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capstan is MySQL CDC on the BEAM: it connects to MySQL as a replica, tails the
row-based binary log from a GTID position, and delivers committed transactions to
your sink — durably checkpointed, at-least-once, and fail-closed on every condition
that could otherwise lose or corrupt data silently. It is
replicant's MySQL sibling.
It is a library in your supervision tree, not a daemon: no JVM, no ports, no
second runtime. The MySQL replication-protocol client is in-library and pure
Elixir (:gen_tcp/:ssl/:crypto only).
When to use it
	You want	capstan
	Row-level change streams out of MySQL 8+ into Elixir	✅ this is exactly it
	An initial backfill of existing rows, then a gap-free handoff to the stream	✅ built in (:snapshot)
	Delivery guarantees without operating Debezium/Maxwell	✅ one dependency, your tree
	Schema-change notifications without DDL text leaking into logs	✅ DDL redacted by design
	A source with binlog_transaction_compression=ON	✅ consumed — the in-library zstd decoder inflates each compressed transaction (byte-exact conformance vs the reference zstd)
	XA (two-phase) transactions	✅ tracked or refused, never half-delivered (xa: policy)
	Amazon Aurora MySQL v3 as the source	✅ named + documented (ADR-0013); a failover resets the cycle budget and the checkpoint set gains both writers' UUIDs

Install
def deps do
  [
    {:capstan, "~> 1.3"}
  ]
end
MySQL requirements, checked at every connect (one query, distinct refusal per
violation): binlog_format=ROW, binlog_row_image=FULL, binlog_row_metadata=FULL,
binlog_row_value_options='' (full JSON), gtid_mode=ON, log_bin=ON (the binary log
enabled — on Aurora this is the one variable that names a disabled binlog, because
binlog_format still reads ROW when the cluster group turns logging off; ADR-0013).
Amazon Aurora MySQL version 3 through the cluster writer endpoint is a named, documented
source (ADR-0013),
and its failover contract is verifiable locally with no AWS account — three real MySQL
nodes behind a flipping endpoint: scripts/aurora-sim.
Run
scripts/capstan-preflight.sql against a
prospective source for a read-only readiness report.
A 30-second pipeline
defmodule MyApp.OrderSink do
  @behaviour Capstan.Sink

  @impl true
  def handle_transaction(txn) do
    Enum.each(txn.changes, fn change ->
      # change.op ∈ {:insert, :update, :delete}; change.record is column => value
      MyApp.Projector.apply!(change)
    end)

    {:ok, txn.position}   # persist this atomically with your own write for effect-once
  end
end

defmodule MyApp.CDC do
  def start_link(opts) do
    Capstan.start_link(
      connection: [
        host: "db.internal",
        username: "capstan",
        password: opts[:password]
      ],
      server_id: 4242,
      sink: MyApp.OrderSink,
      checkpoint_store: [module: MyApp.CheckpointStore],
      tables: [{"shop", "orders"}]
    )
  end
end
That is the whole core: connect, stream, deliver, checkpoint. Kill it, restart
it — it resumes from the durable checkpoint with no transaction lost (the sink
sees replays at worst; make it idempotent — that is the contract).
Try it live (kill/restart resume included) in the
getting-started Livebook, or run the
minimal printable consumer in examples/. For the
complete production shape as one runnable stack — receipts, idempotent
mirror, durable checkpoint, all in docker — see
examples/replication_pipeline.

The three ways to own your position
1. Lib-owned checkpointing (default). You implement a two-callback
Capstan.CheckpointStore (read/write a GTID-set string — a table row, a file,
Redis, anything durable). capstan delivers a transaction, then checkpoints.
Crash between the two → the transaction is re-delivered on restart: at-least-once.
2. Sink-owned checkpointing (effect-once). Your sink implements
checkpoint/0 and persists the position atomically with its own write — the
delivery and the position advance become ONE transaction. capstan never
checkpoints past a write the sink has not confirmed.
3. Batched (batch: [max_transactions:, flush_ms:, mode:]). The checkpoint
write covers N transactions: :lib_owned batches the checkpoint writes;
:sink_owned hands your handle_batch/2 the whole list + final position for
one atomic write. Wider crash-replay window, fewer round trips.
Backfill existing rows first
Add a :snapshot block and capstan backfills pre-existing rows before (and
concurrently with) the stream, gap-free — a per-chunk brief read lock pins each
chunk's exact GTID position, and a cursor gate suppresses stream changes a chunk
already covers. Kill it mid-backfill and it resumes per-table from durable
cursors.
snapshot: [
  tables: [{"shop", "orders"}, {"shop", "customers"}],   # or :all (scoped base tables)
  store: [module: MyApp.SnapshotStore],
  chunk_size: 4096
]
Every table gets exactly one completion signal — a final_chunk?: true beat to
handle_snapshot/2 (empty tables get exactly one empty final chunk). Primary keys
may be integers, BINARY/VARBINARY, CHAR/VARCHAR (any charset and collation —
the gate compares the server's own collation sort keys, not string bytes), or
composites of those; the TEXT family and ENUM/SET keys are refused with a named
halt rather than backfilled in a wrong order.
Fail-closed, everywhere
Any condition that could silently lose or corrupt data halts the pipeline
({:shutdown, {:halt, reason}}; every child is restart: :temporary, so the
halt is yours to handle): a purged binlog range, a server identity mismatch, a
malformed event, an unknown transaction shape, an unconsumable compression type,
a sink error, a schema change mid-backfill. Halts surface as
[:capstan, :connection, :halt] / [:capstan, :assembler, :halt] /
[:capstan, :snapshot, :halt] telemetry with a value-free reason. No row value,
no DDL text, no password ever appears in a halt reason, log line, or telemetry
payload — that boundary is enforced at runtime, not by convention.
Where to go next
	examples/replication_pipeline — the
durable reference implementation as a docker stack: one docker compose up
runs MySQL source → capstan (one OTP release container) → MySQL destination
with value-free receipts, an idempotent upsert mirror, and a durable GTID
checkpoint you can kill and restart mid-life.
	usage-rules.md — the full operating contract: every
option, every halt reason, delivery semantics, TLS posture, XA policy.
	docs/telemetry.md — every telemetry event with its
measurements and metadata, plus attach examples.
	docs/recipes.md — idempotent sinks, warehouse loading,
snapshot-then-stream migration, batching tradeoffs, TLS, "start from now",
XA sources, and the Amazon Aurora MySQL recipe (cluster parameter group, retention
hours, the writer endpoint, the AWS CA bundle).
	ADRs — the decision record (position model, fail-closed
posture, snapshot cursor gate, XA tracking, zstd consumption, …).
	CHANGELOG.

Repository layout
	Directory	Contents
	lib/	The Elixir library (Hex package capstan)
	notebooks/	The getting-started Livebook
	examples/	Runnable minimal consumers (examples/README.md)
	scripts/	The MySQL init seed (mysql-init/), the read-only preflight report, and aurora-sim/ (the local Aurora-failover harness)
	probe/	The executed protocol viability probe + committed evidence
	docs/	ADRs, telemetry reference, recipes
	usage-rules.md	Consumer-facing usage contract

Support & maintenance
capstan is maintained as the MySQL side of the baselabs CDC stack (replicant's
sibling). Issues and pull requests are welcome; there is no support SLA.
License
MIT — see LICENSE.


  

    capstan usage rules

capstan streams committed MySQL row changes from the binary log to a sink in your
supervision tree. This file is the consumer-facing contract; the permanent decision record is in
docs/adr/.
Checkpoint modes: lib-owned (default — capstan persists the processed GTID
set) and sink-owned (C1a — the sink persists its data and the position atomically
together; see "Sink-owned checkpoint mode"). Explicit start positions remain a named
follow-up (C1b).

Starting a pipeline
Configure each pipeline explicitly at Capstan.start_link/1 — there is no global mutable state.
Capstan.start_link(
  connection: [
    host: "replica.internal",
    port: 3306,
    username: "capstan",
    password: "…",
    database: "orders",
    ssl: true,                                  # default true (ADR-0002)
    ssl_opts: [cacertfile: "/etc/ssl/mysql-ca.pem", server_name_indication: :disable],
    auth_plugins: [:caching_sha2_password]      # default; name :mysql_native_password to allow it
  ],
  server_id: 1001,                              # replica identity; MUST be unique in the topology
  sink: MyApp.OrdersSink,                       # implements Capstan.Sink
  checkpoint_store: [module: MyApp.Store, options: []],   # lib-owned mode; see below
  start_position: :checkpoint,                  # :checkpoint (default) | %Position{} | :current
  tables: [{"orders", "line_items"}],           # or :all (default); filter applied before decode
  max_command_retries: 5,                       # default 5; pre-establish failures only
  xa: :track,                                   # default :refuse; see "XA transactions"
  batch: [max_transactions: 1000, flush_ms: 500],  # optional; see "Batching"
  max_prepared_transactions: 10_000,            # the :track prepared-pool bound
  reconnect_backoff: 1_000,                     # default; ms between reconnect attempts
  heartbeat_period_ms: 15_000,                  # default; server heartbeat on a quiet stream
  stream_timeout_ms: 60_000                     # default; MUST be > heartbeat_period_ms
)
	Returns {:ok, supervisor_pid}, or {:error, reason} where reason is a value-free atom.
A bad substrate or config is refused before any socket opens. An option key outside
the documented surface — a misspelled key (stream_timeout: for stream_timeout_ms:) at
the top level, in connection:, in snapshot:, or in a store block — is refused
:unknown_option rather than silently defaulted.
	Embed it with the child spec: {Capstan, connection: [...], server_id: ..., sink: ..., checkpoint_store: [...]}.

TLS (ADR-0002)
ssl defaults true. With TLS on you MUST make an explicit peer-verification choice, or start
fails closed with :tls_verification_unspecified:
	authenticated: pass cacertfile: (or cacerts:). MySQL's auto-generated cert is self-signed
with no SAN, so also pass server_name_indication: :disable (VERIFY_CA — chain verified,
hostname not); or
	unauthenticated confidentiality only: pass verify: :verify_none explicitly; or
	opt out entirely with ssl: false.

Streaming liveness
A silent half-open partition cannot hang the pipeline: capstan asks the server for a
replication heartbeat every heartbeat_period_ms (default 15 000) of stream idleness, and a
liveness timer declares the stream dead when no frame — event or heartbeat — arrives
within stream_timeout_ms (default 60 000, tolerating three missed heartbeats). On fire it
emits [:capstan, :connection, :stream_timeout], drops the connection, and reconnects; a
persistent partition halts :stream_stalled. stream_timeout_ms MUST exceed
heartbeat_period_ms, or the pipeline refuses to start (:invalid_liveness_config) — a
window at or below the heartbeat interval would false-drop a healthy idle stream. All three
values must be positive integers within the schedulable timer ceiling (2^32−1 ms ≈ 49.7
days); anything else is refused :config_invalid before any socket opens.
Start positions
start_position: accepts three forms. :checkpoint (default) resumes from the
position authority — the checkpoint store (lib-owned) or your checkpoint/0
(sink-owned). An explicit %Capstan.Position{} resumes BOTH the dump and the
dedup watermark from that position — you assert it is a safe resume point; transactions
it covers are not re-delivered, everything after it streams. :current reads the
server's live @@global.gtid_executed once, pre-dump, and resumes from it — "start
from now" without pre-seeding.
First start — an empty checkpoint requests FULL retained history
A never-written store sends the binlog dump an empty GTID set, which means "everything
the server still retains". Two consequences:
	On a server that has already purged its earliest logs (@@global.gtid_purged non-empty),
the server refuses the dump and the pipeline halts :data_gap.
	On a server with complete retained history, the sink replays all of it from the top.

To start "from now" instead, seed the checkpoint store before first start with the
server's current executed set — the store is the position authority, so a pre-seeded value
is simply resumed from:
# 1. Read the server's current position with any MySQL client:
#      SELECT @@global.gtid_executed;
# 2. Write that string into your store before starting the pipeline:
:ok = MyApp.Store.write(store, gtid_executed)
# Capstan.start_link/1 now resumes from it — nothing before it is delivered.
Value-free start-up refusals
Capstan.start_link/1 returns {:error, reason} with one of:
:server_id_required, :config_invalid, :tls_verification_unspecified,
:invalid_liveness_config, :unknown_option, :invalid_sink,
:sink_missing_handle_transaction, :sink_missing_checkpoint,
:sink_missing_handle_schema_change, :checkpoint_store_required, :sink_owned_mode_unsupported,
:start_position_override_unsupported, :start_position_current_unsupported. In snapshot mode
also: :sink_missing_handle_snapshot, :snapshot_table_not_captured, and :config_invalid for a
mis-shaped snapshot: block or a tables: :all snapshot set (see Initial snapshot). No row value,
column value, or password ever appears in an error, log line, or telemetry payload (Rule 1).
The Capstan.Sink behaviour
Four callbacks; every one is @optional_callbacks — which are required depends on the mode.
For C1's lib-owned mode you implement handle_transaction/1 and handle_schema_change/2.
@callback handle_transaction(Capstan.Transaction.t()) ::
            {:ok, Capstan.Position.t()} | {:error, term()}

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

@callback checkpoint() :: {:ok, Capstan.Position.t() | nil} | {:error, term()}
# checkpoint/0 is consulted only in the (deferred) sink-owned mode.
Three load-bearing rules — each guards a silent-loss class the type signature alone does not:
	changes is Enumerable.t(), not a list. Never call length/1 / Enum.count/1 on it.
C1 delivers a list, but the type is the day-one contract: a later row makes changes a lazy,
single-pass, disk-backed enumerable valid only during the delivery call. Enumerate exactly
once, streaming (Enum.reduce/3, Enum.each/2, for, or a single-pass Stream).

	Dedup with Capstan.Gtid.member?/2 — never an ordinal comparison. A GTID set is
legitimately non-contiguous (failover, purge, multi-source), so commit_lsn <= checkpoint-style
comparison silently skips or re-applies. Skip a transaction when
Capstan.Gtid.member?(checkpoint_set, {uuid, gno}) is true.

	The checkpoint is a PROCESSED watermark, not a delivery log. It records every committed
GTID processed — delivered and filtered. It does not mean "delivered".


handle_schema_change/2 receives only structured schema/table/kind — the raw DDL statement
text is redacted before it reaches the sink (Rule 1). Return {:error, term()} from either
delivery callback to halt the pipeline fail-closed without advancing the checkpoint.
Batching
batch: [max_transactions: n, flush_ms: ms, mode: :lib_owned | :sink_owned] batches the
DURABLE side (absent — no batching; per-transaction delivery and checkpoint,
byte-for-byte the C1 behavior).
	:lib_owned (default): delivery stays per-transaction (handle_transaction/1
unchanged); only the durable CHECKPOINT write batches — one write of the batch's
newest position at the bound (max_transactions) or the deadline (flush_ms),
whichever first. The crash-replay window widens from one transaction to at most the
un-flushed batch tail; dedup on restart already covers replay (set membership).
	:sink_owned: the DELIVERY itself batches — your sink receives ONE
Capstan.Sink.handle_batch/2 carrying the batch's transactions plus its final
position, and must apply both atomically together (the batch effect-once contract;
required callback in this mode, {:error, _} halts before the checkpoint side).

The batch closes IMMEDIATELY (never across) on any halt and on snapshot coordination.
XA transactions (ADR-0006)
Two-phase XA is opt-in: xa: :track (default :refuse halts
:unsupported_transaction_shape at the prepare, the original posture). A one-phase
XA COMMIT ... ONE PHASE is an ordinary atomic commit — it carries fully-committed rows
with no rollback risk, so it is DELIVERED in both modes (the one deliberate deviation
from the pre-XA unconditional type-38 halt; ADR-0006 §2). Under :track a
prepared transaction's rows are pooled in memory (bounded by max_prepared_transactions,
default 10 000 — exceeding halts :xa_prepared_pool_exhausted, never evicted) and
delivered exactly once at the resolution: XA COMMIT delivers the pooled rows as one
transaction; XA ROLLBACK delivers zero rows (both advance the watermark over the prepare
AND resolution GTIDs in a single write — a prepare never checkpoints alone, the
crash-safe held-out watermark). A prepare that predates the pipeline resolves row-lessly
(capstan enumerates XA RECOVER at every connect). XA COMMIT/ROLLBACK with no known
prepare halts :xa_commit_without_prepare / :xa_rollback_without_prepare. The XID bytes
are application data (Rule 1): pooled under a sha256 key, never logged, emitted, or
telemetered — errors correlate on GTIDs. One-phase XA commits immediately. The source
account needs XA_RECOVER_ADMIN for the connect-time enumeration (the preflight
checks it). During an initial snapshot, a prepared XA on a snapshot table blocks the
brief per-chunk lock (its row locks serialize against LOCK TABLES … READ), so a chunk
is never captured over an unresolved XA.
Sink-owned checkpoint mode
Omit checkpoint_store: and implement Capstan.Sink.checkpoint/0 — the sink IS the
checkpoint. handle_transaction/1 must persist its data AND the delivered position
atomically together and return the position; on (re)start capstan reads the resume
position from checkpoint/0, delivers, and advances in-memory after each durable sink
write. There is no store child and no separate checkpoint write — a crash between
"delivery" and "checkpoint" is impossible by construction, which is what makes the mode
effect-once (zero replays, zero skips across a kill/restart — the C1a acceptance
marquee proves it live on an append-only ledger). An handle_transaction/1 that returns
{:ok, position} without having durably persisted that position breaks the mode's
contract silently — the durability is YOURS to provide.
Column-type breadth (C4a)
SET columns decode to MySQL's text form — the selected members comma-joined ("a,c";
an empty set is ""). GEOMETRY (and its typed aliases: POINT, LINESTRING,
POLYGON, the MULTI_ and GEOMETRYCOLLECTION family) deliver the column's *raw
spatial binary — the 4-byte SRID prefix plus WKB — verbatim; interpretation (WKT,
parsers) is the sink's. A SET bitmap naming a member the schema does not declare is a
metadata desync and halts {:unsupported_column_type, reason: :set_member_out_of_range};
pre-5.6 temporals remain refused (a supported 8.0+ source never emits them).
Memory shape. A transaction is buffered whole in pipeline memory between assembly and
delivery, so peak memory scales with the source's largest single transaction; in snapshot mode
add one fully-materialized chunk per table (bounded by chunk_size). Streaming/batched delivery
of very large transactions is a named roadmap row (C3).
Checkpoint store (lib-owned mode)
Capstan.CheckpointStore persists exactly one value per pipeline: the processed gtid_set
string (file/pos are diagnostic and never persisted). Implement two callbacks:
@callback read(store()) :: {:ok, String.t() | nil} | {:error, term()}   # nil = never written
@callback write(store(), gtid_set :: String.t()) :: :ok | {:error, term()}  # idempotent
Capstan.CheckpointStore.InMemory is a process-lifetime reference implementation
(start_link/1, read/1, write/2) for tests and ephemeral pipelines — not durable across
a restart. For production, implement the two callbacks over storage you already trust (your
application database, a file written atomically) — write/2 must be durable and idempotent.
Bridge Capstan.Position through read_position/2 / write_position/3, which apply
the persist boundary so you never leak file/pos.
Wiring: checkpoint_store: [module: impl, options: keyword()] — the pipeline supervises the
store, calling impl.start_link(options) (options defaults to []). A store fault at
read or write is retried up to 5 times (not configurable in C1; :config_invalid is treated
as permanent and halts immediately), then the pipeline halts fail-closed —
{:checkpoint_read_failed, reason} / {:checkpoint_write_failed, reason}. This budget is
separate from max_command_retries, which governs only pre-establish connection failures.
Initial snapshot (C2)
Backfill the rows that pre-exist the pipeline's start, woven into the running stream so there is
no gap and no duplicate at the snapshot→stream handoff (ADR-0005). Absent the :snapshot
block, a pipeline is pure C1 — this is purely additive.
Capstan.start_link(
  connection: [...], server_id: 1001, sink: MyApp.Sink,
  checkpoint_store: [module: MyApp.GtidStore],
  tables: [{"app", "orders"}],                 # capture allowlist (must be a concrete list to snapshot :all)
  snapshot: [
    tables: [{"app", "orders"}],               # ⊆ captured; DEFAULTS to the captured list
    store:  [module: MyApp.SnapshotStore],      # durable snapshot progress (SEPARATE from the gtid store)
    chunk_size: 4096                            # rows per chunk (bounds the brief lock's hold + memory)
  ]
)
Source privilege. The query account needs LOCK TABLES on the snapshot tables (in addition
to SELECT) — capstan takes a brief per-chunk LOCK TABLES … READ to capture an exact GTID
position (the read-only-replica-safe substitute for a written watermark; ADR-0005). No RELOAD /
FTWRL. The preflight (scripts/capstan-preflight.sql) checks it.
The sink implements handle_snapshot/2 (optional in general; required in snapshot mode):
@callback handle_snapshot([Capstan.Change.t()], Capstan.Snapshot.Meta.t()) :: :ok | {:error, term()}
	The first argument is a concrete list of %Capstan.Change{op: :snapshot} (record = the full
row, old_record = nil) — a bounded, fully-materialized chunk, NOT the lazy Enumerable.t() of
handle_transaction/1. Capstan.Snapshot.Meta carries only value-free structural identity
(schema/table/chunk_seq/g/final_chunk?).
	Apply each chunk row as an UPSERT keyed on its primary key. This is a HARD precondition: a
snapshot row may be superseded by a later streamed change, and the bounded crash-window re-emit
relies on upsert-by-PK to converge. Return {:error, term()} to halt fail-closed.

Guarantees. Strict-once in normal operation. The only duplicate window is a crash between the
chunk's {:ok} and the durable pk_cursor persist — the one in-flight chunk re-emits, exactly C1's
bounded posture; an upsert-by-PK sink converges. A DELETE landing in that same window is swept, not
left as a phantom: a delivered_pk high-water (persisted before each emit) lets the cursor-gate
forward a streamed delete of an already-delivered key on restart. Resumable mid-backfill: the
per-table PK cursor lives in MyApp.SnapshotStore (implement read/1+write/2 over a
%Capstan.Snapshot.State{}, same durable/idempotent contract as the checkpoint store), and the
backfill resumes with WHERE pk > cursor — never a re-scan from zero. A store whose
status: :complete never re-snapshots.
The snapshot table set is fixed once a durable state exists. Adding or removing a table in
snapshot.tables after a :complete/mid-snapshot state is a config/state divergence and halts
:snapshot_config_drifted — a newly-added table would otherwise be silently never backfilled. To
re-backfill a changed set, drop the durable snapshot state (a fresh start re-introspects config).
Supported primary keys (order-faithful). Chunking pages by MySQL ORDER BY pk while the
gate compares in Elixir, so the comparison must provably match MySQL's: integer
(signed/unsigned, incl. BIGINT UNSIGNED), BINARY/VARBINARY, CHAR/VARCHAR
(any charset, any collation — ADR-0012), and composites of those. A string PK's ordering
rides its collation WEIGHT BYTES, computed by the server on both sides (the chunk read selects
WEIGHT_STRING(pk); streamed raws resolve through a COLLATE-pinned CONVERT introducer) —
Elixir never re-implements a collation. Two costs are inherent to the design: during a
string-PK table's backfill window every streamed transaction carrying a NEW string key pays
≥1 weight-resolution round trip on the source (repeated keys hit a bounded cache), and
composite row-value pagination is a full index scan per page (a pre-existing cost class for
composites of ANY type). On resume the persisted cursor's weight half is recomputed from its
raw half, so both sides of every comparison always come from the same server.
Still refused :snapshot_pk_unsupported_type, on measured grounds (ADR-0012): the TEXT
family (a prefix PK pays a filesort per chunk page — Using filesort vs Using index on
VARCHAR — superlinear backfill) and ENUM/SET (the column's ORDER BY is
member-position order while any string-context weight is string order — two disagreeing
order spaces). DECIMAL/DOUBLE/FLOAT/temporal PKs remain refused (Elixir term-order
diverges from MySQL).
Zero-row tables complete loudly (C2c). A configured snapshot table with no
pre-existing rows delivers exactly ONE snapshot beat — an empty final_chunk?: true
chunk — so a sink gating per-table readiness on the final chunk never waits on an
empty table. Tables that had rows deliver their final chunk as always.
A tables: :all snapshot — which arises when the capture
allowlist is itself :all — RESOLVES to the server's scoped base tables: the
information_schema.TABLES enumeration filtered to TABLE_TYPE = 'BASE TABLE' outside the
system schemas (mysql, information_schema, performance_schema, sys), ordered and
deterministic (C2b). Views, system schemas, and temporary tables are excluded by construction;
a server exposing no scoped base tables refuses :snapshot_no_base_tables (a misconfiguration,
never a silent empty backfill). The resolved list is what the durable snapshot state binds —
on resume, the stored set is the authority for what :all meant (:all always reconciles).
Runtime halts (fail-closed)
Any condition that could otherwise lose or corrupt data silently halts the pipeline: the
processes exit {:shutdown, {:halt, reason}} and — because every child is
restart: :temporary — the pipeline is not restarted. Your application observes the halt
via [:capstan, :connection, :halt] / [:capstan, :assembler, :halt] telemetry (metadata
reason) and decides whether to restart, reprovision, or page. Every reason is value-free.
Server preconditions (checked at every connect): :binlog_format_not_row,
:binlog_row_image_not_full, :binlog_row_metadata_not_full,
:binlog_row_value_options_not_empty, :gtid_mode_not_on — these five are configuration and
halt IMMEDIATELY (reconnecting cannot cure them). :binlog_disabled is the sixth variable
with different semantics: log_bin is also TOPOLOGY — a managed failover window (observed on
Aurora; ADR-0013) can transiently disable it — so a :binlog_disabled refusal is BUDGETED
against max_command_retries and retried; when the budget exhausts, the halt keeps the
distinct :binlog_disabled reason. An Aurora pipeline riding out failovers sizes its budget
to the promotion window (the receipt's recipe: max_command_retries: 120, reconnect_backoff: 5_000). :precondition_query_failed halts without retrying.
Compressed transactions are consumed. binlog_transaction_compression=ON sources stream
normally: each TRANSACTION_PAYLOAD event is inflated by capstan's in-library pure-Elixir
zstd decoder (RFC 8878; byte-exact conformance against reference-inflated frames) and its
inner events fold through the assembler exactly as bare ones — the sink sees the transactions
an uncompressed source would deliver. GTID/control/non-transactional events still arrive bare
on such sources (a mix, by construction). A malformed payload — a non-ZSTD compression type,
any zstd corruption signal, an uncompressed-size mismatch, a malformed inner header — halts
with a value-free reason ({:payload_header, _} / {:payload_inflate, _} /
{:payload_inner, _}); nothing is ever partially decoded. One named envelope:
a payload whose declared or inflated size exceeds 1 GiB refuses
:payload_too_large — checked on the DECLARATION before a byte is allocated,
so a zip-bomb frame costs nothing. The 1 GiB constant
(Capstan.Binlog.TransactionPayload, @max_inflated_bytes) is an operating
envelope consistent with the rest of the system — the assembler buffers whole
transactions in memory, so a >1 GiB single transaction is beyond capstan's
working set regardless of the decoder. Sources with legitimately larger
transactions need that constant revisited (and a streaming assembler design
with it).
Connection halts:
	:data_gap — the server purged binlogs the pipeline still needs (also the fresh-start
case above). Re-seed or reprovision; resuming would silently skip transactions.
	:source_identity_mismatch — the checkpoint carries GTIDs this server never executed;
almost always a checkpoint pointed at the wrong server.
	:server_id_conflict — another replica with the same server_id is attached. A
failover is not counted toward it: when a reconnect observes a different
@@server_uuid (the promoted writer behind a cluster endpoint — the Aurora shape,
ADR-0013) and the gap check passes, the established-then-dropped budget resets; only
cycles against the SAME @@server_uuid (the eviction signature) accumulate to this
halt.
	:stream_stalled — a persistent network partition outlived the liveness reconnect budget.
	:command_retries_exhausted — pre-establish failures (connect/auth/query) exceeded
max_command_retries.
	:invalid_liveness_config — stream_timeout_ms <= heartbeat_period_ms.
	:checksum_negotiation_failed, :unrecognized_dump_error, {:dump_failed, code},
:unexpected_stream_packet, :receiver_down — protocol-level refusals; the reason names
the site.

Delivery halts (tagged tuples; telemetry reports the outer atom):
	{:sink_error, reason} — your sink returned {:error, reason}; the checkpoint is held,
so the transaction is re-delivered after a restart (at-least-once).
	{:checkpoint_read_failed, reason} / {:checkpoint_write_failed, reason} — store fault
after the retry budget.
	{:assembler_error, reason} — a stream desync (:begin_without_gtid,
:rows_without_transaction, …) or a row the pipeline refuses to decode:
:unmapped_table_id, {:unsupported_column_type, detail} (a column outside the decoded breadth, e.g. pre-5.6 temporals), a compressed transaction payload, an unknown event type.
	:unsupported_transaction_shape — an XA transaction under the default xa: :refuse
(the buffered rows are discarded, never delivered; ADR-0003). With xa: :track
(ADR-0006) XA no longer halts here — see "XA transactions" for the :xa_* halts
(pool exhaustion, prepare-GTID mismatch, resolution without prepare).
	{:event_parse_failed, reason} — CRC mismatch or truncated event.
	{:event_decode_crashed, %Capstan.Error{}} / {:event_processing_crashed, %Capstan.Error{}}
— an unexpected raise, captured value-free.

Snapshot halts (snapshot mode; each a distinct value-free reason per silent-loss condition):
	:snapshot_table_no_primary_key — a snapshot table has no usable key (no PK and no NOT NULL-complete unique key).
	:snapshot_pk_unsupported_type — a PK column outside the order-faithful allowlist (the
TEXT family, ENUM/SET, DECIMAL/DOUBLE/temporal — each on a measured or provable
ordering divergence; see ADR-0012).
	:snapshot_pk_weight_failed — resolving a string PK's collation weights (ADR-0012) failed
on the source beyond the shared retry budget; an ungated change would be a silent gap/dup,
so the pipeline halts fail-closed instead.
	:snapshot_collation_contract_violated — the bootstrap order-contract canary found the
source's WEIGHT_STRING byte order DISAGREEING with its ORDER BY order over a fixed
ASCII vector under the column's collation (ADR-0012). Every gate decision rests on that
equality; a server that breaks it would mis-gate silently, so the snapshot refuses to
open instead. A canary, not a proof — it covers the case/prefix/digit order classes the
suite exercises, not every character a future server could reorder.
	:snapshot_lock_unavailable — the brief LOCK TABLES … READ failed (missing LOCK TABLES
privilege, or a lock-wait timeout) beyond the retry budget.
	:snapshot_schema_drifted — a snapshot table's structure changed mid-backfill (a per-chunk
fingerprint change, or an observed DDL on the table).
	:snapshot_source_mismatch — the query connection's @@server_uuid differs from the stream's
(a reconnect to a different replica, at connect or on any query-conn reconnect).
	:snapshot_config_drifted — the configured snapshot.tables no longer match the durable
%Capstan.Snapshot.State{}'s table set (a table added/removed after a :complete/mid-snapshot
state). Halts rather than silently never backfilling the added table; drop the durable snapshot
state to re-backfill a changed set.
	:snapshot_chunk_read_failed / :snapshot_query_connect_failed /
:snapshot_bootstrap_gtid_read_failed — a chunk read, query-connect, or P0 read fault beyond
the budget.
	:snapshot_state_read_failed / :snapshot_state_write_failed — a SnapshotStore fault (budgeted,
then halts).
	:snapshot_coordinator_down — the snapshot coordinator died silently (a stranded backfill is a
gap, so it halts loud).
	{:snapshot_sink_error, reason} / {:snapshot_processing_crashed, %Capstan.Error{}} — your
handle_snapshot/2 returned {:error, _}, or the snapshot path raised (captured value-free).

Telemetry
Both channels are fail-closed value-free and BOTH are key-allowlisted (a numeric row value —
a balance, an account number — is a non-negative number, so a type-only gate would let it
ride): metadata keys and measurement keys each pass their own allowlist, measurement values
must be non-negative numbers, and the refusals name keys only, never values.
	Event	Measurements	Metadata
	[:capstan, :connection, :established]	establish_ms	server_version, tls
	[:capstan, :connection, :stream_timeout]	—	reason
	[:capstan, :connection, :halt]	—	reason
	[:capstan, :transaction, :committed]	change_count, sink_ms	gtid
	[:capstan, :transaction, :filtered]	—	gtid
	[:capstan, :transaction, :skipped]	—	gtid, reason (:already_processed)
	[:capstan, :schema_change, :received]	—	schema, table, kind
	[:capstan, :snapshot, :started]	table_count	—
	[:capstan, :snapshot, :chunk_completed]	row_count, chunk_seq	schema, table
	[:capstan, :snapshot, :completed]	table_count	—
	[:capstan, :snapshot, :halt]	—	reason
	[:capstan, :assembler, :halt]	—	reason

change_count is computed before delivery (never by consuming the sink's single-pass
changes enumerable); sink_ms spans the sink call; establish_ms spans
connect-to-streaming. Commit-to-delivery lag is deliberately NOT measured: the pipeline
does not thread the binlog commit timestamp, and wall-clock skew would make a naive
difference a lie.
The only log line emitted in normal operation is a Logger warning when authenticating with
the deprecated mysql_native_password plugin.
Substrate requirements (ADR-0002)
capstan verifies these at connect and refuses to start (a distinct reason per violation) if any
is wrong:
binlog_format                 = ROW
binlog_row_image              = FULL
binlog_row_metadata           = FULL
binlog_row_value_options      = ''   # PARTIAL_JSON is refused — it emits JSON diffs, not values
gtid_mode                     = ON
log_bin                       = enabled   # the binary log itself; see ADR-0013 for the Aurora case
binlog_transaction_compression may be either OFF or ON: compression is source-unilateral
(no consumer opt-out), and capstan CONSUMES compressed transactions — the in-library
pure-Elixir zstd decoder inflates each TRANSACTION_PAYLOAD event (ADR-0011), so an ON
source streams normally instead of being refused before the dump.
enforce_gtid_consistency = ON is recommended (implied by gtid_mode = ON) but is not
separately checked. Multi-source replication is supported — a GTID set expresses multiple source
UUIDs natively. The replication account authenticates via caching_sha2_password by default and
needs REPLICATION SLAVE, REPLICATION CLIENT, and SELECT; LOCK TABLES for the
snapshot path; and XA_RECOVER_ADMIN for xa: :track (the connect-time XA RECOVER
enumeration).


