callbacks; sink-owned snapshot: [mode: :incremental] needs handle_snapshot/2



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  optional(:batch_delivery) => keyword() | nil,
  optional(:streaming) => keyword() | nil,
  connection: keyword(),
  slot_name: String.t(),
  publication: [String.t()],
  sink: module(),
  go_forward_only: boolean(),
  snapshot: boolean() | keyword(),
  max_inflight_lag: pos_integer(),
  max_command_retries: non_neg_integer(),
  checkpoint_store: keyword() | nil,
  failover: boolean(),
  messages: boolean()
}


      


The validated pipeline config — a plain map (by contract, not a struct), built exclusively
by validate/1 from Replicant.start_link/1 options. The map shape is the frozen 1.0 contract:
adding keys is allowed, but renaming/re-typing existing keys is a 2.0 change. Callers consume it
opaquely (pass it to start_link/1); do not pattern-match on the full shape across releases.

  


        

      

      
        Functions


        


  
    
      
    
    
      guard(map)



        
          
        

    

  


  

      

          @spec guard(t()) :: :ok | {:error, :go_forward_required}


      


The go-forward-only start guard. Refuses ONLY the exact unsafe triple — a
:state_mirror sink (default kind) with a definitively empty checkpoint
({:ok, nil}) and go_forward_only: false. An :append_log sink, a non-nil
checkpoint, go_forward_only: true, OR a checkpoint READ fault (raise/exit/
{:error, _}) all pass — the read-fault path is deliberately fail-open (a
re-dispatched already-persisted txn is deduped by the idempotent sink; only a
definitive empty checkpoint proves partial-delivery risk).
snapshot: true ALSO bypasses the empty-checkpoint refusal (alongside
go_forward_only: true): the backfill IS the safe seed, so an empty checkpoint
is the expected first-run state, not a partial-delivery risk.

  



  
    
      
    
    
      validate(opts)



        
          
        

    

  


  

      

          @spec validate(keyword()) ::
  {:ok, t()}
  | {:error,
     :config_invalid
     | :invalid_identifier
     | :invalid_sink
     | :conflicting_start_mode
     | :snapshot_unsupported
     | :batch_unsupported
     | :messages_unsupported}


      


Validate raw start_link options into a normalised config map, or return a
plain-atom error: :config_invalid (missing/mis-shaped connection or opts),
:invalid_identifier (slot/publication fails the Postgres-identifier
allowlist), :invalid_sink (sink is not a module exporting the two mandatory
callbacks), :conflicting_start_mode (go_forward_only: true AND any snapshot
intent — snapshot: true OR snapshot: [mode: :incremental] — mutually
exclusive start intents), :snapshot_unsupported (a snapshot intent whose sink
is missing the required callbacks for that mode: snapshot: true needs both v1
callbacks; sink-owned snapshot: [mode: :incremental] needs handle_snapshot/2
	snapshot_progress/0), :batch_unsupported (batch_delivery is set but the
sink does not implement handle_batch/1), :messages_unsupported (messages: true
is set but the sink does not implement handle_message/2). A snapshot value
that is neither a boolean nor a [mode: :incremental, ...] keyword (or has
non-positive knobs) is :config_invalid.


  


        

      


  

    
Replicant.Sink behaviour
    



      
The pluggable sink contract. A sink durably persists a transaction
AND its checkpoint atomically, returns the commit LSN, and is idempotent on the
transaction-granularity watermark (skip any txn.commit_lsn <= checkpoint;
upsert rows by table PK).
Callbacks
	callback	required	purpose
	handle_session_identity/2	no	synchronously accept the actual replication-session identity before checkpoint lookup
	checkpoint/0	in sink-owned mode	last durably-persisted commit LSN (nil = never). In lib mode (:checkpoint_store configured) the library owns the checkpoint and this callback is not required.
	handle_transaction/1	yes	persist the txn + checkpoint atomically, return {:ok, lsn}
	handle_batch/1	in batch-delivery mode	deliver N txns + checkpoint atomically
	handle_schema_change/2	no	accept/decline a SchemaChange; default halts destructive
	sink_kind/0	no	:state_mirror (default) or :append_log
	handle_snapshot/2	no	persist a snapshot batch; redo-safe reset on first_for_table?
	handle_snapshot_complete/1	no	snapshot handoff commit; persist checkpoint := snapshot_lsn
	snapshot_progress/0	in incremental-snapshot mode	most recent persisted context.progress resume token (nil = no backfill in progress / never started)

Every callback is an @optional_callback, so any sink compiles clean under
--warnings-as-errors regardless of which it implements — the behaviour imposes no
compile-time obligation. Which callbacks are actually REQUIRED is enforced at start by
Config, per mode: handle_transaction/1 (default sink-owned) or handle_batch/1
(batch-delivery mode), plus checkpoint/0 in sink-owned mode. The
Assembler dispatches the optional ones via function_exported?/3, providing the
documented default. The snapshot callbacks gate in two pairs: supports_snapshot?/1
gates snapshot: true on handle_snapshot/2 + handle_snapshot_complete/1 BOTH being
present; supports_incremental_snapshot?/1 gates snapshot: [mode: :incremental] on
handle_snapshot/2 + snapshot_progress/0 (handle_snapshot_complete/1 is NOT
required for incremental).
Lib mode (non-transactional sinks)
When the pipeline is configured with :checkpoint_store, the library owns the
checkpoint: it reads it on connect and writes it (to a Postgres table) AFTER
handle_transaction/1 returns {:ok, _}, then advances the ack. A lib-mode sink
therefore implements ONLY handle_transaction/1 (persisting DATA; it still returns
{:ok, lsn} — the value is ignored: the library owns the checkpoint in lib mode) and need not
implement checkpoint/0. Config enforces checkpoint/0 presence at start for
sink-owned mode. The guarantee is at-least-once, dup bounded to one transaction,
never loss — NOT effect-once (a non-transactional sink cannot dedup).
Batched checkpointing (lib mode)
When :checkpoint_store carries a :batch option, the library writes the checkpoint and
advances the slot ack once per BATCH of up to max_transactions transactions (or every
max_delay_ms, or when the batch's WAL span reaches an auto-derived lag-safety cap) — but
handle_transaction/1 is still called PER TRANSACTION and the contract is unchanged. This
amortizes the per-transaction checkpoint-store round-trip. The trade-off is honest: a crash
or graceful stop mid-batch re-delivers up to one batch (dup ≤ max_transactions), never loss.
Absent :batch, checkpointing stays per-transaction (dup ≤ one transaction).
Batched delivery (sink-owned mode)
When the top-level batch_delivery config is set, delivery routes through handle_batch/1
instead of handle_transaction/1: the library accumulates committed transactions and hands
the sink a batch to persist (rows + checkpoint) in one atomic write. Because the write is
atomic, effect-once is PRESERVED (dup = 0), stronger than lib-mode batched checkpointing's
dup ≤ max_transactions. batch_delivery is sink-owned only (mutually exclusive with
:checkpoint_store) and requires the sink to implement handle_batch/1
(supports_batch?/1); a sink missing it is rejected at start (:batch_unsupported).

      


      
        Summary


  
    Callbacks
  


    
      
        checkpoint()

      


        Last durably-persisted commit LSN, for resume AND as the dedup watermark.



    


    
      
        handle_batch(list)

      


        Optional. Deliver a BATCH of committed transactions as ONE atomic unit. Enabled by
the top-level batch_delivery config (sink-owned mode only). transactions arrives in
ascending commit_lsn order; persist ALL of their rows AND checkpoint := the last (highest) commit_lsn in ONE atomic database transaction (or, at minimum, checkpoint-after-all-persist),
returning that LSN. Idempotency is unchanged: skip any commit_lsn <= checkpoint; upsert rows
by PK.



    


    
      
        handle_message(t, context)

      


        Optional. Deliver a NON-TRANSACTIONAL logical-decoding message (pg_logical_emit_message with
transactional => false). Such a message arrives STANDALONE (no Begin/Commit bracket) and has
no PK or commit_lsn dedup key, so the guarantee is at-least-once, duplicates possible on a
reconnect between the {:ok} return and the checkpoint advancing — mirroring the lib-mode
handle_transaction/1 downgrade. A transactional message (transactional => true) does NOT
route here: it rides %Transaction.messages and inherits the txn path's effect-once.



    


    
      
        handle_schema_change(t, map)

      


        Optional. When a sink does not implement this, the Assembler (Task 13) applies
the default: an :additive change auto-applies; a :destructive change halts
the pipeline fail-closed. Implement it to accept (:ok) or decline ({:error, _})
a Replicant.SchemaChange.



    


    
      
        handle_session_identity(t, context)

      


        Optional. Synchronously accept the PostgreSQL system/database identity read by
IDENTIFY_SYSTEM on the exact replication connection that will stream WAL.



    


    
      
        handle_snapshot(list, context)

      


        Optional. Persist a batch of snapshot (backfill) rows for context.table — each a
%Replicant.Change{op: :snapshot} — upserting by table PK.



    


    
      
        handle_snapshot_complete(snapshot_lsn)

      


        Optional. The snapshot handoff commit, called once after all batches. Durably persist
checkpoint := snapshot_lsn and return it. Until this succeeds the checkpoint stays
nil, so a crash before it re-runs the whole snapshot. A non-{:ok, _}
return (or a raise/throw/exit) halts the pipeline fail-closed.



    


    
      
        handle_transaction(t)

      


        Persist the whole transaction AND its checkpoint atomically; return the commit
LSN. Idempotency: skip if txn.commit_lsn <= checkpoint(); upsert rows by PK.



    


    
      
        sink_kind()

      


        Optional (default :state_mirror). :append_log sinks receive appends.



    


    
      
        snapshot_progress()

      


        Optional (REQUIRED for sink-owned incremental snapshot — Config gates on it).
Return the most recent context.progress token persisted atomically with a chunk
(nil = no backfill in progress / never started). Read ONCE at pipeline start
for resume. A read fault halts fail-closed — the resume decision is not
dedup-recoverable (spec §6.1/§8).



    





  
    Functions
  


    
      
        sink_kind(module)

      


        The sink's kind, defaulting to :state_mirror when sink_kind/0 is not
implemented. (Plan 2's start guard refuses a :state_mirror sink from an empty
checkpoint without go_forward_only: true.)



    


    
      
        supports_batch?(module)

      


        True when module implements handle_batch/1 — the config gate for batch_delivery
A batch_delivery config whose sink is missing this callback is rejected at
start (:batch_unsupported) rather than silently falling back to per-transaction delivery.



    


    
      
        supports_incremental_snapshot?(module)

      


        True when module implements handle_snapshot/2 AND snapshot_progress/0 — the
config gate for sink-owned snapshot: [mode: :incremental] (spec §6.1).
handle_snapshot_complete/1 is deliberately NOT required: incremental never calls
it. A partial sink is rejected at start (:snapshot_unsupported), fail-closed.



    


    
      
        supports_messages?(module)

      


        True when module implements handle_message/2 — the config gate for messages: true
(spec §6.3 / A2). A messages: true config whose sink is missing this callback is rejected
at start (:messages_unsupported) rather than silently dropping non-transactional messages.



    


    
      
        supports_snapshot?(module)

      


        True when module implements BOTH snapshot callbacks — the config gate for
snapshot: true. A partial implementation is rejected at start
(:snapshot_unsupported) rather than half-running a backfill.



    





      


      
        Callbacks


        


  
    
      
    
    
      checkpoint()


        (optional)


        
          
        

    

  


  

      

          @callback checkpoint() :: {:ok, Replicant.lsn() | nil} | {:error, term()}


      


Last durably-persisted commit LSN, for resume AND as the dedup watermark.

  



  
    
      
    
    
      handle_batch(list)


        (optional)


        
          
        

    

  


  

      

          @callback handle_batch([Replicant.Transaction.t()]) ::
  {:ok, Replicant.lsn()} | {:error, term()}


      


Optional. Deliver a BATCH of committed transactions as ONE atomic unit. Enabled by
the top-level batch_delivery config (sink-owned mode only). transactions arrives in
ascending commit_lsn order; persist ALL of their rows AND checkpoint := the last (highest) commit_lsn in ONE atomic database transaction (or, at minimum, checkpoint-after-all-persist),
returning that LSN. Idempotency is unchanged: skip any commit_lsn <= checkpoint; upsert rows
by PK.
HARD OBLIGATION: the data + checkpoint write is atomic. The effect-once guarantee (dup = 0
across a mid-batch teardown) rests on it, exactly as handle_snapshot/2's redo-safety rests on
first_for_table?. A non-{:ok, _} return (or a raise/throw/exit) halts the pipeline
fail-closed; the batch is discarded un-acked and re-delivered on resume (deduped to zero net
effect by the idempotent sink).
The arity is frozen at 1 for 1.0: unlike handle_snapshot/2 / handle_message/2, NO context
arg is provided — the batch's high-water LSN is List.last(transactions).commit_lsn, and each
transaction carries its own commit_lsn. Adding a context arg later is a 2.0 callback change.