  

    Changelog

All notable changes to capstan are documented here. The format follows
Keep a Changelog, and this project adheres to
Semantic Versioning.
Unreleased
[1.3.1] - 2026-09-30
Fixed — the shipped aurora-sim harness actually runs
The 1.3.0 tarball shipped scripts/aurora-sim/ with two first-boot defects, found and
fixed by the simulator's first executions (now wired into CI on every push): the
promotable and reader nodes started with --read-only=ON, which makes MySQL's
first-time datadir initialization exit 1 (the read-only posture is now applied by the
test tier at runtime, SET GLOBAL super_read_only); and the HAProxy endpoint's health
check used mysql-check with a probe account the nodes never create (plain TCP check
now). Also: the tier's replica channels authenticate caching_sha2 over plaintext with
GET_SOURCE_PUBLIC_KEY=1, and its root-level connections allow the stack's
mysql_native_password bootstrap account. The :aurora_sim marquees are green in CI —
docker compose -f scripts/aurora-sim/docker-compose.yml up -d && mix test --only aurora_sim works as shipped.
[1.3.0] - 2026-09-30
Fixed — two defects found by the live Aurora receipt run (ADR-0013)
	TLS: a CA source with no explicit server_name_indication now defaults the hostname
check to the connection's host. Without the default, :ssl validated the certificate
against the peer ADDRESS — an IP no managed source's DNS SANs ever carry — so hostname
verification against any DNS-named certificate (the documented Aurora/RDS recipe) was
impossible. An explicit server_name_indication (including :disable, the self-signed
recipe) is never overridden. Found on first contact with a real Aurora cluster; fixed
red-first and re-verified live.
	:binlog_disabled is now budgeted, not an immediate halt. The five value variables
remain immediate halts (configuration cannot be cured by reconnecting), but a managed
failover window can transiently answer the gate with log_bin disabled (observed on a
real Aurora promotion) — the refusal now spends max_command_retries and retries, and
the budget's exhaustion keeps the distinct :binlog_disabled reason. Without this, every
Aurora failover halted the pipeline.

Added — Amazon Aurora MySQL as a named source (ADR-0013); the gate gains log_bin
	The connect-time precondition gate reads a SIXTH variable, log_bin, refusing
:binlog_disabled when the binary log itself is off. On self-managed servers this
catches --skip-log-bin; on Aurora it is the only variable that can: AWS documents
that a cluster group's binlog_format=OFF disables log_bin while binlog_format
still reads ROW — the five-variable gate provably cannot see that condition. The
enabled literal is the text "1" (a boolean flag's simple-query form — observed live
on MySQL 8.0.46 and 8.4.11; SHOW VARIABLES renders ON, SELECT @@log_bin does
not).
	A failover is no longer counted toward :server_id_conflict: when a reconnect passes
the gap check and observes a DIFFERENT @@server_uuid (the promoted writer behind a
cluster endpoint — the Aurora failover shape), the established-then-dropped budget
resets; only cycles against the SAME @@server_uuid (the duplicate-server_id
eviction signature) still accumulate to the halt. The tracked UUID is structural
identity and never widens the Connection Inspect surface (Rule 1).
	Amazon Aurora MySQL version 3 is a named, documented source: README, usage-rules,
docs/recipes.md (the cluster-parameter-group, retention-hours and writer-endpoint
recipe, TLS with the RDS CA bundle and hostname verification ON), and an Aurora
section in scripts/capstan-preflight.sql (guarded so it is skipped off Aurora).
ADR-0013's Aurora fact table is documentation-verified, with each remaining
live-probe question named. The library code itself stays vendor-neutral.
	A tagged :aurora_mysql integration module (test/integration/aurora_mysql_test.exs,
excluded by default like :disposable_mysql) runs the ADR-0013 acceptance against a
real cluster through the AURORA_MYSQL_* environment (.env.example documents every
key). AUTHORED, NOT YET EXECUTED: no Aurora cluster exists for the repository today
(owner decision 2026-09-29: no AWS subscription yet) — the run receipt (or the
ci/aurora/ workflow) turns it on when a cluster exists.
	The Aurora failover contract is verifiable with no AWS account:
scripts/aurora-sim/ brings up three REAL MySQL 8.0 nodes — a writer, a promotable
read-only GTID replica, and a read-only binlog-off "reader" — behind an HAProxy
cluster endpoint whose target the :aurora_sim tier flips through its admin socket.
The tier proves on real MySQL: the reader-endpoint refusal (:binlog_disabled
before the dump), two back-to-back failovers on max_command_retries: 1 with loss 0
and both writers' UUIDs in the checkpoint (the live red proof of the cycle reset),
and the snapshot-across-failover halt-and-resume. docker compose -f scripts/aurora-sim/docker-compose.yml up -d && mix test --only aurora_sim.

[1.2.3] - 2026-08-24
Fixed — every shipped doc's links resolve on hexdocs (doc sweep)
	The tarball now ships every CONSUMER doc the README links —
docs/telemetry.md, docs/recipes.md, the examples/ READMEs (including
the reference pipeline's), and the getting-started Livebook — so relative
links like examples/README.md and docs/recipes.md resolve in the
hexdocs/tarball preview instead of 404ing (they were repo-side-only since
their introduction).
	A mechanical sweep over every shipped doc verifies every relative link
target exists in the shipped set (22 docs, zero broken); repo-only targets
(scripts/capstan-preflight.sql) and the ADR index are linked absolutely or
to shipped files.

[1.2.2] - 2026-08-24
Changed — docs point at the runnable reference stack
	README: "Where to go next" leads with the durable reference pipeline
(examples/replication_pipeline — one docker compose up: MySQL source →
capstan release container → MySQL destination, with value-free receipts, an
idempotent upsert mirror, and a durable GTID checkpoint), and the
30-second-pipeline note names it alongside the Livebook and print consumer.
The reference stack itself is repo-side (not in this tarball); this release
carries the pointers to it.

Added — examples/replication_pipeline: the durable reference stack (docker)
	One docker compose up runs the complete production shape: MySQL source
(ROW binlog + GTID, the five fail-closed preconditions) → capstan as an OTP
release in one container → MySQL destination, carrying the three reference
artifacts — a value-free receipts ledger (structure only, capstan Rule 1
upheld at the destination), an idempotent upsert mirror (at-least-once
delivery + idempotent apply = exactly-once effects), and a durable
GTID-set checkpoint in the destination database, seeded on first boot from
the source's gtid_executed (why: an empty checkpoint would request the
server's full retained history, which a purged server refuses).
	A new reference-example CI job builds the stack and drives the README
sequence end-to-end — insert → mirror + receipts + checkpoint assertions →
pipeline restart → resume with no duplicate re-delivery. The example is the
public sink API's out-of-repo canary: breaking the consumer surface goes red
here, not in a downstream project. Repo-side only — the hex package is
unchanged.

[1.2.1] - 2026-08-23
Fixed — the last zstd conformance holes + CI floor-leg hygiene (no library change)
	The zstd conformance suite now reaches 100% of Capstan.Zstd (was ~94%):
a test-side encoder for the sequences section (the exact inverse of the
production reverse bit-reader, with the RFC 8878 default baselines/extras
transcribed first-hand) crafts VALID frames for the decoder arms the MySQL
corpus and the reference CLI never emit — RLE and Repeat_Mode sequence
tables, the 3-byte sequence-count form (n ≥ 0x7F00 in one block), the
state-advance bitstream exhaustion, both ll==0 repeat-offset arms, and a
corrupt/truncated 4-stream jump table over a direct-weight Huffman tree.
Each valid frame asserts byte-exact output through the production decoder.
	The batching marquee's loop-value assert was vacuous — the pattern re-bound
the loop variable instead of pinning it, so delivered values were never
checked against the expected ones. Pinned: each of the three delivered
transactions is now asserted to carry its expected value, in order.
	CI's Elixir 1.15 floor leg is warning-clean: dead test helpers removed
(raw_socket_element/1, the vestigial sink copies inside the sink-owned
test module, @dual_z), an unused ctx underscored, and the predefined
offset-table length tripwire actually asserted (it was defined but unused).

[1.2.0] - 2026-08-23
Fixed — decoder robustness (found by the release gate's coverage battery)
	A compressed block whose sequence-count bytes were truncated crashed the
zstd decoder (FunctionClauseError in the mode read — the count's error
tuple matched the with's success pattern) instead of failing closed. A
malformed count now refuses {:error, :truncated_frame} like every other
corruption class (proven RED-first by the two crashing tests, now tripwires).
	The zstd conformance suite gains the decoder arms the MySQL-captured corpus
cannot fire (repetitive SQL never produces them): a reference-encoder
zstd_text/ fixture exercising 4-stream Huffman literals and the large
literals size formats, a full truncation sweep over real frames, and crafted
refusal arms per corruption class (reserved block type, block-size bound,
lying Frame_Content_Size, skippable frames, treeless/FSE-table misuse). The
TRANSACTION_PAYLOAD TLV-walk refusals, the :current start-position
read-failure arms, and Capstan.Error's pass-through contract get named
tests. Coverage over the full exercised surface: 88.62% → 91.49%.

Added — C2a collation-ordered string primary keys (ADR-0012)
	CHAR/VARCHAR primary keys (any charset, any collation, alone or in composites
and the unique-key fallback) are now snapshot-eligible. A string PK's cursor-gate
comparison rides its collation WEIGHT BYTES computed by the SERVER on both sides —
the chunk read selects WEIGHT_STRING(pk) alongside each row, and streamed raws
resolve through a COLLATE-pinned CONVERT(X'..' USING charset) introducer over the
binlog's column bytes — so k ≤ cursor provably reproduces the source's collation
order (probe-proven for ai_ci, both _bin weight forms, PAD SPACE over distinct
keys, multi-level as_cs, and composites). Previously the whole string family was
refused :snapshot_pk_unsupported_type, including the MySQL 8 default collation.
	The durable cursor for a string-PK table is dual-formed (raw column bytes +
weight); on resume the weight half is RECOMPUTED from the raw half, so both sides
of every comparison always come from the same server (WEIGHT_STRING()'s byte form
is version-mutable by documentation).
	Chunk rows deliver a string PK column as its RAW COLUMN BYTES (CAST(col AS BINARY)) — byte-identical to the previous text-protocol form for utf8mb4 (the
connection charset), and identical to what the binlog delivers for the same column
on every other charset.
	Still refused, now on measured grounds: the TEXT family (a prefix PK pays a
per-chunk filesort — superlinear backfill) and ENUM/SET (member-position order
no introducer weight path reproduces).
	New halt reason :snapshot_pk_weight_failed (budgeted, then fail-closed) when
weight resolution fails on the source.
	Known cost, by design: during a string-PK table's backfill window, a streamed
transaction carrying a NEW string key pays ≥1 weight-resolution round trip
(repeated keys hit a bounded cache); composite row-value pagination remains a full
index scan per page (pre-existing for composites of any type).
	Derisk: a bootstrap order-contract canary runs once per string PK column at snapshot
open (bootstrap and resume) — a source whose WEIGHT_STRING byte order disagrees
with its ORDER BY order over the canary vector refuses
:snapshot_collation_contract_violated before any chunk or gate decision. This
converts the residual "a future server could change the order contract silently"
into a loud, value-free halt.

Changed — presentation overhaul (docs as product)
	README rewritten as a user document: what it is, install, a 30-second
pipeline, the three position-ownership modes, snapshot/backfill, the
fail-closed posture, and a when-to-use table — the internal status-report
shape is gone (probe/roadmap material stays in the repo docs where
contributors need it).
	New docs/telemetry.md: every telemetry event with its measurements and
metadata tables plus attach examples and a standard telemetry_metrics set.
	New docs/recipes.md: idempotent sinks, batched warehouse loads,
snapshot-then-stream migration, start-from-now, TLS against self-signed
certificates, XA sources, compressed sources, production watch/alerting.
	ExDoc: recipes + telemetry as grouped "Guides" extras; the getting-started
Livebook's dependency pin bumped to the released line.

Added — C2c zero-row snapshot completion signal
	A configured snapshot table with ZERO pre-existing rows now delivers exactly
one snapshot beat — an empty final_chunk?: true chunk — instead of silently
taking the done path with no handle_snapshot/2 call: a sink gating
per-table readiness on final_chunk? no longer waits forever on empty
tables. Mid-table drained cursors (the empty look-ahead after non-empty
pages) are unchanged. RED-first unit tripwire + live marquee (the C2b :all
set includes a zero-row table; its single beat is the empty final chunk).

Added — C2b tables: :all snapshot resolution
	An :all snapshot set (which arises when the capture allowlist is itself
:all) now RESOLVES to a concrete, scoped list instead of refusing
:config_invalid: Capstan.Snapshot.Tables enumerates
information_schema.TABLES filtered to BASE TABLE outside the four system
schemas, ordered deterministically. Views/system schemas/temporary tables
are excluded by construction; an empty result refuses
:snapshot_no_base_tables (never a silent empty backfill). The durable
snapshot state binds the resolved list, and a configured :all always
reconciles on resume (the stored set is the authority). A concrete capture
allowlist with an :all snapshot is still refused (the ⊆ captured proof
is impossible). Live marquee: a dedicated schema with two base tables + a
view backfills EXACTLY the two base tables.

Added — C4b compressed-transaction consumption (ADR-0011 consume arm)
	binlog_transaction_compression=ON sources are now CONSUMED: Capstan.Zstd — a
pure-Elixir zstd frame decompressor (RFC 8878: literals incl. 4-stream Huffman and
FSE-compressed weight tables, sequences incl. predefined/RLE/FSE/repeat modes,
overlap-safe match execution with repeat-offset tracking, multi-block frames,
XXH64 content-checksum verification) — inflates each TRANSACTION_PAYLOAD event,
and Capstan.Binlog.TransactionPayload splits the inner event stream (no inner CRC
trailers; the outer event's CRC32 covers the compressed payload) into the events the
assembler folds exactly as bare ones. Byte-exact conformance: live-captured frames
from a compression-ON MySQL 8.0 substrate, each asserted equal to the same frame
inflated by the reference zstd binary; RFC 8878 Appendix A table crosschecks;
fail-closed tripwires (tampered bytes, bad magic, reserved bits, dictionaries,
checksum mismatch, non-ZSTD compression type, uncompressed-size mismatch).
	The binlog_transaction_compression=OFF precondition is REMOVED (five gate variables
remain; ADR-0011 amended) — an ON source no longer refuses
:binlog_transaction_compression_on at connect. Live marquee: a pipeline against a
compression-ON container delivers inflated transactions with full row values.

Added — C4a column-type breadth: SET decode + spatial passthrough
	SET columns decode to MySQL's text form (selected members comma-joined; empty set is
""); a bitmap naming an undeclared member is a metadata desync and halts
(:set_member_out_of_range). GEOMETRY and the spatial family deliver the raw
SRID+WKB binary verbatim — interpretation is the sink's. Pre-5.6 temporals stay refused
(a supported 8.0+ source never emits them). Real-byte conformance: live-captured
spatial fixture (POINT columns byte-exact) plus the existing set_type fixture now
decoding "a,c"; a live marquee streams every SET form + geometry through a real
pipeline.

Added — C3 batching
	batch: [max_transactions:, flush_ms:, mode:] — :lib_owned (per-transaction
delivery, batched durable checkpoint writes: one write of the batch's newest position
at the bound or deadline) and :sink_owned (one atomic handle_batch/2 per batch —
units + final position together; required in that mode, missing ⇒
:sink_missing_handle_batch). The crash-replay window widens to at most the un-flushed
batch tail, bounded by max_transactions; a quiet stream never holds the checkpoint
past flush_ms. Live-proven: bound-flush, atomic sink-batch delivery, and
deadline-flush marquees.

Added — C1b explicit start positions
	start_position: now accepts an explicit %Capstan.Position{} (the dump AND the
assembler's dedup watermark seed from it — they can never disagree; the covered
transactions are not re-delivered) and :current (the server's live
@@gtid_executed read once pre-dump against the pipeline's own connection
coordinates — "start from now" without pre-seeding). A never-written checkpoint
store no longer clobbers the injected start with an empty set (which dumped full
history into :data_gap on a purged source). :start_position_override_unsupported
/ :start_position_current_unsupported are retired. Live-proven: override-skips +
delivers-only-the-tail, and :current-starts-from-now marquees.

Added — C1a sink-owned checkpoint mode (ADR-0004's deferred arm)
	Omit checkpoint_store: and implement Capstan.Sink.checkpoint/0: the sink
persists its data and the delivered position ATOMICALLY together and returns the
position; capstan resumes from checkpoint/0, and the post-delivery advance is
in-memory only (no store write — a crash between delivery and checkpoint is impossible
by construction). Effect-once across kill/restart — zero replays, zero skips, the
restart resumes at the checkpoint's successor — proven live on an append-only ledger.
The connection's dump resumes from the sink's checkpoint (an empty-set dump against a
purged source would halt :data_gap — the mode's position authority is the sink).
:sink_owned_mode_unsupported is retired.

Added — C5 XA transaction tracking (ADR-0006)
	xa: :track (default :refuse): two-phase XA transactions deliver exactly once at
the resolution under the held-out watermark — the prepare GTID enters the durable
checkpoint only in the same single write as its resolver. XA ROLLBACK delivers zero
rows. Prepared state pools in memory bounded by max_prepared_transactions (default
10 000, halt :xa_prepared_pool_exhausted — never evicted). Pre-start dangling
prepares (connect-time XA RECOVER enumeration) resolve row-lessly; unknown
resolutions halt :xa_commit_without_prepare / :xa_rollback_without_prepare.
One-phase XA commits immediately. The decoder's type-38 halt moved to the fold's
policy layer; the default posture is byte-for-byte unchanged. XID bytes are pooled
under a sha256 digest and never logged, emitted, or telemetered (Rule 1). The source
account needs XA_RECOVER_ADMIN (granted by the seed script). Live-proven: 5
marquees on MySQL 8.0 plus real-byte fixture conformance and the XID-encoding digest
equivalence (type-38 body vs the resolution SQL's hex literal, same session).

[1.1.1] - 2026-08-23
Fixed
	The hex tarball now ships the decision record with the code it governs: docs/adr/*
(0001–0011) and docs/ROADMAP.md join the package files. Contributor-workflow docs
that reference repo-only files (scripts, docker-compose) remain repository-side.

[1.1.0] - 2026-08-23
Added
	The precondition gate gains a sixth variable: binlog_transaction_compression must be OFF
(a distinct :binlog_transaction_compression_on refusal at connect, before the dump —
compression is source-unilateral and capstan cannot inflate zstd payloads; ADR-0011). The
decoder halt remains the backstop for a dynamic flip after connect.

	Telemetry measurements on both fail-closed channels: [:capstan, :transaction, :committed]
carries change_count + sink_ms; [:capstan, :connection, :established] carries
establish_ms; measurement values must be non-negative numbers (the metadata allowlist
gates keys, the measurement gate gates values — Rule 1 closes on both channels).

	Property-based law suites (stream_data, dev-only dep) for the Gtid set algebra (7 laws,
including an independent membership oracle at every interval boundary) and the cursor-gate
(7 laws: the ADR-0005 gating inversion, monotonicity, the PK-changing update split).

	ADR 0007–0010: the value-free boundary (Rule 1), the pure-Elixir protocol client, fail-closed
supervision + streaming liveness, and the exclusive end bound of
COM_BINLOG_DUMP_GTID.


[1.0.0] - 2026-08-23
First stable release. The public surface — Capstan.start_link/1 options and
refusals, the Sink / CheckpointStore / SnapshotStore behaviours, the
value-free halt catalog, and the telemetry event set — is now covered by the
semver contract: additive-only changes until 2.0. C3–C6 (batching, compressed
transactions, XA tracking, the adapter) remain additive roadmap rows.
Production hardening (since 0.3.0)
	Published source carries zero machine-local provenance markers — every
plan/task/closeout identifier across lib/ rewritten to semantic prose (the
hex tarball ships lib/ verbatim, comments included; verified zero by sweep).
	Doc truth: "Three callbacks" → four (handle_snapshot/2 predates the
sentence); the C1 memory shape (one transaction buffered whole in pipeline
memory; snapshot mode adds one chunk_size-bounded chunk per table) now
stated in the sink contract; fixture-capture instructions point at the
env-driven port; ROADMAP carries no machine-local paths.
	CI tests the DECLARED Elixir floor (~> 1.15; a dedicated 1.15.8/OTP 26 leg)
and enforces the coverage threshold on every push (90.91% over the shipped
library, test-support harness excluded from the denominator); actions on the
node-24 runtime.
	The live exclusive-end resume tripwire is multi-uuid-correct: the checkpoint
is modeled as a real processed watermark, so the tripwire survives a
long-lived substrate whose gtid_executed carries fabricated foreign-uuid
sets (some already in gtid_purged) — where a single-uuid checkpoint is
refused 1236, the exact :data_gap semantics the library implements.
	The whole project compiles warning-free on Elixir 1.20 (was 11 test-compile
warnings); 629 tests green in the combined run (unit + integration + live +
docker-gated) against live MySQL 8.0 and 8.4.

[0.3.0] - 2026-08-22
Changed
	Strict option surface: an option key outside the documented set — at the top
level, in connection:, in snapshot:, or in a store block — is refused with the
new :unknown_option instead of silently defaulting (a misspelled key such as
stream_timeout: for stream_timeout_ms: is loud, never ignored). child_spec's
:id is accepted. Configs passing extra keys were previously tolerated and now
refuse — the reason this is a minor bump.
	Align the contributor guide and README with the released 0.2.0 surface:
C1 streaming and C2 initial snapshot are complete; C3–C6 and the named C2
follow-ups remain open. Register the existing XA tracking ADR 0006 in ExDoc.
	Compile warning-clean on Elixir 1.20 (pin operators in bitstring size(...), per
the 1.20 hard deprecation); the supported range is unchanged — the pinned form is
valid on the declared floor (~> 1.15).

Fixed
	Thread the documented streaming-liveness options (reconnect_backoff,
heartbeat_period_ms, stream_timeout_ms) through Capstan.start_link/1: they
were silently ignored (defaults always applied) and the promised
:invalid_liveness_config refusal for stream_timeout_ms <= heartbeat_period_ms
was unreachable through the public entry point. The refusal now fires at config
time, before any socket opens, and valid overrides reach the connection.
	Bound the liveness/backoff values to the schedulable Process.send_after ceiling
(2^32-1 ms) and gave Capstan.Connection's direct-wiring start the same value-shape
refusal the public path enforces — an over-ceiling, non-positive, or non-integer
value is a value-free refusal (:config_invalid / :invalid_liveness_config),
never a later timer crash or a silently disabled master heartbeat.
	README install snippet pins ~> 0.3.0 (the 0.2.0 tarball shipped ~> 0.1.0, which
cannot resolve the release the same README documents).

0.2.0 - 2026-07-22
Added — C2 initial snapshot
A consistent backfill of the rows that pre-exist a pipeline's start, woven into the
continuously-running C1 stream so there is no gap and no duplicate at the snapshot→stream
handoff — proven live under concurrent load, resumable mid-backfill, strict-once in normal
operation, fail-closed on every silent-loss condition, Rule 1 end-to-end. Additive: absent the
:snapshot config, a pipeline is pure C1, byte-for-byte.
	Public API — a snapshot: [tables:, store:, chunk_size:] block on Capstan.start_link/1; a
new optional Capstan.Sink.handle_snapshot/2 (required only in snapshot mode) delivering a
concrete list of %Capstan.Change{op: :snapshot} + a value-free Capstan.Snapshot.Meta;
upsert-by-PK sink semantics (a hard precondition). A new Capstan.SnapshotStore behaviour
(read/1+write/2 over a %Capstan.Snapshot.State{}, InMemory reference impl) persists the
per-table PK cursor, separate from the GTID checkpoint.
	Mechanism (ADR-0005) — cursor-gated suppression + a brief per-chunk LOCK TABLES … READ that
captures an exact GTID position G (a provable lower bound on the chunk's read view). The
read-only lock-free @@gtid_executed bracket was rejected: it leads InnoDB row-visibility under
concurrent commit (a probe-confirmed silent corruption). The stream advances the GTID watermark;
the snapshot advances the PK cursor — two authorities, never conflated (the snapshot adds no
GTID; ADR-0001 untouched). No C1b, no ADR-0004 supersession — the P0 pre-seed makes the dump and
the watermark agree by construction.
	New source privilege — the query account needs LOCK TABLES on the snapshot tables (in
addition to SELECT); no RELOAD/FTWRL. Added to scripts/capstan-preflight.sql.
	Fail-closed snapshot halts (distinct value-free reason each, tripwired): order-faithful-PK
only (:snapshot_pk_unsupported_type; a collation-ordered string PK is refused — ROADMAP C2a),
:snapshot_table_no_primary_key, :snapshot_table_not_captured, :snapshot_lock_unavailable,
:snapshot_schema_drifted, :snapshot_source_mismatch (@@server_uuid across both connections),
:snapshot_chunk_read_failed, :snapshot_bootstrap_gtid_read_failed, :snapshot_coordinator_down,
:snapshot_config_drifted (the configured snapshot.tables no longer match a durable
:complete/mid-snapshot state — a table added or removed after a state exists halts rather than
silently never backfilling it), the SnapshotStore faults, and {:snapshot_sink_error, _}. A
tables: :all snapshot is refused :config_invalid — an explicit table list is required (ROADMAP
C2b).
	Delivery guarantee — strict-once in normal operation; the only duplicate window is a crash
between a chunk's {:ok} and the durable pk_cursor persist (the one in-flight chunk re-emits,
C1's bounded posture; an upsert-by-PK sink converges). A second durable high-water,
delivered_pk, is persisted BEFORE each chunk emit and backstops a DELETE that lands in that
same window: on restart the cursor-gate forwards a streamed delete of an already-delivered key
(k ≤ delivered_pk) so the row is swept, never left as a phantom. Effect-once across the crash
window is the deferred sink-owned path (ROADMAP C1a).

Docs & tooling
	A test-environment guide (docs/testing.md) and a runnable minimal example consumer
(examples/print_consumer.exs). ADR-0005 now ships in the generated documentation.
	Removed a reference to a private repository from the README and ADR-0001 (the downstream-consumer
example is now stated generically).

0.1.0 - 2026-07-21
Added — C1 streaming spine
The initial streaming spine: connect to MySQL as a replica, tail the row-based binary log from a
GTID position, assemble committed transactions, deliver them to a sink, and durably advance a
processed-GTID checkpoint — halting fail-closed on every condition that could otherwise lose or
corrupt data silently.
	Public API — Capstan.start_link/1 and child_spec/1; a supervised pipeline
(Capstan.Connection owning the socket, Capstan.AssemblerServer owning assembly, delivery,
and the checkpoint). Bad config is refused before any socket opens.
	Position and dedup model (ADR-0001) — GTID set is the sole authoritative and sole persisted
position; dedup by set membership via the public Capstan.Gtid (member?/2 and the interval
algebra). No scalar ordinal; %Capstan.Position{} file/pos are diagnostic only.
	Fail-closed server preconditions (ADR-0002) — a connect-time gate on binlog_format,
binlog_row_image, binlog_row_metadata, binlog_row_value_options (PARTIAL_JSON refused),
and gtid_mode, each with a distinct value-free reason; table_id-keyed schema resolution;
ROWS_QUERY_LOG_EVENT decoded and discarded (Rule 1); TLS on by default with an explicit
peer-verification choice required (:tls_verification_unspecified otherwise).
	Transaction shape and checkpoint semantics (ADR-0003) — three terminators (XID,
QUERY("COMMIT"), self-committing DDL QUERY); XA refused honestly as
:unsupported_transaction_shape with the buffer discarded and the checkpoint held; the
checkpoint as a processed-GTID watermark that advances on delivered and filtered transactions;
server_id-conflict discrimination on error 1236 (:server_id_conflict, not a livelock).
	Sink contract — Capstan.Sink with handle_transaction/1, handle_schema_change/2, and
checkpoint/0; changes typed Enumerable.t() (single-pass safe); DDL statement text redacted
to structured schema/table/kind.
	Lib-owned checkpointing — Capstan.CheckpointStore behaviour + InMemory reference
implementation, persisting one processed gtid_set string per pipeline.
	Rule 1 (value-free) — row values, DDL literals, ROWS_QUERY SQL, and the connection
password never reach a log line or telemetry payload; proven red-capable on all four vectors.
	Telemetry — connection, transaction, schema-change, and gap events with a value-free
metadata allowlist.
	Streaming liveness — a replication heartbeat requested from the server
(:heartbeat_period_ms, default 15 000) plus a parent-side liveness window
(:stream_timeout_ms, default 60 000; must exceed the heartbeat period or start-up fails
closed), so a silent half-open partition can no longer hang the pipeline: the timeout emits
[:capstan, :connection, :stream_timeout], kills the blocked reader, and reconnects; a
persistent partition halts as :stream_stalled. TCP keepalive is the OS-level backstop.

Scope (ADR-0004)
C1 ships lib-owned checkpoint mode and resume-from-durable-checkpoint
(start_position: :checkpoint) only. Sink-owned checkpoint mode and explicit start positions
(%Capstan.Position{} override, :current) are deferred and refused fail-closed
(:sink_owned_mode_unsupported, :start_position_override_unsupported,
:start_position_current_unsupported).


  

    ADR-0001 — Position and dedup model

Status: Accepted (C1) · Design refs: Q1, Q2, Q12
Context
capstan aligns with replicant's consumer-facing
contracts, and replicant's replication position is a scalar commit_lsn that a sink dedups
against with commit_lsn <= checkpoint. MySQL's position is a GTID set, which is
legitimately non-contiguous: failover restarts the binlog file sequence, retention purges
leading ranges, and multi-source replication interleaves several source UUIDs
(uuid1:1-5,uuid2:1-3). No scalar can represent such a set without lying about the gaps, and
an ordinal comparison over it silently re-applies or skips transactions across a hole.
An earlier design revision (v1) rejected the GTID-set-only model "because a downstream consumer and
telemetry need a monotonic ordering key" and proposed exporting a convenience ordinal
ordinal = file_seq * 2^32 + pos. The adversarial pass established that the ordering-key premise
was false (a downstream consumer's source_coordinate validates any non-empty scalar map with no
ordering requirement) and that the ordinal was derived from the very file/pos the position model
rejects as failover-broken: after a promotion or RESET BINARY LOGS AND GTIDS it moves backward
while the GTID set moves forward.
Decision
	The GTID set is the sole authoritative and the sole persisted position.
%Capstan.Position{} carries gtid_set (authoritative) plus file/pos that are
diagnostic only — never an ordering key. Position.to_persisted/1 returns the
gtid_set string alone; Position.from_persisted/1 always restores file: nil, pos: nil.
Capstan.CheckpointStore persists exactly one value per pipeline identity — the processed
gtid_set string — so there is no second representation to diverge.

	Dedup is set membership, via the public Capstan.Gtid.member?/2 — never
commit_lsn <= checkpoint. member?/2 matches the source UUID case-insensitively and tests
the GNO against the set's inclusive intervals. Capstan.Gtid is public, documented contract
(parse, render, member?, union, subtract, intersection, subset?, disjoint?,
sources) precisely so no sink author hand-rolls interval arithmetic on the effect-once path,
where an under-reporting bug fires no halt (silent loss).

	No scalar ordinal is exported. A non-monotonic integer presented as an ordering key is
worse than absent.


Consequences
	A committed GTID that falls inside a non-contiguous set is correctly recognized as already
processed; a <= comparison would have silently skipped or re-applied it. This is the
house rule inherited from replicant ADR-0001: each delivery flavor gets the strongest
guarantee its structure supports, truthfully documented, never a parity-shaped lie.
	Exactly one durable value exists, so the two-representation divergence class cannot occur.
	Consumers must parse GTID sets to dedup — the cost the ordinal was meant to avoid — but that
cost is paid safely because Capstan.Gtid is the one correct implementation and the Sink
moduledoc states that hand-rolling the check is unsafe.
	Diagnostic file/pos remain available for operators but carry an explicit "never an
ordering key" contract in the Position moduledoc.

Evidence
lib/capstan/position.ex:5-13,29,38-40 · lib/capstan/checkpoint_store.ex:6-13,111-113 ·
lib/capstan/gtid.ex:92-100 (member?/2), public surface :65-157 ·
lib/capstan/sink.ex:38-42 (dedup contract).


  

    ADR-0002 — Fail-closed server preconditions

Status: Accepted (C1) · Design refs: Q3, Q5, Q16, Q17, F6
Context
Row-based binlog decoding is only lossless when the source server is configured for it. A
degraded configuration does not fail loudly — it silently guesses column identity, decoding a
row image against the wrong column list or a partial JSON document presented as a whole row.
That is precisely the silent-corruption class capstan exists to prevent, so every precondition
is checked at start and refused fail-closed rather than worked around.
Two adjacent surfaces share the same root cause (a probe substrate's permissive defaults) and
ride this ADR: the table_id-keyed schema resolution that a multi-table statement forces, and
the TLS peer-verification posture that OTP's verify_peer default would otherwise select for
the operator.
Decision
	Server-precondition gate at connect — halt at start, never degrade.
Capstan.Config.check_preconditions/1 reads five global variables in a single COM_QUERY
on the already-authenticated socket and refuses with a distinct reason per violation
(MySQL simple-query values are text, so each is compared as a string literal):
	Variable	Required	Refusal on violation
	binlog_format	ROW	:binlog_format_not_row
	binlog_row_image	FULL	:binlog_row_image_not_full
	binlog_row_metadata	FULL	:binlog_row_metadata_not_full
	binlog_row_value_options	'' (empty)	:binlog_row_value_options_not_empty
	gtid_mode	ON	:gtid_mode_not_on

binlog_row_value_options = PARTIAL_JSON makes the server emit JSON diffs instead of
values; a JSON column (in C1's supported set) would decode to a partial document with no
sentinel and no unchanged: marker. Reconstructing the whole value needs the prior value,
which a CDC consumer does not have — so refusing is mechanically forced, not a preference.
binlog_row_metadata = MINIMAL (the server default) omits in-band column names/types, so a
degraded mode would claim column identity it cannot establish; there is deliberately no such
mode. enforce_gtid_consistency is not in the gate — it is implied by gtid_mode = ON
and is documented as recommended, not separately checked.

	table_id-keyed schema resolution; no persistent schema history.
Capstan.Binlog.TableRegistry is populated by every TABLE_MAP and read by the row
event's own table_id at decode time — never "the last map seen". A single multi-table
statement emits Table_map(94 ta) → Table_map(93 tb) → Update_rows(94) → Update_rows(93),
so the immediately preceding map belongs to a different table. table_id is neither stable
nor unique over time (it moves across an ALTER), so the registry is scoped and invalidated
on ROTATE/FORMAT_DESCRIPTION. A row event naming an unmapped table_id is a fail-closed
:unmapped_table_id halt, never a guess. No schema history is persisted across a restart —
the registry is rebuilt from the live stream.

	ROWS_QUERY_LOG_EVENT is handled, not refused. The event carries the complete original
SQL of the row change with every literal value — a total Rule-1 leak if surfaced. It carries
no row-change information capstan needs (the ROWS events carry the data), so the decoder
returns {:rows_query, :discarded} and the SQL text never enters the returned term. There is
no precondition on binlog_rows_query_log_events; refusing on a common diagnostic flag
would be an artificial capability restriction when a deterministic lossless guard exists.

	TLS peer verification is an explicit operator choice, never a silent default (Q17/F6).
ssl defaults true. With TLS on, ssl_opts must carry EITHER a CA source
(cacertfile/cacerts) OR an explicit verify:; given neither, Capstan.Config.validate/1
fails closed with :tls_verification_unspecified rather than let OTP's verify_peer default
select a posture nobody chose. MySQL's auto-generated server certificate is self-signed with
no SAN, so the authenticated route (cacertfile, driving verify: :verify_peer) additionally
requires the operator to pass server_name_indication: :disable (VERIFY_CA semantics: the
chain is verified, the hostname is not). validate/1 carries ssl_opts through unchanged and
does not inject that — silently weakening every cacertfile user would defeat the point.


Consequences
	capstan refuses to start against the common MySQL default (binlog_row_metadata = MINIMAL)
and against PARTIAL_JSON, per replicant ADR-0002's fail-closed posture — a deliberate
trade of convenience for the guarantee that a decoded row is never silently wrong.
	A multi-table statement decodes each row image against its own table's columns; an unmapped
table_id halts rather than decoding against a stale binding.
	binlog_rows_query_log_events = ON is safe: the pipeline runs and the SQL text appears in no
log or telemetry payload.
	The zero-config TLS path does not "just connect"; an operator makes an informed
verification choice or the pipeline does not start. This is the accepted cost of never
shipping unauthenticated TLS chosen by nobody on a stream carrying every row value.

Evidence
lib/capstan/config.ex:56-58,119-171 (five-var gate), :295-308 (TLS posture) ·
lib/capstan/binlog/table_registry.ex:34,62-68 (own-table_id resolve, :unmapped_table_id) ·
lib/capstan/binlog/decoder.ex:131,201 (ROWS_QUERY → :discarded) ·
lib/capstan/protocol/handshake.ex:18,302 (connect-time TLS guard mirror).


  

    ADR-0003 — Transaction shape and checkpoint semantics

Status: Accepted (C1) · Design refs: Q13, Q14 (plus the Q8 server_id-conflict detail)
Context
A capstan transaction is assembled from a fold over the binlog event stream, and the fold must
know exactly where a transaction ends. MySQL closes a transaction in more than one way, and one
shape — XA — carries row images that may later be rolled back. Getting the grammar wrong loses
data silently: a COMMIT misread as DDL drops a transaction's rows; a DDL never recognized as a
terminator never advances the checkpoint; a prepared-then-rolled-back XA transaction delivered
as committed applies phantom rows effect-once, with no server error to catch it. Separately, the
checkpoint must record something for a transaction whose changes are all filtered, or a
fully-filtered quiet period stalls progress forever.
Decision
	Three terminators (Capstan.Assembler). The in-flight buffer accumulates row %Change{}s
and is released to output only at a terminator; a {:halt, _}/{:error, _} short-circuits
with the buffer still un-released, so a partial transaction is structurally impossible to leak.
	XID — a transactional (InnoDB) commit.
	QUERY("COMMIT") — a non-transactional (MyISAM) commit; the COMMIT is the terminator,
not a change.
	a self-committing DDL QUERY — a QUERY that is not BEGIN/COMMIT and arrives with
no open BEGIN (GTID → QUERY(DDL), no XID). It yields a %Capstan.SchemaChange{} (with
redacted statement text — only structured schema/table/kind) and advances the
checkpoint. Without this clause a DDL-carrying GTID would never close and the checkpoint
would never advance.


	XA is refused honestly as :unsupported_transaction_shape. XA support requires tracking
prepare → commit/rollback across an unbounded window — a real subsystem (deferred to a later
row), not a branch. The shipped handling (hardened by the C1 Task 18 proof layer, commit
3fe5e5a):
	XA START / XA END are recognized as non-DDL transaction-control statements
(xa_statement?/1, prefix "XA ") and open the transaction block so its row images
accumulate in the buffer — exactly as a BEGIN would. They are not treated as
self-committing DDL.
	The whole XA transaction therefore stays buffered.
	XA_PREPARE_LOG_EVENT (event type 38) decodes to {:halt, :unsupported_transaction_shape},
which short-circuits the fold with the buffer discarded and the checkpoint NOT
advanced — zero prepare-carried rows are ever delivered.

The Task 18 proof layer found and fixed a silent-loss bug here: before the fix, an
XA START fell through to the "not BEGIN/COMMIT, no open BEGIN" clause and was
misclassified as self-committing DDL. That emitted a spurious %SchemaChange{} and advanced
the checkpoint past the XA GTID, then failed on the following row events — silently losing
the transaction if the XA later committed. The xa_statement?/1 clause is what keeps the
buffer open so the XA_PREPARE halt is the terminator that fails closed.

	The checkpoint is a PROCESSED-GTID watermark (Q14). It records every committed GTID the
pipeline has processed — delivered and filtered — not a delivery log. A committed
transaction whose changes are all filtered (or which has none) still advances the position and
is emitted as a %Transaction{} with empty changes; Capstan.AssemblerServer checkpoints it
without calling the sink. This keeps the persisted set a compact contiguous interval,
makes progress unconditional during a fully-filtered quiet period, and gives member?/2 one
unambiguous meaning ("already processed"). Recording only delivered GTIDs would fragment the
set unboundedly and stall the pipeline into ADR-0002's retention gap.

	server_id-conflict discrimination on error 1236 (Q8; added this slice, Task 18 commit
3fe5e5a). MySQL 8.0.x evicts a replica that registers an already-in-use server_id by
sending a dump refusal (error 1236) whose message names server_uuid/server_id — not a
bare socket drop the reconnect cycle counter would see. Capstan.Connection.classify_dump_error/2
discriminates the overloaded 1236 on its message text: a server_uuid message maps to
:server_id_conflict, so two instances sharing a server_id halt with an actionable reason
instead of mutually evicting in an unbounded livelock that emits healthy :established
telemetry on each pass. (Purge messages → :data_gap; checksum-negotiation → its own reason;
any other 1236 → :unrecognized_dump_error, never :data_gap.)


Consequences
	DDL advances the checkpoint and delivers a redacted %SchemaChange{}; non-transactional
engines are supported via their QUERY("COMMIT") terminator.
	XA fails closed with zero prepare rows delivered and the checkpoint held — the honest refusal
from replicant ADR-0001's house rule, not a silent phantom-data delivery.
	A long fully-filtered quiet period never stalls the position; the persisted set stays a single
interval.
	A duplicate server_id (rolling deploy, stale node, copy-pasted config) halts actionably
rather than livelocking while looking healthy.

Evidence
lib/capstan/assembler.ex:247-248,280-304,311-333 (three terminators; XA opens the block),
:169-177 (halt discards the buffer) · lib/capstan/binlog/decoder.ex:205
(@xa_prepare → {:halt, :unsupported_transaction_shape}) ·
lib/capstan/assembler_server.ex:195-210 (filtered/empty advances without a sink call) ·
lib/capstan/connection.ex:169-182 (1236 discrimination), :405 (:server_id_conflict halt).


  

    ADR-0004 — C1 scope: lib-owned checkpoint mode only

Status: Accepted (user deferral, 2026-07-21) · Supersedes: the C1 design's sink-owned /
start-position scope (design § Scope item 7)
September 21, 2026 implementation-currency amendment
The July 21 C1 scope below is historical. Its sink-owned checkpoint and explicit-start deferrals were discharged by the 1.2.0 changes recorded in CHANGELOG. OBSERVED through nl -ba and rg -n source reads: AssemblerServer.init handles :sink_owned by reading sink.checkpoint/0; Pipeline.resolve_start_position/2 accepts a retained checkpoint, explicit Position, or :current, and the connection/assembler receive the selected position. These source facts supersede the old present-tense refusal and "only run-path wiring is owed" statements. Sink-owned effect-once still requires the consumer's atomic data-plus-position write and its own real acceptance; no fresh runtime or registry proof was run for this amendment.
Context
The C1 streaming-spine design scoped two checkpoint modes — sink-owned (the sink persists the
position atomically with its own data write, read back through Capstan.Sink.checkpoint/0) and
lib-owned (the position persisted by a Capstan.CheckpointStore) — and three start positions
(:checkpoint, an explicit %Capstan.Position{} override, and :current). During C1
implementation the AssemblerServer was wired for lib-owned mode only, and the spine threads a
start position to the Connection's dump while seeding the assembler's watermark from the
checkpoint store alone. Honoring a sink-owned atomic write path and an explicit start-position
override end-to-end is a C1-completeness follow-up; shipping them half-wired would resume the
dump from an override while the watermark started empty — a silent checkpoint hole.
The user deferred the sink-owned path and explicit start positions for C1 rather than ship them
partially wired.
Decision
C1 ships lib-owned checkpoint mode and resume-from-durable-checkpoint
(start_position: :checkpoint, the default) ONLY. Everything else in the design's checkpoint /
start-position scope is deferred and refused fail-closed today, not silently ignored:
	Deferred capability	Refusal reason (value-free atom)
	Sink-owned checkpoint mode (no :checkpoint_store)	:sink_owned_mode_unsupported
	Explicit %Capstan.Position{} start override	:start_position_override_unsupported
	start_position: :current	:start_position_current_unsupported

The Capstan.Sink behaviour still declares checkpoint/0, and Capstan.Pipeline still validates
per-mode callback required-ness (including the sink-owned requirement of checkpoint/0) — the
contract surface exists and is validated. What C1 does not do is run a sink-owned pipeline:
Capstan.start_link/1 refuses it before any child starts. start_position: :checkpoint resumes a
populated store from its persisted watermark and starts a fresh store from the server's currently
available log.
This SUPERSEDES the design's sink-owned / start-position scope for C1. The deferred work is
tracked in docs/ROADMAP.md.
Consequences
	A sink-owned or explicit-start-position configuration is refused honestly with a distinct
value-free reason, rather than crashing deep in AssemblerServer init or — worse — running with
a watermark that silently disagrees with the dump's resume position (the checkpoint hole).
	The strongest guarantee the taxonomy offers — effect-once on the sink-owned atomic path — is
not available in C1; lib-owned mode is at-least-once with a bounded duplicate window across a
kill/restart. Consumers needing atomic effect-once wait for the deferred sink-owned row.
	No partially-wired path ships, so no silent-loss surface is created by the deferral.

Evidence
lib/capstan.ex:31-60 (moduledoc scope), :103-136 (the three fail-closed refusals) ·
lib/capstan/pipeline.ex:24-27,110-117 (per-mode validation retained; override/:current
refused) · lib/capstan/sink.ex:9-27 (behaviour declares checkpoint/0; required-ness is a
per-mode config concern) · lib/capstan/error.ex:28-30 (the three atoms in the error catalog).


  

    ADR-0005 — Initial snapshot: cursor-gated suppression + brief per-chunk lock

Status: Accepted (user-approved 2026-07-21) · Extends: ADR-0002 (adds snapshot-path preconditions) · Honors, does not supersede: ADR-0001, ADR-0003, ADR-0004
Context
C2 backfills the rows that pre-exist a capstan pipeline's start, woven into the continuously-running
C1 stream so there is no handoff instant to get wrong — no gap and no duplicate at row
granularity, resumable mid-backfill. The source is a read-only MySQL replica (a payment switch's
replica, for the first design partner), so the mechanism may not write to the source, and MySQL has
no EXPORT_SNAPSHOT (Postgres's atomic snapshot-id export). The central constraint, forced live
on 8.0: there is no lock-free way to atomically pair a START TRANSACTION WITH CONSISTENT SNAPSHOT
read view with an exact GTID position — an in-transaction @@global.gtid_executed read returns the
live global, not the frozen view.
The obvious lock-free design — read a low watermark LW = @@gtid_executed, read a chunk, read a high
watermark HW, and reconcile the chunk against the window (LW, HW] — is not fail-closed. A
live probe on 8.0 confirmed that @@gtid_executed LEADS InnoDB row-visibility under concurrent
commit: a GTID enters gtid_executed before its row is visible to a new read view, by up to the
in-flight group-commit depth (300000/300000 iterations with 3 concurrent writers; 0/120000 with a
single writer). So a transaction gT touching a chunk key can be in LW (hence excluded from the
chunk's window, not dropped from the chunk) while the chunk SELECT still reads the STALE value —
and the stream, seeing gT ≤ LW, suppresses it. The stale chunk row then overwrites the fresh
streamed row: silent corruption of exactly the changed rows, the class C2 exists to prevent. For
a fail-closed-over-silent-corruption library (ADR-0001, "never a parity-shaped lie"), a rare silent
corruption is disqualifying, even though Debezium's read-only snapshot tolerates the same window.
The fix cannot be lock-free. A provable lower bound on a chunk's read view needs EITHER an in-band
write committed through the same path (DBLog's watermark — impossible on a read-only replica) OR a
brief lock that quiesces commits while an exact (gtid, snapshot-view) pair is captured. A live
investigation on a reproduced replica topology measured the brief LOCK TABLES … READ cheap
(~150–265 ms per chunk dominated by per-call connection setup; sub-ms on capstan's persistent
connection), needing only the LOCK TABLES privilege (not global RELOAD/FTWRL).
Decision
C2 backfills via cursor-gated suppression + a brief per-chunk LOCK TABLES … READ that captures an
exact GTID position G. The read-only lock-free (LW, HW] bracket is rejected (not
fail-closed).
	Two authorities, never conflated. The GTID processed-watermark is advanced ONLY by the stream
(exactly as C1). The snapshot advances a per-table PK cursor held in a separate
Capstan.SnapshotStore. The snapshot contributes zero GTIDs — it can never become a
Capstan.Gtid.member?/2 dedup floor, so ADR-0001's one-authoritative-position invariant is
untouched. The stream runs continuously from a floor P0 = @@gtid_executed read strictly before
the first chunk and pre-seeded into the CheckpointStore, so the dump and the assembler watermark
both resolve to P0 through the sanctioned start_position: :checkpoint path — no C1b
machinery and no ADR-0004 supersession (the pre-seed IS the documented "start from now"
pattern). C1b (%Position{} override / :current) stays deferred and refused fail-closed.

	Brief-lock exact position G (per chunk of table T). SET SESSION lock_wait_timeout (a
bounded MDL wait — the default is ~1 year) → LOCK TABLES T READ → G = @@gtid_executed →
START TRANSACTION WITH CONSISTENT SNAPSHOT → UNLOCK TABLES → chunk SELECT … WHERE pk > cursor ORDER BY pk LIMIT chunk_size (as-of the pinned view, lock-free) → COMMIT. The lock quiesced
T's writes and waited for in-flight ones, so G is a provable lower bound on the chunk's
view for T: no T-change ≤ G is missing from the chunk, and no new T-change commits during
the capture. This is the guarantee the written watermark gives DBLog, obtained with a brief read
lock instead of a write the replica forbids.

	Cursor-gate (strict-once). A Snapshot.Coordinator interposes as the AssemblerServer's sink
and its :watermark_observer. For each streamed row-image on a snapshot-active table it forwards
iff k ≤ cursor(T) (already backfilled) or T is complete, else suppresses (its future chunk
delivers it). A fully-suppressed transaction advances the watermark with no sink call (a filtered
transaction, ADR-0003). A PK-changing UPDATE is split into delete(k_old) + upsert(k_new), each
gated on its own key. The advance gate emits a buffered chunk (as %Change{op: :snapshot}) once
Gtid.subset?(G, processed_set), then advances the cursor and persists it. The chunk read uses
LIMIT chunk_size + 1 (a one-row finality look-ahead) so the last chunk carries
final_chunk?: true even when a table's row count is an exact multiple of chunk_size (closeout
F6); the look-ahead row is dropped and re-read as the head of the next chunk, so no row is skipped
or duplicated.

	Sink surface. A new optional Capstan.Sink.handle_snapshot/2 delivers a chunk as a concrete
list of %Capstan.Change{op: :snapshot} with a value-free Capstan.Snapshot.Meta. It is distinct
from handle_transaction/1 because a chunk is not a committed transaction (no GTID, no
atomicity) — routing it through handle_transaction/1 would fabricate a GTID and break ADR-0001.
Semantics are upsert-by-PK: a snapshot row may be superseded by a later streamed change, so a
compliant sink applies each chunk row as an upsert. This is a HARD C2 precondition (the strict-once
suppression and the bounded crash-window re-emit both rely on it to converge).

	Delivery guarantee. Strict-once in normal operation (the cursor-gate, not convergence). The
only duplicate window is a crash between the chunk's sink {:ok, _} and the pk_cursor persist —
the one in-flight chunk re-emits, exactly the bounded window C1 already accepts; an upsert-by-PK
sink converges. Crash-window delete backstop (closeout F1): a second durable high-water,
delivered_pk, is persisted BEFORE each emit (the pk_cursor after). Across that same window it
sits ahead of the rolled-back pk_cursor, and the cursor-gate gates DELETES on it — a streamed
delete of an already-delivered key (k ≤ delivered_pk) is forwarded and sweeps the row, instead of
being suppressed while the re-read chunk (taken as-of a fresh G with the row already gone) omits
it, which would leave a permanent phantom. Inserts/updates keep gating on pk_cursor, so
strict-once is preserved; a forwarded delete of a not-yet-delivered key is a harmless no-op at the
upsert/delete-by-PK sink. Effect-once across the crash window is the deferred sink-owned atomic path
(C1a).

	Choke-point observer. The AssemblerServer gains one optional :watermark_observer notified
at the checkpoint choke point (do_checkpoint/3 success), which fires on EVERY advance —
delivered, filtered, AND self-committing DDL — by construction, so a DDL on a non-snapshot table
can never stall the advance gate. No observer ⇒ byte-identical C1.

	Snapshot preconditions (an ADR-0002 addendum). The SELECT path adds its own fail-closed
preconditions in ADR-0002's posture, each a distinct value-free halt:
	Order-faithful PK only. Chunking pages by MySQL ORDER BY pk while the cursor-gate compares
in Elixir, so the PK type's Elixir term-order must provably match MySQL's: signed/unsigned
integer + BINARY/VARBINARY + composites thereof. A collation-ordered STRING PK
(CHAR/VARCHAR/TEXT) halts :snapshot_pk_unsupported_type (Elixir cannot reproduce a
collation order — a silent gap/dup risk). BIGINT UNSIGNED is in-allowlist only with a decoder
yielding the true value across 2^63. A missing PK with a nullable unique-key column halts
:snapshot_table_no_primary_key.
	LOCK TABLES privilege on the snapshot tables (in addition to SELECT); no RELOAD/FTWRL.
	Source identity — @@server_uuid is compared across the stream and query connections, at
connect and on every query-conn reconnect (:snapshot_source_mismatch), so a VIP reconnect to a
different replica mid-backfill is caught.
	tables: :all snapshot is refused (:config_invalid) — when the capture allowlist is itself
:all, "snapshot every table on the server" is ambiguous and dangerous, so C2 requires an
explicit snapshot table list. A concrete capture allowlist (from which snapshot defaults) works.
	Config/state table-set reconciliation (closeout F3). On a :complete/mid-snapshot resume the
configured snapshot.tables are reconciled against the stored %Snapshot.State{} table keys; a
divergence (a table added or removed after a durable state exists) halts :snapshot_config_drifted
rather than silently never backfilling an added table — both the :complete short-circuit and the
resume path key off the STORED set. Dropping the durable snapshot state re-introspects config.



Rejected alternatives
	Read-only lock-free (LW, HW] bracket — rejected: not fail-closed (the confirmed
gtid_executed-leads-visibility silent corruption above).
	C1b explicit-start machinery / an ADR-0004 supersession — rejected as unnecessary scope: the
P0 pre-seed into the CheckpointStore makes the dump and the watermark agree by construction.
	Written-watermark (DBLog) path — impossible on a read-only replica; the brief read lock is the
correct equivalent.
	A blanket composite-PK refusal — rejected: composite integer/binary PKs are order-faithful
(tuple compare) and ship; only collation-ordered STRING columns are refused.

Consequences
	The snapshot→stream handoff is gap-free and dup-free at row granularity, proven live under
concurrent load, with the exact-G lower bound the correctness linchpin (a bare gtid_executed
read is a red-capable regression). A silent corruption is not possible in normal operation.
	The backfill costs a brief per-chunk table lock. With replica_preserve_commit_order=ON a
commit-head-blocked write stalls the whole parallel applier for the (sub-ms, bounded) hold, so a
large table incurs some replication lag during backfill; a larger chunk_size (fewer locks)
mitigates it. Negligible for a shadow pilot; the DBA should know.
	New operational requirement: the query account needs LOCK TABLES on the snapshot tables. Recorded
in the preflight/DBA handout.
	New public contract: Capstan.Sink.handle_snapshot/2 (optional; required only in snapshot mode)
and %Capstan.Change{op: :snapshot} (upsert-by-PK). Additive — an absent :snapshot config is
pure C1, byte-for-byte.
	Two named fail-closed capability boundaries ship as loud refusals, each a separable follow-up:
collation-ordered-string PK (collation-aware cursor comparison — landed, see
ADR-0012) and tables: :all snapshot
resolution (a scoped information_schema enumeration, landed C2b). Neither is silent narrowing.

Evidence
	Probe (the rejected bracket): @@gtid_executed leads visibility, 300000/300000 under 3 writers —
the confirmed silent-corruption defect. Marquee: test/integration/snapshot_test.exs (no-gap/no-dup
under 8-writer load, resume, suppression non-vacuity, advance gate under filtered+DDL).
	Exact-G lower bound: lib/capstan/snapshot/chunk_reader.ex + test/capstan/snapshot/chunk_reader_test.exs
(live: 0 violations locked / violations≠[] bare — the red-capable regression gate).
	Cursor-gate + PK-changing UPDATE split: lib/capstan/snapshot/cursor_gate.ex. Order-faithful PK:
lib/capstan/snapshot/primary_key.ex. Coordinator: lib/capstan/snapshot/coordinator.ex. Bootstrap
P0 pre-seed + supervisor wiring: lib/capstan/snapshot.ex, lib/capstan/supervisor.ex. Query conn	source identity: lib/capstan/query.ex. Choke-point hook: lib/capstan/assembler_server.ex.


	Halt catalog: the :snapshot_* reasons in lib/capstan/error.ex.



  

    ADR-0006 — XA prepare/commit tracking via a held-out watermark

Status: Accepted (design approved 2026-07-22 via best-of-N + a fresh-context adversarial pass;
implementation recorded in the 1.2.0 release line; see the dated source amendment below). · Supersedes:
ADR-0003 §2 (XA refused) for the opt-in
xa: :track path only; weakens ADR-0003 §3's "never stall into the retention gap" consequence for
that path. · Honors: 0001, 0002,
0004, 0005.
September 21, 2026 implementation-currency amendment
OBSERVED through rg -n source reads: Assembler.apply_decoded routes :track XA prepares into the bounded pool and keeps :refuse as a distinct refusal path; Connection.maybe_xa_recover performs the tracking-mode recovery setup. CHANGELOG records C5 delivery in 1.2.0. The prior "implementation pending" status is superseded. These are source and recorded-release facts, not a new executed acceptance receipt. The held-out watermark, restart recovery, and consumer durability obligations below remain the contract.
Context
ADR-0003 §2 refuses XA transactions fail-closed (:unsupported_transaction_shape): rows accumulate
across XA START/XA END, and the XA_PREPARE event (type 38) halts with the buffer discarded and the
checkpoint held. C5 replaces the refusal, for opt-in consumers, with real tracking: deliver an
XA-committed transaction's rows and drop a rolled-back one, under bounded state.
The mechanism is hard because a live 8.0.46 probe established that prepare and commit/rollback are
separate transactions, each with its own GTID (G_p and G_c), and — critically — XA PREPARE
publishes G_p into @@gtid_executed at prepare time, before the commit. Advancing the durable
checkpoint past G_p before G_c is known risks silent data loss on a crash: MySQL will not resend
a GTID the checkpoint already covers, and any rows held only in memory are then gone with no error.
The design was chosen by conformance-gated best-of-N (three fresh-context, frame-independent candidate
designs — spec-literal / risk-first / simplest-architecture — all converged on the same core; winner
spec-literal), then hardened by a fresh-context adversarial pass (8 challenges, all accepted). Full
deliberation: .forge/specs/2026-07-22-capstan-c5-xa-design.md; best-of-N audit
.forge/best-of-n/c5-xa-core-mechanism.md; adversarial reconciliation
.forge/reviews/2026-07-22-c5-xa-design-adversarial.md.
Decision
	Held-out watermark (the core invariant). The prepare GTID G_p never enters the durable
processed-set except in the same single checkpoint write that adds its resolving GTID G_c.
Between prepare and resolution G_p is a legitimate hole in the set (ADR-0001 non-contiguity).
Enforced structurally in the pure fold: XA_PREPARE emits no output and does not advance G_p; the
commit/rollback unions {G_p, G_c} atomically. On a crash in the prepare window, MySQL re-streams
the interior hole G_p (proven live) and the pool rebuilds from the binlog — no durable
prepared-row store.

	Prepared pool + bound. An in-memory prepared map keyed by a sha256 digest of the canonical
XID (a Capstan.Xa.Id value type — raw gtrid/bqual bytes are never stored) holds the buffered
rows between prepare and resolution. Bounded by max_prepared_transactions (count;
halt-:xa_prepared_pool_exhausted-never-evict — eviction would be the silent loss this prevents),
plus an optional operator max_prepared_bytes (default off). One-phase XA is an ordinary
single-GTID commit terminator (no pool entry).

	Opt-in, default-refuse. xa: :track | :refuse, default :refuse — today's behavior
byte-for-byte for non-XA pipelines. The decoder stays pure and config-free (returns the raw type-38
body); the fold is the policy layer, parameterized like the table filter.

	Pre-start dangling prepares. At connect, capstan runs XA RECOVER (it already queries at
connect) and pre-seeds the pool with the source's currently-prepared XIDs (row-less, marked
pre-start). A later commit/rollback for such an XID is a correct row-less watermark advance — its
rows predate our start (snapshot's domain). The desync discriminator is membership in
(pool ∪ startup-XA RECOVER set); anything else fails closed :xa_commit_without_prepare /
:xa_rollback_without_prepare. A re-presented prepare for an already-pooled XID with a matching prepare
GTID is a benign idempotent re-pool (capstan's in-process reconnect resend), not a duplicate halt.

	Rule 1. The XID gtrid/bqual are application-chosen, row-value-class bytes. The pool key is a
digest, never the raw bytes; %Assembler{} elides the pool from Inspect; telemetry and errors
correlate on the GTID (G_p/G_c, server-assigned and already value-free), never on any
XID-derived value — a digest of a low-entropy XID is reversible, so even the digest is never emitted.

	Snapshot interaction. When a backfill runs concurrently, the snapshot's exact-G capture (under
its brief LOCK TABLES … READ) runs XA RECOVER and excludes any prepared-on-a-snapshot-table
G_p from the exact-G, keeping it a true lower bound on visible/committed data — otherwise a
prepared-but-invisible XA (whose G_p is already in @@gtid_executed) would over-state chunk
coverage, the ADR-0005 silent-corruption class.


Consequences
	XA-committed rows deliver at-least-once across the crash window (upsert-by-PK converges — ADR-0004,
unchanged); a rolled-back XA delivers zero rows; state is bounded by the prepared count.
	Availability trade (not a free lunch): if a held G_p is purged before its commit, resume
halts fail-closed :data_gap — never silent. This weakens ADR-0003 §3's retention-gap-avoidance for
the :track path, accepted under the assumption prepare-window ≪ binlog-retention (true for a
short-2PC source; confirmed per deployment by the preflight). Durable spill would preserve availability
under purge at the cost of a durable surface — a named separable mode, not built now.
	Additive: an absent xa: config is pure prior behavior, byte-for-byte.
	The decoder's type-38 return changes from {:halt, …} to {:ok, {:xa_prepare, body}}; the loud
default-refuse halt moves to the assembler (existing decoder/assembler-level tests migrate accordingly).

Rejected alternatives
	Durable prepared-row spill (B). Rejected as the default: hole-resend makes a durable store
unnecessary for correctness, and it would exceed the ADR-0004 at-least-once boundary. It is not
dominated — it wins on availability-under-purge — so it is retained as a named follow-on mode for a
partner whose hold-vs-retention profile makes :data_gap likely, not as a deferral of the acceptance.
	Evict-on-overflow. Rejected: evicting a prepared XA that later commits is exactly the silent loss
C5 exists to prevent; the pool halts fail-closed instead.

Evidence
Design note .forge/specs/2026-07-22-capstan-c5-xa-design.md (§2 live XA binlog grammar; §6 synthesized
mechanism + crash-window table; §5 decision log). Live probes: separate G_p/G_c, G_p in
@@gtid_executed at prepare, interior-hole-resend (re-proven independently by the best-of-N judge),
XA RECOVER enumeration. Anchors: lib/capstan/assembler.ex (fold + terminators), binlog/decoder.ex:206
(type-38), assembler_server.ex (checkpoint), connection.ex:123 (connect-time query; gap_check),
gtid.ex/position.ex (set algebra), telemetry.ex:26 (allowlist), supervisor.ex (:temporary
children — pool survives reconnect).