  



  
    
      
    
    
      handle_message(t, context)


        (optional)


        
          
        

    

  


  

      

          @callback handle_message(Replicant.Decoder.Messages.Message.t(), context) ::
  :ok | {:ok, term()} | {:error, term()}
when context: %{lsn: Replicant.lsn()}


      


Optional. Deliver a NON-TRANSACTIONAL logical-decoding message (pg_logical_emit_message with
transactional => false). Such a message arrives STANDALONE (no Begin/Commit bracket) and has
no PK or commit_lsn dedup key, so the guarantee is at-least-once, duplicates possible on a
reconnect between the {:ok} return and the checkpoint advancing — mirroring the lib-mode
handle_transaction/1 downgrade. A transactional message (transactional => true) does NOT
route here: it rides %Transaction.messages and inherits the txn path's effect-once.
On :ok / {:ok, _} the library advances the checkpoint to the message's LSN; a non-:ok
return (or a raise/throw/exit) halts the pipeline fail-closed. context carries %{lsn: lsn}.
Enabled by the top-level messages: true config; a sink missing this callback is rejected at
start (:messages_unsupported).

  



  
    
      
    
    
      handle_schema_change(t, map)


        (optional)


        
          
        

    

  


  

      

          @callback handle_schema_change(Replicant.SchemaChange.t(), map()) ::
  :ok | {:error, term()}


      


Optional. When a sink does not implement this, the Assembler (Task 13) applies
the default: an :additive change auto-applies; a :destructive change halts
the pipeline fail-closed. Implement it to accept (:ok) or decline ({:error, _})
a Replicant.SchemaChange.

  



  
    
      
    
    
      handle_session_identity(t, context)


        (optional)


        
          
        

    

  


  

      

          @callback handle_session_identity(Replicant.SessionIdentity.t(), context) ::
  :ok | {:error, term()}
when context: %{slot_name: String.t(), publication: [String.t()]}


      


Optional. Synchronously accept the PostgreSQL system/database identity read by
IDENTIFY_SYSTEM on the exact replication connection that will stream WAL.
This callback runs on every connect and reconnect before checkpoint/0, any
checkpoint-store read, snapshot delivery, or START_REPLICATION. Return :ok
to accept. Any other return, raise, throw, or exit halts the pipeline
fail-closed with a fixed structural reason. context carries the configured
slot name and normalized publication list; it contains no row values.
A sink that binds checkpoints to their true source should implement this
callback. A separate PostgreSQL connection is not an equivalent identity
source because routing or failover can make it observe a different server.

  



  
    
      
    
    
      handle_snapshot(list, context)


        (optional)


        
          
        

    

  


  

      

          @callback handle_snapshot([Replicant.Change.t()], context) :: :ok | {:error, term()}
when context: %{
       :snapshot_lsn => Replicant.lsn(),
       :table => String.t(),
       :first_for_table? => boolean(),
       optional(:progress) => binary() | nil,
       optional(:backfill_complete?) => boolean()
     }


      


Optional. Persist a batch of snapshot (backfill) rows for context.table — each a
%Replicant.Change{op: :snapshot} — upserting by table PK.
This callback serves BOTH snapshot modes with mode-conditional obligations
(spec §6.1 — normative):
	Obligation	v1 (snapshot: true)	incremental (snapshot: [mode: :incremental])
	Non-:ok return / raise	aborts + re-runs the WHOLE snapshot	halts fail-closed; resume re-delivers from the last durable chunk
	first_for_table?	true on the first batch per table, EVERY attempt — clear the table's prior SNAPSHOT-ORIGIN mirror rows, and MUST NOT clear rows the live stream (handle_transaction/1) applied	true on a table's first chunk of a FRESH run AND on every PK-less-table redo attempt — same snapshot-origin-only clearing obligation
	Checkpoint	never advance here	never advance here
	context.progress	absent	sink-owned mode MUST persist the token atomically with the chunk (effect-once); ignoring it degrades resume to restart-from-zero (safe, dup-only)
	context.backfill_complete?	absent	true ONLY on the dedicated final call (changes: []), delivered at-least-once until durable
	Completion	handle_snapshot_complete/1 follows	handle_snapshot_complete/1 is NEVER called (it would REGRESS the stream-advanced checkpoint)

In BOTH modes, the library guarantees at least one call per publication table (even a
zero-row table), so first_for_table? always fires and the redo-safety reset always
happens. A :state_mirror sink MUST distinguish snapshot-origin rows from stream-origin
rows for that reset: first_for_table? clears only the SNAPSHOT-loaded rows and must
PRESERVE rows the live stream (handle_transaction/1) applied — under frontier ordering
a stream update can land BEFORE the first chunk closes, and a blanket clear would lose it.
context.snapshot_lsn is the snapshot's consistent point.

  



  
    
      
    
    
      handle_snapshot_complete(snapshot_lsn)


        (optional)


        
          
        

    

  


  

      

          @callback handle_snapshot_complete(snapshot_lsn :: Replicant.lsn()) ::
  {:ok, Replicant.lsn()} | {:error, term()}


      


Optional. The snapshot handoff commit, called once after all batches. Durably persist
checkpoint := snapshot_lsn and return it. Until this succeeds the checkpoint stays
nil, so a crash before it re-runs the whole snapshot. A non-{:ok, _}
return (or a raise/throw/exit) halts the pipeline fail-closed.

  



  
    
      
    
    
      handle_transaction(t)


        (optional)


        
          
        

    

  


  

      

          @callback handle_transaction(Replicant.Transaction.t()) ::
  {:ok, Replicant.lsn()} | {:error, term()}


      


Persist the whole transaction AND its checkpoint atomically; return the commit
LSN. Idempotency: skip if txn.commit_lsn <= checkpoint(); upsert rows by PK.

  



  
    
      
    
    
      sink_kind()


        (optional)


        
          
        

    

  


  

      

          @callback sink_kind() :: :state_mirror | :append_log


      


Optional (default :state_mirror). :append_log sinks receive appends.

  



  
    
      
    
    
      snapshot_progress()


        (optional)


        
          
        

    

  


  

      

          @callback snapshot_progress() :: {:ok, binary() | nil} | {:error, term()}


      


Optional (REQUIRED for sink-owned incremental snapshot — Config gates on it).
Return the most recent context.progress token persisted atomically with a chunk
(nil = no backfill in progress / never started). Read ONCE at pipeline start
for resume. A read fault halts fail-closed — the resume decision is not
dedup-recoverable (spec §6.1/§8).

  


        

      

      
        Functions


        


  
    
      
    
    
      sink_kind(module)



        
          
        

    

  


  

      

          @spec sink_kind(module()) :: :state_mirror | :append_log


      


The sink's kind, defaulting to :state_mirror when sink_kind/0 is not
implemented. (Plan 2's start guard refuses a :state_mirror sink from an empty
checkpoint without go_forward_only: true.)

  



  
    
      
    
    
      supports_batch?(module)



        
          
        

    

  


  

      

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


      


True when module implements handle_batch/1 — the config gate for batch_delivery
A batch_delivery config whose sink is missing this callback is rejected at
start (:batch_unsupported) rather than silently falling back to per-transaction delivery.

  



  
    
      
    
    
      supports_incremental_snapshot?(module)



        
          
        

    

  


  

      

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


      


True when module implements handle_snapshot/2 AND snapshot_progress/0 — the
config gate for sink-owned snapshot: [mode: :incremental] (spec §6.1).
handle_snapshot_complete/1 is deliberately NOT required: incremental never calls
it. A partial sink is rejected at start (:snapshot_unsupported), fail-closed.

  



  
    
      
    
    
      supports_messages?(module)



        
          
        

    

  


  

      

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


      


True when module implements handle_message/2 — the config gate for messages: true
(spec §6.3 / A2). A messages: true config whose sink is missing this callback is rejected
at start (:messages_unsupported) rather than silently dropping non-transactional messages.

  



  
    
      
    
    
      supports_snapshot?(module)



        
          
        

    

  


  

      

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


      


True when module implements BOTH snapshot callbacks — the config gate for
snapshot: true. A partial implementation is rejected at start
(:snapshot_unsupported) rather than half-running a backfill.

  


        

      


  

    
Replicant.Change 
    



      
One row change within a Replicant.Transaction.
Unchanged TOAST
An UPDATE that does not touch a TOASTed column sends a sentinel, not the value.
The sentinel is surfaced as a first-class unchanged: [col] list — it never
appears in record. A sink upserting the row must leave those columns
untouched. For sinks needing the full row on every UPDATE, document
REPLICA IDENTITY FULL upstream.
Replica identity
Under the default identity, a DELETE and an UPDATE's old_record carry only
key columns. old_record is key-only unless the table is REPLICA IDENTITY FULL.
String keys
Column names in record / old_record are binaries, never atoms — a wide
or attacker-influenced schema must not exhaust the atom table.

      


      
        Summary


  
    Types
  


    
      
        op()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      op()



        
          
        

    

  


  

      

          @type op() :: :insert | :update | :delete | :truncate | :snapshot


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Change{
  columns: [Replicant.Change.Column.t()],
  commit_lsn: Replicant.lsn() | nil,
  old_record: %{required(String.t()) => term()} | nil,
  op: op() | nil,
  ordinal: non_neg_integer(),
  record: %{required(String.t()) => term()} | nil,
  schema: String.t() | nil,
  table: String.t() | nil,
  unchanged: [String.t()]
}


      



  


        

      


  

    
Replicant.Error exception
    



      
A typed, value-free error.
reason is a stable atom; table, lsn, and shape carry structure only.
No row value, parameter, or decoded byte ever reaches this struct — the decode
boundary (Replicant.Decoder.decode/1) and the identifier validator
(Replicant.Identifier) are the enforcement points. message/1 and the
derived Inspect render only structural fields (Critical Rule 1).

      


      
        Summary


  
    Types
  


    
      
        reason()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        decode_failure(exception)

      


        Build a value-free :decode_failure from any exception the vendored parser
raised. The original message (which may embed raw bytes) is discarded; only
the exception's module name is kept on :shape for triage.



    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :decode_failure
  | :unsupported_message
  | :invalid_identifier
  | :sink_failed
  | :schema_change_destructive
  | :slot_invalidated
  | :config_invalid
  | :too_many_streams
  | :spill_io_failed
  | :spill_exhausted
  | :snapshot_failed
  | :snapshot_table_contended
  | :snapshot_progress_invalid
  | :checkpoint_store_failed
  | :checkpoint_store_schema_mismatch


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Error{
  __exception__: term(),
  lsn: Replicant.lsn() | nil,
  message: String.t() | nil,
  reason: reason(),
  shape: String.t() | nil,
  table: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode_failure(exception)



        
          
        

    

  


  

      

          @spec decode_failure(Exception.t()) :: t()


      


Build a value-free :decode_failure from any exception the vendored parser
raised. The original message (which may embed raw bytes) is discarded; only
the exception's module name is kept on :shape for triage.

  


        

      


  

    
Replicant.SchemaChange 
    



      
Classification of a Relation diff (spec §9): additive (new column —
auto-apply) or destructive (dropped column, type change, replica-identity
change — delegate to the sink or halt fail-closed). A Truncate is delivered
as a change, not a schema change.
The Assembler diffs each incoming Relation against the cached one and calls
classify/2. nil means "no schema-relevant change" (e.g. only column order
shifted without drops/type/identity changes — treated as additive-safe).
Replica-identity changes (spec §7/§9)
A change of replica identity is destructive because it alters the meaning of
old_record for every subsequent change. classify/2 catches it two ways:
the replica_identity enum value changing (:default -> :all_columns), AND
the set of :key-flagged columns changing while the enum is unchanged (a
REPLICA IDENTITY USING INDEX swap to a different unique index, or a
primary-key change that keeps the same column names). Both classify
:replica_identity_changed :destructive.

      


      
        Summary


  
    Types
  


    
      
        change()

      


    


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        classify(old, new)

      


        Diff old and new Relation messages. Returns %SchemaChange{} or nil
when nothing schema-relevant changed. A replica-identity change dominates
(checked first) because it alters the meaning of old_record for every
subsequent change.



    





      


      
        Types


        


  
    
      
    
    
      change()



        
          
        

    

  


  

      

          @type change() ::
  :column_added | :column_dropped | :type_changed | :replica_identity_changed


      



  



  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :additive | :destructive


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.SchemaChange{
  change: change(),
  detail: String.t() | nil,
  kind: kind(),
  schema: String.t() | nil,
  table: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      classify(old, new)



        
          
        

    

  


  

      

          @spec classify(
  Replicant.Decoder.Messages.Relation.t() | nil,
  Replicant.Decoder.Messages.Relation.t()
) ::
  t() | nil


      


Diff old and new Relation messages. Returns %SchemaChange{} or nil
when nothing schema-relevant changed. A replica-identity change dominates
(checked first) because it alters the meaning of old_record for every
subsequent change.