  

    ADR-0007 — The value-free boundary (Rule 1)

Status: Accepted (authored from the landed surface 2026-08-23; the posture has governed since the
first slice) · Honors: the repo's Critical Rule 1 (AGENTS.md), design Q15/Q16 · Related:
ADR-0002 (refusal atoms), ADR-0003 (halt reasons)
Context
A CDC pipeline is a conduit for the source's most sensitive data — row values, DDL literals with
WHERE clauses, the replication password. Every channel that leaves the pipeline process
(error returns, log lines, telemetry payloads, crash reports, inspect output in a console or
IEx session) is a leak vector if a value can ride it. The pre-implementation design fixed the
posture (Q15/Q16): assume every value is PII or a secret, and make the boundary structurally
incapable of carrying one, rather than careful-by-convention.
Four vectors were named and each got a mechanism:
	Row values — never enter any error, halt reason, log line, or telemetry payload.
Capstan.Error (lib/capstan/error.ex) is the boundary normaliser: a raw driver error,
exception, or reason tuple reduces to a stable atom reason plus at most a structural
shape (an exception's MODULE name, never its message); message/1 and the derived
Inspect render only those fields. %Capstan.Change{} (lib/capstan/change.ex),
%Capstan.Transaction{}, %Capstan.Snapshot.Chunk{}, and %Capstan.Snapshot.State{} all
@derive {Inspect, only: <structural fields>} — record/old_record/rows/tables are
invisible to the default inspect, so an IEx poke or a crash-report arg dump cannot print them.
	DDL statement text — the raw QUERY body is decoded (the terminator classification needs
it) but the %Capstan.SchemaChange{} (lib/capstan/schema_change.ex) carries only
schema/table/kind; the statement text is redacted before the struct, the sink, telemetry,
or any log (sink contract, lib/capstan/sink.ex).
	ROWS_QUERY_LOG_EVENT — carries the complete original statement of a row change, every
literal included. The decoder reduces it to {:rows_query, :discarded}; the SQL text never
enters a returned term (lib/capstan/binlog/decoder.ex).
	The connection password — lives only in the connection keyword; no error path, halt
reason, or payload formats it.

Decision
The boundary is enforced at runtime and proven at test time, on both telemetry channels:
	Metadata gates KEYS. Capstan.Telemetry.event/3 routes through validate!/1, which
raises on any key outside the allowlist (server_version, server_uuid, tls, reason,
gtid, schema, table, kind, missing_gtids — telemetry.ex). A future emitter attaching
a row value cannot ship it; the process raises instead.
	Measurements gate KEYS and VALUES. Measurement keys pass their own allowlist (the
structural vocabulary: change_count, sink_ms, establish_ms, table_count,
row_count, chunk_seq) and values must be non-negative numbers — a numeric row value
(a balance, an account number) is a non-negative number, so a type-only gate would let it
ride. The refusals name the offending KEYS only, never the values: the gate's own exception
must not become the leak vector (a review round caught exactly that in the first cut).
	Halts are value-free atoms or tagged outer atoms. {:sink_error, reason} emits the OUTER
atom only; a compound reason's payload is scrubbed through Capstan.Error.from/1.
	Test time: Capstan.ValueFree (test/support/value_free.ex) plants sentinels — a row value,
the password, a DDL literal, a ROWS_QUERY statement — and scans the log and telemetry
channels (and the delivered sink outputs) for them across every delivered and error/halt path.

Adjacent memory-safety decision recorded here because it is the same posture: column names stay
strings, never String.to_atom — a wide or attacker-influenced schema must not exhaust the
atom table.
Consequences
	Operator-facing reasons are stable, greppable atoms; debugging a value needs the sink or the
source, never the library's channels — an intentional constraint, occasionally inconvenient.
	Adding a telemetry event or metadata key is a contract change: extend the allowlist and the
usage-rules table together, and the ValueFree sweep covers the new path.
	Crash reports stay value-free only as long as struct fields remain elided — new structs default
to @derive {Inspect, only: ...}; a struct carrying row data without the derive is a review
blocker.



  

    ADR-0008 — Pure Elixir, in-library protocol client

Status: Accepted (posture since the first slices; recorded 2026-08-23) · Related: ADR-0002 (the gate the client enforces), ADR-0009 (the process that owns the socket)
Context
capstan speaks the MySQL wire protocol and the replication protocol directly: handshake and
authentication (including caching_sha2_password's RSA/SCRAM exchange), TLS negotiation, the
five-variable precondition query, SET @master_binlog_checksum / @master_heartbeat_period,
and COM_BINLOG_DUMP_GTID with a GTID-set resume position — then a lifetime of binlog event
bytes. The ecosystem norm for this in BEAM-land is either a NIF wrapper around a C client or a
protocol dependency; capstan's sibling (replicant, Postgres) instead owns its protocol surface
in-library.
Before any library code existed, a probe (probe/mysql_binlog_probe.exs, ~400 lines,
probe/FINDINGS.md) proved a zero-dependency client could do the whole job against live MySQL
8.0.46 — connect, authenticate, dump, and decode both a replayed and a live transaction.
Decision
The protocol client is in-library and pure Elixir. Runtime dependencies are exactly
decimal + jason + telemetry; the client itself uses only :gen_tcp, :ssl, and
:crypto (mix.exs). No NIF, no Rust, no MySQL protocol dependency. Foundational commits:
f37ad17 (packet framing incl. >16 MiB split reassembly), fd64dc2 (handshake, caching_sha2
auth, fail-closed TLS), b60a187 (commands + GTID-set resume encoding).
Concretely owned (lib/capstan/protocol/ + lib/capstan/binlog/): packet framing with local
in-file reassembly, the full handshake state machine (both auth plugins; the native-password
deprecation warning is the library's only normal-operation log line), OTP-28-proof explicit TLS
verification posture (ADR-0002), simple-query text-resultset decode, error-1236 discrimination
(ADR-0003), the binlog event header + CRC32, and the row-event/rows decoders with the
optional-metadata TLV handling recorded in Critical Rule 6.
Consequences
	Auditable end to end. Every byte that touches user data is Elixir in this repo, reviewable
in one place; a protocol-level leak or a fail-closed gap is a grep away, not a NIF away.
	No ABI/runtime coupling. No NIF build step, no OTP-major NIF recompiles, no transitive
native supply chain — the constraint floor stays plain Elixir (~> 1.15), continuously proven
by CI's floor leg.
	The bytes are ours. MySQL's quirks (auth plugin rotation across 8.0/8.4/9.x, SAN-less
auto-generated certs, error-1236 overloading, the exclusive wire end bound of ADR-0010) are
this repo's to track — the probe-first habit (live substrate, real captured bytes in
test/fixtures/binlog/) is the compensating control.
	Real-byte conformance (never self-signed fixtures) is mandatory for any new protocol surface:
a round-trip through our own encoder proves nothing about MySQL's decoder.



  

    ADR-0009 — Fail-closed supervision and streaming liveness

Status: Accepted (posture since C1; recorded 2026-08-23) · Related: ADR-0003 (what halts), ADR-0008 (the socket owner)
Context
Every condition that could silently lose or corrupt data halts the pipeline (ADR-0001/0003).
Halting is only honest if the halt is LOUD, TERMINAL, and cannot become a livelock or take down
the host application. Separately, a streaming connection's failure mode is the silent half-open
partition: the reader blocks on recv forever while everything looks healthy — and MySQL only
heartbeats an IDLE stream, so an active writer elsewhere does not prove OUR stream is alive.
Decision
Supervision: halt is a terminal state, not a crash.
	Every pipeline child is restart: :temporary (lib/capstan/pipeline.ex child specs; the
supervisor is :one_for_one). A fail-closed halt exits {:shutdown, {:halt, reason}} — not a
crash — so a halted child is removed and NEVER restarted into a livelock, and the host
supervisor (the consumer's tree) stays up. Restarting, reprovisioning, or paging is the host
application's decision, informed by the [:capstan, :connection, :halt] /
[:capstan, :assembler, :halt] telemetry (value-free, ADR-0007).
	The Connection forwards frames to its receiver with a plain send/2 — a send to a dead
receiver is a silent no-op, never a raise that could resurrect a halted pipeline. The
corresponding silence hazard is closed by MONITORING the receiver: on its :DOWN the
Connection stops fail-closed (:receiver_down) instead of streaming into a dead pid.
Monitoring, not linking, so a :shutdown stop never couples the two children's restarts.

Liveness: two timers and two counters (lib/capstan/connection.ex).
	SET @master_heartbeat_period asks the master for a HEARTBEAT_LOG_EVENT after
heartbeat_period_ms of idleness — self-contained, independent of the server's
slave_net_timeout — so even a quiet-but-healthy stream keeps delivering frames.
	A parent-side liveness timer fires when NO frame (event or heartbeat) arrives within
stream_timeout_ms (default 4× the heartbeat period: three missed beats): it emits
[:capstan, :connection, :stream_timeout], kills the recv-blocked reader, and reconnects.
Epoch-guarded — a stale timeout queued before a reset is ignored. Socket keepalive: true is
the OS backstop for a fully-dead peer, deliberately not primary (~2 h default idle).
	Two INDEPENDENT failure budgets: the command budget (max_command_retries, reset when a frame
arrives — correct for transient pre-establish faults) and the established-then-dropped cycle
counter (NEVER reset by frames — a duplicate server_id evicts this replica after each
healthy-looking establish, and a frame-reset counter would livelock forever while emitting
healthy telemetry; it halts :server_id_conflict instead). stream_timeout_ms must exceed
heartbeat_period_ms or start-up refuses (:invalid_liveness_config) — a window at or below
the interval would false-drop a HEALTHY idle stream; both constructors into the process
enforce the identical defaults-then-compare predicate.

Consequences
	A halted pipeline requires an operator (via the host app); the library never decides to
restart past a data-integrity condition. This is the contract — availability posture is the
consumer's layer.
	A silent partition is bounded by stream_timeout_ms, made visible by telemetry, and a
persistent one halts :stream_stalled once the cycle budget is spent.
	Any future child keeps restart: :temporary and routes telemetry halts through
Capstan.Telemetry; a restartable child is a design regression (the livelock class).



  

    ADR-0010 — The exclusive end bound of COM_BINLOG_DUMP_GTID

Status: Accepted (probe-proven pre-library; recorded as its own ADR 2026-08-23) · Relates to: ADR-0001 (the position model this wire encoding carries)
Context
The resume position is a GTID set and the dump request encodes it verbatim on the wire
(lib/capstan/protocol/command.ex). The protocol's interval encoding — n_sids, then per sid
n_intervals and start/end u64 pairs — has a sign convention that is easy to get backwards
because the GTID-set STRING form is inclusive: a checkpoint of uuid:1-11 means transactions
1..11 are applied.
A live probe (probe/gtid_interval_bound_probe.exs) established against a real 8.0 server which
convention the DUMP request expects.
Decision
The wire interval end bound is EXCLUSIVE: a checkpoint of uuid:1-11 (transactions 1..11
applied) encodes as start = 1, end = 12 — command.ex renders each inclusive interval
{low, high} as <<low::64-little, high + 1::64-little>>. An empty set encodes as n_sids = 0
(requests the server's full retained history).
Recorded as its own ADR rather than an amendment to ADR-0001 because it is a WIRE invariant of
the protocol, not a property of the position model: the model is inclusive everywhere
(Gtid sets, stored watermarks, usage-rules' dedup rule), and the exclusive form exists ONLY
inside this one encoder — Gtid.parse/1 never converts, and the boundary is documented on both
sides.
Consequences
	Getting it backwards skips or replays exactly one transaction per interval, on every
restart, silently: an inclusive-high encoding tells the server the peer holds through
high - 1, so transaction high re-streams (at-least-once duplicate at best, an unbounded
re-delivery loop at worst); the symmetric mistake skips the last transaction of every
interval — silent loss, the disqualifying class.
	The invariant is proven continuously, not by argument: a LIVE tripwire
(test/capstan/protocol/command_test.exs) dumps twice with the server's real gtid_executed —
the correct encoder and a deliberate off-by-one — and asserts they resume at different first
GTIDs (k + 1 vs k). The tripwire's checkpoint is a REAL processed watermark (every
source's intervals verbatim, the server's own uuid lowered into the retained window), because
a single-uuid checkpoint is refused 1236 on a substrate whose gtid_executed carries foreign,
partially-purged uuid sets — the :data_gap semantics the library itself implements.
	Any future dump-adjacent command (a name/position-based fallback, a lossy variant) inherits
the same probe-first requirement and a red-capable tripwire before it ships.



  

    ADR-0011 — Binary-log transaction compression: consumed by the in-library zstd decoder

Status: Accepted (2026-08-23; AMENDED same-day — the pure-Elixir decoder landed and the
refuse gate was removed, exactly as this ADR anticipated) · Extends:
ADR-0002 · Related:
ADR-0008 (the no-NIF posture that makes the decoder
in-library in the first place)
Context
MySQL 8.0.20+ can compress row-based transactions into a single zstd-compressed
Transaction_payload_event per transaction. Primary-doc facts (MySQL 8.0 reference manual,
"Binary Log Transaction Compression", read first-hand 2026-08-23):
	binlog_transaction_compression is source-unilateral: a replica or downstream consumer
cannot opt out or negotiate uncompressed delivery — replicas receive compressed payloads
and must inflate them. The variable is dynamic, not replicated, and per-session settings can
produce a MIX of compressed and uncompressed payloads in one binlog.
	Excluded from compression: GTID/control/heartbeat events, incident events (and their whole
transactions), non-transactional events (and their whole transactions), statement-based
events — so a compression-enabled source still delivers some events bare.
	The type-40 body is a net_field_length TLV header (0=end mark, 1=payload size,
2=compression type — 0=ZSTD, 255=NONE, 3=uncompressed size; server source
libbinlogevents/src/codecs/binary.cpp) wrapping one zstd frame. The inflated bytes are
the transaction's events WITHOUT per-event CRC trailers — the outer event's CRC32 covers
the compressed payload as a whole (observed live; inner headers' event_size values sum
exactly to the inflated length).

Decision (as first accepted)
While capstan could not inflate zstd, the precondition gate refused compression-ON sources
at connect (:binlog_transaction_compression_on) and the decoder halted loudly on a type-40
event — the honest posture for the capability capstan had.
Decision (the amendment — the decoder landed)
Capstan.Zstd is a pure-Elixir zstd frame decompressor (RFC 8878, read first-hand):
literals (raw/RLE/Huffman with FSE-compressed weights, 1- and 4-stream), sequences
(predefined/RLE/FSE/repeat tables, the three-state bitstream), overlap-safe sequence
execution with repeat-offset tracking, frame/window/FCS handling, and XXH64 content-checksum
verification. Capstan.Binlog.TransactionPayload decodes the type-40 body: TLV parse →
inflate → split the inner event stream → the assembler folds the inner events through the
same transition as bare events (the bare GTID that opened the transaction rode ahead of the
payload on the wire).
Conformance is byte-exact against reference-inflated frames: fixtures captured live from
a binlog_transaction_compression=ON MySQL 8.0 substrate, each paired with the same frame
inflated by the reference zstd binary (.inner oracles, never capstan's own decoder), plus
RFC 8878 Appendix A table crosschecks and fail-closed tripwires (tampered bytes, bad magic,
reserved bits, dictionaries, checksums). The server-declared uncompressed size is verified
against the inflated length. The precondition gate's sixth variable is REMOVED (five remain,
ADR-0002); a malformed or non-ZSTD payload halts fail-closed at decode time.
Consequences
	Compression-ON sources are consumed transparently; the sink sees the same transactions an
uncompressed source would deliver. GTID/control/non-transactional events still arrive bare
on such sources — the stream is a mix by construction.
	A dynamic flip ON after connect needs no gate: the decoder consumes whatever arrives.
	Fail-closed posture unchanged: any zstd corruption signal, a non-ZSTD compression type, an
uncompressed-size mismatch, or a malformed inner header halts with a value-free reason —
never a partially decoded or guessed payload.
	The preflight report (scripts/capstan-preflight.sql) carries the setting as
informational, so discovery and the runtime posture agree.



  

    Recipes

Working patterns for the situations that come up when you actually run capstan.
Each recipe assumes the contract in usage-rules.md.
An idempotent sink (the foundation of everything)
capstan delivers at-least-once; every guarantee above that is your sink
making re-delivery a no-op. The minimal Postgres-shaped example — write the row
keyed by the change's identity and carry the GTID watermark in the SAME
transaction:
defmodule MyApp.WarehouseSink do
  @behaviour Capstan.Sink

  @impl true
  def handle_transaction(txn) do
    Repo.transaction(fn ->
      Enum.each(txn.changes, fn change ->
        apply_change(change)
      end)

      # The position advances in the same write as the data: crash between the
      # two is impossible, so a restart resumes exactly after the last applied
      # row (this is the sink-owned effect-once shape — also implement
      # checkpoint/0 and capstan will use yours instead of its store's).
      Repo.insert!(%AppliedWatermark{id: 1, gtid_set: txn.position.gtid_set},
        on_conflict: {:replace, [:gtid_set]},
        conflict_target: :id
      )
    end)

    {:ok, txn.position}
  end

  defp apply_change(%{op: :insert, schema: s, table: t, record: record}),
    do: Repo.insert_all(warehouse_table(s, t), [record], on_conflict: :replace_all)

  defp apply_change(%{op: :delete, schema: s, table: t, old_record: old}) do
    {_, _} = Repo.delete_all(warehouse_table(s, t) |> where_pk(old))
  end

  defp apply_change(%{op: :update, schema: s, table: t, record: record}) do
    {_, _} = Repo.update_all(warehouse_table(s, t) |> where_pk(record), set: record)
  end
end
Warehouse load: batched, one write per flush
For a bulk consumer, batch delivery collapses round trips: the sink receives a
list of transactions plus the batch's final position and persists them in ONE
write.
Capstan.start_link(
  connection: connection_opts(),
  server_id: 4321,
  sink: MyApp.WarehouseSink,          # implements handle_batch/2 + checkpoint/0
  checkpoint_store: [module: MyApp.CheckpointStore],
  batch: [max_transactions: 200, flush_ms: 500, mode: :sink_owned],
  tables: [{"shop", "orders"}]
)

# In the sink — the atomic batch write:
@impl true
def handle_batch(txns, %Capstan.Position{} = final_position) do
  Repo.transaction(fn ->
    Enum.each(txns, &apply_transaction/1)
    upsert_watermark(final_position)
  end)

  {:ok, final_position}
end
The tradeoff is a wider crash window: on restart, at most the un-flushed batch
tail re-delivers (bounded by max_transactions). The dedup checkpoint absorbs
it as long as the batch write is atomic with the watermark — which is the point
of :sink_owned mode.
Snapshot-then-stream migration (backfill an existing table)
Moving an existing table's history into a new consumer without a maintenance
window:
	Create the snapshot store (same shape as a checkpoint store; per-table
durable cursors).
	Start the pipeline WITH the :snapshot block and WITHOUT a seeded
checkpoint — capstan pins the start position p0, backfills every
pre-existing row under a per-chunk brief read lock, and hands off to the
stream gap-free. Concurrent writes during the backfill are deduplicated by
the cursor gate (a change a chunk already covers is suppressed from the
stream; a change after it flows).
	Kill/restart freely — the backfill resumes per-table from its durable
cursor.

Capstan.start_link(
  connection: connection_opts(),
  server_id: 4322,
  sink: sink,
  checkpoint_store: [module: MyApp.CheckpointStore],
  tables: [{"shop", "orders"}],
  snapshot: [
    tables: [{"shop", "orders"}],       # or :all — the scoped base-table set
    store: [module: MyApp.SnapshotStore],
    chunk_size: 4096
  ]
)
Per-table completion: exactly one final_chunk?: true beat to handle_snapshot/2
(empty tables deliver exactly one EMPTY final chunk — gate per-table readiness
on it).
"Start from now" (no backfill, no replay)
A fresh consumer that must NOT see history: seed the checkpoint from the
server's live position before the first dump.
Capstan.start_link(
  connection: connection_opts(),
  server_id: 4323,
  sink: sink,
  checkpoint_store: [module: MyApp.CheckpointStore],
  start_position: :current,          # reads @@gtid_executed once, pre-dump
  tables: [{"shop", "orders"}]
)
An explicit resume point works the same way: start_position: %Capstan.Position{gtid_set: "…"}.
TLS against a self-signed server certificate
MySQL's auto-generated certificate is self-signed with no SAN — peer
verification against 127.0.0.1 fails by hostname. Verify the CHAIN without
the hostname (an explicit operator choice; see usage-rules "TLS"):
connection: [
  host: "db.internal",
  username: "capstan",
  password: password,
  ssl: true,
  ssl_opts: [
    cacertfile: "/etc/myapp/mysql-ca.pem",
    server_name_indication: :disable
  ]
]
Confidentiality without authentication is also an explicit choice:
ssl_opts: [verify: :verify_none]. Either form or a plain connection — but
never a silent default.
Amazon Aurora MySQL (version 3, the cluster writer endpoint)
Aurora is a named source (ADR-0013). The three settings that differ from a
self-managed server, and what each costs if skipped:
	The binlog lives in the DB cluster parameter group (binlog_format=ROW,
plus the same family as any MySQL source: binlog_row_image=FULL,
binlog_row_metadata=FULL, gtid_mode=ON, enforce_gtid_consistency=ON),
followed by a writer reboot. An instance-level group edit does nothing. With
the group's binlog_format left OFF, binlog_format still READS ROW
while log_bin is disabled — capstan's log_bin check refuses
:binlog_disabled at connect, which is exactly why it exists.
	Retention is not a server variable:
CALL mysql.rds_set_configuration('binlog retention hours', N) (read it back
with CALL mysql.rds_show_configuration). The default NULL purges lazily —
AWS documents the leftovers as "usually not longer than a day" — so set it
(the version 3 maximum is 2160 hours / 90 days) to cover your worst
acceptable pipeline downtime; a pause longer than the window halts
:data_gap on restart, and that halt is the correct outcome.
	Connect to the cluster (writer) endpoint only. Readers share the
parameter group and pass the value checks, but binary logs are served by the
writer alone.

connection: [
  host: "mydbcluster.cluster-c7tj4example.us-east-1.rds.amazonaws.com",
  username: "capstan",
  password: password,
  ssl: true,
  ssl_opts: [cacertfile: "/etc/myapp/global-bundle.pem"]   # the AWS RDS CA bundle
]
Unlike the self-signed recipe above, hostname verification stays ON: Aurora's
certificate chains to the AWS CA and names the endpoint host, so no
server_name_indication: :disable (with a cacertfile and no explicit SNI, capstan defaults
the hostname check to the connection's host — ADR-0013's receipt run fixed this).
Auth: Aurora MySQL 3's master user defaults to mysql_native_password — the inverse of
stock MySQL 8.0 — so capstan's default caching_sha2_password posture is refused until the
account is re-pointed once (ALTER USER … IDENTIFIED WITH caching_sha2_password BY …;
default_authentication_plugin is not modifiable in the cluster group on this engine).
Failover budget: a promotion at Serverless v2's floor takes minutes, and the window can
transiently answer the connect-time gate with the binlog disabled. Size the retry budget to
the window — max_command_retries: 120, reconnect_backoff: 5_000 (≈10 minutes) rode out
every forced failover in the receipt run — and remember failovers count toward the
established-then-dropped budget on a same-uuid cluster (see ADR-0013's uuid observation).
First start: prefer
start_position: :current (or pre-seed the checkpoint from
SELECT @@global.gtid_executed) — an empty checkpoint against Aurora's almost
never-empty gtid_purged refuses :data_gap by design. Failovers are not
errors: the endpoint's DNS change drops the socket, capstan reconnects to the
promoted writer, the checkpoint set gains the new writer's UUID, and the
established-then-dropped budget is reset (a failover is not a server_id
conflict). If the old writer's GTIDs do not survive in the promoted writer's
gtid_executed, the pipeline halts :source_identity_mismatch — re-seed the
checkpoint rather than resume blindly.
XA sources (two-phase transactions)
XA-prepared rows must NEVER deliver as committed (they may still roll back).
The default policy refuses the first prepare loudly:
# default — the pipeline halts :unsupported_transaction_shape on XA PREPARE:
Capstan.start_link(connection: ..., xa: :refuse, ...)

# a source that legitimately uses XA — track through the prepare:
Capstan.start_link(connection: ..., xa: :track, ...)
Under :track, a prepared transaction's GTID checkpoints ONLY in the same
write as its resolution (XA COMMIT delivers the rows; XA ROLLBACK drops
them and advances past) — the crash window can never lose a resolution. The
replication account needs XA_RECOVER_ADMIN for the connect-time dangling-prepare
enumeration.
Compressed sources (binlog_transaction_compression=ON)
Nothing to configure: capstan consumes compressed transactions natively (the
in-library pure-Elixir zstd decoder inflates each TRANSACTION_PAYLOAD event —
byte-exact conformance against the reference zstd binary; a malformed payload
halts value-free). GTID/control/non-transactional events still arrive bare on
such sources — the stream is a mix by construction.
Watching a pipeline in production
Attach the halt events to your alerting and the committed events to your
metrics (full reference: telemetry.md):
:telemetry.attach_many(
  "my-app-capstan-halts",
  [[:capstan, :connection, :halt], [:capstan, :assembler, :halt], [:capstan, :snapshot, :halt]],
  fn _event, _measurements, %{reason: reason}, _config ->
    MyApp.Alerting.page("capstan halted: #{inspect(reason)}")
  end,
  nil
)
The pipeline does not restart itself on a halt (every child is
restart: :temporary): your supervision decides — that is the fail-closed
posture. A restart without investigating the reason is usually wrong; halts
name their cause precisely so you can act on it.


  

    Telemetry reference

Every observable signal capstan emits, through the standard
:telemetry library. No row value, DDL text,
password, or any other user data ever appears in a measurement or metadata
field — the Capstan.Telemetry boundary allowlists both at runtime, so a
stray value attached to a payload raises instead of shipping (ADR-0007).
Events
[:capstan, :connection, :established]
A replica connection completed (auth, preconditions, checksum negotiation, dump
started). Reconnects emit it again.
	measurements: establish_ms — wall time from connect start to established
	metadata: server_version (e.g. "8.0.46"), tls (e.g. :secure/:plaintext)

[:capstan, :connection, :halt]
The connection halted fail-closed and the pipeline is stopping (all children are
restart: :temporary — a halt is terminal until YOUR supervision restarts it).
	measurements: —
	metadata: reason (a value-free atom; the full catalogue is in
usage-rules.md "Runtime halts")

[:capstan, :connection, :stream_timeout]
The liveness timer fired on a silent stream — the pipeline is reconnecting (this
is a recovery event, not a halt; the reconnect budget is max_command_retries).
	measurements: —
	metadata: reason: :stream_stalled

[:capstan, :transaction, :committed]
One committed transaction was delivered to the sink (or included in a delivered
batch).
	measurements: change_count — the number of row changes in the transaction;
sink_ms — the sink call's duration
	metadata: gtid — the transaction's GTID (e.g. "3c94fa12-…:42")

[:capstan, :transaction, :filtered]
A committed transaction whose every change was outside the capture allowlist —
no sink call, but the watermark advances (so quiet periods never stall it).
	measurements: —
	metadata: gtid

[:capstan, :transaction, :skipped]
A transaction whose GTID is already in the processed set — the dedup
(effect-once) path on restart. The sink is NOT called.
	measurements: —
	metadata: gtid, reason: :already_processed

[:capstan, :schema_change, :received]
A self-committing DDL was delivered via handle_schema_change/2. The DDL
statement text is never surfaced — only the target and a classification.
	measurements: —
	metadata: schema, table, kind

[:capstan, :assembler, :halt]
The assembly/delivery stage halted fail-closed (sink error, checkpoint-write
budget exhausted, event decode failure, stream desync, XA-prepared rows under
xa: :refuse, unmapped table_id, …). As with every halt, terminal until you
restart it.
	measurements: —
	metadata: reason (scrubbed to its value-free outer atom — a compound
reason like {:sink_error, raw} reports :sink_error)

[:capstan, :snapshot, :started]
The initial-snapshot coordinator started its backfill.
	measurements: table_count — the number of tables to backfill
	metadata: —

[:capstan, :snapshot, :chunk_completed]
One chunk was delivered via handle_snapshot/2. (A zero-row table delivers
exactly one empty final chunk — the same event with row_count: 0.)
	measurements: row_count, chunk_seq
	metadata: schema, table

[:capstan, :snapshot, :completed]
Every snapshot table finished; the coordinator handed authority to the stream.
	measurements: table_count
	metadata: —

[:capstan, :snapshot, :halt]
The snapshot halted fail-closed (schema drift mid-backfill, sink error, lock
unavailable past its budget, durable-state fault, …). Terminal like every halt.
	measurements: —
	metadata: reason

Attaching
Log every halt with its reason:
:telemetry.attach_many(
  "my-app-capstan-halts",
  [[:capstan, :connection, :halt], [:capstan, :assembler, :halt], [:capstan, :snapshot, :halt]],
  fn _event, _meas, %{reason: reason}, _config ->
    Logger.error("capstan halted: #{inspect(reason)}")
  end,
  nil
)
Count delivered changes (a throughput metric):
:telemetry.attach("my-app-capstan-changes", [:capstan, :transaction, :committed],
  fn _event, %{change_count: n}, _meta, _config ->
    MyApp.Metrics.add_delivered_changes(n)
  end, nil)
With telemetry_metrics, the standard
set:
summary("capstan.transaction.committed.duration", unit: {:native, :millisecond}),
counter("capstan.transaction.committed.count"),
sum("capstan.transaction.committed.change_count"),
counter("capstan.snapshot.chunk_completed.count"),
counter("capstan.connection.halt.count"),
counter("capstan.assembler.halt.count"),
counter("capstan.snapshot.halt.count")


  

    
Capstan.Binlog.TransactionPayload 
    



      
Decodes a TRANSACTION_PAYLOAD_EVENT (type 40) body into the inner event
stream of the transaction it wraps — the binlog_transaction_compression
consumer arm (ADR-0011).
Body layout (MySQL server source, libbinlogevents/src/codecs/binary.cpp,
read first-hand): a net_field_length TLV header — triples of
(type, value_length, value) closed by a bare 0 end mark — followed by the
payload bytes. Field types: 0 end mark, 1 payload size, 2 compression
type, 3 uncompressed size; unrecognized fields are skipped by their length.
The compression type value is 0 for ZSTD and 255 for NONE
(compression/base.h) — only ZSTD is consumed; anything else fails closed.
The payload is one or more zstd frames (Capstan.Zstd). The inflated bytes
are the transaction's events — QUERY(BEGIN), TABLE_MAP, row events,
terminator — each a plain 19-byte header + body with no per-event CRC
trailer (the outer type-40 event's CRC32 covers the compressed payload as a
whole; observed live, the inner headers' event_size values sum exactly to
the inflated length). Splitting is driven by each inner header's event_size.
Every divergence from the declared shape — a missing field, a size that does
not fit, an unknown compression type, a zstd corruption signal, an
uncompressed-size mismatch, a malformed inner header — is {:error, reason},
never a guess. All reasons are value-free (Rule 1): the payload and inner
bytes carry row values and DDL text and never enter an error term.

      


      
        Summary


  
    Functions
  


    
      
        decode(body)

      


        Decodes a type-40 body to its inner event list: parses the TLV header,
inflates the ZSTD payload, and splits the inner event stream.



    





      


      
        Functions


        


  
    
      
    
    
      decode(body)



        
          
        

    

  


  

      

          @spec decode(binary()) :: {:ok, [Capstan.Binlog.Event.t()]} | {:error, term()}


      


Decodes a type-40 body to its inner event list: parses the TLV header,
inflates the ZSTD payload, and splits the inner event stream.
The uncompressed size, when the server declares it, is checked against the
inflated length — a server-declared oracle over the decompressor's output.

  


        

      


  

    
Capstan.Query 
    



      
A COM_QUERY-only connection for the initial-snapshot path (C2).
Capstan.Connection is binlog-dump-only — once it issues COM_BINLOG_DUMP_GTID the
socket carries the replication stream and cannot run a SELECT. The snapshot needs a
SEPARATE connection to read information_schema, capture each chunk's exact GTID under a
brief LOCK TABLES … READ, and page the chunk rows. Capstan.Query is that connection: it
reuses the C1 handshake / auth / TLS stack (Capstan.Protocol.Handshake) and the C1
text-resultset decoder (Capstan.Protocol.Command), and exposes the query primitives the
ChunkReader, PrimaryKey introspection, and the bootstrap P0 read all build on.
It owns no process. A %Capstan.Query{} is a connection HANDLE — an authenticated passive
socket plus the pinned source identity — that a caller (the ChunkReader, the bootstrap)
drives synchronously, exactly as Capstan.Config.check_preconditions/1 drives a socket.
Source identity (design Ch8)
A query connection that silently (re)connects to a DIFFERENT replica mid-backfill corrupts
the exact-G pairing the whole snapshot rests on (the chunk's captured GTID would name a
position on a server the chunk rows did not come from). So on EVERY (re)establish the
@@server_uuid is read and compared to the pinned value; a mismatch fails closed
:snapshot_source_mismatch. The endpoint + @@server_uuid are pinned for the connection's
life: the first establish/1 sets the pin (or verifies it against an
:expected_server_uuid — the STREAM connection's identity, supplied by the bootstrap), and
every reestablish/1 re-verifies against it. A reconnect that lands on another replica — a
VIP failover, a moved DNS record — is caught even though the endpoint string is unchanged.
Preconditions (ADR-0002, extended)
establish/1 reuses Capstan.Config.check_preconditions/1 on the query socket: the six
binlog variables gate the query connection exactly as they gate the stream, because
binlog_row_image = FULL is a HARD reconciliation dependency (a partial after-image would
make a stream-delivered change unable to stand in for a suppressed chunk row). A precondition
VIOLATION is permanent (reconnecting cannot cure a mis-configured server), so it surfaces its
distinct reason without spending the retry budget — the same posture C1 takes.
Retry budget
A connect/auth failure fails closed :snapshot_query_connect_failed. Transient faults are
budgeted through Capstan.CheckpointStore.retry_decision/2 + permanent_reason?/1 — the
shared counter the checkpoint-store and connect-read sites use, so the semantics cannot
drift. A permanent connect reason (:config_invalid) halts immediately.
Rule 1
The connection password appears in NO returned term, error, or log emitted here. The struct
carries the connection keyword (which holds the password) only to reconnect, and the
derived Inspect renders ONLY the structural identity (endpoint, server_uuid), never
connection. Every error is a value-free atom, scrubbed through Capstan.Error.from/1; a
raised transport error is discarded (it could reference the SQL or a value) in favour of a
bare reason. No SQL is ever logged.

      


      
        Summary


  
    Types
  


    
      
        connect_fun()

      


        The socket-open + auth function: mirrors Capstan.Connection's :connect_fun shape so a
test can inject a scripted transport. Default: default_connect/1 (gen_tcp + Handshake).



    


    
      
        endpoint()

      


        The pinned {host, port} the connection resolves to for its life.



    


    
      
        establish_opt()

      


        Options for establish/1: :connection (the C1 connection keyword), optional :connect_fun
(default default_connect/1), optional :max_command_retries (default
CheckpointStore.default_max_retries/0), and optional :expected_server_uuid (the stream
connection's identity to verify against at the first connect, design Ch8).



    


    
      
        t()

      


    





  
    Functions
  


    
      
        close(query)

      


        Closes the pinned socket. Idempotent.



    


    
      
        default_connect(connection)

      


        The default socket-open + auth function (gen_tcp + Handshake.connect/2), mirroring the C1
Capstan.Connection connect shape. Returns {:ok, socket, handshake_info} or
{:error, reason}. Public so a live test can drive the real transport.



    


    
      
        endpoint(query)

      


        The pinned {host, port} endpoint.



    


    
      
        establish(opts)

      


        Opens an authenticated COM_QUERY connection, checks the ADR-0002 preconditions, reads
@@server_uuid, and pins the endpoint + identity for the connection's life.



    


    
      
        query(query, sql)

      


        Runs sql as a COM_QUERY on the pinned socket.



    


    
      
        reestablish(query)

      


        Reconnects, RE-verifying @@server_uuid against the pinned value (design Ch8).



    


    
      
        server_uuid(query)

      


        The pinned @@server_uuid (structural identity — safe to surface, never a row value).



    


    
      
        verify_source_identity(pinned, pinned)

      


        The pure source-identity check: :ok when there is no pin yet (the first establish) or the
observed uuid matches the pin, else {:error, :snapshot_source_mismatch} (design Ch8).
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      connect_fun()



        
          
        

    

  


  

      

          @type connect_fun() :: (keyword() ->
                    {:ok, Capstan.Protocol.Packet.socket(), map()}
                    | {:error, term()})


      


The socket-open + auth function: mirrors Capstan.Connection's :connect_fun shape so a
test can inject a scripted transport. Default: default_connect/1 (gen_tcp + Handshake).

  



  
    
      
    
    
      endpoint()



        
          
        

    

  


  

      

          @type endpoint() :: {charlist(), :inet.port_number()}


      


The pinned {host, port} the connection resolves to for its life.

  



  
    
      
    
    
      establish_opt()



        
          
        

    

  


  

      

          @type establish_opt() ::
  {:connection, keyword()}
  | {:connect_fun, connect_fun()}
  | {:max_command_retries, non_neg_integer()}
  | {:expected_server_uuid, String.t()}


      


Options for establish/1: :connection (the C1 connection keyword), optional :connect_fun
(default default_connect/1), optional :max_command_retries (default
CheckpointStore.default_max_retries/0), and optional :expected_server_uuid (the stream
connection's identity to verify against at the first connect, design Ch8).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Query{
  connect_fun: connect_fun(),
  connection: keyword(),
  endpoint: endpoint(),
  max_retries: non_neg_integer(),
  server_uuid: String.t(),
  socket: Capstan.Protocol.Packet.socket()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(query)



        
          
        

    

  


  

      

          @spec close(t()) :: :ok


      


Closes the pinned socket. Idempotent.

  



  
    
      
    
    
      default_connect(connection)



        
          
        

    

  


  

      

          @spec default_connect(keyword()) ::
  {:ok, Capstan.Protocol.Packet.socket(), map()} | {:error, term()}


      


The default socket-open + auth function (gen_tcp + Handshake.connect/2), mirroring the C1
Capstan.Connection connect shape. Returns {:ok, socket, handshake_info} or
{:error, reason}. Public so a live test can drive the real transport.

  



  
    
      
    
    
      endpoint(query)



        
          
        

    

  


  

      

          @spec endpoint(t()) :: endpoint()


      


The pinned {host, port} endpoint.

  



  
    
      
    
    
      establish(opts)



        
          
        

    

  


  

      

          @spec establish([establish_opt()]) :: {:ok, t()} | {:error, atom()}


      


Opens an authenticated COM_QUERY connection, checks the ADR-0002 preconditions, reads
@@server_uuid, and pins the endpoint + identity for the connection's life.
With :expected_server_uuid set (the stream connection's identity), the observed uuid is
verified against it at connect (design Ch8); otherwise the first read SETS the pin. Returns
{:ok, t()} or a value-free {:error, reason} — :snapshot_source_mismatch on an identity
mismatch, a distinct precondition reason on a bad substrate, or :snapshot_query_connect_failed
when the connect/auth budget is exhausted.

  



  
    
      
    
    
      query(query, sql)



        
          
        

    

  


  

      

          @spec query(t(), binary()) ::
  {:ok, [Capstan.Protocol.Command.row()]} | {:error, atom()}


      


Runs sql as a COM_QUERY on the pinned socket.
Returns {:ok, rows} for a text resultset (each row a list of column values, nil for a
NULL column), {:ok, []} for a statement with no resultset (SET, LOCK TABLES,
UNLOCK TABLES), or a value-free {:error, reason} (scrubbed through Capstan.Error.from/1;
a raised transport error becomes :transport). The SQL is never logged — a chunk WHERE
literal can carry a row value (Rule 1).

  



  
    
      
    
    
      reestablish(query)



        
          
        

    

  


  

      

          @spec reestablish(t()) :: {:ok, t()} | {:error, atom()}


      


Reconnects, RE-verifying @@server_uuid against the pinned value (design Ch8).
A reconnect that lands on a different replica halts :snapshot_source_mismatch; otherwise a
fresh authenticated handle to the SAME source is returned.

  



  
    
      
    
    
      server_uuid(query)



        
          
        

    

  


  

      

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


      


The pinned @@server_uuid (structural identity — safe to surface, never a row value).

  



  
    
      
    
    
      verify_source_identity(pinned, pinned)



        
          
        

    

  


  

      

          @spec verify_source_identity(String.t() | nil, String.t()) ::
  :ok | {:error, :snapshot_source_mismatch}


      


The pure source-identity check: :ok when there is no pin yet (the first establish) or the
observed uuid matches the pin, else {:error, :snapshot_source_mismatch} (design Ch8).
Exposed so the reconnect re-check is provably RED-capable in isolation.

  


        

      


  

    
Capstan.Snapshot.Tables 
    



      
Resolves a tables: :all snapshot set to a concrete, scoped table list
(ROADMAP C2b).
:all (which arises when the capture allowlist is itself :all) resolves to
the server's base tables outside the system schemas, enumerated from
information_schema.TABLES:
	TABLE_TYPE = 'BASE TABLE' — views (VIEW) and information_schema
dictionaries (SYSTEM VIEW) are excluded;
	TABLE_SCHEMA NOT IN ('mysql', 'information_schema', 'performance_schema', 'sys') — the four MySQL 8.0 system schemas are excluded;
	temporary tables never appear in information_schema.TABLES (MySQL 8.0
reference manual, INFORMATION_SCHEMA.TABLES: "The TABLES table does not
list TEMPORARY tables").

The result is ordered (schema, then table) so the resolved set is
deterministic. An empty result refuses :snapshot_no_base_tables — an
"everything" snapshot that finds nothing is a misconfiguration (wrong server
or missing privileges), not a silent no-op. All returned names are the
server's own strings (structural identity, the allowlisted telemetry class);
the SQL embeds no user value.

      


      
        Summary


  
    Functions
  


    
      
        resolve_all(query)

      


        Enumerates the scoped base tables over an established query connection.
Returns {:ok, [{schema, table}]} (ordered, deduplicated by construction),
{:error, :snapshot_no_base_tables} when the server exposes none, or a
value-free enumeration fault.



    





      


      
        Functions


        


  
    
      
    
    
      resolve_all(query)



        
          
        

    

  


  

      

          @spec resolve_all(Capstan.Query.t()) ::
  {:ok, [{String.t(), String.t()}]}
  | {:error, :snapshot_no_base_tables | :snapshot_table_enumeration_failed}


      


Enumerates the scoped base tables over an established query connection.
Returns {:ok, [{schema, table}]} (ordered, deduplicated by construction),
{:error, :snapshot_no_base_tables} when the server exposes none, or a
value-free enumeration fault.

  


        

      


  

    
Capstan.Xa.Id 
    



      
The value-free identity of an XA transaction (ADR-0006, Rule 1).
gtrid/bqual are application-chosen bytes — row-value class — so the pool keys on
a sha256 digest of the canonical XID frame, and the raw bytes are never stored,
logged, or emitted. Even the digest is never emitted (a digest of a low-entropy
application XID is dictionary-reversible); it exists as the in-memory pool key ONLY.
Telemetry and errors correlate on server-assigned GTIDs, never on anything
XID-derived.
Both XID encodings capstan sees produce the same digest:
	the XA_prepare_log_event (type 38) body — one_phase byte, format_id /
gtrid_length / bqual_length as little-endian u32s, then the raw bytes
(layout read from the MySQL server source, control_events.cpp);
	the resolution QUERY text — XA COMMIT X'<hex gtrid>',X'<hex bqual>',<format_id>
(and XA ROLLBACK), the canonical hex-literal form the server writes (captured
live; test/fixtures/binlog/xa/).


      


      
        Summary


  
    Types
  


    
      
        resolution()

      


        A parsed resolution statement: the verb and its XID digest.



    


    
      
        t()

      


        A parsed XID's value-free identity: the sha256 digest of the canonical frame.



    


    
      
        xid()

      


    





  
    Functions
  


    
      
        digest(map)

      


        The digest of a canonical XID. The frame is namespaced and length-prefixed so no
two distinct {format_id, gtrid, bqual} triples collide.



    


    
      
        parse_resolution(sql)

      


        Parses an XA COMMIT/XA ROLLBACK resolution QUERY text into its verb + digest.



    





      


      
        Types


        


  
    
      
    
    
      resolution()



        
          
        

    

  


  

      

          @type resolution() :: {:commit | :rollback, t()}


      


A parsed resolution statement: the verb and its XID digest.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: <<_::256>>


      


A parsed XID's value-free identity: the sha256 digest of the canonical frame.

  



  
    
      
    
    
      xid()



        
          
        

    

  


  

      

          @type xid() :: %{
  one_phase: boolean(),
  format_id: non_neg_integer(),
  gtrid: binary(),
  bqual: binary()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      digest(map)



        
          
        

    

  


  

      

          @spec digest(xid()) :: t()


      


The digest of a canonical XID. The frame is namespaced and length-prefixed so no
two distinct {format_id, gtrid, bqual} triples collide.

  



  
    
      
    
    
      parse_resolution(sql)



        
          
        

    

  


  

      

          @spec parse_resolution(String.t()) :: {:ok, resolution()} | :error


      


Parses an XA COMMIT/XA ROLLBACK resolution QUERY text into its verb + digest.
Accepts exactly the canonical hex-literal form the server writes
(XA COMMIT X'…',X'…',<format_id>); a bare XA COMMIT-shaped text with no XID
(or any other shape) returns :error — the caller treats an unparseable
resolution as unmatched and fails closed, never guesses.

  


        

      


  

    
Capstan.Zstd 
    



      
Pure-Elixir zstd frame decompressor (RFC 8878) — built to inflate MySQL
TRANSACTION_PAYLOAD_EVENT bodies (binlog_transaction_compression=ON,
ADR-0011). Decode only; no NIF, no compression (ADR-0008).
The contract is byte-exact or fail closed: every corruption signal the
RFC names (bad magic, a set reserved bit, an unknown block type, a
distribution overflow, a sequence bitstream not fully consumed, an offset
outside the decoded window, a Frame_Content_Size mismatch, a
content-checksum mismatch) returns {:error, reason} — never silently
mis-decoded bytes. Conformance is proven against real MySQL-produced frames
inflated by the reference zstd binary (test/capstan/zstd_test.exs),
never self-signed fixtures.
Scope decisions (all fail-closed)
	Dictionaries are refused (:dictionary_unsupported) — a dictionary ID
in the frame header means the frame references out-of-band content
capstan does not have; guessing is the silent-corruption class this
module exists to prevent.
	The XXH64 content checksum (RFC §3.1.1), when the frame carries one, is
VERIFIED — a present integrity signal is never skipped.
	Whole-frame in-memory decode: the output accumulator IS the window, so
an offset is valid iff it is positive and within the bytes decoded so
far and under the declared Window_Size.


      


      
        Summary


  
    Functions
  


    
      
        decompress(bin)

      


        Decompresses a concatenation of zstd frames (magic 0xFD2FB528) and
skippable frames (0x184D2A5X), returning the concatenated decompressed
content, or {:error, reason} on any corruption signal — never partial or
guessed output.



    


    
      
        decompress(bin, opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      decompress(bin)



        
          
        

    

  


  

Decompresses a concatenation of zstd frames (magic 0xFD2FB528) and
skippable frames (0x184D2A5X), returning the concatenated decompressed
content, or {:error, reason} on any corruption signal — never partial or
guessed output.
The output cap (span review, blocking)
max_output_bytes: bounds the CUMULATIVE decompressed size DURING inflation —
a frame that would exceed it fails {:error, :output_too_large} BEFORE the
output is materialized. Without this, a valid frame with no content-size TLV
and thousands of ≤128 KB RLE blocks inflates a ~MB payload toward tens of GB
as a single BEAM binary and OOM-crashes the node: any post-hoc size check
fires only after the memory is already spent. Without the option there is no
cap (the generic utility form); the binary-log path always passes one.

  



  
    
      
    
    
      decompress(bin, opts)



        
          
        

    

  


  

      

          @spec decompress(
  binary(),
  keyword()
) :: {:ok, binary()} | {:error, term()}


      



  


        

      


  

    
Capstan.Zstd.BitReader 
    



      
The two bit readers zstd needs (RFC 8878, conventions derived first-hand).
	Forward — FSE table descriptions: bytes consumed first→last, the
first-consumed bit is the LSB of a multi-bit value.
	Reverse — Huffman-coded streams and sequence bitstreams: bytes walked
last→first, bits MSB→LSB within each byte, after skipping the zero padding
and the final 1 bit in the stream's last byte; the FIRST bit read is the
MSB of a multi-bit value.

Both track remaining usable bits so FSE weight decoding can detect the
overflow condition ("extra bits are zero") and stop.

      




  

    
Capstan.Zstd.Fse 
    



      
FSE (Finite State Entropy) decoding for zstd (RFC 8878 §4.1): the normalized
probability table description (forward bitstream), the decoding-table
construction, and one decode step.
A table cell is {symbol, nb_bits, new_state_base}; decoding reads symbol
from the current state and computes the next state as
new_state_base + read_bits(nb_bits) (a reverse reader).

      


      
        Summary


  
    Functions
  


    
      
        build(counts, accuracy_log)

      


        Builds the decoding table from normalized counts (with -1 = lowprob).



    


    
      
        decode(state, cells, reader)

      


        One FSE decode step: {symbol, next_reader} for the current state.



    


    
      
        read_table(bin, max_symbol_value, max_accuracy_log \\ 9)

      


        Parses an FSE table description from the head of bin. Returns
{:ok, cells, max_symbol, rest} where cells maps state (0..tableSize-1)
to {symbol, nb_bits, new_state_base} and rest is the unconsumed,
byte-aligned remainder. max_accuracy_log is the context's cap (RFC 8878:
9 for LL/ML tables, 8 for offset tables, 6 for Huffman-weight tables).



    


    
      
        symbol(state, cells)

      


        The cell for a state without consuming bits (final-symbol peeks).



    


    
      
        table_log(table_size)

      


        The table's accuracy-log-equivalent: highbit of the table size.



    





      


      
        Functions


        


  
    
      
    
    
      build(counts, accuracy_log)



        
          
        

    

  


  

      

          @spec build([integer()], non_neg_integer()) ::
  {:ok,
   %{
     optional(non_neg_integer()) =>
       {non_neg_integer(), non_neg_integer(), non_neg_integer()}
   }}
  | {:error, term()}


      


Builds the decoding table from normalized counts (with -1 = lowprob).
Lowprob (-1) cells are placed from the table's END retreating; regular
symbols spread from position 0 with the RFC step
(ts >>> 1) + (ts >>> 3) + 3, skipping occupied lowprob cells; place FIRST
then advance. Each cell's nb/newState derive from the per-symbol nextState
counter (count, count+1, ... in position order).

  



  
    
      
    
    
      decode(state, cells, reader)



        
          
        

    

  


  

      

          @spec decode(
  bitreader_state :: non_neg_integer(),
  map(),
  Capstan.Zstd.BitReader.Reverse.t()
) ::
  {non_neg_integer(), non_neg_integer(), Capstan.Zstd.BitReader.Reverse.t()}


      


One FSE decode step: {symbol, next_reader} for the current state.

  



    

  
    
      
    
    
      read_table(bin, max_symbol_value, max_accuracy_log \\ 9)



        
          
        

    

  


  

      

          @spec read_table(binary(), non_neg_integer(), non_neg_integer()) ::
  {:ok,
   %{
     optional(non_neg_integer()) =>
       {non_neg_integer(), non_neg_integer(), non_neg_integer()}
   }, non_neg_integer(), binary()}
  | {:error, term()}


      


Parses an FSE table description from the head of bin. Returns
{:ok, cells, max_symbol, rest} where cells maps state (0..tableSize-1)
to {symbol, nb_bits, new_state_base} and rest is the unconsumed,
byte-aligned remainder. max_accuracy_log is the context's cap (RFC 8878:
9 for LL/ML tables, 8 for offset tables, 6 for Huffman-weight tables).

  



  
    
      
    
    
      symbol(state, cells)



        
          
        

    

  


  

The cell for a state without consuming bits (final-symbol peeks).

  



  
    
      
    
    
      table_log(table_size)



        
          
        

    

  


  

The table's accuracy-log-equivalent: highbit of the table size.

  


        

      


  

    
Capstan.Zstd.Huffman 
    



      
zstd Huffman decoding (RFC 8878 §4.2): the weight description (direct nibble
form or FSE-compressed), the weight→prefix-code conversion, and the
single-table (X1) decode of 1- and 4-stream literal blocks.

      


      
        Summary


  
    Functions
  


    
      
        decode_stream(table, count, bin)

      


        Decodes count symbols from one Huffman reverse bitstream using table.



    


    
      
        read_tree(arg)

      


        Parses a Huffman tree description from the head of bin. Returns
{:ok, table, bytes_consumed} where table maps a tableLog-bit peek value
to {symbol, nb_bits}.



    





      


      
        Functions


        


  
    
      
    
    
      decode_stream(table, count, bin)



        
          
        

    

  


  

      

          @spec decode_stream(map(), non_neg_integer(), binary()) ::
  {:ok, binary()} | {:error, term()}


      


Decodes count symbols from one Huffman reverse bitstream using table.

  



  
    
      
    
    
      read_tree(arg)



        
          
        

    

  


  

      

          @spec read_tree(binary()) :: {:ok, map(), non_neg_integer()} | {:error, term()}


      


Parses a Huffman tree description from the head of bin. Returns
{:ok, table, bytes_consumed} where table maps a tableLog-bit peek value
to {symbol, nb_bits}.

  


        

      


  

    
Capstan 
    



      
Framework-agnostic Elixir CDC consumer for MySQL row-based binary-log replication,
delivering committed transactions to a pluggable sink with fail-closed,
transaction-granularity delivery: the checkpoint advances only after the sink has
durably applied a transaction (ADR-0003). In C1's lib-owned checkpoint mode this
is at-least-once — a crash between the sink write and the checkpoint re-delivers the
transaction on restart (a bounded duplicate window). Effect-once delivery is the
sink-owned atomic path (the sink persisting its write and the position together), which
C1 validates but does not yet run — see Capstan.Sink and ADR-0004.
Starting a pipeline
Configure each pipeline explicitly at start_link/1 (no global mutable state):
Capstan.start_link(
  connection: [
    host: "replica.internal", port: 3306, username: "capstan",
    password: "…", database: "orders",
    ssl: true, ssl_opts: [cacertfile: "/etc/ssl/mysql-ca.pem"]  # TLS on by default (ADR-0002)
  ],
  server_id: 1001,                       # replica identity; MUST be unique in the topology
  sink: MyApp.OrdersSink,                # implements Capstan.Sink
  checkpoint_store: [module: MyApp.Store],   # lib-owned mode; see below
  start_position: :checkpoint,           # C1: :checkpoint (default) only — see below
  max_command_retries: 5,
  heartbeat_period_ms: 15_000,           # liveness: the window MUST exceed the heartbeat
  stream_timeout_ms: 60_000              # (defaults shown; see "Streaming liveness")
)
start_link/1 validates the options through Capstan.Config, enforces the per-mode
Capstan.Sink callback required-ness (Capstan.Pipeline), and — for a valid
configuration — starts a supervised Capstan.Supervisor wiring a checkpoint store, a
Capstan.AssemblerServer, and a Capstan.Connection. A bad substrate is refused
before any socket is opened (a bad config fails start-up, not first delivery).
Checkpoint mode
Lib-owned (default): pass checkpoint_store: [module: impl, options: keyword()],
where impl is a Capstan.CheckpointStore implementation exporting start_link/1
(e.g. Capstan.CheckpointStore.InMemory for tests and ephemeral pipelines). The store
is supervised as part of the pipeline.
Sink-owned (C1a): omit checkpoint_store: and implement Capstan.Sink.checkpoint/0
— the sink persists its data and the position atomically together and returns the
position from handle_transaction/1; capstan reads the resume position from
checkpoint/0 and advances in-memory after each durable sink write. Effect-once by
construction (see usage-rules "Sink-owned checkpoint mode").
Start position
start_position: accepts three forms. :checkpoint (default) resumes from the
position authority — the checkpoint store (lib-owned) or Capstan.Sink.checkpoint/0
(sink-owned); a fresh authority sends the dump an empty GTID set, which requests
the server's full retained history — a server that has already purged its earliest
logs refuses that dump, halting :data_gap (seed the authority with the server's
current @@global.gtid_executed for a "from now" start; see usage-rules.md). An
explicit %Capstan.Position{} resumes BOTH the dump and the assembler watermark
from that position — the operator asserts it is a safe resume point (transactions it
already covers are NOT re-delivered; anything after it streams). :current reads
the server's live @@global.gtid_executed pre-dump and resumes from it — "start from
now" without pre-seeding.
Return values
{:ok, supervisor_pid} on success, or {:error, reason} — a value-free atom from
Capstan.Config (:server_id_required, :config_invalid,
:tls_verification_unspecified, :invalid_liveness_config, :unknown_option),
from Capstan.Pipeline (:invalid_sink,
:sink_missing_handle_transaction, :sink_missing_checkpoint,
:sink_missing_handle_schema_change, :sink_missing_handle_snapshot,
:snapshot_table_not_captured), or from this module
(:checkpoint_store_required).
Initial snapshot (C2)
An optional snapshot: [tables: […], store: [module: …], chunk_size: 4096] block enables a
consistent backfill of pre-existing rows woven into the running stream. It is additive:
with no :snapshot key the pipeline is pure C1, byte-for-byte unchanged. In snapshot mode the
sink must implement Capstan.Sink.handle_snapshot/2 (else :sink_missing_handle_snapshot),
the snapshot tables must be a subset of the capture allowlist (else
:snapshot_table_not_captured), and a missing/mis-shaped store is refused :config_invalid.
:current / %Capstan.Position{} start positions stay refused fail-closed (no C1b).

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts)

      


        A supervisor child spec, so a pipeline can be embedded in an application's supervision
tree: {Capstan, connection: [...], server_id: ..., sink: ..., checkpoint_store: [...]}.



    


    
      
        start_link(opts)

      


        Validate opts and start a supervised pipeline. See the moduledoc for the option shape
and the value-free {:error, reason} set. Returns {:ok, supervisor_pid} on success.



    


    
      
        stop(supervisor)

      


        Stop a running pipeline supervisor started by start_link/1.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      


A supervisor child spec, so a pipeline can be embedded in an application's supervision
tree: {Capstan, connection: [...], server_id: ..., sink: ..., checkpoint_store: [...]}.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Validate opts and start a supervised pipeline. See the moduledoc for the option shape
and the value-free {:error, reason} set. Returns {:ok, supervisor_pid} on success.

  



  
    
      
    
    
      stop(supervisor)



        
          
        

    

  


  

      

          @spec stop(pid()) :: :ok


      


Stop a running pipeline supervisor started by start_link/1.

  


        

      


  

    
Capstan.Change 
    



      
A single row change within a Capstan.Transaction.
record is the row AFTER the change — a column_name => value map — present
for :insert/:update and nil for :delete. old_record is the row BEFORE
the change, present for :update/:delete and nil for :insert.
:snapshot (C2) is a backfill row delivered by the initial-snapshot path, NOT a
streamed committed change: record is the full row, old_record is nil, and it
carries no GTID (a snapshot chunk is not a committed transaction — see
Capstan.Sink.handle_snapshot/2). It is delivered through handle_snapshot/2, never
handle_transaction/1.
Column VALUES are user data (Rule 1) — never logged or attached to telemetry.
Column NAMES stay strings, never atoms (a wide or attacker-influenced schema
must not exhaust the atom table).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Change{
  old_record: map() | nil,
  op: :insert | :update | :delete | :snapshot,
  record: map() | nil,
  schema: String.t(),
  table: String.t()
}


      



  


        

      


  

    
Capstan.CheckpointStore behaviour
    



      
The lib-owned checkpoint persistence contract.
A checkpoint store persists exactly one value per pipeline identity: the
processed gtid_set STRING. file/pos are never persisted — they are diagnostic
only and are derived on read (Capstan.Position.from_persisted/1 restores them as
nil). Because the callback surface only ever sees the persisted string, an
implementation cannot accidentally persist file/pos; there is exactly one
durable value and no two-representation divergence to occur on.
The checkpoint is a processed watermark (ADR-0003): it records every committed
GTID the pipeline has processed, delivered or filtered — see Capstan.Sink.
Behaviour
An implementation persists and reads back the gtid_set string for one pipeline:
	read/1 — {:ok, gtid_set | nil} (nil = never written) or a value-free
{:error, term()}.

	write/2 — durably store the gtid_set string (idempotent: writing the same
value twice is indistinguishable from writing it once) or {:error, term()}.

Capstan.CheckpointStore.InMemory is a process-lifetime reference implementation
for tests and ephemeral pipelines — it is NOT durable across a restart.
Position boundary
read_position/2 and write_position/3 bridge Capstan.Position and the persisted
string through Capstan.Position.to_persisted/1 and from_persisted/1. They are the
one place the persist boundary is applied, so a caller advancing the checkpoint never
hand-rolls it and can never leak file/pos.
Retry budget
default_max_retries/0, retry_decision/2, and permanent_reason?/1 mirror
replicant/lib/replicant/checkpoint_store.ex so a store fault is retried a bounded
number of times and then halts fail-closed, with the same counter semantics the
connect-read and mid-stream write sites share (they cannot drift). A permanent
reason halts immediately without spending the budget.

      


      
        Summary


  
    Types
  


    
      
        store()

      


        A per-pipeline store handle (e.g. the pid/name of a store process).



    





  
    Callbacks
  


    
      
        read(store)

      


        Read the durable checkpoint for this pipeline: {:ok, gtid_set | nil} (nil =
never written) or a value-free error.



    


    
      
        write(store, gtid_set)

      


        Durably persist gtid_set for this pipeline. Idempotent — re-writing the same value
is a no-op-equivalent. Returns :ok or a value-free error.



    





  
    Functions
  


    
      
        default_max_retries()

      


        Default max_retries for a checkpoint-store fault when none is configured.



    


    
      
        permanent_reason?(arg1)

      


        True when a store-fault reason is PERMANENT (retrying cannot fix it) and must halt
immediately without spending the retry budget.



    


    
      
        read_position(impl, store)

      


        Read the checkpoint as a Capstan.Position (or nil), applying the persist boundary.



    


    
      
        retry_decision(attempt, max_retries)

      


        The shared retry decision: :retry while attempt < max_retries, else :halt.



    


    
      
        write_position(impl, store, position)

      


        Persist position's gtid_set alone, applying the persist boundary.



    





      


      
        Types


        


  
    
      
    
    
      store()



        
          
        

    

  


  

      

          @type store() :: term()


      


A per-pipeline store handle (e.g. the pid/name of a store process).

  


        

      

      
        Callbacks


        


  
    
      
    
    
      read(store)



        
          
        

    

  


  

      

          @callback read(store()) :: {:ok, String.t() | nil} | {:error, term()}


      


Read the durable checkpoint for this pipeline: {:ok, gtid_set | nil} (nil =
never written) or a value-free error.

  



  
    
      
    
    
      write(store, gtid_set)



        
          
        

    

  


  

      

          @callback write(store(), gtid_set :: String.t()) :: :ok | {:error, term()}


      


Durably persist gtid_set for this pipeline. Idempotent — re-writing the same value
is a no-op-equivalent. Returns :ok or a value-free error.

  


        

      

      
        Functions


        


  
    
      
    
    
      default_max_retries()



        
          
        

    

  


  

      

          @spec default_max_retries() :: non_neg_integer()


      


Default max_retries for a checkpoint-store fault when none is configured.

  



  
    
      
    
    
      permanent_reason?(arg1)



        
          
        

    

  


  

      

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


      


True when a store-fault reason is PERMANENT (retrying cannot fix it) and must halt
immediately without spending the retry budget.
:config_invalid — a mis-shaped store configuration — is permanent. Every other
reason is transient at the value-free boundary (a momentary blip and a wrong-host
misconfig are indistinguishable here), so it is retried, then halted.

  



  
    
      
    
    
      read_position(impl, store)



        
          
        

    

  


  

      

          @spec read_position(module(), store()) ::
  {:ok, Capstan.Position.t() | nil} | {:error, term()}


      


Read the checkpoint as a Capstan.Position (or nil), applying the persist boundary.
Restores file/pos as nil via Capstan.Position.from_persisted/1. impl is the
callback module; store is its handle.

  



  
    
      
    
    
      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). Mirrors
replicant/lib/replicant/checkpoint_store.ex:319-320.

  



  
    
      
    
    
      write_position(impl, store, position)



        
          
        

    

  


  

      

          @spec write_position(module(), store(), Capstan.Position.t()) ::
  :ok | {:error, term()}


      


Persist position's gtid_set alone, applying the persist boundary.
file/pos are dropped by Capstan.Position.to_persisted/1 before the write, so
they never reach the store. impl is the callback module; store is its handle.

  


        

      


  

    
Capstan.CheckpointStore.InMemory 
    



      
A process-lifetime Capstan.CheckpointStore reference implementation.
Backed by an Agent holding one pipeline's gtid_set string (nil until first
written). It is durable only for the life of the process — a restart loses the
checkpoint — so it is intended for tests and ephemeral pipelines, never as a
production durable store.

      


      
        Summary


  
    Functions
  


    
      
        start_link(opts \\ [])

      


        Start a fresh store (the checkpoint begins nil).



    





      


      
        Functions


        


    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Start a fresh store (the checkpoint begins nil).

  


        

      


  

    
Capstan.Error exception
    



      
A typed, value-free error — the boundary normaliser that scrubs a raw driver /
socket error, exception, or reason tuple to a stable atom reason (Rule 1, design
§ Rule 1 / F11).
No row value, column value, or connection password ever reaches a field here. A raw
reason that could embed a value — a %SomeError{message: "... 'secret' ..."}, a
connection keyword carrying password:, a nested tuple — is reduced to its structural
shape: the exception's MODULE name (never its message) on :shape, or a stable atom on
:reason. message/1 and the derived Inspect render ONLY the structural fields, so
even a field a careless caller loaded with a value is never surfaced by the default
string / inspect forms.
Mirrors replicant/lib/replicant/error.ex — refuse to leak DB payloads at the boundary.

      


      
        Summary


  
    Types
  


    
      
        reason()

      


        A stable, value-free error reason atom.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        from(error)

      


        Normalise any raw reason / exception / tuple into a value-free Capstan.Error.