  


        

      


  

    
Replicant.SessionIdentity 
    



      
Identity reported by PostgreSQL's IDENTIFY_SYSTEM command on the exact
replication connection that will issue START_REPLICATION.
This is the authoritative source boundary for a sink that binds durable
checkpoint state to a PostgreSQL system and database. It is discovered again
on every reconnect. Do not substitute values read from a separate connection.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.SessionIdentity{
  current_lsn: Replicant.lsn(),
  database: String.t(),
  system_identifier: String.t(),
  timeline_id: non_neg_integer()
}


      



  


        

      


  

    
Replicant.SnapshotProgress 
    



      
The incremental-backfill progress token (spec §6.2): a pure struct tracking the
table queue, the in-progress table and its last delivered PK bound, and completion.
The wire form is version-tagged ({:replicant_snapshot_progress, @version, map})
self-identifying encoding — and decoded with binary_to_term(bin, [:safe]). It
contains PK-bound ROW VALUES: it is data-plane (persisted by the sink or the
checkpoint store) and must NEVER reach an error, log, or telemetry event
(Critical Rule 1). A decode/shape fault is scrubbed to the bare
:snapshot_progress_invalid — the raised exception is discarded, never inspected.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        table_ref()

      


    





  
    Functions
  


    
      
        advance(sp, bound)

      


        Record the last delivered chunk's upper PK bound for the in-progress table.



    


    
      
        complete?(snapshot_progress)

      


        Whether the whole backfill is complete (terminal).



    


    
      
        decode(bin)

      


        Decode a persisted token. EVERY failure — truncation, tamper, a foreign term, an
unknown version, an atom-forging binary — returns the bare value-free
{:error, :snapshot_progress_invalid} (spec §6.2/§9; Error.decode_failure/1
precedent: the exception is discarded).



    


    
      
        encode(sp)

      


        Version-tagged wire encoding.



    


    
      
        finish_table(sp)

      


        The in-progress table is fully delivered; move on.



    


    
      
        mark_complete(sp)

      


        Mark the whole backfill complete (terminal; written only after the completion call, spec §6.3).



    


    
      
        new(tables, floor_lsn)

      


        A fresh token over the discovered publication tables (spec §6.2).



    


    
      
        next(sp)

      


        The next unit of work: the in-progress table at its bound, the next queued table, or :complete.



    


    
      
        redo_table(sp)

      


        Reset the in-progress table's bound to re-read it from the start (PK-less redo, spec §6.4).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.SnapshotProgress{
  bound: [term()] | nil,
  complete?: boolean(),
  current: table_ref() | nil,
  done: [String.t()],
  floor_lsn: Replicant.lsn(),
  pending: [table_ref()]
}


      



  



  
    
      
    
    
      table_ref()



        
          
        

    

  


  

      

          @type table_ref() :: %{
  schema: String.t(),
  table: String.t(),
  qualified: String.t(),
  pk_raw: [String.t()],
  pk_quoted: [String.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      advance(sp, bound)



        
          
        

    

  


  

      

          @spec advance(t(), [term()]) :: t()


      


Record the last delivered chunk's upper PK bound for the in-progress table.
REQUIRES an in-progress table (the caller establishes one via next/1 first).
Calling this with no current table is a caller bug, not a supported path — it
raises FunctionClauseError rather than silently masking the ordering error.

  



  
    
      
    
    
      complete?(snapshot_progress)



        
          
        

    

  


  

      

          @spec complete?(t()) :: boolean()


      


Whether the whole backfill is complete (terminal).

  



  
    
      
    
    
      decode(bin)



        
          
        

    

  


  

      

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


      


Decode a persisted token. EVERY failure — truncation, tamper, a foreign term, an
unknown version, an atom-forging binary — returns the bare value-free
{:error, :snapshot_progress_invalid} (spec §6.2/§9; Error.decode_failure/1
precedent: the exception is discarded).

  



  
    
      
    
    
      encode(sp)



        
          
        

    

  


  

      

          @spec encode(t()) :: binary()


      


Version-tagged wire encoding.

  



  
    
      
    
    
      finish_table(sp)



        
          
        

    

  


  

      

          @spec finish_table(t()) :: t()


      


The in-progress table is fully delivered; move on.
REQUIRES an in-progress table (the caller establishes one via next/1 first).
Calling this with no current table is a caller bug, not a supported path — it
raises FunctionClauseError rather than silently masking the ordering error.

  



  
    
      
    
    
      mark_complete(sp)



        
          
        

    

  


  

      

          @spec mark_complete(t()) :: t()


      


Mark the whole backfill complete (terminal; written only after the completion call, spec §6.3).

  



  
    
      
    
    
      new(tables, floor_lsn)



        
          
        

    

  


  

      

          @spec new([table_ref()], Replicant.lsn()) :: t()


      


A fresh token over the discovered publication tables (spec §6.2).

  



  
    
      
    
    
      next(sp)



        
          
        

    

  


  

      

          @spec next(t()) :: {:table, table_ref(), [term()] | nil, t()} | :complete


      


The next unit of work: the in-progress table at its bound, the next queued table, or :complete.

  



  
    
      
    
    
      redo_table(sp)



        
          
        

    

  


  

      

          @spec redo_table(t()) :: t()


      


Reset the in-progress table's bound to re-read it from the start (PK-less redo, spec §6.4).

  


        

      


  

    
Replicant.Transaction 
    



      
A decoded, committed transaction: an ordered list of Replicant.Change rows
plus the transaction-granularity commit LSN (every row in a
pgoutput proto-v1 transaction shares one commit LSN — a per-row LSN would
collapse an N-row transaction into one row).
A completed transaction's changes is ordinarily a List; for a SPILLED
streamed transaction it is a lazy, single-pass, disk-backed
Enumerable (Replicant.Spill.Reader) valid only during the delivery call.
Iterate with Enum/Stream; never call length/1, Enum.to_list/1, or
re-iterate (any of which forces the whole transaction back into RAM), and do
not retain it past the handle_transaction/1 / handle_batch/1 call.
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        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Transaction{
  changes: [Replicant.Change.t()] | Replicant.Spill.Reader.t(),
  commit_lsn: Replicant.lsn() | nil,
  commit_timestamp: DateTime.t() | nil,
  messages: [Replicant.Decoder.Messages.Message.t()]
}


      



  


        

      


  

    
Replicant.Telemetry 
    



      
Value-free :telemetry.span/3 wrapper. Owns the metadata allowlist — the single
enforcement point for "no row values in telemetry" (Critical Rule 1). LSNs,
table names, counts, durations, and error classes are permitted; an
off-allowlist key raises rather than shipping a value downstream. Mirrors
arcadic's allowlist pattern.

      


      
        Summary


  
    Functions
  


    
      
        allowed_meta_keys()

      


        The permitted span metadata keys.



    


    
      
        event(name, measurements, meta)

      


        Emit a value-free telemetry event. meta is validated against the allowlist (validate!/1
raises on an off-allowlist key), so no row/column value can reach a telemetry consumer.



    


    
      
        span(op, start_meta, fun)

      


        Wrap fun in a [:replicant, op] span, validating BOTH the start metadata and the returned
stop metadata against the value-free allowlist (validate!/1 raises on an off-allowlist key).
fun must return {result, stop_meta}.



    





      


      
        Functions


        


  
    
      
    
    
      allowed_meta_keys()



        
          
        

    

  


  

      

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


      


The permitted span metadata keys.

  



  
    
      
    
    
      event(name, measurements, meta)



        
          
        

    

  


  

      

          @spec event([atom(), ...], map(), map()) :: :ok


      


Emit a value-free telemetry event. meta is validated against the allowlist (validate!/1
raises on an off-allowlist key), so no row/column value can reach a telemetry consumer.

  



  
    
      
    
    
      span(op, start_meta, fun)



        
          
        

    

  


  

      

          @spec span(atom(), map(), (-> {term(), map()})) :: term()


      


Wrap fun in a [:replicant, op] span, validating BOTH the start metadata and the returned
stop metadata against the value-free allowlist (validate!/1 raises on an off-allowlist key).
fun must return {result, stop_meta}.

  


        

      


  

    
Replicant.Assembler 
    



      
Assembles a stream of decoded pgoutput messages into a Replicant.Transaction
and applies the sink synchronously per transaction (spec §4/§6).
The state machine:
	Begin      — open a transaction buffer.
	Relation   — cache the relation; diff against the cached one and emit/halt           on a schema change (spec §9). `:additive` auto-applies;
           `:destructive` halts fail-closed (or delegates to the sink's
           optional `handle_schema_change/2`).

	Type       — cache the type name.
	Insert/Update/Delete/Truncate — accumulate a Change, casting values via           `Replicant.Casting.Types.cast_record/2` and extracting
           unchanged-TOAST sentinels into `change.unchanged` (spec §7).
           A row/truncate for a relation that was never cached halts
           fail-closed (we cannot identify the table — never emit a
           table-less change that would be checkpointed as success).

	Commit     — attach the transaction-granularity commit LSN; pre-skip if           `commit_lsn <= checkpoint()` (spec §2); else call
           `sink.handle_transaction/1` synchronously and return the LSN.


The Connection (Plan 2) drives this; the Assembler never blocks the keepalive
path itself — that is Plan 2's process-structure concern.
Telemetry (spec §10, Assembler-owned events)
Emits the value-free events whose lifetime lives in the Assembler:
[:replicant, :transaction, :assembled], [:replicant, :sink, :committed|:failed],
[:replicant, :schema_change, :additive|:halted] — metadata scrubbed through the
Replicant.Telemetry allowlist. The :connection/:checkpoint events are the
Connection's (Plan 2).
Value-free boundary
handle_message/2 wraps its body in rescue AND catch: a raise from the
casting path (a malformed numeric/bytea in Types.cast_record/2) is scrubbed
into {:halt, %Error{reason: :decode_failure}}; a sink raise/throw/exit is
scrubbed by apply_sink/2 into {:halt, %Error{reason: :sink_failed}} — never
inspecting a throw/exit reason, which (e.g. a GenServer.call timeout carrying
the transaction) can embed row values (Critical Rule 1). A spill-Reader fault
raised while the sink forces a lazy changes enumeration is distinguished as
:spill_io_failed (per-txn via deliver_now/3, batch via Batch.flush_sink_batch/2),
still value-free. A row/commit message arriving before any Begin halts as
:config_invalid rather than crashing.

      


      
        Summary


  
    Types
  


    
      
        buffer()

      


    


    
      
        lsn()

      


    


    
      
        stream_buf()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        batch_pending?(assembler)

      


        True when a batch is open (buffered, not yet flushed) — the flush-timer relevance guard (spec §9).



    


    
      
        flush_batch(asm, reason)

      


        Flush the open batch (spec §7): write ONE store checkpoint at the batch's highest committed
LSN via the injected checkpoint_writer (which carries the bounded retry), advance the
in-memory watermark to it (keeping lib_checkpoint == the durable store checkpoint, spec §9),
and reset the accumulators. Emits [:replicant, :checkpoint_store, :batch_flushed] on success
(value-free: slot_name + counts + the trigger reason). A write fault returns
{:error, %Error{}, t()} so the AssemblerServer halts fail-closed WITHOUT advancing — the whole
batch re-delivers on restart (dup ≤ batch, never loss). :empty when no batch is open (a stale
flush-timer fire — the pending_lsn is nil).



    


    
      
        handle_message(asm, message)

      


        Handle one decoded message. Returns



    


    
      
        last_buffered_changes(assembler)

      


        The LAST lib+batch buffer_txn's changes (a %Change{} list) so the AssemblerServer can DROP-
FILTER colliding snapshot-chunk rows, or :spilled when that txn's changes was a lazy spill-
backed Enumerable and unenumerable (server taints every open table → re-read instead, spec §2/§4).



    


    
      
        new(sink, opts \\ [])

      


        Create an assembler bound to sink (a module implementing Replicant.Sink).
opts selects the checkpoint mode



    


    
      
        observe_bytes(asm, bytes)

      


        Accumulate the raw WAL payload byte-size of the message about to be handled into
the open transaction buffer, for the byte_size metadata on
[:replicant, :transaction, :assembled] (spec §10). Replicant.AssemblerServer
calls this with byte_size(payload) before each handle_message/2. It is a
no-op before any Begin (bytes arriving outside a transaction — a lone
Relation/Type/Origin — have no buffer to attribute to), so a stray pre-Begin
payload never crashes here.



    


    
      
        put_stream_floor(asm, floor)

      


        Record the per-stream floor (the Connection's first-frame wal_end — where PG actually began
streaming). It is the cold-start component of the span-cap base max(lib_checkpoint, stream_floor)
(spec §7): on a fresh slot lib_checkpoint is 0, so measuring the batch's lag from the stream floor
(not absolute 0) is what keeps a large-absolute first-txn LSN from spuriously span-flushing.



    


    
      
        reset_batch(asm)

      


        Discard any open batch — clear the accumulators without checkpointing (spec §9). Used on a
mid-stream Connection reconnect re-seed: the un-checkpointed batch re-streams from the durable
checkpoint and re-buffers as a FRESH batch, so a transient reconnect matches the crash/stop→resume
dup model (bounds dup to one batch per reconnect; stale accumulators would misalign flush
boundaries). Never writes a checkpoint — loss=0 holds by re-delivery.



    


    
      
        reset_streams(asm)

      


        Discard all in-progress streamed transactions (on reconnect); loss=0 by re-stream (spec §9). Any
open spill file is deleted first (a reconnect re-streams from the durable checkpoint, so a stale
spill file must not survive — spec §5 reset cleanup), and spilled_total resets to 0.



    





      


      
        Types


        


  
    
      
    
    
      buffer()



        
          
        

    

  


  

      

          @type buffer() :: %{
  begin_lsn: lsn() | nil,
  xid: non_neg_integer() | nil,
  changes: [Replicant.Change.t()],
  messages: [Replicant.Decoder.Messages.Message.t()],
  byte_size: non_neg_integer()
}


      



  



  
    
      
    
    
      lsn()



        
          
        

    

  


  

      

          @type lsn() :: Replicant.lsn()


      



  



  
    
      
    
    
      stream_buf()



        
          
        

    

  


  

      

          @type stream_buf() :: %{
  changes: [{non_neg_integer(), Replicant.Change.t()}],
  messages: [Replicant.Decoder.Messages.Message.t()],
  byte_size: non_neg_integer(),
  resident_bytes: non_neg_integer(),
  spilled_bytes: non_neg_integer(),
  spilled_by_subxid: %{required(non_neg_integer()) => non_neg_integer()},
  aborted: MapSet.t(non_neg_integer()),
  spill: Replicant.Spill.handle() | nil,
  seq: non_neg_integer()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Assembler{
  batch: keyword() | nil,
  batch_count: non_neg_integer(),
  batch_spill_paths: [String.t()],
  batch_txns: [Replicant.Transaction.t()],
  checkpoint_writer: (lsn() -> :ok | {:error, term()}) | nil,
  current_stream_xid: non_neg_integer() | nil,
  last_buffered_changes: [Replicant.Change.t()] | :spilled,
  lib_checkpoint: lsn() | nil,
  max_concurrent_txns: pos_integer() | nil,
  max_inflight_lag: pos_integer() | nil,
  mode: :sink_owned | :lib,
  ordinal: non_neg_integer(),
  pending_lsn: lsn() | nil,
  projected: %{required(non_neg_integer()) => [Replicant.Change.Column.t()]},
  relations: %{
    required(non_neg_integer()) => Replicant.Decoder.Messages.Relation.t()
  },
  sink: module(),
  slot_name: String.t() | nil,
  spill: keyword() | nil,
  spill_fault: Replicant.Error.t() | nil,
  spilled_total: non_neg_integer(),
  stream_floor: lsn() | nil,
  stream_txns: %{required(non_neg_integer()) => stream_buf()},
  txn: buffer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      batch_pending?(assembler)



        
          
        

    

  


  

      

          @spec batch_pending?(t()) :: boolean()


      


True when a batch is open (buffered, not yet flushed) — the flush-timer relevance guard (spec §9).

  



  
    
      
    
    
      flush_batch(asm, reason)



        
          
        

    

  


  

      

          @spec flush_batch(t(), atom()) ::
  {:ok, lsn(), t()} | {:error, Replicant.Error.t(), t()} | :empty


      


Flush the open batch (spec §7): write ONE store checkpoint at the batch's highest committed
LSN via the injected checkpoint_writer (which carries the bounded retry), advance the
in-memory watermark to it (keeping lib_checkpoint == the durable store checkpoint, spec §9),
and reset the accumulators. Emits [:replicant, :checkpoint_store, :batch_flushed] on success
(value-free: slot_name + counts + the trigger reason). A write fault returns
{:error, %Error{}, t()} so the AssemblerServer halts fail-closed WITHOUT advancing — the whole
batch re-delivers on restart (dup ≤ batch, never loss). :empty when no batch is open (a stale
flush-timer fire — the pending_lsn is nil).

  



  
    
      
    
    
      handle_message(asm, message)



        
          
        

    

  


  

      

          @spec handle_message(
  t(),
  struct()
) ::
  {:ok, t()}
  | {:transaction, Replicant.Transaction.t(), lsn(), t()}
  | {:skipped, lsn(), t()}
  | {:schema_change, Replicant.SchemaChange.t(), t()}
  | {:buffered, t()}
  | {:flush, atom(), t()}
  | {:flush_before_message, atom(), t(), Replicant.Decoder.Messages.Message.t()}
  | {:message_delivered, lsn(), t()}
  | {:halt, term(), t()}


      


Handle one decoded message. Returns:
	{:ok, t()} — accumulated, no boundary crossed.
	{:transaction, Transaction.t(), lsn(), t()} — Commit, sink committed.
	{:skipped, lsn(), t()} — Commit but commit_lsn <= checkpoint (watermark skip).
	{:buffered, t()} — lib+batch: applied to the sink, checkpoint pending (no ack yet).
	{:flush, reason, t()} — lib+batch: the count/span cap tripped; the AssemblerServer must flush.
	{:schema_change, SchemaChange.t(), t()} — additive schema change applied.
	{:halt, SchemaChange.t() | term(), t()} — destructive schema change, sink
failure, an unidentifiable-relation row, or a value-bearing raise (e.g.
casting a malformed numeric) — fail-closed, value-free.


handle_message/2 is itself the value-free boundary for the casting path: the
vendored Types.cast_record/2 raises ArgumentError on malformed numerics /
bytea (a corrupted stream), and those exceptions embed row bytes. The public
wrapper scrubs any such raise into {:halt, %Error{reason: :decode_failure}}
and any stray throw/exit (defense-in-depth) likewise, never inspecting the
reason (Critical Rule 1) — symmetric to Replicant.Decoder.decode/1.

  



  
    
      
    
    
      last_buffered_changes(assembler)



        
          
        

    

  


  

      

          @spec last_buffered_changes(t()) :: [Replicant.Change.t()] | :spilled


      


The LAST lib+batch buffer_txn's changes (a %Change{} list) so the AssemblerServer can DROP-
FILTER colliding snapshot-chunk rows, or :spilled when that txn's changes was a lazy spill-
backed Enumerable and unenumerable (server taints every open table → re-read instead, spec §2/§4).

  



    

  
    
      
    
    
      new(sink, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  module(),
  keyword()
) :: t()


      


Create an assembler bound to sink (a module implementing Replicant.Sink).
opts selects the checkpoint mode:
	(default) sink-owned — the sink returns its own checkpoint; checkpoint/0
is the watermark read live per Commit;
	mode: :lib — the library owns the checkpoint: :checkpoint_writer (a
(lsn -> :ok | {:error, _})) persists it after the sink, :lib_checkpoint
seeds the in-memory watermark used by the pre-skip, and :slot_name labels
the value-free [:replicant, :checkpoint_store, :failed] telemetry (spec §10).


  



  
    
      
    
    
      observe_bytes(asm, bytes)



        
          
        

    

  


  

      

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


      


Accumulate the raw WAL payload byte-size of the message about to be handled into
the open transaction buffer, for the byte_size metadata on
[:replicant, :transaction, :assembled] (spec §10). Replicant.AssemblerServer
calls this with byte_size(payload) before each handle_message/2. It is a
no-op before any Begin (bytes arriving outside a transaction — a lone
Relation/Type/Origin — have no buffer to attribute to), so a stray pre-Begin
payload never crashes here.

  



  
    
      
    
    
      put_stream_floor(asm, floor)



        
          
        

    

  


  

      

          @spec put_stream_floor(t(), lsn()) :: t()


      


Record the per-stream floor (the Connection's first-frame wal_end — where PG actually began
streaming). It is the cold-start component of the span-cap base max(lib_checkpoint, stream_floor)
(spec §7): on a fresh slot lib_checkpoint is 0, so measuring the batch's lag from the stream floor
(not absolute 0) is what keeps a large-absolute first-txn LSN from spuriously span-flushing.

  



  
    
      
    
    
      reset_batch(asm)



        
          
        

    

  


  

      

          @spec reset_batch(t()) :: t()


      


Discard any open batch — clear the accumulators without checkpointing (spec §9). Used on a
mid-stream Connection reconnect re-seed: the un-checkpointed batch re-streams from the durable
checkpoint and re-buffers as a FRESH batch, so a transient reconnect matches the crash/stop→resume
dup model (bounds dup to one batch per reconnect; stale accumulators would misalign flush
boundaries). Never writes a checkpoint — loss=0 holds by re-delivery.

  



  
    
      
    
    
      reset_streams(asm)



        
          
        

    

  


  

      

          @spec reset_streams(t()) :: t()


      


Discard all in-progress streamed transactions (on reconnect); loss=0 by re-stream (spec §9). Any
open spill file is deleted first (a reconnect re-streams from the durable checkpoint, so a stale
spill file must not survive — spec §5 reset cleanup), and spilled_total resets to 0.

  


        

      


  

    
Replicant.AssemblerServer 
    



      
The serial process shell over the pure Replicant.Assembler (spec §4). Receives
decoded pgoutput messages from Replicant.Connection (which decodes behind
the value-free boundary and never applies the sink), assembles transactions, and
applies the sink synchronously — blocking THIS process, off the Connection's
keepalive path. On a durable sink commit (or a watermark skip) it messages the
Connection so the ack advances asynchronously; on a fail-closed condition
(destructive schema change, sink WRITE fault, an unidentifiable-relation row) it
halts the whole pipeline permanently (spec §6/§9).
It is a single serial GenServer (not a Task per transaction) so transactions
apply strictly in commit order — the correctness baseline of synchronous
per-transaction delivery.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        deliver_snapshot_chunk(server, chunk)

      


        Hand a read chunk to the applier. The reply is DEFERRED while max_pending_chunks are buffered.
{:error, :window_reset} on a reconnect; {:error, :table_discarded} on a contention discard
(drop-cap breach / a PK-less table's concurrent write) — the reader re-reads from durable progress.



    


    
      
        finish_snapshot_table(server, qualified, epoch)

      


        A PK-less table's whole-read BARRIER (spec §6.4): after the reader streams all of a keyless
table's provisional batches, it calls this to block until those batches have APPLIED (converged
past any late contention) — replying :ok — or the table was contention-discarded — replying
{:error, :table_discarded} so the reader redoes the whole table. Without this barrier a
single-batch keyless read can complete before a late-arriving concurrent write discards its
still-pending batch, silently losing the rows.



    


    
      
        open_snapshot_window(server, qualified)

      


        Open the drop-set tracking window for a table BEFORE the reader captures LW
(spec §2 R1). The reply is DEFERRED while the assembler-local in-flight estimate
(frontier − last applied LSN) exceeds max_inflight_lag ÷ 2 — the pacing gate
(spec §4 R2): stream drain gets priority, chunks fill idle capacity.



    


    
      
        start_link(opts)

      


    


    
      
        via(slot_name)

      


        The Registry via-name a pipeline's AssemblerServer registers under.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      deliver_snapshot_chunk(server, chunk)



        
          
        

    

  


  

      

          @spec deliver_snapshot_chunk(GenServer.server(), Replicant.SnapshotWindow.chunk()) ::
  :ok | {:error, :window_reset} | {:error, :table_discarded}


      


Hand a read chunk to the applier. The reply is DEFERRED while max_pending_chunks are buffered.
{:error, :window_reset} on a reconnect; {:error, :table_discarded} on a contention discard
(drop-cap breach / a PK-less table's concurrent write) — the reader re-reads from durable progress.

  



  
    
      
    
    
      finish_snapshot_table(server, qualified, epoch)



        
          
        

    

  


  

      

          @spec finish_snapshot_table(GenServer.server(), String.t(), non_neg_integer()) ::
  :ok | {:error, :window_reset} | {:error, :table_discarded}


      


A PK-less table's whole-read BARRIER (spec §6.4): after the reader streams all of a keyless
table's provisional batches, it calls this to block until those batches have APPLIED (converged
past any late contention) — replying :ok — or the table was contention-discarded — replying
{:error, :table_discarded} so the reader redoes the whole table. Without this barrier a
single-batch keyless read can complete before a late-arriving concurrent write discards its
still-pending batch, silently losing the rows.
epoch is the window GENERATION the reader captured at open_snapshot_window/2. If a reconnect
reset re-seated the window (bumped the epoch) since the reader opened this table, its provisional
batches were WIPED (not applied): the barrier MUST reply {:error, :window_reset} — never a
spurious :ok (which would mark a never-delivered table done → data loss). The stale-generation
check comes FIRST because a reset also clears discarded/pending, so a wiped table otherwise
reads as clean. {:error, :window_reset} also fires when a reconnect releases a deferred barrier.

  



  
    
      
    
    
      open_snapshot_window(server, qualified)



        
          
        

    

  


  

      

          @spec open_snapshot_window(GenServer.server(), String.t()) ::
  {:ok, non_neg_integer()} | {:error, :window_reset | :table_discarded}


      


Open the drop-set tracking window for a table BEFORE the reader captures LW
(spec §2 R1). The reply is DEFERRED while the assembler-local in-flight estimate
(frontier − last applied LSN) exceeds max_inflight_lag ÷ 2 — the pacing gate
(spec §4 R2): stream drain gets priority, chunks fill idle capacity.
Replies {:ok, epoch} — the window GENERATION the reader now operates under. The
keyless reader threads this back to finish_snapshot_table/3 so the barrier can
reject a stale generation (a reconnect reset bumped the epoch since the reader
opened → its batches were WIPED, not applied — spec §4/§6.4, the 85672f1
sender-tags-epoch discipline). Replies {:error, :table_discarded} if the table was
contention-discarded (reader re-reads); {:error, :window_reset} if a reconnect
released the deferred open.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      via(slot_name)



        
          
        

    

  


  

      

          @spec via(String.t()) :: {:via, module(), term()}


      


The Registry via-name a pipeline's AssemblerServer registers under.