    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :config_invalid
  | :server_id_required
  | :tls_verification_unspecified
  | :invalid_sink
  | :sink_missing_handle_transaction
  | :sink_missing_checkpoint
  | :sink_missing_handle_schema_change
  | :checkpoint_store_required
  | :sink_owned_mode_unsupported
  | :start_position_current_unsupported
  | :start_position_override_unsupported
  | :sink_missing_handle_snapshot
  | :snapshot_config_drifted
  | :snapshot_table_not_captured
  | :snapshot_table_no_primary_key
  | :snapshot_pk_unsupported_type
  | :snapshot_source_mismatch
  | :snapshot_lock_unavailable
  | :snapshot_schema_drifted
  | :snapshot_chunk_read_failed
  | :snapshot_query_connect_failed
  | :snapshot_bootstrap_gtid_read_failed
  | :snapshot_bootstrap_crashed
  | :snapshot_state_read_failed
  | :snapshot_state_write_failed
  | :snapshot_coordinator_down
  | :unknown
  | atom()


      


A stable, value-free error reason atom.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Error{
  __exception__: term(),
  reason: reason(),
  shape: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from(error)



        
          
        

    

  


  

      

          @spec from(term()) :: t()


      


Normalise any raw reason / exception / tuple into a value-free Capstan.Error.
	a Capstan.Error passes through unchanged;
	a value-free atom stays as the :reason (capstan's reasons are atoms by
construction);
	an exception keeps ONLY inspect(module) on :shape — its message, which may
embed a row value or a password, is discarded;
	a {tag, payload} tuple keeps only the atom tag as the reason and discards
the payload (which may carry a value or the connection keyword);
	anything else — a bare string, a map, a list — is :unknown with no retained
payload (a value must never survive as a captured term).


  


        

      


  

    
Capstan.Gtid 
    



      
MySQL GTID-set algebra — the dedup correctness core.
A GTID set is the sole authority for replication position (ADR-0001): dedup is
set membership, never an ordinal comparison. This module is the one place
GTID-set membership and interval math live, so no consumer — the connection's gap
gate, the assembler, or a sink — ever hand-rolls them.
String format (MySQL canonical, INCLUSIVE bounds)
A comma-separated list of per-UUID entries; each entry is
<uuid>:<interval>[:<interval>...]; an interval is a single number N or an
inclusive range N-M with M >= N. "" is the empty set. A UUID is the 36-char
hyphenated hex form; GNOs are integers >= 1. Ranges are inclusive: uuid:1-11
is GTIDs 1..11 and uuid:7 is uuid:7-7. Multi-source sets are supported —
several UUID entries in one string.
render/1 produces the canonical form: UUIDs lower-cased and ordered
lexicographically, intervals within a UUID sorted ascending and coalesced (merged
where overlapping or adjacent), single-element intervals rendered as N. Parsing
normalises to this form, so parse |> render is idempotent and, for any already
canonical string s, s |> parse |> render == s.
Malformed input
parse/1 raises ArgumentError on any string outside the grammar above —
a bad UUID, a GNO < 1 or non-numeric, a descending range, an empty entry. A
dedup core must never silently coerce a malformed position into a plausible-but-
wrong set, so parsing fails closed rather than guessing.
Single GTID shape
member?/2 takes a set and a single GTID as {uuid :: String.t(), gno :: pos_integer()}. The UUID is matched case-insensitively.
Scope
The bounds here are INCLUSIVE and stay inclusive. The COM_BINLOG_DUMP_GTID wire
encoding uses an EXCLUSIVE end (uuid:1-11 -> wire end 12); that conversion belongs to
the dump-side encoder (Capstan.Protocol.Command) and is deliberately not baked into this module.

      


      
        Summary


  
    Types
  


    
      
        gno()

      


        A GTID transaction sequence number; always >= 1.



    


    
      
        gtid()

      


        A single GTID: one transaction from one source.



    


    
      
        t()

      


        A GTID set. Internally a map from UUID to a sorted, coalesced list of inclusive
{low, high} intervals; a UUID with no live intervals is absent (never []). The
representation is canonical by construction — treat it as opaque and build/inspect
it only through this module's functions.



    


    
      
        uuid()

      


        A source-server UUID in canonical lower-case 36-char hyphenated form.



    





  
    Functions
  


    
      
        disjoint?(a, b)

      


        Are a and b disjoint? True iff a ∩ b is empty.



    


    
      
        intersection(a, b)

      


        Set intersection a ∩ b, per-UUID. Composes with subtract/2 for the F1 gap
predicate (gtid_executed − checkpoint) ∩ gtid_purged.



    


    
      
        member?(set, arg)

      


        Is one GTID a member of the set? The dedup idiom txn.gtid ∈ checkpoint.gtid_set.



    


    
      
        parse(string)

      


        Parses a canonical GTID-set string into a set. Raises ArgumentError on malformed
input. parse("") is the empty set.



    


    
      
        render(set)

      


        Renders a set to its canonical GTID-set string. The empty set renders as "".



    


    
      
        sources(set)

      


        Returns the set as a canonical, ordered list of per-source intervals: sources sorted
by UUID, and — within each source — intervals sorted ascending and coalesced.



    


    
      
        subset?(a, b)

      


        Is a a subset of b? The empty set is a subset of everything.



    


    
      
        subtract(a, b)

      


        Set difference a − b (GTIDs in a not in b), splitting intervals as needed.
subtract("uuid:1-10","uuid:4-6") renders "uuid:1-3:7-10".



    


    
      
        union(a, b)

      


        Set union with adjacent-range coalescing. union("uuid:1-3","uuid:4-6") renders
"uuid:1-6". Merges per-UUID.



    





      


      
        Types


        


  
    
      
    
    
      gno()



        
          
        

    

  


  

      

          @type gno() :: pos_integer()


      


A GTID transaction sequence number; always >= 1.

  



  
    
      
    
    
      gtid()



        
          
        

    

  


  

      

          @type gtid() :: {uuid(), gno()}


      


A single GTID: one transaction from one source.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


A GTID set. Internally a map from UUID to a sorted, coalesced list of inclusive
{low, high} intervals; a UUID with no live intervals is absent (never []). The
representation is canonical by construction — treat it as opaque and build/inspect
it only through this module's functions.

  



  
    
      
    
    
      uuid()



        
          
        

    

  


  

      

          @type uuid() :: String.t()


      


A source-server UUID in canonical lower-case 36-char hyphenated form.

  


        

      

      
        Functions


        


  
    
      
    
    
      disjoint?(a, b)



        
          
        

    

  


  

      

          @spec disjoint?(t(), t()) :: boolean()


      


Are a and b disjoint? True iff a ∩ b is empty.

  



  
    
      
    
    
      intersection(a, b)



        
          
        

    

  


  

      

          @spec intersection(t(), t()) :: t()


      


Set intersection a ∩ b, per-UUID. Composes with subtract/2 for the F1 gap
predicate (gtid_executed − checkpoint) ∩ gtid_purged.

  



  
    
      
    
    
      member?(set, arg)



        
          
        

    

  


  

      

          @spec member?(t(), gtid()) :: boolean()


      


Is one GTID a member of the set? The dedup idiom txn.gtid ∈ checkpoint.gtid_set.

  



  
    
      
    
    
      parse(string)



        
          
        

    

  


  

      

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


      


Parses a canonical GTID-set string into a set. Raises ArgumentError on malformed
input. parse("") is the empty set.

  



  
    
      
    
    
      render(set)



        
          
        

    

  


  

      

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


      


Renders a set to its canonical GTID-set string. The empty set renders as "".

  



  
    
      
    
    
      sources(set)



        
          
        

    

  


  

      

          @spec sources(t()) :: [{uuid(), [{gno(), gno()}]}]


      


Returns the set as a canonical, ordered list of per-source intervals: sources sorted
by UUID, and — within each source — intervals sorted ascending and coalesced.
Bounds stay INCLUSIVE, matching the rest of this module. This is the read-side
accessor the COM_BINLOG_DUMP_GTID resume encoder iterates; the exclusive-end wire
conversion (high -> high + 1) is that encoder's concern and is deliberately not
applied here. The empty set has no sources.

  



  
    
      
    
    
      subset?(a, b)



        
          
        

    

  


  

      

          @spec subset?(t(), t()) :: boolean()


      


Is a a subset of b? The empty set is a subset of everything.

  



  
    
      
    
    
      subtract(a, b)



        
          
        

    

  


  

      

          @spec subtract(t(), t()) :: t()


      


Set difference a − b (GTIDs in a not in b), splitting intervals as needed.
subtract("uuid:1-10","uuid:4-6") renders "uuid:1-3:7-10".

  



  
    
      
    
    
      union(a, b)



        
          
        

    

  


  

      

          @spec union(t(), t()) :: t()


      


Set union with adjacent-range coalescing. union("uuid:1-3","uuid:4-6") renders
"uuid:1-6". Merges per-UUID.

  


        

      


  

    
Capstan.Position 
    



      
A replication position: the processed GTID set plus diagnostic binlog coordinates.
gtid_set is AUTHORITATIVE and the ONLY persisted field (ADR-0001). file
and pos are DIAGNOSTIC ONLY — never an ordering key. A scalar ordinal built
from file/pos moves backward after failover or RESET BINARY LOGS AND GTIDS
while the GTID set moves forward, so no ordinal field is exported.
to_persisted/1 and from_persisted/1 round-trip only gtid_set: persisting a
Position and restoring it always yields file: nil, pos: nil, even when the
original carried diagnostic coordinates. There is exactly one durable value.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_persisted(gtid_set)

      


        Builds a Position from a persisted gtid_set string.



    


    
      
        to_persisted(position)

      


        Returns the persisted representation of position — the gtid_set string alone.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Position{
  file: String.t() | nil,
  gtid_set: String.t(),
  pos: non_neg_integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_persisted(gtid_set)



        
          
        

    

  


  

      

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


      


Builds a Position from a persisted gtid_set string.
file and pos are always nil — they are diagnostic-only and never survive
persistence.

  



  
    
      
    
    
      to_persisted(position)



        
          
        

    

  


  

      

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


      


Returns the persisted representation of position — the gtid_set string alone.
file/pos are diagnostic and are never persisted.

  


        

      


  

    
Capstan.SchemaChange 
    



      
A DDL change: the self-committing DDL transaction's structured effect (ADR-0003).
There is deliberately no statement-text field. Raw DDL SQL routinely embeds
literal values (DEFAULT 'secret', partition bounds) — a Rule 1 leak — so the
statement text is redacted before it reaches this struct, telemetry, or any log.
Only the structured schema/table/kind are exposed.
schema/table name the affected object; table is nil for schema-level DDL.
kind is the DDL kind as an atom (e.g. :alter_table, :create_table,
:drop_table, :truncate, :other). gtid is the self-committing DDL
transaction's own identity.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.SchemaChange{
  gtid: String.t(),
  kind: atom(),
  schema: String.t() | nil,
  table: String.t() | nil
}


      



  


        

      


  

    
Capstan.Sink behaviour
    



      
The consumer behaviour: a capstan pipeline delivers committed transactions and
DDL schema changes to a sink and, in sink-owned checkpoint mode, reads the durable
processed position back through checkpoint/0.
Callbacks are all optional; required-ness is a per-mode config concern
Every callback here is an @optional_callbacks entry — the behaviour itself imposes
no required set. Which callbacks a given sink MUST implement depends on the
configured checkpoint mode; that per-mode requirement is validated where the pipeline
starts up and checks its config (not by this behaviour, and not yet wired as of this
module — see the pipeline's start-up validation):
	Sink-owned checkpoint mode (no :checkpoint_store): the sink persists the
position atomically with its own data write and hands it back via
checkpoint/0; checkpoint/0 and handle_transaction/1 are required.
	Lib-owned checkpoint mode (:checkpoint_store configured): the position is
persisted by Capstan.CheckpointStore, so checkpoint/0 is not consulted;
handle_transaction/1 is required.
	handle_schema_change/2 is required only when DDL delivery is enabled.

Splitting required-ness out of the behaviour keeps a sink from being forced to stub
a callback its mode never calls.
Three load-bearing contracts
These are not style notes; each guards a silent-loss class the type signature alone
does not catch.
	changes is Enumerable.t(), not a list — a sink must never call length/1
on it (nor Enum.count/1, nor anything else that consumes it more than once).
C1 delivers a list today, but the type is the day-one contract because C3's
spill/batch work makes changes a lazy, single-pass, disk-backed enumerable
valid only during the delivery call. A length/1 habit passes every capstan
test now and then silently consumes a replicant-style single-pass reader once
C3 lands. Enumerate exactly once, streaming.
	Dedup uses Capstan.Gtid.member?/2 — hand-rolling GTID-set membership is
unsafe. A committed GTID may fall inside a non-contiguous set (failover, purge,
multi-source), so an ordinal comparison silently re-applies or skips. Capstan.Gtid
is public contract precisely so no sink author writes interval arithmetic on the
effect-once path; member?/2 is the one correct membership check.
	The checkpoint is a PROCESSED watermark, not a delivery log. It records
every committed GTID the pipeline has processed — delivered and filtered
(ADR-0003). It does not mean "delivered". Recording only delivered GTIDs would
fragment the set unboundedly and stall progress forever during a fully-filtered
quiet period; recording processed keeps the set a compact contiguous interval and
gives member?/2 one unambiguous meaning ("already processed").


      


      
        Summary


  
    Callbacks
  


    
      
        checkpoint()

      


        Sink-owned checkpoint read (sink-owned mode only).



    


    
      
        handle_batch(list, t)

      


        Batch delivery (C3, batch: [mode: :sink_owned]): the batch's delivered units plus
its final %Capstan.Position{}. The sink applies the batch and persists the position
atomically together — the batch effect-once contract, mirroring handle_transaction/1
in sink-owned mode. Return {:error, term()} to halt fail-closed before the
checkpoint side; the batch is re-delivered after a restart.



    


    
      
        handle_schema_change(t, t)

      


        Deliver one DDL schema change and the processed position that includes it.



    


    
      
        handle_snapshot(list, t)

      


        Deliver one initial-snapshot backfill chunk (C2; required only in snapshot mode).



    


    
      
        handle_transaction(t)

      


        Deliver one committed transaction.



    





      


      
        Callbacks


        


  
    
      
    
    
      checkpoint()


        (optional)


        
          
        

    

  


  

      

          @callback checkpoint() :: {:ok, Capstan.Position.t() | nil} | {:error, term()}


      


Sink-owned checkpoint read (sink-owned mode only).
Returns the durable processed position the sink persisted atomically with its last
data write, or nil when the sink has never checkpointed. The pipeline resumes from
this position; a value-free {:error, term()} fails closed rather than resume from a
guessed position.

  



  
    
      
    
    
      handle_batch(list, t)


        (optional)


        
          
        

    

  


  

      

          @callback handle_batch([term()], Capstan.Position.t()) ::
  {:ok, Capstan.Position.t()} | {:error, term()}


      


Batch delivery (C3, batch: [mode: :sink_owned]): the batch's delivered units plus
its final %Capstan.Position{}. The sink applies the batch and persists the position
atomically together — the batch effect-once contract, mirroring handle_transaction/1
in sink-owned mode. Return {:error, term()} to halt fail-closed before the
checkpoint side; the batch is re-delivered after a restart.

  



  
    
      
    
    
      handle_schema_change(t, t)


        (optional)


        
          
        

    

  


  

      

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


      


Deliver one DDL schema change and the processed position that includes it.
The Capstan.SchemaChange carries only structured schema/table/kind — the raw
DDL statement text is redacted before it reaches the sink (Rule 1).
Returns :ok, or a value-free {:error, term()} to halt fail-closed.

  



  
    
      
    
    
      handle_snapshot(list, t)


        (optional)


        
          
        

    

  


  

      

          @callback handle_snapshot([Capstan.Change.t()], Capstan.Snapshot.Meta.t()) ::
  :ok | {:error, term()}


      


Deliver one initial-snapshot backfill chunk (C2; required only in snapshot mode).
The first argument is a concrete list of %Capstan.Change{op: :snapshot} — a bounded,
fully-materialized chunk (at most one chunk is buffered), NOT the lazy single-pass
Enumerable.t() of handle_transaction/1 — so a list here is correct and must not be
"widened" to Enumerable.t(). A snapshot chunk is not a committed transaction: it
carries no GTID and no atomicity, which is why it is a distinct callback (routing it
through handle_transaction/1 would fabricate a GTID and break ADR-0001 / member?/2).
The Capstan.Snapshot.Meta carries only value-free structural identity (schema/table, the
chunk's exact GTID position string, chunk sequence, final-chunk flag).
Semantics are upsert-by-PK — a snapshot row may be superseded by a later streamed
change, so a compliant sink MUST apply each chunk row as an upsert keyed on its primary
key. This is a HARD C2 precondition (the strict-once suppression + the bounded crash-window
re-emit both rely on it to converge). Returns :ok, or a value-free {:error, term()} to
halt the pipeline fail-closed.

  



  
    
      
    
    
      handle_transaction(t)


        (optional)


        
          
        

    

  


  

      

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


      


Deliver one committed transaction.
Returns {:ok, position} — the processed position INCLUDING this transaction — once
the sink has durably applied it, or a value-free {:error, term()} to halt the
pipeline fail-closed without advancing the checkpoint. See the moduledoc: never call
length/1 on txn.changes, and dedup only via Capstan.Gtid.member?/2.

  


        

      


  

    
Capstan.Snapshot.Meta 
    



      
The value-free metadata delivered alongside a snapshot chunk to
Capstan.Sink.handle_snapshot/2.
Carries only structural identity — the schema/table, the chunk sequence number, the
chunk's exact GTID position string g (captured under the brief per-chunk lock), and
whether this is the final chunk of the table. No field holds a row value (Rule 1),
so the whole struct is safe to inspect/log. g is a canonical GTID-set string
(Capstan.Gtid form), never a row value.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Snapshot.Meta{
  chunk_seq: non_neg_integer(),
  final_chunk?: boolean(),
  g: String.t(),
  schema: String.t(),
  table: String.t()
}


      



  


        

      


  

    
Capstan.Snapshot.State 
    



      
The durable snapshot-progress state — one value per pipeline identity, persisted through
a Capstan.SnapshotStore (mirrors Capstan.CheckpointStore's one-durable-value model).
status is the phase (:initializing before the P0 seed lands, :snapshotting during
the backfill, :complete once every table is done — a :complete store never
re-snapshots). p0 is the pipeline-global floor GTID position the stream was seeded from
(stored so the bootstrap seed is re-runnable and immune to @@gtid_executed drift across a
bootstrap crash). tables maps each {schema, table} to its per-table progress:
fingerprint (structural drift guard), pk_columns/pk_types (the introspected primary
key), pk_cursor (:start before the first chunk, else the canonical PK of the last
backfilled row), delivered_pk, and done?.
pk_cursor vs delivered_pk — the crash-window delete backstop
Two monotonic PK high-waters, persisted at DIFFERENT points of a chunk emit:
	pk_cursor — the re-read floor, advanced + persisted AFTER the sink handle_snapshot
{:ok}. A crash before this persist rolls it back, so the next chunk re-reads (and
re-emits) from here — the bounded at-least-once dup C1 already accepts.
	delivered_pk — the high-water the sink has RECEIVED, advanced + persisted BEFORE the
sink emit. In the crash window (sink {:ok} received, pk_cursor persist not yet done)
it sits AHEAD of the rolled-back pk_cursor. The cursor-gate forwards a streamed DELETE
of an already-delivered key (k ≤ delivered_pk) rather than suppressing it, so a delete
landing during that window sweeps the row instead of leaving a permanent phantom.

In steady state the two are equal; they diverge only across that crash window. Both are
:start before the first chunk.
Rule 1 (Ch5)
pk_cursor, delivered_pk, and fingerprint are USER DATA (a row value / a column-derived
hash). The @derive {Inspect, only: [:status, :p0]} elides the entire tables map, so an
incidental inspect/1 (a crash dump, a logger) can never surface a cursor value. The
SnapshotStore behaviour separately BINDS its implementers to never log/telemeter write/2
args.
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          @type pk_cursor() :: term() | :start
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          @type t() :: %Capstan.Snapshot.State{
  p0: String.t() | nil,
  status: :initializing | :snapshotting | :complete,
  tables: %{optional({String.t(), String.t()}) => table_progress()}
}
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          @type table_progress() :: %{
  fingerprint: String.t(),
  pk_columns: [String.t()],
  pk_types: [atom()],
  pk_cursor: pk_cursor(),
  delivered_pk: pk_cursor(),
  done?: boolean()
}


      



  


        

      


  

    
Capstan.SnapshotStore behaviour
    



      
The durable snapshot-progress persistence contract (C2), the sibling of
Capstan.CheckpointStore.
A snapshot store persists exactly one value per pipeline identity: the whole
Capstan.Snapshot.State (Pinned decision #3) — the phase, the pipeline-global floor p0,
and the per-{schema, table} progress (fingerprint, PK shape, cursor, done flag). This
mirrors CheckpointStore's one-durable-value model, so a caller advancing the backfill
never hand-rolls the persistence and the two stores stay structurally parallel.
The snapshot state is orthogonal auxiliary state, never a replication position: it
carries no GTID that could become a Capstan.Gtid.member?/2 dedup floor (ADR-0001). The
processed-GTID checkpoint stays the sole authoritative replication position; this store only
records "how far the backfill has read".
Behaviour
	read/1 — {:ok, %Capstan.Snapshot.State{} | nil} (nil = never written) or a
value-free {:error, term()}.

	write/2 — durably store the %State{} (idempotent: writing the same value twice is
indistinguishable from writing it once) or {:error, term()}.

A read/write fault propagates through read/2/write/3 — it is never collapsed to
{:ok, nil}. A store that faulted must fail closed: masquerading as "never snapshotted"
would make a re-bootstrap re-scan the whole backfill from zero (a silent duplicate).
Callers budget the fault with the SHARED Capstan.CheckpointStore.retry_decision/2 +
permanent_reason?/1 (this store does NOT re-derive the counter), then halt fail-closed
(:snapshot_state_read_failed / :snapshot_state_write_failed).
Rule 1 (Ch5) — binding on every implementation
The %State{} passed to write/2 holds USER DATA: each table's pk_cursor is a row
value and its fingerprint is a column-derived hash. An implementation must never log,
telemeter, or otherwise emit the write/2 argument (nor the value returned by read/1).
Persist it to the durable store and nowhere else. %Capstan.Snapshot.State's derived
Inspect elides the per-table map, but a store that stringifies or logs the struct through
another path would defeat that — so this binding is on the STORE, not only the struct.
Capstan.SnapshotStore.InMemory is a process-lifetime reference implementation for tests
and ephemeral pipelines — it is NOT durable across a restart, so it must never be used
as a production snapshot store.
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        A per-pipeline store handle (e.g. the pid/name of a store process).
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        read(store)

      


        Read the durable snapshot state for this pipeline: {:ok, %State{} | nil} (nil = never
written) or a value-free error.



    


    
      
        write(store, t)

      


        Durably persist the whole %State{} for this pipeline. Idempotent — re-writing the same
value is a no-op-equivalent. Returns :ok or a value-free error. Rule 1: never log or
telemeter the argument.
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        read(impl, store)

      


        Read the snapshot state through impl, propagating a fault fail-closed.



    


    
      
        write(impl, store, state)

      


        Persist the snapshot state through impl. impl is the callback module; store its handle.
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          @type store() :: term()


      


A per-pipeline store handle (e.g. the pid/name of a store process).
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          @callback read(store()) :: {:ok, Capstan.Snapshot.State.t() | nil} | {:error, term()}


      


Read the durable snapshot state for this pipeline: {:ok, %State{} | nil} (nil = never
written) or a value-free error.
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          @callback write(store(), Capstan.Snapshot.State.t()) :: :ok | {:error, term()}


      


Durably persist the whole %State{} for this pipeline. Idempotent — re-writing the same
value is a no-op-equivalent. Returns :ok or a value-free error. Rule 1: never log or
telemeter the argument.
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          @spec read(module(), store()) ::
  {:ok, Capstan.Snapshot.State.t() | nil} | {:error, term()}


      


Read the snapshot state through impl, propagating a fault fail-closed.
Never collapses {:error, _} to {:ok, nil} — a faulted store must not read as
"never snapshotted". impl is the callback module; store its handle.
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          @spec write(module(), store(), Capstan.Snapshot.State.t()) :: :ok | {:error, term()}


      


Persist the snapshot state through impl. impl is the callback module; store its handle.

  


        

      


  

    
Capstan.SnapshotStore.InMemory 
    



      
A process-lifetime Capstan.SnapshotStore reference implementation.
Backed by an Agent holding one pipeline's %Capstan.Snapshot.State{} (nil until first
written). Durable only for the life of the process — a restart loses the snapshot progress
— so it is intended for tests and ephemeral pipelines, never a production durable
store. Rule 1 (Ch5): it holds the state in memory and never logs it.
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        start_link(opts \\ [])

      


        Start a fresh store (the snapshot state begins nil).
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          @spec start_link(keyword()) :: Agent.on_start()


      


Start a fresh store (the snapshot state begins nil).

  


        

      


  

    
Capstan.Transaction 
    



      
A decoded, committed transaction delivered to a Sink.
changes is typed Enumerable.t(), not a list. C1 delivers a list, but the
type is the day-one contract: C3's spill/batch work must be able to switch a
transaction's changes to a lazy, single-pass, disk-backed enumerable — as
replicant does — without silently breaking a sink. A sink MUST NOT call
length/1 (or anything else requiring more than one pass) on changes; a
single-pass enumerable would raise or return a wrong count on a second pass, and
a length/1 habit that happens to pass every capstan test today would silently
consume a single-pass reader later. Enumerate once, streaming (Enum.reduce/3,
Enum.each/2, for, or Stream pipelines that consume the enumerable exactly
once).
position is the processed GTID set INCLUDING this transaction — see
Capstan.Position. gtid is this transaction's own identity, "uuid:gno".
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          @type t() :: %Capstan.Transaction{
  changes: Enumerable.t(),
  commit_ts: DateTime.t(),
  gtid: String.t(),
  position: Capstan.Position.t()
}


      



  


        

      


  

    
Capstan.Assembler 
    



      
The three-terminator fold — a pure assembler over a %Capstan.Binlog.Event{}
stream (ADR-0003; the owning GenServer is Capstan.AssemblerServer).
The fold turns raw binlog events into the committed units a Sink consumes:
%Capstan.Transaction{} for DML, %Capstan.SchemaChange{} for self-committing
DDL. It threads a running Capstan.Position (the processed GTID set) from a
caller-supplied start, and a Capstan.Binlog.TableRegistry built as TABLE_MAP
events arrive.
Why it folds %Event{}, not decoded terms
Capstan.Binlog.Decoder.decode/1 returns only the per-type body term and drops
the event header. But a Transaction's commit_ts is the terminator event's
header timestamp and its diagnostic pos is the header log_pos. So the fold
decodes each %Event{} via Decoder.decode/1 for the body term and reads the
header off the same struct for timestamp/log_pos.
The single biggest failure mode this fold is built AROUND (risk-first)
A phantom / rolled-back transaction delivered effect-once — the silent one.
Two shapes of it, both defended structurally rather than only by convention:
	An XA_PREPARE (Decoder {:halt, :unsupported_transaction_shape}): its row
images may later be XA ROLLBACK-ed, so the rows accumulated so far in that
transaction must be discarded, not delivered (ADR-0003). The halt is keyed
on the Decoder's type-byte signal, never re-derived here.
	Any mid-transaction failure — an unmapped table_id, a Rows.decode/2 error,
or a Decoder {:error, _} — aborts fail-closed. A partial transaction
carrying only the rows decoded before the failure is never emitted.

Both are guaranteed by the fold's shape: rows accumulate in the in-flight
transaction buffer and are released only when a terminator is reached. A
{:halt, _}/{:error, _} short-circuits with that buffer still un-released, so it
is structurally impossible to leak. The happy path (row → %Change{}) is secondary.
Stream desyncs fail closed the same way rather than being silently absorbed: a
GTID arriving while a transaction is still open (:gtid_within_open_transaction),
or a QUERY / row / terminator with no open GTID scope (:begin_without_gtid,
:query_without_gtid, :rows_without_transaction, :terminator_without_transaction)
— each aborts rather than dropping or overwriting an open buffer, since a silently
absorbed desync can mask exactly the loss this fold exists to prevent.
The three terminators (ADR-0003) — anchored on the proven fixture_capture
classify/apply_event precedent so a terminator is never misclassified (itself a
silent-loss risk: a COMMIT read as DDL would drop the transaction's rows):
	XID — a transactional (InnoDB) commit.
	QUERY("COMMIT") — a non-transactional (MyISAM) commit; the COMMIT is the
terminator, not a change.
	a self-committing DDL QUERY — a QUERY that is not BEGIN/COMMIT and
arrives with no open BEGIN. Yields a %SchemaChange{} and advances the
position. BEGIN opens a DML block; COMMIT closes it.

Fully-filtered transactions keep the watermark moving (ADR-0003)
The checkpoint is a processed-GTID watermark, so a committed transaction whose
changes are all filtered (or which has none) still advances the position and is
delivered as a %Transaction{} with empty changes. Capstan.AssemblerServer
checkpoints it
without calling the sink. A long run of filtered transactions therefore never
stalls the position.
Capstan.Config carries no table filter in C1, so the filter is a parameter:
tables: :all (default — nothing filtered) or an allowlist of {schema, table}
pairs, applied before row decode.
Rule 1
No %Change{} value, %SchemaChange{} DDL text, or error tuple ever carries a row
value or statement literal. DDL is reduced to schema/table/kind here; the raw
SQL is inspected only to classify and is then dropped.
Interface
	new/2 + step/2 + position/1 — the incremental primitive the owning
GenServer (Capstan.AssemblerServer) drives to checkpoint per transaction.
	run/3 — folds a whole event sequence, returning every output plus the final
watermark; the batch entry the tests drive.
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        filter()

      


        The table filter: everything, or an allowlist of {schema, table} pairs.



    


    
      
        output()

      


        An emitted committed unit.



    


    
      
        run_result()

      


        The result of run/3. On a {:halt, _}/{:error, _} short-circuit the
already-COMMITTED outputs (and the watermark up to the failure) are still returned —
a transaction that reached its terminator before the halt is genuinely committed and
must not be lost, only the in-flight one is discarded.



    


    
      
        step_result()

      


        The result of step/2.
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        xa_halt()

      


        The XA-related fail-closed halts (step/2 / run/3).
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    Functions
  


    
      
        new(start_position, opts \\ [])

      


        Builds a fresh assembler state resuming from start_position.



    


    
      
        position(assembler)

      


        The running processed-GTID watermark as a Capstan.Position.



    


    
      
        run(events, start_position, opts \\ [])

      


        Folds an entire event sequence from start_position.



    


    
      
        step(state, event)

      


        Folds one %Capstan.Binlog.Event{} into the state.
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          @type filter() :: :all | MapSet.t({String.t(), String.t()})


      


The table filter: everything, or an allowlist of {schema, table} pairs.
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          @type output() :: Capstan.Transaction.t() | Capstan.SchemaChange.t()


      


An emitted committed unit.
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          @type run_result() ::
  {:ok, [output()], Capstan.Position.t()}
  | {:halt, xa_halt(), [output()], Capstan.Position.t()}
  | {:error, term(), [output()], Capstan.Position.t()}


      


The result of run/3. On a {:halt, _}/{:error, _} short-circuit the
already-COMMITTED outputs (and the watermark up to the failure) are still returned —
a transaction that reached its terminator before the halt is genuinely committed and
must not be lost, only the in-flight one is discarded.
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          @type step_result() ::
  {:cont, [output()], t()} | {:halt, xa_halt()} | {:error, term()}


      


The result of step/2.
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          @type t() :: %Capstan.Assembler{
  file: String.t() | nil,
  filter: filter(),
  gtid_set: Capstan.Gtid.t(),
  max_prepared: pos_integer(),
  pos: non_neg_integer() | nil,
  prepared: %{optional(Capstan.Xa.Id.t()) => pooled()},
  registry: Capstan.Binlog.TableRegistry.t(),
  startup_xids: MapSet.t(),
  txn: inflight() | nil,
  xa: xa_policy()
}
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          @type xa_halt() ::
  :unsupported_transaction_shape
  | :xa_prepared_pool_exhausted
  | :xa_prepared_gtid_mismatch
  | :xa_commit_without_prepare
  | :xa_rollback_without_prepare


      


The XA-related fail-closed halts (step/2 / run/3).
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          @type xa_policy() :: :refuse | :track
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      new(start_position, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  Capstan.Position.t(),
  keyword()
) :: t()


      


Builds a fresh assembler state resuming from start_position.
opts accepts tables: :all (default) or tables: [{schema, table}, ...] — the
allowlist of tables whose rows are delivered (everything else is filtered before row
decode) — plus the XA policy (ADR-0006): xa: :refuse (default — a TWO-PHASE
XA_PREPARE halts :unsupported_transaction_shape, the C1 posture; a one_phase: true prepare is an ordinary atomic commit and is DELIVERED in both modes — the one
deliberate deviation from C1's unconditional type-38 halt, per ADR-0006 §2) or
xa: :track; max_prepared_transactions: (positive integer, default
	bounds the in-memory prepared pool (halt
:xa_prepared_pool_exhausted — never evict, eviction is the silent-loss class); and
startup_xids: (a list of Capstan.Xa.Id digests from the connect-time XA RECOVER)
pre-seeds the dangling-prepare discriminator so a pre-start prepare's resolution is a
correct row-less watermark advance.
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          @spec position(t()) :: Capstan.Position.t()


      


The running processed-GTID watermark as a Capstan.Position.
Capstan.AssemblerServer reads this after a step/2 to checkpoint a transaction — including a
self-committing DDL or a fully-filtered transaction, whose position advances even
though the emitted output carries none (or an empty changes).