  


        

      


  

    
Replicant.CheckpointStore 
    



      
The lib-owned checkpoint store (spec §7) for non-transactional sinks. A GenServer
over a normal Postgrex connection that owns one replicant_checkpoints row per
slot and reads/writes commit_lsn behind the value-free boundary (Critical Rule
1 — the store carries slot_name + LSN only; a Postgrex fault is scrubbed to a
structural %Replicant.Error{}, never echoing a parameter).
The connection uses a non-sync connect so a transient store blip at boot does
not fail the :temporary pipeline (Postgrex reconnects in the background); a
genuine outage surfaces as a query fault that halts fail-closed. The table is
created + shape-probed lazily on the first read/write (once), so init/1 never
blocks on the DB.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        default_max_retries()

      


        Default max_retries when :checkpoint_store omits it (spec §6).



    


    
      
        default_retry_backoff_ms()

      


        Default retry_backoff_ms when :checkpoint_store omits it (spec §6).



    


    
      
        emit_retrying(slot_name, attempt, max_retries)

      


        Emit the value-free [:replicant, :checkpoint_store, :retrying] event (slot_name + ints only).



    


    
      
        permanent_reason?(arg1)

      


        True when a store fault reason is PERMANENT (retrying cannot fix it): a wrong
pre-existing column type (:checkpoint_store_schema_mismatch) or an invalid table
identifier (:config_invalid). Every other reason — :checkpoint_store_failed, into
which a %Postgrex.Error{} / %DBConnection.ConnectionError{} is scrubbed — is
transient AT THE VALUE-FREE BOUNDARY (a momentary blip and a wrong-host misconfig are
indistinguishable here), so it is retried, then halted (spec §7).



    


    
      
        read(server)

      


        Read the durable checkpoint for this slot (nil = never written) or a value-free error.



    


    
      
        read_progress(server)

      


        Read the incremental-snapshot progress token (nil = none) or a value-free error.



    


    
      
        retry_decision(attempt, max_retries)

      


        The shared retry decision: :retry while attempt < max_retries, else :halt.
attempt is the count of retries ALREADY made (0 on the first fault). max_retries: 0
⇒ always :halt (halt-now opt-out). Used identically by the connect-read (timer) and
mid-stream write (sleep) sites so their counter semantics cannot drift (spec §4).



    


    
      
        start_link(opts)

      


    


    
      
        via(slot_name)

      


        The Registry via-name a pipeline's CheckpointStore registers under.



    


    
      
        write(server, lsn)

      


        Write the checkpoint (INSERT ... ON CONFLICT) or return a value-free error. Never advance the ack on {:error, _}.



    


    
      
        write_progress(server, token)

      


        Durably upsert the progress token (an opaque bytea; spec §6.2) or return a value-free error.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      default_max_retries()



        
          
        

    

  


  

      

          @spec default_max_retries() :: non_neg_integer()


      


Default max_retries when :checkpoint_store omits it (spec §6).

  



  
    
      
    
    
      default_retry_backoff_ms()



        
          
        

    

  


  

      

          @spec default_retry_backoff_ms() :: pos_integer()


      


Default retry_backoff_ms when :checkpoint_store omits it (spec §6).

  



  
    
      
    
    
      emit_retrying(slot_name, attempt, max_retries)



        
          
        

    

  


  

      

          @spec emit_retrying(String.t(), pos_integer(), non_neg_integer()) :: :ok


      


Emit the value-free [:replicant, :checkpoint_store, :retrying] event (slot_name + ints only).

  



  
    
      
    
    
      permanent_reason?(arg1)



        
          
        

    

  


  

      

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


      


True when a store fault reason is PERMANENT (retrying cannot fix it): a wrong
pre-existing column type (:checkpoint_store_schema_mismatch) or an invalid table
identifier (:config_invalid). Every other reason — :checkpoint_store_failed, into
which a %Postgrex.Error{} / %DBConnection.ConnectionError{} is scrubbed — is
transient AT THE VALUE-FREE BOUNDARY (a momentary blip and a wrong-host misconfig are
indistinguishable here), so it is retried, then halted (spec §7).

  



  
    
      
    
    
      read(server)



        
          
        

    

  


  

      

          @spec read(GenServer.server()) ::
  {:ok, Replicant.lsn() | nil} | {:error, Replicant.Error.t()}


      


Read the durable checkpoint for this slot (nil = never written) or a value-free error.

  



  
    
      
    
    
      read_progress(server)



        
          
        

    

  


  

      

          @spec read_progress(GenServer.server()) ::
  {:ok, binary() | nil} | {:error, Replicant.Error.t()}


      


Read the incremental-snapshot progress token (nil = none) or a value-free error.

  



  
    
      
    
    
      retry_decision(attempt, max_retries)



        
          
        

    

  


  

      

          @spec retry_decision(non_neg_integer(), non_neg_integer()) :: :retry | :halt


      


The shared retry decision: :retry while attempt < max_retries, else :halt.
attempt is the count of retries ALREADY made (0 on the first fault). max_retries: 0
⇒ always :halt (halt-now opt-out). Used identically by the connect-read (timer) and
mid-stream write (sleep) sites so their counter semantics cannot drift (spec §4).

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      via(slot_name)



        
          
        

    

  


  

      

          @spec via(String.t()) :: {:via, module(), term()}


      


The Registry via-name a pipeline's CheckpointStore registers under.

  



  
    
      
    
    
      write(server, lsn)



        
          
        

    

  


  

      

          @spec write(GenServer.server(), Replicant.lsn()) ::
  :ok | {:error, Replicant.Error.t()}


      


Write the checkpoint (INSERT ... ON CONFLICT) or return a value-free error. Never advance the ack on {:error, _}.

  



  
    
      
    
    
      write_progress(server, token)



        
          
        

    

  


  

      

          @spec write_progress(GenServer.server(), binary()) ::
  :ok | {:error, Replicant.Error.t()}


      


Durably upsert the progress token (an opaque bytea; spec §6.2) or return a value-free error.

  


        

      


  

    
Replicant.Connection 
    



      
The Postgrex.ReplicationConnection that owns the replication slot and closes
the exactly-once seam (spec §2/§4/§8). It:
	replies to a reply-requested keepalive with the last durably-checkpointed LSN
while any published transaction is in flight — never advancing the slot past
un-persisted publication data (walex's fire-and-forget wal_end+1 is the
at-most-once bug this fixes). When IDLE (no open transaction and the checkpoint
caught up), it advances the slot to the keepalive wal_end so a quiet-but-filtered
publication stops pinning WAL (spec A1) — the intervening WAL carries nothing for
the publication;
	decodes each XLogData payload behind Plan 1's value-free boundary and forwards
the decoded message to Replicant.AssemblerServer — it never applies the sink,
so it is always free to answer keepalives;
	tracks a bounded in-flight window (spec §4): the high-water received LSN
(received_lsn, the latest XLogData wal_end) minus the confirmed-durable
floor is the in-flight WAL lag — un-drained WAL, a proxy for the transaction
BACKLOG accumulating ahead of the sink. A single non-blocking integer
comparison in handle_data/2 compares it to max_inflight_lag (a
backlog-sized ceiling, default 64 MiB);
	when the in-flight lag exceeds the bound the sink is genuinely lagging: it
halts fail-closed with {:sink_too_slow, lag} (surfaced telemetry +
Replicant.Supervisor.halt/2 + {:disconnect, :sink_too_slow}) — never a
silent reconnect livelock or an unbounded-mailbox OOM. On restart it resumes
from the checkpoint (loss=0 by the §6 idempotent dedup);
	advances the ack asynchronously on {:sink_committed, L} from the AssemblerServer;
	on connect/reconnect detects an invalidated slot (wal_status = 'lost' or
conflicting on PG16) and halts the pipeline fail-closed — never silently
dropping and recreating the slot (spec §8 R-ISO).

The connect chain is a handle_result/2 state machine:
:identity_check → :recovery_check → :publication_check →
:invalidation_check →
(:create_slot if absent) → :streaming.
Why a fail-closed halt and not soft pacing (Postgrex flow-control)
Postgrex.ReplicationConnection re-arms the replication socket (active: :once)
automatically after each handle_data/2 batch — the handler's return value has
no way to defer socket re-activation, so there is no lever to pause TCP reading
from the handler. :max_messages bounds only Postgrex's per-batch socket buffer,
not the downstream AssemblerServer mailbox. So true socket-level pacing is not
available; the bounded in-flight window is enforced by the fail-closed halt at the
ceiling — which bounds memory (the pipeline tears down before the mailbox grows
unbounded) and surfaces the overload rather than silently livelocking.

      


      
        Summary


  
    Types
  


    
      
        step()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        classify_slot_status(list)

      


        Classify a pg_replication_slots invalidation-status result (spec §5/§8). [] →
:absent. On the PG16 2-col row [wal_status, conflicting]: wal_status = "lost" →
{:invalidated, :wal_lost}; conflicting = true → {:invalidated, :conflict}; otherwise
:ok. On the PG17 4-col row [wal_status, conflicting, invalidation_reason, synced]:
the legacy signals classify first (same as above), then any non-empty invalidation_reason
→ {:invalidated, <fixed atom>} via invalidation_reason_atom/1 (never String.to_atom);
a nil/"" reason is :ok.



    


    
      
        default_max_inflight_lag()

      


        The default in-flight-lag ceiling (WAL bytes) when the config omits it.



    


    
      
        encode_status_update(lsn)

      


        Encode a Standby Status Update reporting lsn as the write/flush/apply position
(spec §2 — the slot never advances past the durable checkpoint). reply_requested
is 0 (we volunteer status). clock is microseconds since the PG 2000 epoch.



    


    
      
        start_link(config)

      


        Start the replication connection for a pipeline (called by Replicant.Pipeline).



    


    
      
        via(slot_name)

      


        The Registry via-name a pipeline's Connection registers under.



    





      


      
        Types


        


  
    
      
    
    
      step()



        
          
        

    

  


  

      

          @type step() ::
  :disconnected
  | :identity_check
  | :recovery_check
  | :publication_check
  | :invalidation_check
  | :create_slot
  | :create_export_slot
  | :create_incremental_slot
  | :snapshotting
  | :streaming


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Connection{
  backfill_floor: Replicant.lsn() | nil,
  batch_delivery: keyword() | nil,
  checkpoint_lsn: Replicant.lsn(),
  checkpoint_state: :present | :empty | :fault | :fault_permanent,
  checkpoint_store: keyword() | nil,
  command_error: %{
    count: non_neg_integer(),
    max_retries: non_neg_integer(),
    store_paced: boolean()
  },
  connection: keyword(),
  failover: boolean(),
  frontier_epoch: non_neg_integer(),
  go_forward_only: boolean(),
  in_recovery: boolean(),
  in_stream: boolean(),
  in_txn: boolean(),
  last_commit_lsn: Replicant.lsn(),
  last_frontier_cast: non_neg_integer(),
  max_inflight_lag: pos_integer(),
  max_spill_bytes: non_neg_integer() | nil,
  messages: boolean(),
  open_streams: MapSet.t(),
  publication: [String.t()],
  reader_pid: pid() | nil,
  received_lsn: Replicant.lsn(),
  server_version_num: non_neg_integer(),
  sink: module(),
  slot_name: String.t(),
  snapshot: boolean() | keyword(),
  spilled_bytes: non_neg_integer(),
  step: step(),
  store_retry_count: non_neg_integer(),
  stream_floor_lsn: Replicant.lsn() | nil,
  streaming: keyword() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      classify_slot_status(list)



        
          
        

    

  


  

      

          @spec classify_slot_status([[term()]]) ::
  :absent
  | :ok
  | {:invalidated,
     :wal_lost
     | :conflict
     | :rows_removed
     | :wal_level_insufficient
     | :invalidated}


      


Classify a pg_replication_slots invalidation-status result (spec §5/§8). [] →
:absent. On the PG16 2-col row [wal_status, conflicting]: wal_status = "lost" →
{:invalidated, :wal_lost}; conflicting = true → {:invalidated, :conflict}; otherwise
:ok. On the PG17 4-col row [wal_status, conflicting, invalidation_reason, synced]:
the legacy signals classify first (same as above), then any non-empty invalidation_reason
→ {:invalidated, <fixed atom>} via invalidation_reason_atom/1 (never String.to_atom);
a nil/"" reason is :ok.

  



  
    
      
    
    
      default_max_inflight_lag()



        
          
        

    

  


  

      

          @spec default_max_inflight_lag() :: pos_integer()


      


The default in-flight-lag ceiling (WAL bytes) when the config omits it.

  



  
    
      
    
    
      encode_status_update(lsn)



        
          
        

    

  


  

      

          @spec encode_status_update(Replicant.lsn()) :: binary()


      


Encode a Standby Status Update reporting lsn as the write/flush/apply position
(spec §2 — the slot never advances past the durable checkpoint). reply_requested
is 0 (we volunteer status). clock is microseconds since the PG 2000 epoch.

  



  
    
      
    
    
      start_link(config)



        
          
        

    

  


  

      

          @spec start_link(Replicant.Config.t()) :: {:ok, pid()} | {:error, term()}


      


Start the replication connection for a pipeline (called by Replicant.Pipeline).