  



    

  
    
      
    
    
      run(events, start_position, opts \\ [])



        
          
        

    

  


  

      

          @spec run([Capstan.Binlog.Event.t()], Capstan.Position.t(), keyword()) :: run_result()


      


Folds an entire event sequence from start_position.
Returns {:ok, outputs, final_position} when every event is consumed. On the first
{:halt, _}/{:error, _} a step/2 produces, returns {:halt, reason, committed, watermark} / {:error, reason, committed, watermark} — the transactions that
already terminated before the failure are genuinely committed and returned; only the
in-flight (e.g. XA-prepared) transaction is discarded. opts is as for new/2.
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          @spec step(t(), Capstan.Binlog.Event.t()) :: step_result()


      


Folds one %Capstan.Binlog.Event{} into the state.
Returns {:cont, outputs, state} (outputs is [] for every event except a
terminator), or short-circuits fail-closed with {:halt, :unsupported_transaction_shape} or {:error, reason} — in either case the
in-flight transaction is discarded and nothing is emitted (see the module doc).

  


        

      


  

    
Capstan.AssemblerServer 
    



      
The composition point: the GenServer that turns a Capstan.Connection's frame stream
into durable, fail-closed, at-least-once delivery (lib-owned checkpoint mode — the
checkpoint advances only after the sink's {:ok, _}, so a crash in between re-delivers;
see Capstan and ADR-0004. Effect-once is the deferred sink-owned atomic path).
Connection owns ONLY the socket and forwards {:binlog_event, raw} (the raw 19-byte
header + body + CRC — exactly Capstan.Binlog.Event.parse/1's input) and
{:capstan_halt, reason}. This server owns everything downstream of the wire:
the assembly fold, the sink delivery, the checkpoint, and every fail-closed halt.
It never touches the socket. That split makes the reconnect path auditable — the
recurring OTP-async-lifetime bug family lives exactly at a process owning both.
Flow per binlog event
Event.parse/1                       # header + CRC verify; a failure HALTS fail-closed
  -> Assembler.step/2               # the pure three-terminator fold (ADR-0003)
       {:cont, [output], next}      # for each output, the delivery + checkpoint below
       {:halt, reason}              # XA_PREPARE -> HALT, do not advance
       {:error, reason}            # any refused/desynced event -> HALT, do not advance
A %Capstan.Transaction{} or %Capstan.SchemaChange{} output runs, in order:
	Dedup — if its GTID is already in the processed set (Capstan.Gtid.member?/2,
never hand-rolled), the output is SKIPPED: the sink is not called and the
checkpoint is not touched, emitting :already_processed (effect-once).
	Filtered / empty transaction (changes: [], ADR-0003) — advances the checkpoint
with NO sink call. A long run of filtered transactions therefore never stalls the
watermark.
	Delivered transaction — Sink.handle_transaction/1 FIRST; the checkpoint is
written ONLY after it returns {:ok, _}. A {:error, _} HALTS fail-closed
WITHOUT advancing, so the failed transaction is re-delivered on restart
(at-least-once). This is the checkpoint-after-{:ok, _} ordering.
	Schema change (self-committing DDL, Q13) — Sink.handle_schema_change/2, then
the advanced watermark is checkpointed. {:error, _} HALTS without advancing.

Every halt — a {:capstan_halt, _} from the Connection, an assembler {:halt, _} /
{:error, _}, an event-parse failure, a sink error, or an exhausted checkpoint-write
budget — stops the pipeline with {:shutdown, {:halt, reason}} and never checkpoints
past the failure. Fail closed is the whole point: silently continuing past any of these
is the data-loss class this server exists to prevent.
Checkpoint mode
C1 implements lib-owned checkpoint mode: a Capstan.CheckpointStore persists the
processed gtid_set. The server resumes from read_position/2 at startup (a read fault
fails closed rather than resume from a guessed position; nil is a fresh empty start)
and advances via write_position/3. A write fault is retried per the shared budget
(retry_decision/2) and then halts fail-closed. Sink-owned checkpoint mode (the sink
persisting the position atomically with its own write and returning it via
Capstan.Sink.checkpoint/0) is not wired in this server.
Why a separate processed set
The pure Capstan.Assembler unions each transaction's GTID into its running fold and
returns the transaction's position INCLUDING it, so the assembler's own set can never
answer "was this already processed?". This server keeps the durable processed watermark
separately: it is the resumed checkpoint, advanced only when a delivery is durably
checkpointed, and it is what dedup consults BEFORE delivering.
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        attach_coordinator(server, coordinator_pid)

      


        Injects the snapshot coordinator AFTER both processes are up (deferred injection —
design § Pinned decisions #4, mirrors the Capstan.Connection :receiver_down monitor).



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


        Starts the assembler server.
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          @type checkpoint_store() :: {module(), Capstan.CheckpointStore.store()}
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      attach_coordinator(server, coordinator_pid)



        
          
        

    

  


  

      

          @spec attach_coordinator(GenServer.server(), pid()) :: :ok


      


Injects the snapshot coordinator AFTER both processes are up (deferred injection —
design § Pinned decisions #4, mirrors the Capstan.Connection :receiver_down monitor).
The cast (a) sets coordinator_pid as the :watermark_observer, so every subsequent
checkpoint advance notifies it, and (b) arms a Process.monitor/1 on it, so a silent
coordinator death halts the pipeline fail-closed with :snapshot_coordinator_down rather
than leaving the stream feeding a dead sink (a silently stranded backfill is a gap). Until
this is called — and in all of C1 — both are absent, so behavior is byte-identical.
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts the assembler server.
Options:
	:sink (required) — the Capstan.Sink callback module.
	:checkpoint_store (required) — {impl_module, store_handle} for lib-owned mode.
	:tables — the table filter passed to Capstan.Assembler (:all, the default, or
an allowlist of {schema, table} pairs).
	:max_retries — the checkpoint-write retry budget (default
Capstan.CheckpointStore.default_max_retries/0).
	:watermark_observer — an optional pid notified {:capstan_watermark, gtid_set} on
every checkpoint advance (default nil ⇒ no notify; the C2 snapshot coordinator's
advance-gate feed). Also injectable post-start via attach_coordinator/2.
	:name — an optional registered name.


  


        

      


  

    
Capstan.Binlog.Decoder 
    



      
Per-type binlog event body decoder — the second decode layer, over
Capstan.Binlog.Event.
Capstan.Binlog.Event.parse/1 has already parsed the 19-byte header and verified
and stripped the CRC32 trailer. This module dispatches on the event type byte
and decodes event.body into a per-type term. It does not re-parse the header
or re-verify the CRC.
Return contract
decode/1 returns one of three shapes:
	{:ok, decoded} — a recognised event, decoded to its per-type term.
	{:halt, :unsupported_transaction_shape} — an XA_PREPARE_LOG_EVENT (type 38).
This is a fail-closed control signal, distinct from both success and a
decode error, so a consumer that omits a {:halt, _} clause crashes loudly
rather than silently treating XA rows as a normal event (ADR-0003).
	{:error, reason} — an event C1 refuses: a malformed/unconsumable
transaction payload, or an unknown type byte. An unknown type fails
closed and is never silently skipped — a dropped event of an
unrecognised shape could hide a condition capstan must halt on.

Two silent-failure safety branches (the reason this module is high-Risk)
	ROWS_QUERY_LOG_EVENT (29) carries the complete original SQL of the row
change with every literal value — a total Rule-1 leak if surfaced. The header
is recognised and the body is discarded: decode/1 returns
{:rows_query, :discarded} and the SQL text never enters the returned term.
	XA_PREPARE_LOG_EVENT (38) halts fail-closed. Its row images ride the
prepare event and are committed later by a separate XID — or discarded by
XA ROLLBACK — so treating them as committed delivers rolled-back rows
effect-once. The halt is keyed purely on the type byte (ADR-0003).

Rule-1 note on QUERY text
For QUERY (2) the SQL text is returned — Capstan.Assembler inspects it to
detect BEGIN/COMMIT and self-committing DDL terminators. That raw text is
Rule-1-sensitive (DDL routinely embeds literals like DEFAULT 'secret') and must
never be logged. DDL redaction happens later, at the %Capstan.SchemaChange{}
boundary (Rule 1), not in this module.

      


      
        Summary


  
    Types
  


    
      
        decoded()

      


        A successfully decoded event body.



    


    
      
        error_reason()

      


        A reason C1 refuses an event outright.



    


    
      
        gtid()

      


        A single GTID: {server_uuid, transaction_sequence_number}.



    


    
      
        rows()

      


        The structural decode of a row event body: identity, present bitmap(s), raw image bytes.



    





  
    Functions
  


    
      
        decode(event)

      


        Decodes one %Capstan.Binlog.Event{} body to its per-type term.



    





      


      
        Types


        


  
    
      
    
    
      decoded()



        
          
        

    

  


  

      

          @type decoded() ::
  {:rotate, String.t(), non_neg_integer()}
  | {:format_description, non_neg_integer(), String.t()}
  | :previous_gtids
  | {:gtid, gtid()}
  | {:query, %{schema: String.t(), sql: String.t()}}
  | Capstan.Binlog.TableMap.t()
  | rows()
  | {:xid, non_neg_integer()}
  | :stop
  | :heartbeat
  | {:rows_query, :discarded}
  | {:xa_prepare, Capstan.Xa.Id.xid()}
  | {:transaction_payload, [Capstan.Binlog.Event.t()]}


      


A successfully decoded event body.

  



  
    
      
    
    
      error_reason()



        
          
        

    

  


  

      

          @type error_reason() :: {:unknown_event_type, byte()} | term()


      


A reason C1 refuses an event outright.

  



  
    
      
    
    
      gtid()



        
          
        

    

  


  

      

          @type gtid() :: {String.t(), pos_integer()}


      


A single GTID: {server_uuid, transaction_sequence_number}.

  



  
    
      
    
    
      rows()



        
          
        

    

  


  

      

          @type rows() ::
  {:write_rows, non_neg_integer(), binary(), binary()}
  | {:delete_rows, non_neg_integer(), binary(), binary()}
  | {:update_rows, non_neg_integer(), binary(), binary(), binary()}


      


The structural decode of a row event body: identity, present bitmap(s), raw image bytes.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode(event)



        
          
        

    

  


  

      

          @spec decode(Capstan.Binlog.Event.t()) ::
  {:ok, decoded()}
  | {:halt, :unsupported_transaction_shape}
  | {:error, error_reason()}


      


Decodes one %Capstan.Binlog.Event{} body to its per-type term.
See the module doc for the {:ok, _} / {:halt, _} / {:error, _} contract and
the two safety branches (ROWS_QUERY discard, XA_PREPARE halt).

  


        

      


  

    
Capstan.Binlog.Event 
    



      
Binlog event header parse + CRC32 integrity check — the first decode layer.
Every binlog event is a 19-byte header followed by a body:
<<timestamp::32-little, type::8, server_id::32-little, event_size::32-little,
  log_pos::32-little, flags::16-little, body::binary>>
CRC32 posture
The C1 substrate runs with binlog_checksum=CRC32 and the dump negotiates it
(SET @master_binlog_checksum), so this module assumes every event carries
a trailing 4-byte CRC32 checksum over the whole event minus those 4 bytes. A
FORMAT_DESCRIPTION event declares the checksum algorithm on the wire, but C1
does not need to read that byte — the precondition + negotiation already
guarantee CRC32.
parse/1 verifies the trailer and, on success, returns the header fields plus
the CRC-stripped body. A mismatch fails loudly: {:error, :crc_mismatch},
never a usable event — an integrity failure must never be silently swallowed
into something that looks valid. A too-short input returns
{:error, :truncated}.
This module does not interpret the body or map type to a name — that is
the decoder's job (Capstan.Binlog.Decoder), which owns the type-byte → name map and
per-type body decode. type here is the raw event-type byte (0..255).
The artificial ROTATE that opens every dump (timestamp=0, log_pos=0) is
a normal, CRC-valid event and parses like any other — callers decide what to
do with it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Binlog event header fields plus the CRC-verified, CRC-stripped body.



    





  
    Functions
  


    
      
        parse(event)

      


        Parses one binlog event: the 19-byte header, splits off the trailing 4-byte
CRC32 checksum, and verifies it against the header + body.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Binlog.Event{
  body: binary(),
  event_size: non_neg_integer(),
  flags: non_neg_integer(),
  log_pos: non_neg_integer(),
  server_id: non_neg_integer(),
  timestamp: non_neg_integer(),
  type: 0..255
}


      


Binlog event header fields plus the CRC-verified, CRC-stripped body.

  


        

      

      
        Functions


        


  
    
      
    
    
      parse(event)



        
          
        

    

  


  

      

          @spec parse(binary()) :: {:ok, t()} | {:error, :truncated | :crc_mismatch}


      


Parses one binlog event: the 19-byte header, splits off the trailing 4-byte
CRC32 checksum, and verifies it against the header + body.
Returns {:ok, %Event{}} with the CRC-stripped body on a verified event,
{:error, :crc_mismatch} on a checksum mismatch (fail closed), or
{:error, :truncated} when event is too short to hold a header and
checksum.

  


        

      


  

    
Capstan.Binlog.Rows 
    



      
Decodes a full row image from the Capstan.Binlog.Decoder's raw tuple and the
resolved %Capstan.Binlog.TableMap{}.
The decoder splits a ROWS event into {op, table_id, present_bitmap(s), raw} but
leaves every value byte untouched. This module turns raw into decoded rows:
	WRITE/DELETE carry one image per row; UPDATE carries a before/after image
pair per row. A single event carries many rows (e.g. a multi-row INSERT
or a multi-table UPDATE), so raw is walked until it is exhausted.
	Each image starts with a per-row NULL bitmap over the columns present in the
image (its width is driven by the columns-PRESENT bitmap, not the full column
count — probe:339-351 assumes all columns present, which is wrong in general).
	Each present, non-null column is cast via Capstan.Casting.Types.cast/4; a
present-null column is recorded as nil and consumes no value bytes.

Rows are returned as column_name => value maps, the shape Capstan.Change consumes.
Fail closed, never silently wrong
The single biggest failure mode here is a plausible-but-wrong value, so the decode
is built to fail closed at every point one could arise:
	Wrong schema (ADR-0002). A table_id is resolved to a %TableMap{} by the owner;
this module additionally asserts the event's table_id equals the map's, so a
caller that pairs ta's rows with tb's map is refused rather than casting
against the wrong columns.
	Signedness. The per-column signedness bit is resolved from TLV type 1 and
passed to the caster. A numeric column with no signedness bitmap fails closed
rather than defaulting to signed.
	Unsupported column (SET, JSON opaque, unknown type/meta). Any caster error
aborts the whole decode; a partial or raw-passthrough row is never emitted.
	Truncated image. If the raw bytes are too short to hold even a row's NULL
bitmap, the decode returns {:error, {:truncated_row_image, _}} rather than
raising — a clean halt the pipeline can dispatch (Event.parse/1's CRC check
makes a truncation here a decode-desync signal, not silent corruption).

All error tuples carry only schema-level facts, never a column value (Rule 1).

      


      
        Summary


  
    Types
  


    
      
        decoded()

      


        The decoded event: the semantic op plus its rows (UPDATE as before/after pairs).



    


    
      
        error()

      


        A fail-closed refusal — an unsupported column, a schema mismatch, missing metadata, or a truncated image.



    


    
      
        row()

      


        A decoded row: present columns keyed by name, present-null columns as nil.



    





  
    Functions
  


    
      
        decode(arg, table_map)

      


        Decodes a Capstan.Binlog.Decoder row tuple against its resolved %TableMap{}.



    





      


      
        Types


        


  
    
      
    
    
      decoded()



        
          
        

    

  


  

      

          @type decoded() ::
  {:insert, [row()]} | {:delete, [row()]} | {:update, [{row(), row()}]}


      


The decoded event: the semantic op plus its rows (UPDATE as before/after pairs).

  



  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() ::
  {:unsupported_column_type, map()}
  | {:table_id_mismatch, map()}
  | {:missing_column_names, map()}
  | {:truncated_row_image, map()}


      


A fail-closed refusal — an unsupported column, a schema mismatch, missing metadata, or a truncated image.

  



  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: %{optional(String.t()) => term()}


      


A decoded row: present columns keyed by name, present-null columns as nil.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg, table_map)



        
          
        

    

  


  

      

          @spec decode(Capstan.Binlog.Decoder.rows(), Capstan.Binlog.TableMap.t()) ::
  {:ok, decoded()} | {:error, error()}


      


Decodes a Capstan.Binlog.Decoder row tuple against its resolved %TableMap{}.
Returns {:ok, {:insert | :delete, [row]}}, {:ok, {:update, [{before, after}]}}, or
{:error, reason} — an unsupported column, a schema mismatch, missing metadata, or a
NULL-bitmap-truncated image all fail closed to an {:error, _} tuple (see the module
doc). A value-image so short that a value runs off the end raises rather than
returning a tuple: Capstan.Binlog.Event.parse/1 CRC-verifies the whole event before
the decoder runs, so that is a decode-desync assertion on already-validated bytes, not
an input-validation path.

  


        

      


  

    
Capstan.Binlog.TableMap 
    



      
A fully-decoded MySQL TABLE_MAP_EVENT body.
Ownership is deliberate: Capstan.Binlog.Decoder parses the entire
TABLE_MAP body — including the optional-metadata TLVs — into this struct.
Capstan.Binlog.TableRegistry stores and resolves these; Capstan.Casting.Types
casts row values against them. Neither re-parses the body, so this struct must
carry everything a later value-decode needs.
Fields
	table_id — the numeric table identity a row event references. Unstable across
DDL and reused, so resolution is by this id via the registry, never by "most
recent map" (ADR-0002).
	schema, table — the qualified table name.
	column_types — the raw MySQL type byte per column, in order (e.g. 3 = LONG,
254 = STRING/ENUM/SET). ENUM and SET both arrive as 254 and are told apart
only via the metadata/TLVs.
	column_metadata — the type-specific metadata blob, stored RAW. It is
length-prefixed in the body and consumed here as a single unit; the per-column
split needs type-aware widths and belongs to the casting layer
(Capstan.Casting.Types), not here. Splitting it per-column in this module
would cross that ownership boundary.
	null_bitmap — the nullability bitmap over the columns.
	signedness — optional-metadata TLV type 1: a bitmap over the NUMERIC columns,
1 = UNSIGNED. Signedness is not in the type byte; without this a
BIGINT UNSIGNED of 18446744073709551615 would decode as -1. Retained raw
because interpreting the bitmap requires the numeric-column ordering the casting
layer owns.
	default_charset — optional-metadata TLV type 2, retained raw.
	column_names — optional-metadata TLV type 4, in column order (present under
binlog_row_metadata=FULL).
	set_str_values — optional-metadata TLV type 5: the allowed string values per
SET column, in order. C1 must be able to detect SET (both it and ENUM are
type 254) to fail closed later, so these are unpacked here.
	enum_str_values — optional-metadata TLV type 6: the allowed string values per
ENUM column, in order.

Unknown optional-metadata TLV types (e.g. type 12 COLUMN_VISIBILITY, emitted by
8.0.46) are scanned past by their length and never cause a failure.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A decoded TABLE_MAP_EVENT body.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Binlog.TableMap{
  column_metadata: binary(),
  column_names: [String.t()],
  column_types: [byte()],
  default_charset: binary() | nil,
  enum_str_values: [[String.t()]],
  null_bitmap: binary(),
  schema: String.t(),
  set_str_values: [[String.t()]],
  signedness: binary() | nil,
  table: String.t(),
  table_id: non_neg_integer()
}


      


A decoded TABLE_MAP_EVENT body.

  


        

      


  

    
Capstan.Binlog.TableRegistry 
    



      
The table_id → %Capstan.Binlog.TableMap{} registry — the schema-resolution core
(ADR-0002).
A row event names its table only by a numeric table_id. This registry is the one
place that id is resolved to a decoded %TableMap{}, and resolution is by the row
event's OWN table_id — never by "the most recent TABLE_MAP". A single
multi-table statement interleaves TABLE_MAP(ta) → TABLE_MAP(tb) → ROWS(ta) → ROWS(tb) (live-verified), so both maps are live at once; "last map wins"
would cast ta's rows against tb's schema and emit silently wrong values.
Storage and resolution only
This module keys a plain map by table_id and hands back the stored struct
verbatim. It parses no bytes — Capstan.Binlog.Decoder already owns the entire
TABLE_MAP body, including the optional-metadata TLVs, and produces the
%TableMap{} structs this registry stores. Adding any parsing here would cross that
ownership boundary.
Invalidation
table_id is unstable: it moves across DDL (ta observed moving 92 → 94 across an
ALTER) and a freed id is later reused for a different table. Within a binlog file
the server re-emits a TABLE_MAP for a table_id before the row events that use it,
so put/2 overwriting a reused id keeps the binding current. Across a file boundary
the ids reset wholesale, so the owner calls invalidate/1 on ROTATE and
FORMAT_DESCRIPTION to drop every binding — a table_id carried over from the
previous file must never resolve to a stale map. The owner is the pure
Capstan.Assembler fold, which threads this registry and invalidates it inline;
Capstan.AssemblerServer drives that fold.
Unmapped ids fail closed
A table_id with no live binding resolves to {:error, :unmapped_table_id} — never
a guess and never the "nearest" map. The owner turns this into a halt;
silently dropping the row would be exactly the loss C1 refuses.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        The registry: a map from table_id to its currently-bound %TableMap{}. Build and
inspect it only through this module — treat it as opaque.



    





  
    Functions
  


    
      
        invalidate(registry)

      


        Drops every binding, returning an empty registry. The owner calls this on ROTATE
and FORMAT_DESCRIPTION, where table_ids reset and any retained binding would be
stale.



    


    
      
        new()

      


        An empty registry with no table bindings.



    


    
      
        put(registry, table_map)

      


        Binds table_map under its own table_id, overwriting any prior binding for that
id. A table_id reused after DDL therefore takes the newest map (see the moduledoc).



    


    
      
        resolve(registry, table_id)

      


        Resolves a row event's table_id to its bound %TableMap{}, or
{:error, :unmapped_table_id} when nothing is bound (fail closed).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


The registry: a map from table_id to its currently-bound %TableMap{}. Build and
inspect it only through this module — treat it as opaque.

  


        

      

      
        Functions


        


  
    
      
    
    
      invalidate(registry)



        
          
        

    

  


  

      

          @spec invalidate(t()) :: t()


      


Drops every binding, returning an empty registry. The owner calls this on ROTATE
and FORMAT_DESCRIPTION, where table_ids reset and any retained binding would be
stale.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


An empty registry with no table bindings.

  



  
    
      
    
    
      put(registry, table_map)



        
          
        

    

  


  

      

          @spec put(t(), Capstan.Binlog.TableMap.t()) :: t()


      


Binds table_map under its own table_id, overwriting any prior binding for that
id. A table_id reused after DDL therefore takes the newest map (see the moduledoc).

  



  
    
      
    
    
      resolve(registry, table_id)



        
          
        

    

  


  

      

          @spec resolve(t(), non_neg_integer()) ::
  {:ok, Capstan.Binlog.TableMap.t()} | {:error, :unmapped_table_id}


      


Resolves a row event's table_id to its bound %TableMap{}, or
{:error, :unmapped_table_id} when nothing is bound (fail closed).

  


        

      


  

    
Capstan.Casting.Types 
    



      
Casts one column's raw row-image bytes to an Elixir term, and owns the per-column
metadata-width split of a TABLE_MAP's raw column_metadata blob.
This is the silent-wrong-value surface of C1, so the whole module is built around
never emitting a plausible-but-wrong value. Three failure modes get first-class
defence:
	Signedness. Integer width comes from the wire type byte, but signedness
does not — it rides TABLE_MAP optional-metadata TLV type 1. cast/4 takes the
resolved signedness bit as an explicit argument; a BIGINT UNSIGNED of
18446744073709551615 must never decode to -1.
	SET masquerading as ENUM. Both are wire type 254 (MYSQL_TYPE_STRING)
and are distinguishable only by the STRING metadata pair (byte 0 real-type:
247 = ENUM, 248 = SET). SET's row image is packed as a bitfield, not an
index, so an enum-style decode would be silently wrong. C1 defers SET
(roadmap row C4): parse_col_meta/2 unpacks the pair to detect it and cast/4
fails closed with :unsupported_column_type.
	Meta-driven widths. Fractional-second width, decimal precision/scale, blob
length-prefix width and string length all come from the metadata, not the type
byte. A fixed-width assumption both mis-values the column and desynchronises
every column after it. parse_col_meta/2 enumerates every supported type's meta
width explicitly and fails closed on the rest, rather than guessing with a
1-byte fallback (the bug in probe/mysql_binlog_probe.exs:301-311).

Fail-closed contract
Both entry points return {:error, {:unsupported_column_type, detail}} rather than a
value whenever the type, its metadata, or a decoded temporal component is one C1 does
not faithfully support. The owner (Capstan.Assembler) turns that into a stream halt, exactly as
it does for the registry's {:error, :unmapped_table_id} — a column C1 cannot decode
is never silently dropped or passed through raw. detail carries only schema-level
facts (wire type byte, column position); never a column value (Rule 1).

      


      
        Summary


  
    Types
  


    
      
        col_meta()

      


        A single column's parsed metadata — self-describing enough for cast/4 to decode the
value, produced by parse_col_meta/2.



    


    
      
        unsupported()

      


        The fail-closed signal: a type/meta/value C1 refuses rather than mis-decode.



    





  
    Functions
  


    
      
        cast(col_meta, signed?, str_values, bytes)

      


        Casts one column's leading bytes of a row image to an Elixir term.



    


    
      
        parse_col_meta(column_types, column_metadata)

      


        Splits a TABLE_MAP's raw column_metadata blob into one col_meta/0 per column.



    





      


      
        Types


        


  
    
      
    
    
      col_meta()



        
          
        

    

  


  

      

          @type col_meta() ::
  {:int, 1 | 2 | 3 | 4 | 8}
  | {:decimal, non_neg_integer(), non_neg_integer()}
  | {:varstring, non_neg_integer()}
  | {:char, non_neg_integer()}
  | {:enum, 1 | 2}
  | {:set, 1 | 2}
  | {:blob, 1..4}
  | {:datetime, 0..6}
  | {:timestamp, 0..6}
  | {:time, 0..6}
  | :date
  | {:json, 1..4}
  | {:geometry, 1..4}


      


A single column's parsed metadata — self-describing enough for cast/4 to decode the
value, produced by parse_col_meta/2.

  



  
    
      
    
    
      unsupported()



        
          
        

    

  


  

      

          @type unsupported() :: {:unsupported_column_type, map()}


      


The fail-closed signal: a type/meta/value C1 refuses rather than mis-decode.

  


        

      

      
        Functions


        


  
    
      
    
    
      cast(col_meta, signed?, str_values, bytes)



        
          
        

    

  


  

      

          @spec cast(col_meta(), boolean(), [String.t()], binary()) ::
  {:ok, term(), binary()} | {:error, unsupported()}


      


Casts one column's leading bytes of a row image to an Elixir term.
Arguments:
	col_meta — the column's col_meta/0 from parse_col_meta/2.
	signed? — the resolved signedness bit (true = signed). Consumed only by
integer casts; supplied by the caller from TLV type 1.
	str_values — the allowed member strings for an ENUM column, [] otherwise.
	bytes — the remaining row-image bytes, positioned at this column's value.

Returns {:ok, value, rest} with the bytes this column consumed removed, or
{:error, {:unsupported_column_type, detail}} (SET, JSON opaque, or an
out-of-range temporal/enum) — never a wrong value and never a raw passthrough.

  



  
    
      
    
    
      parse_col_meta(column_types, column_metadata)



        
          
        

    

  


  

      

          @spec parse_col_meta([byte()], binary()) ::
  {:ok, [col_meta()]} | {:error, unsupported()}


      


Splits a TABLE_MAP's raw column_metadata blob into one col_meta/0 per column.
column_types is the wire type byte per column (in order); column_metadata is the
raw, unsplit blob the decoder stored verbatim. Each type consumes a type-specific
number of metadata bytes — enumerated explicitly here. The first column whose type C1
does not support fails closed: an unknown meta width cannot be skipped without
desynchronising every later column, so the whole table is refused.
Returns {:ok, [col_meta]} aligned with column_types, or
{:error, {:unsupported_column_type, detail}}.

  


        

      


  

    
Capstan.Config 
    



      
Option validation and the fail-closed server-precondition gate.
Two clearly separated responsibilities:
	validate/1 is pure — it normalises the user's start_link options and
refuses a mis-shaped or unsafe configuration before any socket is opened.
	check_preconditions/1 issues one COM_QUERY on an already-authenticated
socket and refuses to start unless the source's binlog is configured for
lossless row-based CDC.

Two additive C2 helpers share this fail-closed posture: validate_snapshot/1 (pure —
normalises the :snapshot block, or {:ok, nil} when absent so the pure-C1 path is
byte-for-byte unchanged) and read_server_uuid/1 (the source-identity read reused across
BOTH connections, design Q-src / Ch8).
Server preconditions (ADR-0002, extended by ADR-0013)
check_preconditions/1 reads six global variables in a single query and refuses
with a DISTINCT reason per violation — degraded row decoding silently guesses
column identity, so the gate fails closed rather than proceed:
	binlog_format must be ROW — else :binlog_format_not_row
	binlog_row_image must be FULL — else :binlog_row_image_not_full
	binlog_row_metadata must be FULL — else :binlog_row_metadata_not_full
	binlog_row_value_options must be empty ("" = full JSON, not PARTIAL_JSON)
— else :binlog_row_value_options_not_empty
	gtid_mode must be ON — else :gtid_mode_not_on
	log_bin must be enabled (text "1") — else :binlog_disabled

log_bin (ADR-0013) closes a hole the five-variable gate cannot see on managed
sources: AWS documents that an Aurora cluster group set binlog_format=OFF "disables
the log_bin session variable … which in turn resets the binlog_format session
variable to the default value of ROW" — so a binlog-disabled Aurora still answers
binlog_format=ROW, and only log_bin names the condition before the dump. On a
self-managed server the same check catches --skip-log-bin. A boolean flag's text
form over the simple-query protocol is "1"/"0" (OBSERVED live on MySQL 8.0.46;
SHOW VARIABLES renders ON/OFF, SELECT @@log_bin does not), so the enabled
literal is "1" — anything else, including a future engine's rendering, refuses
value-free with the variable's name in the reason.
binlog_transaction_compression is deliberately NOT gated: compression is
source-unilateral (a consumer cannot opt out; MySQL 8.0.20+) and capstan
CONSUMES compressed transactions — the pure-Elixir zstd decoder inflates each
TRANSACTION_PAYLOAD event (ADR-0011's consume arm; Capstan.Zstd). A
malformed or non-ZSTD payload still halts fail-closed at decode time.
MySQL simple-query results are all text strings, so every value is compared as
text against the expected literal and never coerced to a typed term — an empty
binlog_row_value_options arrives as "", not nil or 0.
TLS verification posture (ADR-0002)
ssl defaults true. Peer verification is an explicit operator choice, never a
silent default: with TLS on, ssl_opts must carry EITHER a cacertfile/cacerts
OR an explicit verify:. Given neither, validate/1 fails closed with
:tls_verification_unspecified rather than let OTP's verify_peer default select
a posture nobody chose. This mirrors the guard Capstan.Protocol.Handshake applies
at connect time, moved to config time so a bad TLS configuration is refused before
any socket is opened.
Authenticated TLS against MySQL's auto-generated certificate. A cacertfile
alone drives verify: :verify_peer, but MySQL's auto-generated server certificate
is self-signed with CN …Auto_Generated_Server_Certificate and no SAN, so
verify_peer's hostname check fails against an address such as 127.0.0.1. An
operator taking the authenticated route must ALSO pass
server_name_indication: :disable in ssl_opts — the chain is verified, the
hostname is not (VERIFY_CA semantics). validate/1 does NOT inject this: that would
silently weaken every cacertfile user, so the operator supplies it deliberately.

      


      
        Summary


  
    Types
  


    
      
        batch_config()

      


        The normalised C3 batching configuration, or nil when absent (no batching).



    


    
      
        precondition_error()

      


        A value-free precondition-gate refusal (ADR-0002, extended by ADR-0013).



    


    
      
        snapshot_config()

      


        The normalised initial-snapshot configuration (C2), or nil when :snapshot is absent
(pure C1). tables is the snapshot set (a concrete {schema, table} list, or :all when
it defaults to an :all capture — resolved to a concrete list at bootstrap). store is the
durable snapshot store {module, start_link_options}. chunk_size bounds the brief lock's
hold + buffered memory.



    


    
      
        t()

      


        The normalised configuration validate/1 returns on success.



    


    
      
        validation_error()

      


        A value-free option-validation refusal.



    





  
    Functions
  


    
      
        check_preconditions(socket)

      


        Reads the six server preconditions over socket and returns :ok iff all pass.



    


    
      
        read_server_uuid(socket)

      


        Reads @@server_uuid over an already-authenticated socket — the source-identity primitive
(design Q-src / Ch8).



    


    
      
        validate(opts)

      


        Validates raw start_link options into a normalised config map, or returns a
value-free error.



    


    
      
        validate_snapshot(opts)

      


        Normalises the initial-snapshot :snapshot block, or {:ok, nil} when it is absent (pure C1).



    





      


      
        Types


        


  
    
      
    
    
      batch_config()



        
          
        

    

  


  

      

          @type batch_config() :: %{
  max_transactions: pos_integer(),
  flush_ms: pos_integer(),
  mode: :lib_owned | :sink_owned
}


      


The normalised C3 batching configuration, or nil when absent (no batching).