  



  
    
      
    
    
      via(slot_name)



        
          
        

    

  


  

      

          @spec via(String.t()) :: {:via, module(), term()}


      


The Registry via-name a pipeline's Connection registers under.

  


        

      


  

    
Replicant.Pipeline 
    



      
Per-pipeline Supervisor (spec §4): supervises the Replicant.AssemblerServer
and the Replicant.Connection under :one_for_all — a crash of either
restarts both together, so a fresh Connection (resuming from the sink checkpoint)
is never paired with a stale in-memory assembler buffer. Registered by slot in
Replicant.Registry so Replicant.Supervisor.halt/2 can terminate the whole
pipeline permanently on a fail-closed condition.
The AssemblerServer starts before the Connection (the Connection casts decoded
messages to it; with sync_connect: false the Connection does not stream until
after boot). In lib mode the CheckpointStore starts first of all, so the
Connection can read it on connect and the AssemblerServer can write through it.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(config)

      


    


    
      
        via(slot_name)

      


        The Registry via-name a pipeline supervisor registers under.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      start_link(config)



        
          
        

    

  


  

      

          @spec start_link(Replicant.Config.t()) :: Supervisor.on_start()


      



  



  
    
      
    
    
      via(slot_name)



        
          
        

    

  


  

      

          @spec via(String.t()) :: {:via, module(), term()}


      


The Registry via-name a pipeline supervisor registers under.

  


        

      


  

    
Replicant.Snapshotter 
    



      
Reads a consistent snapshot of the publication's tables (spec §4) on its own normal
Postgrex connection, at the LSN a durable slot exported via EXPORT_SNAPSHOT, and
pushes the rows to the sink as %Change{op: :snapshot} batches — then durably sets the
sink checkpoint to the snapshot's consistent point (the handoff commit). Spawned and
LINKED to Replicant.Connection, which holds the exported snapshot valid by staying
idle (proven safe past wal_sender_timeout, spec §11). The link binds the snapshotter's
lifetime to the pipeline: a Connection/pipeline teardown mid-snapshot tears the
snapshotter down with it, so an orphan can never mutate the sink after the pipeline is
gone. Graceful completion exits :normal (which never propagates over the link), so the
{:snapshot_done, lsn} / {:snapshot_failed, err} messages still drive the handoff.
Value-free boundary (Critical Rule 1)
A Postgrex query/cursor fault — raised OR returned — can embed row/column values in its
message. Every fault is scrubbed to a value-free %Replicant.Error{reason: :snapshot_failed} (only a structural module name kept) before the Connection is told.
On success it sends {:snapshot_done, consistent_point}; on any fault
{:snapshot_failed, %Error{}}. It reads on a SEPARATE connection, so it never blocks
the Connection's keepalive path.
Source-side cost
The consistent-snapshot read holds a single long-running REPEATABLE READ transaction
open for the whole backfill (a slow sink extends it), which pins xmin on the source
and defers VACUUM there until the snapshot completes.

      


      
        Summary


  
    Types
  


    
      
        args()

      


    





  
    Functions
  


    
      
        start(args)

      


        Spawn + LINK the snapshotter to the caller (the Connection) so it is torn down with the pipeline. Returns the pid.



    





      


      
        Types


        


  
    
      
    
    
      args()



        
          
        

    

  


  

      

          @type args() :: %{
  :snapshot_name => String.t(),
  :consistent_point => Replicant.lsn(),
  :connection => keyword(),
  :publication => [String.t()],
  :sink => module(),
  :reply_to => pid(),
  optional(:mode) => :sink_owned | :lib
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      start(args)



        
          
        

    

  


  

      

          @spec start(args()) :: pid()


      


Spawn + LINK the snapshotter to the caller (the Connection) so it is torn down with the pipeline. Returns the pid.

  


        

      


  

    
Replicant.Supervisor 
    



      
The top DynamicSupervisor — one child per running pipeline (a
Replicant.Pipeline supervisor). Pipelines run as :temporary children:
a fail-closed halt terminates one permanently (no restart), while transient
crashes are recovered inside each Pipeline's own :one_for_all strategy.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        halt(slot_name, reason)

      


        Fail-closed halt of a pipeline from within its own tree. Terminates the whole
pipeline permanently (it is a :temporary DynamicSupervisor child → no
restart). The teardown runs in an unlinked spawned process to avoid the
self-termination deadlock — a child process cannot synchronously stop its own
ancestor supervisor. The caller owns the distinguishing telemetry
(:slot_invalidated / :sink :failed / :schema_change :halted); halt/2
performs only the teardown and returns immediately.



    


    
      
        start_link(init_arg \\ [])

      


        Starts the top-level DynamicSupervisor (named Replicant.Supervisor) that owns every running
pipeline (one :temporary child per Replicant.start_link/1, so a fail-closed halt is permanent
— restart is explicit). Generally started by the replicant OTP application, not called directly.



    


    
      
        start_pipeline(config)

      


        Start a pipeline as a :temporary child — a fail-closed halt (halt/2) must
terminate it permanently, so the DynamicSupervisor must not restart it.



    


    
      
        stop_pipeline(slot_name)

      


        Terminate a running pipeline by slot name (idempotent).



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      halt(slot_name, reason)



        
          
        

    

  


  

      

          @spec halt(String.t(), term()) :: :ok


      


Fail-closed halt of a pipeline from within its own tree. Terminates the whole
pipeline permanently (it is a :temporary DynamicSupervisor child → no
restart). The teardown runs in an unlinked spawned process to avoid the
self-termination deadlock — a child process cannot synchronously stop its own
ancestor supervisor. The caller owns the distinguishing telemetry
(:slot_invalidated / :sink :failed / :schema_change :halted); halt/2
performs only the teardown and returns immediately.

  



    

  
    
      
    
    
      start_link(init_arg \\ [])



        
          
        

    

  


  

      

          @spec start_link(term()) :: Supervisor.on_start()


      


Starts the top-level DynamicSupervisor (named Replicant.Supervisor) that owns every running
pipeline (one :temporary child per Replicant.start_link/1, so a fail-closed halt is permanent
— restart is explicit). Generally started by the replicant OTP application, not called directly.

  



  
    
      
    
    
      start_pipeline(config)



        
          
        

    

  


  

      

          @spec start_pipeline(Replicant.Config.t()) :: DynamicSupervisor.on_start_child()


      


Start a pipeline as a :temporary child — a fail-closed halt (halt/2) must
terminate it permanently, so the DynamicSupervisor must not restart it.

  



  
    
      
    
    
      stop_pipeline(slot_name)



        
          
        

    

  


  

      

          @spec stop_pipeline(String.t()) :: :ok


      


Terminate a running pipeline by slot name (idempotent).

  


        

      


  

    
Replicant.Spill 
    



      
The single File.* boundary for consumer disk spill (spec §5/§6). Owns the per-slot spill
directory (0700), the per-top-xid spill file (0600), append of length-prefixed
:erlang.term_to_binary({subxid, %Change{}}) frames, file discard, and the per-slot startup
sweep. Every I/O or serialization fault is scrubbed to a value-free
{:error, %Replicant.Error{reason: :spill_io_failed}} here (Critical Rule 1) — no path, frame,
or row value ever escapes. Spill files are scratch: never fsync'd, deleted on
commit/abort/reset/halt, and (for a prior abnormal exit) swept per-slot on that slot's next start.

      


      
        Summary


  
    Types
  


    
      
        handle()

      


    





  
    Functions
  


    
      
        append(map, subxid, change)

      


        Append one {subxid, %Change{}} frame; returns the frame's byte size.



    


    
      
        close(map)

      


        Close the device WITHOUT removing the file (the reader re-opens for a single read pass).



    


    
      
        discard(map)

      


        Close the device AND delete the file (commit-after-delivery / abort / reset / halt).



    


    
      
        open(base_dir, slot_name, top_xid)

      


        Open (create+truncate) the spill file for top_xid under base_dir/slot_name (0700 dir, 0600 file).



    


    
      
        rm(path)

      


        Delete a spill file at path if it exists (used when only the path is retained). Best-effort, value-free.



    


    
      
        sweep_slot(base_dir, slot_name)

      


        Sweep THIS slot's spill subdir on the slot's pipeline start — removes any file a prior abnormal
exit left (spec §5). Per-slot, NOT global: a global sweep would delete a concurrently-running
slot's active files. Best-effort and value-free.



    





      


      
        Types


        


  
    
      
    
    
      handle()



        
          
        

    

  


  

      

          @type handle() :: %{device: :file.io_device(), path: String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(map, subxid, change)



        
          
        

    

  


  

      

          @spec append(handle(), non_neg_integer(), Replicant.Change.t()) ::
  {:ok, pos_integer()} | {:error, Replicant.Error.t()}


      


Append one {subxid, %Change{}} frame; returns the frame's byte size.

  



  
    
      
    
    
      close(map)



        
          
        

    

  


  

      

          @spec close(handle()) :: :ok


      


Close the device WITHOUT removing the file (the reader re-opens for a single read pass).

  



  
    
      
    
    
      discard(map)



        
          
        

    

  


  

      

          @spec discard(handle()) :: :ok


      


Close the device AND delete the file (commit-after-delivery / abort / reset / halt).

  



  
    
      
    
    
      open(base_dir, slot_name, top_xid)



        
          
        

    

  


  

      

          @spec open(String.t(), String.t(), non_neg_integer()) ::
  {:ok, handle()} | {:error, Replicant.Error.t()}


      


Open (create+truncate) the spill file for top_xid under base_dir/slot_name (0700 dir, 0600 file).

  



  
    
      
    
    
      rm(path)



        
          
        

    

  


  

      

          @spec rm(String.t()) :: :ok


      


Delete a spill file at path if it exists (used when only the path is retained). Best-effort, value-free.

  



  
    
      
    
    
      sweep_slot(base_dir, slot_name)



        
          
        

    

  


  

      

          @spec sweep_slot(String.t(), String.t()) :: :ok


      


Sweep THIS slot's spill subdir on the slot's pipeline start — removes any file a prior abnormal
exit left (spec §5). Per-slot, NOT global: a global sweep would delete a concurrently-running
slot's active files. Best-effort and value-free.

  


        

      


  

    
Replicant.Spill.Error exception
    



      
A value-free spill exception. Raised by Replicant.Spill.Reader on any File/binary_to_term
fault so the lazy read (which runs inside the sink call, spec §11) never surfaces a raw byte.
Carries ONLY the fixed reason — no path, no frame, no row value (Critical Rule 1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Spill.Error{__exception__: term(), reason: :spill_io_failed}


      



  


        

      


  

    
Replicant.Spill.Reader 
    



      
A lazy, SINGLE-PASS Enumerable over a spilled transaction's changes (spec §5): it streams the
on-disk frames (in commit order) followed by the still-resident in-memory tail, rejects any change
whose subxid is in the aborted set, and stamps commit_lsn at replay (streamed changes have no
LSN before commit; the ordinal was stamped at accumulation from the shared per-txn counter and is
preserved). It is value-free BY CONSTRUCTION — a File read or
binary_to_term fault raises Replicant.Spill.Error (fixed reason, no bytes), never a raw-byte
exception, even though the sink forces this enumeration inside its own DB transaction (spec §11).
Delivered as %Transaction{changes: reader} for a spilled transaction; the sink MUST consume it
within the delivery call (single-pass; reading a deleted file raises Spill.Error, fail-loud).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(path, tail, aborted, commit_lsn)

      


        Build a Reader over spilled file path + the in-memory tail (stored newest-first, reversed to
commit order here), filtering aborted subxids, stamping commit_lsn.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Replicant.Spill.Reader{
  aborted: MapSet.t(non_neg_integer()),
  commit_lsn: Replicant.lsn(),
  path: String.t(),
  tail: [{non_neg_integer(), Replicant.Change.t()}]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(path, tail, aborted, commit_lsn)



        
          
        

    

  


  

      

          @spec new(
  String.t(),
  [{non_neg_integer(), Replicant.Change.t()}],
  MapSet.t(),
  Replicant.lsn()
) :: t()


      


Build a Reader over spilled file path + the in-memory tail (stored newest-first, reversed to
commit order here), filtering aborted subxids, stamping commit_lsn.

  


        

      


  

    
Replicant.Casting.ArrayParser 
    



      
Parser for PostgreSQL array literals
Implementation inspired by Supabase Realtime and Sequin

      


      
        Summary


  
    Functions
  


    
      
        parse(array_string)

      


        Parses a PostgreSQL array literal string into an Elixir list.



    





      


      
        Functions


        


  
    
      
    
    
      parse(array_string)



        
          
        

    

  


  

      

          @spec parse(binary()) :: {:ok, [term()]} | {:error, String.t()}


      


Parses a PostgreSQL array literal string into an Elixir list.
Returns all elements as strings - the caller is responsible for any
type conversion. NULL values are returned as nil.
Parameters
	array_string - PostgreSQL array literal (e.g., "{1,2,3}")

Returns
	{:ok, list} - Successfully parsed array as nested list
	{:error, reason} - Parsing failed with reason

Examples
# Simple arrays
Replicant.Casting.ArrayParser.parse("{1,2,3}")
{:ok, ["1", "2", "3"]}

# Empty arrays
Replicant.Casting.ArrayParser.parse("{}")
{:ok, []}

# Arrays with quoted strings
Replicant.Casting.ArrayParser.parse("{"hello, world","foo"}")
{:ok, ["hello, world", "foo"]}

# Nested arrays
Replicant.Casting.ArrayParser.parse("{{1,2},{3,4}}")
{:ok, [["1", "2"], ["3", "4"]]}

# NULL values
Replicant.Casting.ArrayParser.parse("{1,NULL,3}")
{:ok, ["1", nil, "3"]}

  


        

      


  

    
Replicant.Casting.Types 
    



      
Cast from Postgres to Elixir types
Implementation inspired by Cainophile, Supabase Realtime and Sequin.
Vendored from walex 4.8.0 (WalEx.Casting.Types).
Raise-sites (decode-boundary contract)
cast_record/2 is lenient by default: every clause that parses a scalar
wraps the parse in a case/Integer.parse/Float.parse and falls back to
the original string on failure, and the catch-all clause returns the value
unchanged for unknown types. Parse-failures therefore never raise.
Three clauses can still raise on truly-malformed input, because they call
a bang/raising function with no local rescue:
	Decimal.new/1 (the "numeric", "decimal", "money" scalar clauses
and the "_numeric"/"_decimal"/"_money" array clauses) raises
Decimal.Error on a malformed numeric string.
	Base.decode16!/2 (the "bytea" scalar clause and the "_bytea" array
clause) raises ArgumentError on non-hex bytea payloads.
	DateTime.from_naive!/2 (the "timestamp" scalar clause and the
"_timestamp" array clause) raises on an invalid naive datetime; in
practice the preceding NaiveDateTime.from_iso8601/1 guards it, but the
bang call is retained verbatim from upstream.

Jason.decode/1 (the "jsonb"/"json" scalar and "_jsonb"/"_json"
array clauses) does NOT raise — it returns {:error, _}, which the
surrounding case collapses to the lenient fallback.
Because malformed numeric/bytea inputs raise through cast_record/2, the
Assembler (Task 13) MUST invoke cast_record/2 inside a decode boundary —
either Replicant.Decoder.decode/1 (Task 8) or its own try/rescue — so a
single malformed cell scrubs to a boundary error rather than crashing the
pipeline. Do NOT widen cast_record/2 to swallow these: the lenient
fallback already covers ordinary parse-failures; only genuinely-malformed
input reaches the raising path, and the boundary is the correct place to
scrub it.

      


      
        Summary


  
    Functions
  


    
      
        cast_record(record, type)

      


        Casts a PostgreSQL string value to its appropriate Elixir type.



    





      


      
        Functions


        


  
    
      
    
    
      cast_record(record, type)



        
          
        

    

  


  

      

          @spec cast_record(binary(), term()) :: term()


      


Casts a PostgreSQL string value to its appropriate Elixir type.
Examples
iex> cast_record("t", "bool")
true

iex> cast_record("123", "int4")
123

iex> cast_record("123.45", "numeric")
#Decimal<123.45>

iex> cast_record("{1,2,3}", "_int4")
[1, 2, 3]

iex> cast_record("2024-01-15T10:30:00Z", "timestamptz")
#DateTime<2024-01-15 10:30:00Z>
Special values like NaN and Infinity are handled:
iex> cast_record("NaN", "float8")
:nan
Returns the original value if casting fails.

  


        

      


  

    
Replicant.Decoder 
    



      
Binary decoder for the Postgres logical-replication pgoutput stream.
The byte parser (decode_message/1) is vendored from walex (MIT; see NOTICE),
itself derived from cainophile and supabase-realtime. It raises on malformed
input and produces %Unsupported{data: binary} (carrying raw bytes) for unknown
message types.
Callers MUST use decode/1, not decode_message/1. decode/1 is the
value-free-error boundary (Critical Rule 1): it catches every raise, scrubs the
raw bytes, and normalises %Unsupported{} into a value-free
{:error, %Replicant.Error{reason: :unsupported_message}}. No row value or raw
WAL byte ever escapes the decode boundary.

      


      
        Summary


  
    Functions
  


    
      
        decode(binary, opts \\ [])

      


        Decode one pgoutput message, value-free on failure.



    





      


      
        Functions


        


    

  
    
      
    
    
      decode(binary, opts \\ [])



        
          
        

    

  


  

      

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


      


Decode one pgoutput message, value-free on failure.
Returns {:ok, message_struct} on success, or
{:error, %Error{reason: :decode_failure | :unsupported_message}} — never
raises, never surfaces raw bytes.

  


        

      


  

    
Replicant.Decoder.Messages 
    



      
Decoded representations of each pgoutput replication message.
See the pgoutput message format
for the wire-level semantics of each struct.
Vendored from WalEx.Decoder.Messages (walex 4.8.0, MIT).

      




  

    
Replicant.Decoder.OidDatabase 
    



      
Maps a numeric PostgreSQL type ID to a descriptive string.
Implementation borrowed from Supabase Realtime, Cainophile, and epgsql.

      


      
        Summary


  
    Functions
  


    
      
        name_for_type_id(type_id)

      


        Maps a numeric PostgreSQL type ID to a descriptive string.



    





      


      
        Functions


        


  
    
      
    
    
      name_for_type_id(type_id)



        
          
        

    

  


  

      

          @spec name_for_type_id(non_neg_integer()) :: String.t() | non_neg_integer()


      


Maps a numeric PostgreSQL type ID to a descriptive string.
Examples
iex> name_for_type_id(1700)
"numeric"

iex> name_for_type_id(25)
"text"

iex> name_for_type_id(3802)
"jsonb"

  


        

      


  

    
Replicant.Identifier 
    



      
Allowlist validation for Postgres identifiers replicant interpolates into slot
and publication SQL (Critical Rule 2). A failure carries the invalid-SHAPE fact
only, never the offending string — it may be attacker-controlled.
Mirrors arcadic's Identifier, tightened to the Postgres unquoted-identifier
rule: lowercase letters, digits, underscore; first character a letter or
underscore; at most 63 characters (NAMEDATALEN - 1). Postgres folds unquoted
identifiers to lowercase and rejects the rest, so the allowlist accepts only
what Postgres accepts without quoting — nothing that can break out of the
identifier position.

      


      
        Summary


  
    Functions
  


    
      
        validate(value)

      


        Returns :ok for a valid identifier, {:error, :invalid_identifier} otherwise.



    





      


      
        Functions


        


  
    
      
    
    
      validate(value)



        
          
        

    

  


  

      

          @spec validate(term()) :: :ok | {:error, :invalid_identifier}


      


Returns :ok for a valid identifier, {:error, :invalid_identifier} otherwise.

  


        

      


  

    
Replicant.QueryBuilder 
    



      
Slot and publication SQL/command strings built from validated identifiers
(Critical Rule 2). Hardens walex's raw '#{publication}' interpolation: every
name passes through Replicant.Identifier.validate/1 before it reaches the
string; an invalid name returns {:error, :invalid_identifier} and builds
nothing. START_REPLICATION/CREATE_REPLICATION_SLOT are replication commands
(no bind parameters), so validated interpolation is the gate.

      


      
        Summary


  
    Functions
  


    
      
        checkpoint_column_probe()

      


        Query probing the commit_lsn column's data_type. The table name is bound $1
(a string value in information_schema, not an identifier position), so no
interpolation and no validation are needed here — the caller has already validated
the table for the interpolating builders above.



    


    
      
        checkpoint_ensure_table(table)

      


        DDL creating the lib-owned checkpoint table if absent. slot_name is the PK, one
row per slot; commit_lsn is a bigint (the Replicant.lsn/0 integer — no
pg_lsn text parse at the boundary). The table name is a validated identifier;
IF NOT EXISTS is a name check only, so the caller MUST also shape-probe (see
checkpoint_column_probe/0).



    


    
      
        checkpoint_read(table)

      


        Query reading commit_lsn for a slot. slot_name is bound $1; only the validated table is interpolated.



    


    
      
        checkpoint_upsert(table)

      


        Upsert of commit_lsn for a slot. slot_name/commit_lsn are bound $1/$2; only the validated table is interpolated.



    


    
      
        create_durable_slot(slot_name, failover?)

      


        Replication command to create a durable logical slot with NO exported snapshot. failover?: false (the published default) emits the legacy NOEXPORT_SNAPSHOT keyword byte-for-byte;
failover?: true emits the PG17 parenthesized (FAILOVER, SNAPSHOT 'nothing') grammar (spec
§6). The caller has already gated failover-on-PG16 at connect, so failover? == true implies PG17.



    


    
      
        create_export_slot(slot_name, failover?)

      


        Replication command to create a durable logical slot that EXPORTS a consistent snapshot (spec
§4). failover?: false emits the legacy EXPORT_SNAPSHOT keyword byte-for-byte; failover?: true emits (FAILOVER, SNAPSHOT 'export') (spec §6). The result row is [slot_name, consistent_point, snapshot_name, output_plugin] in both forms.



    


    
      
        identify_system()

      


        The replication-protocol command that identifies the exact source session.



    


    
      
        is_in_recovery()

      


        Query returning pg_is_in_recovery() — true on a standby (spec §8 R-ISO advisory).



    


    
      
        keyless_scan(qualified, col_quoted)

      


        Whole-table scan for the PK-less fallback (spec §6.4). Every column is projected as
<col>::text AS <col> (the SAME cast projection as keyset_chunk/4) so a PK-less
table's snapshot rows converge with the stream too (the record values are cast; there
is no keyset bound). col_quoted is server-quoted (table_columns/0), never raw.



    


    
      
        keyset_chunk(qualified, col_quoted, pk_quoted, bound_arity)

      


        Keyset chunk SELECT (spec §6.6). col_quoted (all columns) and pk_quoted (the PK
subset) come from table_columns/0/pk_columns/0 (server-quoted — never validated
client-side, never raw). bound_arity is the number of PK columns in the resume bound:
0 emits the first-chunk form (no WHERE); n > 0 emits a ROW() comparison whose bounds
are BIND PARAMETERS $2..$n+1 ($1 is the LIMIT) — a literal bound would be
simultaneously an injection surface and a Rule-1 leak into logged SQL text. An empty PK
list is a caller error.



    


    
      
        pk_columns()

      


        Query returning, per publication table, its ordered PRIMARY KEY columns — BOTH the
raw attname (to read %Change{}.record string keys) and the server-quoted form
via quote_ident (the ONLY form ever interpolated into keyset SQL — spec §6.6,
Critical Rule 2; the format('%I') precedent). Publication name is bound $1.
A publication table with NO primary key returns no row here (PK-less fallback,
spec §6.4). Row shape: [schemaname, tablename, qualified, pk_raw, pk_quoted].



    


    
      
        progress_ensure_table(table)

      


        DDL creating the lib-owned snapshot-progress table if absent (token is an opaque bytea; spec §6.2).



    


    
      
        progress_read(table)

      


        Query reading the progress token for a slot. slot_name bound $1; only the validated table is interpolated.



    


    
      
        progress_upsert(table)

      


        Upsert of the progress token for a slot. slot_name/token bound $1/$2.



    


    
      
        publication_exists(publications)

      


        Query returning the pubnames that exist for any name in the validated list (spec §5.3 /
decision #18). The caller halts fail-closed if the returned set ≠ the requested set —
START_REPLICATION with a missing publication silently streams the existing subset, so it
CANNOT be the fail-closed gate (probe-verified).



    


    
      
        publication_tables(publications)

      


        Query returning each DISTINCT publication table's schemaname, tablename, and PG-quoted
fully-qualified name across the publication LIST (spec §5.3 / decision #19). The DISTINCT
collapses the pubname dimension BEFORE it fans the join, so a table in two publications yields
ONE row (not two). The publication names are bound $1 (an array), so no interpolation.



    


    
      
        recovery_and_version()

      


        Connect-time probe: pg_is_in_recovery() (standby detection, spec §8) plus the numeric
server version (server_version_num, e.g. 170010) in one round trip on the replication
connection. The version gates the PG17+ invalidation columns (spec §5) and the FAILOVER
slot grammar (spec §6). No identifier to validate — a constant query.



    


    
      
        set_transaction_snapshot(name)

      


        Command adopting an exported snapshot by name (spec §9). The name is validated as a
snapshot-name LITERAL — not an identifier — before interpolation into the quoted
string; a name with a quote/whitespace/other injection returns
{:error, :invalid_snapshot_name} and builds nothing.



    


    
      
        slot_exists(slot_name)

      


        Query returning the active flag for the replication slot.



    


    
      
        slot_invalidation_status(slot_name, version)

      


        Query returning the slot's invalidation signals (spec §5/§8). On PG < 17 (version < 170000): wal_status + conflicting (the PG16 columns; invalidation_reason errors there).
On PG ≥ 17: also invalidation_reason (Postgres's authoritative invalidation field) and
synced (true on a standby holding a slot synced from the primary). wal_status = 'lost' =
WAL removed; conflicting = true = standby recovery conflict; any non-null invalidation_reason
= invalidated. All are unrecoverable → fail-closed halt.



    


    
      
        start_replication(slot_name, publications, opts \\ [])

      


        Replication command that starts streaming WAL from start_lsn for the publication set.



    


    
      
        table_columns()

      


        Query returning, per publication table, ALL its non-dropped user columns
(attnum > 0 AND NOT attisdropped, the SELECT * column set) ordered by attnum —
the raw attname (the %Change{}.record string key and the result column name), the
server-quoted form via quote_ident (the ONLY form interpolated into the keyset/keyless
::text projection — Critical Rule 2, the format('%I') precedent), and each column's
atttypid. The reader maps the OID to a pgoutput type name (OidDatabase.name_for_type_id/1)
and casts the <col>::text value through the SAME Casting.Types.cast_record/2 path the
stream uses, so snapshot and stream deliver byte-identical %Change{}.record values for
EVERY column (spec §2 convergence — the F1 fix generalized from PK-only to all columns).
Publication name is bound $1. Row shape:
[schemaname, tablename, qualified, col_raw, col_quoted, col_type_oids].



    


    
      
        watermark_lsn(bool)

      


        Read-only watermark position (spec §2/§4): pg_current_wal_lsn() on a primary,
pg_last_wal_replay_lsn() on a standby (the chunk reader connects to the same host
as the replication connection, so its snapshot visibility is bounded by replay).



    





      


      
        Functions


        


  
    
      
    
    
      checkpoint_column_probe()



        
          
        

    

  


  

      

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


      


Query probing the commit_lsn column's data_type. The table name is bound $1
(a string value in information_schema, not an identifier position), so no
interpolation and no validation are needed here — the caller has already validated
the table for the interpolating builders above.

  



  
    
      
    
    
      checkpoint_ensure_table(table)



        
          
        

    

  


  

      

          @spec checkpoint_ensure_table(String.t()) ::
  {:ok, String.t()} | {:error, :invalid_identifier}


      


DDL creating the lib-owned checkpoint table if absent. slot_name is the PK, one
row per slot; commit_lsn is a bigint (the Replicant.lsn/0 integer — no
pg_lsn text parse at the boundary). The table name is a validated identifier;
IF NOT EXISTS is a name check only, so the caller MUST also shape-probe (see
checkpoint_column_probe/0).

  



  
    
      
    
    
      checkpoint_read(table)



        
          
        

    

  


  

      

          @spec checkpoint_read(String.t()) :: {:ok, String.t()} | {:error, :invalid_identifier}


      


Query reading commit_lsn for a slot. slot_name is bound $1; only the validated table is interpolated.

  



  
    
      
    
    
      checkpoint_upsert(table)



        
          
        

    

  


  

      

          @spec checkpoint_upsert(String.t()) ::
  {:ok, String.t()} | {:error, :invalid_identifier}


      


Upsert of commit_lsn for a slot. slot_name/commit_lsn are bound $1/$2; only the validated table is interpolated.

  



  
    
      
    
    
      create_durable_slot(slot_name, failover?)



        
          
        

    

  


  

      

          @spec create_durable_slot(String.t(), boolean()) ::
  {:ok, String.t()} | {:error, :invalid_identifier}


      


Replication command to create a durable logical slot with NO exported snapshot. failover?: false (the published default) emits the legacy NOEXPORT_SNAPSHOT keyword byte-for-byte;
failover?: true emits the PG17 parenthesized (FAILOVER, SNAPSHOT 'nothing') grammar (spec
§6). The caller has already gated failover-on-PG16 at connect, so failover? == true implies PG17.

  



  
    
      
    
    
      create_export_slot(slot_name, failover?)



        
          
        

    

  


  

      

          @spec create_export_slot(String.t(), boolean()) ::
  {:ok, String.t()} | {:error, :invalid_identifier}


      


Replication command to create a durable logical slot that EXPORTS a consistent snapshot (spec
§4). failover?: false emits the legacy EXPORT_SNAPSHOT keyword byte-for-byte; failover?: true emits (FAILOVER, SNAPSHOT 'export') (spec §6). The result row is [slot_name, consistent_point, snapshot_name, output_plugin] in both forms.

  



  
    
      
    
    
      identify_system()



        
          
        

    

  


  

      

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


      


The replication-protocol command that identifies the exact source session.

  



  
    
      
    
    
      is_in_recovery()



        
          
        

    

  


  

      

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


      


Query returning pg_is_in_recovery() — true on a standby (spec §8 R-ISO advisory).

  



  
    
      
    
    
      keyless_scan(qualified, col_quoted)



        
          
        

    

  


  

      

          @spec keyless_scan(String.t(), [String.t()]) :: String.t()


      


Whole-table scan for the PK-less fallback (spec §6.4). Every column is projected as
<col>::text AS <col> (the SAME cast projection as keyset_chunk/4) so a PK-less
table's snapshot rows converge with the stream too (the record values are cast; there
is no keyset bound). col_quoted is server-quoted (table_columns/0), never raw.

  



  
    
      
    
    
      keyset_chunk(qualified, col_quoted, pk_quoted, bound_arity)



        
          
        

    

  


  

      

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


      


Keyset chunk SELECT (spec §6.6). col_quoted (all columns) and pk_quoted (the PK
subset) come from table_columns/0/pk_columns/0 (server-quoted — never validated
client-side, never raw). bound_arity is the number of PK columns in the resume bound:
0 emits the first-chunk form (no WHERE); n > 0 emits a ROW() comparison whose bounds
are BIND PARAMETERS $2..$n+1 ($1 is the LIMIT) — a literal bound would be
simultaneously an injection surface and a Rule-1 leak into logged SQL text. An empty PK
list is a caller error.
EVERY column is projected as <col>::text AS <col> so each delivered value is the
type's text output — byte-identical to pgoutput text, which the stream casts through the
SAME Casting.Types.cast_record/2 path (spec §2 convergence). The WHERE/ORDER BY reference
the REAL typed PK columns — TABLE-QUALIFIED (<qualified>.<pk>, NOT bare <pk>) so they
bind to the typed table columns, NEVER the same-named ::text OUTPUT ALIAS: a bare
ORDER BY <pk> resolves to the projected alias (SQL lets ORDER BY see output names),
which would sort keyset pages LEXICOGRAPHICALLY (1,10,100,…) and silently skip rows.

  



  
    
      
    
    
      pk_columns()



        
          
        

    

  


  

      

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


      


Query returning, per publication table, its ordered PRIMARY KEY columns — BOTH the
raw attname (to read %Change{}.record string keys) and the server-quoted form
via quote_ident (the ONLY form ever interpolated into keyset SQL — spec §6.6,
Critical Rule 2; the format('%I') precedent). Publication name is bound $1.
A publication table with NO primary key returns no row here (PK-less fallback,
spec §6.4). Row shape: [schemaname, tablename, qualified, pk_raw, pk_quoted].
Per-column TYPE oids come from table_columns/0 (the full column set already covers
the PK columns), so no per-PK type array is duplicated here.

  



  
    
      
    
    
      progress_ensure_table(table)



        
          
        

    

  


  

      

          @spec progress_ensure_table(String.t()) ::
  {:ok, String.t()} | {:error, :invalid_identifier}


      


DDL creating the lib-owned snapshot-progress table if absent (token is an opaque bytea; spec §6.2).

  



  
    
      
    
    
      progress_read(table)



        
          
        

    

  


  

      

          @spec progress_read(String.t()) :: {:ok, String.t()} | {:error, :invalid_identifier}


      


Query reading the progress token for a slot. slot_name bound $1; only the validated table is interpolated.

  



  
    
      
    
    
      progress_upsert(table)



        
          
        

    

  


  

      

          @spec progress_upsert(String.t()) :: {:ok, String.t()} | {:error, :invalid_identifier}


      


Upsert of the progress token for a slot. slot_name/token bound $1/$2.

  



  
    
      
    
    
      publication_exists(publications)



        
          
        

    

  


  

      

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


      


Query returning the pubnames that exist for any name in the validated list (spec §5.3 /
decision #18). The caller halts fail-closed if the returned set ≠ the requested set —
START_REPLICATION with a missing publication silently streams the existing subset, so it
CANNOT be the fail-closed gate (probe-verified).
Unlike publication_tables/1 / pk_columns/0 / table_columns/0 (which run via
Postgrex.query!/3 and bind $1), this query runs in the Postgrex.ReplicationConnection
connect chain, whose {:query, sql, state} dispatch uses the SIMPLE query protocol — which
cannot bind $1. So the validated names are interpolated into a single-quoted IN (...) list,
the exact precedent slot_invalidation_status/2 sets with slot_name. Injection-safe per
Critical Rule 2: every name passed Identifier.validate/1 ([a-z_][a-z0-9_]{0,62}) BEFORE
reaching here — the allowlist excludes ', ), ;, and every other breakout character, so
the interpolated literal cannot escape the IN (...) position.

  



  
    
      
    
    
      publication_tables(publications)



        
          
        

    

  


  

      

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


      


Query returning each DISTINCT publication table's schemaname, tablename, and PG-quoted
fully-qualified name across the publication LIST (spec §5.3 / decision #19). The DISTINCT
collapses the pubname dimension BEFORE it fans the join, so a table in two publications yields
ONE row (not two). The publication names are bound $1 (an array), so no interpolation.

  



  
    
      
    
    
      recovery_and_version()



        
          
        

    

  


  

      

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


      


Connect-time probe: pg_is_in_recovery() (standby detection, spec §8) plus the numeric
server version (server_version_num, e.g. 170010) in one round trip on the replication
connection. The version gates the PG17+ invalidation columns (spec §5) and the FAILOVER
slot grammar (spec §6). No identifier to validate — a constant query.

  



  
    
      
    
    
      set_transaction_snapshot(name)



        
          
        

    

  


  

      

          @spec set_transaction_snapshot(term()) ::
  {:ok, String.t()} | {:error, :invalid_snapshot_name}


      


Command adopting an exported snapshot by name (spec §9). The name is validated as a
snapshot-name LITERAL — not an identifier — before interpolation into the quoted
string; a name with a quote/whitespace/other injection returns
{:error, :invalid_snapshot_name} and builds nothing.

  



  
    
      
    
    
      slot_exists(slot_name)



        
          
        

    

  


  

      

          @spec slot_exists(String.t()) :: {:ok, String.t()} | {:error, :invalid_identifier}


      


Query returning the active flag for the replication slot.

  



  
    
      
    
    
      slot_invalidation_status(slot_name, version)



        
          
        

    

  


  

      

          @spec slot_invalidation_status(String.t(), non_neg_integer()) ::
  {:ok, String.t()} | {:error, :invalid_identifier}


      


Query returning the slot's invalidation signals (spec §5/§8). On PG < 17 (version < 170000): wal_status + conflicting (the PG16 columns; invalidation_reason errors there).
On PG ≥ 17: also invalidation_reason (Postgres's authoritative invalidation field) and
synced (true on a standby holding a slot synced from the primary). wal_status = 'lost' =
WAL removed; conflicting = true = standby recovery conflict; any non-null invalidation_reason
= invalidated. All are unrecoverable → fail-closed halt.

  



    

  
    
      
    
    
      start_replication(slot_name, publications, opts \\ [])



        
          
        

    

  


  

      

          @spec start_replication(String.t(), [String.t()], keyword()) ::
  {:ok, String.t()} | {:error, :invalid_identifier}


      


Replication command that starts streaming WAL from start_lsn for the publication set.
publication is a non-empty list of validated identifiers (Critical Rule 2): a single-element
list reproduces the published-0.1.0 command byte-for-byte; a multi-element list is comma-joined
into publication_names 'p1,p2' (each name is an allowlisted bare identifier, so the bare
comma-list is injection-safe — probe-verified). opts[:start_lsn] is a Replicant.lsn/0
(non_neg_integer, default 0).
opts[:streaming], when truthy, selects proto_version '2', streaming 'on' (spec §5).
opts[:messages], when truthy, adds messages 'true' (spec §6, A2). Absent or falsy (the
default) emits the byte-for-byte v1 command.

  



  
    
      
    
    
      table_columns()



        
          
        

    

  


  

      

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


      


Query returning, per publication table, ALL its non-dropped user columns
(attnum > 0 AND NOT attisdropped, the SELECT * column set) ordered by attnum —
the raw attname (the %Change{}.record string key and the result column name), the
server-quoted form via quote_ident (the ONLY form interpolated into the keyset/keyless
::text projection — Critical Rule 2, the format('%I') precedent), and each column's
atttypid. The reader maps the OID to a pgoutput type name (OidDatabase.name_for_type_id/1)
and casts the <col>::text value through the SAME Casting.Types.cast_record/2 path the
stream uses, so snapshot and stream deliver byte-identical %Change{}.record values for
EVERY column (spec §2 convergence — the F1 fix generalized from PK-only to all columns).
Publication name is bound $1. Row shape:
[schemaname, tablename, qualified, col_raw, col_quoted, col_type_oids].

  



  
    
      
    
    
      watermark_lsn(bool)



        
          
        

    

  


  

      

          @spec watermark_lsn(boolean()) :: String.t()


      


Read-only watermark position (spec §2/§4): pg_current_wal_lsn() on a primary,
pg_last_wal_replay_lsn() on a standby (the chunk reader connects to the same host
as the replication connection, so its snapshot visibility is bounded by replay).
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