  



  
    
      
    
    
      precondition_error()



        
          
        

    

  


  

      

          @type precondition_error() ::
  :binlog_format_not_row
  | :binlog_row_image_not_full
  | :binlog_row_metadata_not_full
  | :binlog_row_value_options_not_empty
  | :gtid_mode_not_on
  | :binlog_disabled
  | :precondition_query_failed


      


A value-free precondition-gate refusal (ADR-0002, extended by ADR-0013).

  



  
    
      
    
    
      snapshot_config()



        
          
        

    

  


  

      

          @type snapshot_config() :: %{
  tables: [{String.t(), String.t()}] | :all,
  store: {module(), keyword()},
  chunk_size: pos_integer()
}


      


The normalised initial-snapshot configuration (C2), or nil when :snapshot is absent
(pure C1). tables is the snapshot set (a concrete {schema, table} list, or :all when
it defaults to an :all capture — resolved to a concrete list at bootstrap). store is the
durable snapshot store {module, start_link_options}. chunk_size bounds the brief lock's
hold + buffered memory.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  connection: keyword(),
  server_id: pos_integer(),
  max_command_retries: non_neg_integer(),
  reconnect_backoff: pos_integer(),
  heartbeat_period_ms: pos_integer(),
  stream_timeout_ms: pos_integer(),
  xa: :refuse | :track,
  max_prepared_transactions: pos_integer(),
  batch: batch_config() | nil
}


      


The normalised configuration validate/1 returns on success.

  



  
    
      
    
    
      validation_error()



        
          
        

    

  


  

      

          @type validation_error() ::
  :config_invalid
  | :server_id_required
  | :tls_verification_unspecified
  | :invalid_liveness_config
  | :unknown_option


      


A value-free option-validation refusal.

  


        

      

      
        Functions


        


  
    
      
    
    
      check_preconditions(socket)



        
          
        

    

  


  

      

          @spec check_preconditions(Capstan.Protocol.Packet.socket()) ::
  :ok
  | {:error,
     precondition_error()
     | {:query_error, non_neg_integer()}
     | {:transport, term()}}


      


Reads the six server preconditions over socket and returns :ok iff all pass.
Issues ONE COM_QUERY on the already-authenticated socket and compares each value
as text (ADR-0002; log_bin per ADR-0013). A wrong variable refuses with its
distinct reason; a server or transport error is surfaced fail-closed, never
swallowed into a spurious :ok.

  



  
    
      
    
    
      read_server_uuid(socket)



        
          
        

    

  


  

      

          @spec read_server_uuid(Capstan.Protocol.Packet.socket()) ::
  {:ok, String.t()} | {:error, :server_uuid_read_failed}


      


Reads @@server_uuid over an already-authenticated socket — the source-identity primitive
(design Q-src / Ch8).
The bootstrap reads the STREAM connection's identity through this helper and pins the
Capstan.Query connection against it (:expected_server_uuid), so a query connection that
silently reconnects to a DIFFERENT replica mid-backfill is caught (:snapshot_source_mismatch)
— @@server_uuid is compared across BOTH connections. Returns {:ok, uuid} (a value-free
structural identity string) or the value-free {:error, :server_uuid_read_failed}; a
transport/query fault is scrubbed to the bare reason, never the raw term (Rule 1).

  



  
    
      
    
    
      validate(opts)



        
          
        

    

  


  

      

          @spec validate(keyword()) :: {:ok, t()} | {:error, validation_error()}


      


Validates raw start_link options into a normalised config map, or returns a
value-free error.
Refuses: :server_id_required (missing or non-positive server_id),
:tls_verification_unspecified (ssl: true with no CA source and no explicit
verify:), :invalid_liveness_config (stream_timeout_ms <= heartbeat_period_ms,
compared after defaults are applied — a window at or below the heartbeat interval would
false-drop a healthy idle stream), :unknown_option (a key outside the documented
surface — top level, connection:, snapshot:, or a store block — never silently
defaulted), and :config_invalid (any other missing or mis-shaped option, including a
liveness value beyond the schedulable timer ceiling).
Defaults applied: ssl true, ssl_opts [],
auth_plugins [:caching_sha2_password], password "", database nil,
max_command_retries 5, reconnect_backoff 1_000, heartbeat_period_ms 15_000,
stream_timeout_ms 60_000.

  



  
    
      
    
    
      validate_snapshot(opts)



        
          
        

    

  


  

      

          @spec validate_snapshot(keyword()) ::
  {:ok, snapshot_config() | nil} | {:error, :config_invalid | :unknown_option}


      


Normalises the initial-snapshot :snapshot block, or {:ok, nil} when it is absent (pure C1).
An absent :snapshot key returns {:ok, nil} and touches nothing — the pure-C1 path is
byte-for-byte unchanged. A present block normalises to a snapshot_config():
	tables — the snapshot set. Defaults to the capture allowlist (:tables, itself :all
by default). When given it MUST be a non-empty list of {schema, table} binary tuples;
the ⊆ captured check is Capstan.Pipeline.validate_snapshot_tables/2.
	store — REQUIRED, shaped like checkpoint_store: [module: impl, options: keyword()].
A missing or mis-shaped store fails closed :config_invalid (a half-configured backfill
would silently lose its resumability durability).
	chunk_size — a POSITIVE integer, default 4096.

Any mis-shaped field fails closed with the value-free :config_invalid (the generic
mis-shaped-option refusal, as elsewhere in this module); an unrecognized key in the
block or its store refuses :unknown_option.

  


        

      


  

    
Capstan.Connection 
    



      
The socket-owning GenServer: handshake, auth, the fail-closed gap gate, the dump,
and frame forwarding.
Connection owns ONLY the TCP/TLS socket. It never delivers to a sink and never
writes the checkpoint — Capstan.AssemblerServer is the sole checkpoint writer, so
there is no split-brain over the durable position. It does read the
durable resume position at each (re)establish (see "Resume position" below); reading is
not writing, and it is what makes a reconnect resume from the current watermark. That
split keeps the reconnect seam auditable: every socket-lifetime primitive (the reconnect
timer, the streaming reader) lives in this one module and is torn down with the
connection it serves.
Resume position
The dump resumes from the durable checkpoint, RE-READ from the checkpoint store on every
establish — the initial connect AND every reconnect. Freezing the resume position at
start-up would be a correctness bug: after a transient drop the AssemblerServer has
advanced the durable watermark, so a reconnect that replayed from the frozen start-up
position would (a) needlessly re-stream everything since start-up (the AssemblerServer
dedups it, but at O(run-length) cost) and, worse, (b) once source retention purged past
that stale position, feed gap_check/3 a checkpoint whose unapplied remainder intersects
gtid_purged — a false :data_gap halt on a perfectly healthy pipeline, re-opening
the very silent-loss vector the gate exists to close. Re-reading makes the resume correct
by construction. The Connection is given the store as a {impl, handle} and calls
Capstan.CheckpointStore.read_position/2 (read-only — the single-writer invariant holds).
A store read fault on refresh keeps the last-known position and proceeds (never worse than
the frozen behaviour; the next reconnect refreshes); a store is optional (its absence — in
a unit test wired only with :start_position — keeps the injected position).
Lifecycle
connect + auth  (via the injected connect_fun; default: gen_tcp + Handshake)
  -> Config.check_preconditions/1        (fail-closed server gate, ADR-0002 + 0013)
  -> read @@gtid_executed / @@gtid_purged
  -> gap_check/3                          (proactive retention gap)
  -> read @@server_uuid                   (source identity — ADR-0013 cycle reset)
  -> SET @master_binlog_checksum          (required BEFORE the dump)
  -> SET @master_heartbeat_period         (liveness — required BEFORE the dump)
  -> COM_BINLOG_DUMP_GTID                 (resume from the start position)
  -> stream frames -> receiver
Streaming liveness (half-open partition detection)
A silent half-open partition mid-stream would otherwise hang the pipeline forever — the
reader blocks on recv and MySQL only heartbeats an IDLE stream. Two mechanisms bound the
detection window: (1) SET @master_heartbeat_period asks the master to emit a
HEARTBEAT_LOG_EVENT after :heartbeat_period_ms of idleness (self-contained — not
dependent on the server's slave_net_timeout), so even a quiet-but-healthy stream keeps
delivering frames; (2) a parent-side liveness timer fires if NO frame (event OR
heartbeat) arrives within :stream_timeout_ms (default 4× the heartbeat period, tolerating
3 missed heartbeats) — on fire it emits [:capstan, :connection, :stream_timeout] (the stall
is no longer silent), kills the recv-blocked reader, and reconnects; a persistent partition
halts :stream_stalled via the established-then-dropped budget. keepalive: true on the
socket is the OS backstop for a fully-dead peer (its ~2h default idle is too slow to be
primary). The reader itself keeps reading with no recv timeout; liveness is the parent's job.
Receiver contract
Each streamed binlog event is forwarded as {:binlog_event, raw_event_bytes} where
raw_event_bytes is the 19-byte header + body + CRC — exactly what
Capstan.Binlog.Event.parse/1 consumes (this module never decodes; that is the
assembler's job). A fail-closed halt is delivered as {:capstan_halt, reason} and
then the process stops with {:shutdown, {:halt, reason}}.
The forwarding is a bare send/2, so it never raises when the receiver is dead — but a
send into a dead receiver is a silent no-op, and the receiver's OWN fail-closed halt does
not message back here. So this module monitors the receiver: on its :DOWN the
Connection stops fail-closed (:receiver_down) rather than keep streaming events into a
dead pid. Monitoring is not linking — a :shutdown stop of a :temporary child never
restarts, so this closes the silent stall without the restart livelock the plain-send
wiring exists to avoid.
Two independent counters
	Command budget (max_command_retries, default 5): counts failures that occur
before the connection establishes (connect/auth/query/dump-send errors). It
is RESET when a frame arrives — replicant's reset-on-frame policy, correct for
transient pre-establish faults. Halts :command_retries_exhausted on the max + 1-th
failure.
	Cycle counter: counts established-then-dropped cycles. It is NOT reset
by frame arrival, and is reset only by clean shutdown — or, since ADR-0013, by a
server change: a reconnect that passes gap_check/3 while observing a
@@server_uuid DIFFERENT from the previous cycle's resets the counter to 0 (a
failover promoted a new writer — the drop was the failover's DNS change, not an
eviction), and the observed UUID becomes the comparison baseline. A cycle against
the SAME @@server_uuid still counts: a duplicate server_id makes MySQL evict
this replica after each establish — authenticating and receiving frames before
dying — so a frame-reset counter would livelock forever while emitting healthy
:established telemetry, and a uuid-reset would never fire (the evicting server's
UUID never changes). Halts :server_id_conflict on the max + 1-th cycle.

Error 1236 is OVERLOADED (ADR-0003)
A dump refusal (error 1236) is discriminated on its message text: checksum-negotiation
text -> :checksum_negotiation_failed; purged-logs text (with OR without a named
range) -> :data_gap; a duplicate-replica message (server_uuid/server_id) ->
:server_id_conflict (MySQL 8.0.x evicts a same-server_id replica via 1236, not
a socket drop); anything else -> :unrecognized_dump_error, never :data_gap —
mapping 1236 unconditionally to a gap would tell an operator to reprovision past what is
actually a config bug, manufacturing the silent loss the gate exists to prevent.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        classify_dump_error(code, message)

      


        Discriminates a dump-refusal error into a halt reason (ADR-0003).



    


    
      
        gap_check(gtid_executed, gtid_purged, checkpoint)

      


        The proactive retention-gap predicate.



    


    
      
        parse_recover_rows(rows)

      


        Parses XA RECOVER resultset rows into XID digests — {:ok, [digest]} or :error.



    


    
      
        start_link(opts)

      


        Starts the connection.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      classify_dump_error(code, message)



        
          
        

    

  


  

      

          @spec classify_dump_error(non_neg_integer(), binary()) ::
  :checksum_negotiation_failed
  | :data_gap
  | :server_id_conflict
  | :unrecognized_dump_error
  | {:dump_failed, non_neg_integer()}


      


Discriminates a dump-refusal error into a halt reason (ADR-0003).
Error 1236 is overloaded: a checksum-negotiation message -> :checksum_negotiation_failed;
a purged-logs message (with or without a named range) -> :data_gap; a duplicate-replica
message (server_uuid/server_id) -> :server_id_conflict; any other 1236 ->
:unrecognized_dump_error (never :data_gap). A non-1236 code is surfaced as
{:dump_failed, code}.

  



  
    
      
    
    
      gap_check(gtid_executed, gtid_purged, checkpoint)



        
          
        

    

  


  

      

          @spec gap_check(String.t(), String.t(), String.t()) ::
  :ok | {:halt, :data_gap | :source_identity_mismatch}


      


The proactive retention-gap predicate.
Given the server's gtid_executed and gtid_purged and the resume checkpoint
(all canonical GTID-set strings), returns :ok when the pipeline is healthy, or a
fail-closed halt. The predicate is on the unapplied remainder, not the checkpoint
itself:
	a checkpoint carrying GTIDs the server never executed -> :source_identity_mismatch
	(gtid_executed − checkpoint) ∩ gtid_purged ≠ ∅ -> :data_gap

An empty checkpoint is a fresh start with no durable position to lose, so it never
halts — otherwise every fresh start against a server that has ever purged (i.e. every
real server) would falsely halt :data_gap, an over-rejection this gate must not commit.

  



  
    
      
    
    
      parse_recover_rows(rows)



        
          
        

    

  


  

      

          @spec parse_recover_rows([[binary()]]) :: {:ok, [binary()]} | :error


      


Parses XA RECOVER resultset rows into XID digests — {:ok, [digest]} or :error.
The pure, RED-capable seam maybe_xa_recover/1 refuses on: a row that is not the
documented 4-column binary shape, a NON-INTEGER-NUMERIC cell (span finding O6:
Integer.parse/1 accepts a PARTIAL match like "12abc", which String.to_integer/1
then crashes on — a malformed row must be the named :xa_recover_unexpected_shape
establish fault, never an ArgumentError crash), or a gtrid_length beyond the data
column (binary_part/3 would raise). Simple-query results are ALL text
(Critical Rule 2): every numeric cell is coerced as a FULL integer string.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Starts the connection.
Options: :server_id (required), :connection (keyword passed to the connect
function), :receiver (pid/name that frames and halts are sent to), :start_position
(%Capstan.Position{} or nil for a fresh start — the resume position used until the
first store refresh, and the only source when no store is given), :checkpoint_store
(an optional {impl_module, handle} re-read for the current resume position on every
establish; see "Resume position"), :max_command_retries (default 5), :connect_fun (a
1-arg override for the connect+auth step, default the real gen_tcp + Handshake path),
:reconnect_backoff ms, :heartbeat_period_ms (default 15_000 — the master heartbeat
interval; see "Streaming liveness"), :stream_timeout_ms (default 60_000 — the liveness
window; MUST be > :heartbeat_period_ms or start-up fails closed), and :name. Every
liveness/backoff value must be a positive integer within the schedulable
Process.send_after ceiling (2^32-1 ms), mirroring Capstan.Config.validate/1.

  


        

      


  

    
Capstan.Pipeline 
    



      
Pipeline entry — the per-mode Sink validation and the child-spec wiring for one
supervised pipeline (a Capstan.CheckpointStore process, a Capstan.AssemblerServer,
and a Capstan.Connection).
Capstan.Supervisor starts these children in order and threads the pids, because the
Connection's :receiver must be the AssemblerServer's PID. The
Connection forwards frames with a plain send/2, so the receiver is a PID: a
send to a terminated AssemblerServer is a silent no-op, never a raise that could
restart a fail-closed pipeline into a livelock. The Connection also monitors that
PID, so the AssemblerServer's fail-closed halt (which stops it without messaging back)
is not silent — the Connection stops fail-closed on the :DOWN instead of streaming
into the dead pid. Monitoring detects the death without linking, so neither :temporary
child restarts into the livelock the plain-send avoids.
Per-mode Sink callback required-ness
Capstan.Sink declares every callback @optional_callbacks; which are REQUIRED
depends on the checkpoint mode, enforced here at start-up via function_exported?/3 so
a sink missing a required callback is refused before a first-call crash:
	lib-owned (:checkpoint_store configured): handle_transaction/1.
	sink-owned (no :checkpoint_store): checkpoint/0 and handle_transaction/1.
	handle_schema_change/2 whenever DDL delivery is enabled — in C1 the pipeline
ALWAYS delivers self-committing DDL (ADR-0003), so it is required in both modes.

Both modes run (C1a): lib-owned wires a store child; sink-owned validates
checkpoint/0 here and the AssemblerServer seeds from it — no store child.

      


      
        Summary


  
    Types
  


    
      
        coordinator_wiring()

      


        The bootstrap-provided coordinator wiring (the supervisor supplies these AFTER the
assembler + snapshot-store children are up): the started AssemblerServer pid the coordinator
sends {:capstan_halt, _} to and observes the watermark from, the started {impl, handle}
snapshot store, the initial %Capstan.Snapshot.State{}, the per-table opened ChunkReader
handles, and the initial processed-watermark string (default "").



    


    
      
        sink_error()

      


        A value-free sink-validation refusal.



    





  
    Functions
  


    
      
        assembler_spec(opts, checkpoint_store)

      


        The AssemblerServer child spec, wired to the started checkpoint store {impl, handle}.



    


    
      
        batch_mode?(opts)

      


        The configured batch mode: nil (no batching), :lib_owned, or :sink_owned.



    


    
      
        checkpoint_store(opts)

      


        The lib-owned checkpoint store's implementation module and its start_link/1 options,
drawn from checkpoint_store: [module: impl, options: keyword()].



    


    
      
        connection_spec(opts, receiver, start_position, checkpoint_store \\ nil)

      


        The Connection child spec, wired so its :receiver is the AssemblerServer PID, its
dump resumes from start_position, and — given the started checkpoint store
{impl, handle} — it re-reads the durable resume position on every establish (so a
reconnect resumes from the current watermark, not the frozen start-up position; design
Q7 / F1). checkpoint_store defaults to nil so a Connection wired without a store
(a unit test) keeps the injected start_position.



    


    
      
        coordinator_spec(opts, wiring)

      


        The Capstan.Snapshot.Coordinator child spec (snapshot mode only), mirroring assembler_spec/2.



    


    
      
        lib_mode?(opts)

      


        Is this a lib-owned pipeline? True iff a non-nil :checkpoint_store is configured.



    


    
      
        resolve_start_position(opts, resumed)

      


        Resolve the public :start_position (default :checkpoint) against the position the
authority (checkpoint store / sink checkpoint) resumed with.



    


    
      
        snapshot_mode?(opts)

      


        Is this an initial-snapshot pipeline? True iff a non-nil :snapshot block is configured
(mirrors lib_mode?/1). An absent (or nil) :snapshot key ⇒ pure C1.



    


    
      
        snapshot_store_spec(impl, store_options)

      


        The durable Capstan.SnapshotStore child spec (snapshot mode only), mirroring store_spec/2.



    


    
      
        store_spec(impl, store_options)

      


        The checkpoint-store child spec (a :temporary child — a store fault halts, never restarts).



    


    
      
        validate_sink(opts)

      


        Validate the configured :sink against its checkpoint mode's required callbacks.



    


    
      
        validate_snapshot_tables(opts, arg2)

      


        Refuse a snapshot table outside the capture allowlist (:snapshot_table_not_captured).



    





      


      
        Types


        


  
    
      
    
    
      coordinator_wiring()



        
          
        

    

  


  

      

          @type coordinator_wiring() :: [
  assembler: pid() | atom(),
  snapshot_store: {module(), term()},
  snapshot_state: Capstan.Snapshot.State.t(),
  readers: %{optional({String.t(), String.t()}) => term()},
  processed_set: String.t()
]


      


The bootstrap-provided coordinator wiring (the supervisor supplies these AFTER the
assembler + snapshot-store children are up): the started AssemblerServer pid the coordinator
sends {:capstan_halt, _} to and observes the watermark from, the started {impl, handle}
snapshot store, the initial %Capstan.Snapshot.State{}, the per-table opened ChunkReader
handles, and the initial processed-watermark string (default "").

  



  
    
      
    
    
      sink_error()



        
          
        

    

  


  

      

          @type sink_error() ::
  :invalid_sink
  | :sink_missing_handle_transaction
  | :sink_missing_checkpoint
  | :sink_missing_handle_schema_change
  | :sink_missing_handle_snapshot
  | :sink_missing_handle_batch


      


A value-free sink-validation refusal.

  


        

      

      
        Functions


        


  
    
      
    
    
      assembler_spec(opts, checkpoint_store)



        
          
        

    

  


  

      

          @spec assembler_spec(
  keyword(),
  Capstan.AssemblerServer.checkpoint_store() | nil
) :: Supervisor.child_spec()


      


The AssemblerServer child spec, wired to the started checkpoint store {impl, handle}.

  



  
    
      
    
    
      batch_mode?(opts)



        
          
        

    

  


  

      

          @spec batch_mode?(keyword()) :: nil | :lib_owned | :sink_owned


      


The configured batch mode: nil (no batching), :lib_owned, or :sink_owned.

  



  
    
      
    
    
      checkpoint_store(opts)



        
          
        

    

  


  

      

          @spec checkpoint_store(keyword()) :: {module(), keyword()}


      


The lib-owned checkpoint store's implementation module and its start_link/1 options,
drawn from checkpoint_store: [module: impl, options: keyword()].

  



    

  
    
      
    
    
      connection_spec(opts, receiver, start_position, checkpoint_store \\ nil)



        
          
        

    

  


  

      

          @spec connection_spec(
  keyword(),
  pid(),
  Capstan.Position.t() | nil,
  Capstan.AssemblerServer.checkpoint_store() | nil
) :: Supervisor.child_spec()


      


The Connection child spec, wired so its :receiver is the AssemblerServer PID, its
dump resumes from start_position, and — given the started checkpoint store
{impl, handle} — it re-reads the durable resume position on every establish (so a
reconnect resumes from the current watermark, not the frozen start-up position; design
Q7 / F1). checkpoint_store defaults to nil so a Connection wired without a store
(a unit test) keeps the injected start_position.

  



  
    
      
    
    
      coordinator_spec(opts, wiring)



        
          
        

    

  


  

      

          @spec coordinator_spec(
  keyword(),
  coordinator_wiring()
) :: Supervisor.child_spec()


      


The Capstan.Snapshot.Coordinator child spec (snapshot mode only), mirroring assembler_spec/2.
The real (downstream) sink + the retry budget come from the pipeline opts; wiring carries
the bootstrap-produced pieces (see coordinator_wiring/0) — the supervisor builds it
once the assembler + snapshot-store children have started. A :temporary child: a fail-closed
snapshot halt never restarts.

  



  
    
      
    
    
      lib_mode?(opts)



        
          
        

    

  


  

      

          @spec lib_mode?(keyword()) :: boolean()


      


Is this a lib-owned pipeline? True iff a non-nil :checkpoint_store is configured.

  



  
    
      
    
    
      resolve_start_position(opts, resumed)



        
          
        

    

  


  

      

          @spec resolve_start_position(
  keyword(),
  Capstan.Position.t() | nil
) ::
  {:ok, Capstan.Position.t() | nil}
  | {:ok, :current, nil}
  | {:error, :config_invalid}


      


Resolve the public :start_position (default :checkpoint) against the position the
authority (checkpoint store / sink checkpoint) resumed with.
	:checkpoint — the resumed position (a %Position{} or nil for a fresh start);
	a %Capstan.Position{} — the override itself (C1b): BOTH the dump and the
assembler watermark seed from it, so the two can never disagree;
	:current — {:ok, :current, nil} marker (C1b): the caller resolves it against
the server's live @@global.gtid_executed over an authenticated socket, pre-dump;
	anything else — {:error, :config_invalid}.


  



  
    
      
    
    
      snapshot_mode?(opts)



        
          
        

    

  


  

      

          @spec snapshot_mode?(keyword()) :: boolean()


      


Is this an initial-snapshot pipeline? True iff a non-nil :snapshot block is configured
(mirrors lib_mode?/1). An absent (or nil) :snapshot key ⇒ pure C1.

  



  
    
      
    
    
      snapshot_store_spec(impl, store_options)



        
          
        

    

  


  

      

          @spec snapshot_store_spec(
  module(),
  keyword()
) :: Supervisor.child_spec()


      


The durable Capstan.SnapshotStore child spec (snapshot mode only), mirroring store_spec/2.
A :temporary child — a snapshot-store fault halts fail-closed, never restarts into a
re-scan-from-zero livelock.

  



  
    
      
    
    
      store_spec(impl, store_options)



        
          
        

    

  


  

      

          @spec store_spec(
  module(),
  keyword()
) :: Supervisor.child_spec()


      


The checkpoint-store child spec (a :temporary child — a store fault halts, never restarts).

  



  
    
      
    
    
      validate_sink(opts)



        
          
        

    

  


  

      

          @spec validate_sink(keyword()) :: :ok | {:error, sink_error()}


      


Validate the configured :sink against its checkpoint mode's required callbacks.
Returns :ok, or a distinct value-free refusal naming the missing callback. Every
check is a runtime function_exported?/3 (the callbacks are @optional_callbacks).

  



  
    
      
    
    
      validate_snapshot_tables(opts, arg2)



        
          
        

    

  


  

      

          @spec validate_snapshot_tables(
  keyword(),
  Capstan.Config.snapshot_config() | nil
) :: :ok | {:error, :snapshot_table_not_captured}


      


Refuse a snapshot table outside the capture allowlist (:snapshot_table_not_captured).
Every snapshot table MUST be captured by the stream: the stream is what delivers the
gtid > G changes the cursor-gate suppresses from the chunk, so a snapshot table the stream
does not carry would silently gap. :all capture trivially includes every snapshot table.
snapshot is the normalised Capstan.Config.snapshot_config() (or nil in pure C1 — a
no-op :ok).

  


        

      


  

    
Capstan.Protocol.Command 
    



      
MySQL replication commands and text-resultset decoding.
Builds the request payloads capstan sends over an authenticated
Capstan.Protocol.Packet socket — COM_QUERY, COM_REGISTER_SLAVE, and the
resume-carrying COM_BINLOG_DUMP_GTID — and decodes the text resultset a
COM_QUERY returns. Framing, the >16 MiB split, and length-encoded primitives all
live in Capstan.Protocol.Packet; GTID-set algebra lives in Capstan.Gtid.
The resume encoding (F2 — silent-loss class)
COM_BINLOG_DUMP_GTID carries the checkpoint the client has already applied, and
the server resumes streaming from the first transaction not in it. The wire
interval end is EXCLUSIVE while Capstan.Gtid is INCLUSIVE: a checkpoint of
uuid:1-11 (GTIDs 1..11 applied) encodes as start = 1, end = 12. The high + 1
conversion lives here, in com_binlog_dump_gtid/2, and nowhere else. An off-by-one
skips or replays exactly one transaction per interval on every restart — silently,
with no server error — so it is pinned by round-trip byte tests and a live tripwire.
NULL in a text resultset
A NULL column value is the single byte 0xFB, which is not a length. Packet's
lenenc_int/1 has no 0xFB clause by design, so the row decoder must detect NULL
and yield nil before delegating to lenenc_str/1 — otherwise a NULL column would
raise FunctionClauseError.

      


      
        Summary


  
    Types
  


    
      
        row()

      


        A row of a text resultset; a NULL column is nil.



    





  
    Functions
  


    
      
        com_binlog_dump_gtid(server_id, gtid_set)

      


        Builds a COM_BINLOG_DUMP_GTID request that resumes from gtid_set.



    


    
      
        com_query(sql)

      


        Builds a COM_QUERY request: the command byte 0x03 followed by the SQL text.



    


    
      
        com_register_slave(server_id)

      


        Builds a COM_REGISTER_SLAVE request identifying this client to the source.



    


    
      
        query(socket, sql, timeout \\ 20000)

      


        Sends sql as a COM_QUERY on socket and reads the response.



    





      


      
        Types


        


  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: [binary() | nil]


      


A row of a text resultset; a NULL column is nil.

  


        

      

      
        Functions


        


  
    
      
    
    
      com_binlog_dump_gtid(server_id, gtid_set)



        
          
        

    

  


  

      

          @spec com_binlog_dump_gtid(non_neg_integer(), Capstan.Gtid.t()) :: binary()


      


Builds a COM_BINLOG_DUMP_GTID request that resumes from gtid_set.
The payload is the command byte, flags (BINLOG_THROUGH_GTID), server_id, an
empty binlog name (length 0), the start position (4), then the data_size-prefixed
GTID-set block: n_sids, and per source the 16 raw UUID bytes, its interval count,
and each {start, end} pair. Each INCLUSIVE high is encoded as the EXCLUSIVE
wire high + 1. An empty set encodes as n_sids = 0 and streams everything
the server still retains.

  



  
    
      
    
    
      com_query(sql)



        
          
        

    

  


  

      

          @spec com_query(binary()) :: binary()


      


Builds a COM_QUERY request: the command byte 0x03 followed by the SQL text.

  



  
    
      
    
    
      com_register_slave(server_id)



        
          
        

    

  


  

      

          @spec com_register_slave(non_neg_integer()) :: binary()


      


Builds a COM_REGISTER_SLAVE request identifying this client to the source.
Hostname, user and password are advertised empty and the replication rank and
master-id are zero — capstan positions with COM_BINLOG_DUMP_GTID, so only the
server_id is meaningful.

  



    

  
    
      
    
    
      query(socket, sql, timeout \\ 20000)



        
          
        

    

  


  

      

          @spec query(Capstan.Protocol.Packet.socket(), binary(), timeout()) ::
  :ok
  | {:ok, [row()]}
  | {:error, {:query_error, non_neg_integer()} | {:transport, term()}}


      


Sends sql as a COM_QUERY on socket and reads the response.
Returns :ok for a statement with no resultset (an OK packet — e.g. SET),
{:ok, rows} for a text resultset (each row a list of column values, nil for a
NULL column), and {:error, {:query_error, code}} for a server error. A transport
failure on send is {:error, {:transport, reason}}.

  


        

      


  

    
Capstan.Protocol.Handshake 
    



      
MySQL connection handshake, authentication and TLS upgrade.
A pure protocol module: it takes an already-connected {:gen_tcp, socket} plus
resolved options and drives, in order, the initial-handshake parse, an optional
TLS upgrade, and authentication — returning an authenticated, transport-tagged
socket ({:gen_tcp, _} or {:ssl, _}, per Capstan.Protocol.Packet) and the
negotiated server capabilities. It owns no process, no config validation and no
socket lifecycle; Capstan.Connection supplies the socket and the options.
Transport posture (design Q6 / Q17)
TLS is expected to be on by default (the caller passes ssl: false to opt out).
Peer verification is an explicit operator choice, never a silent default: with
ssl: true the caller must supply EITHER a cacertfile/cacerts OR an explicit
verify: in ssl_opts. Given neither, connect/2 fails closed with
:tls_verification_unspecified rather than silently selecting verify_none —
OTP would otherwise default to verify_peer, which cannot validate MySQL's
self-signed auto-generated certificate, and the tempting "fix" is unauthenticated
TLS chosen by nobody.
Authentication (design Q6)
caching_sha2_password is the preferred plugin, including its RSA-public-key
full-auth path. mysql_native_password is honoured only when named in
auth_plugins; using it logs a deprecation warning (removed in MySQL 9.x).
The full-auth secret handling is fail-closed: on a full-auth request over TLS the
protocol permits the secure-channel fast path (the password crosses the already
encrypted channel). Over a plaintext channel the password is never sent in
the clear — it is XORed with the auth nonce and RSA-OAEP encrypted with the
server's public key; if that key cannot be obtained, connect/2 fails closed
with :insecure_auth_refused, and a server-supplied key that does not decode
fails closed with :bad_public_key (never a raise).
Rule 1
The connection password appears in no returned term, error, or log line emitted
by this module.

      


      
        Summary


  
    Types
  


    
      
        connect_opt()

      


        Resolved connection options.



    


    
      
        initial_handshake()

      


        Parsed Protocol::HandshakeV10 initial handshake.



    


    
      
        result()

      


        Result of a successful handshake.



    


    
      
        socket()

      


        A transport-tagged socket, as defined by Capstan.Protocol.Packet.



    





  
    Functions
  


    
      
        caching_sha2_scramble(password, nonce)

      


        The caching_sha2_password fast-auth scramble.



    


    
      
        connect(socket, opts)

      


        Reads the initial handshake, optionally upgrades to TLS, and authenticates.



    


    
      
        encrypt_password(password, nonce, public_key_pem)

      


        Encrypts the password for the caching_sha2_password full-auth path.



    


    
      
        native_scramble(password, nonce)

      


        The mysql_native_password scramble (opt-in plugin).



    


    
      
        parse_initial_handshake(arg1)

      


        Parses a Protocol::HandshakeV10 initial handshake packet.



    





      


      
        Types


        


  
    
      
    
    
      connect_opt()



        
          
        

    

  


  

      

          @type connect_opt() ::
  {:username, String.t()}
  | {:password, String.t()}
  | {:database, String.t() | nil}
  | {:ssl, boolean()}
  | {:ssl_opts, keyword()}
  | {:auth_plugins, [atom()]}
  | {:host, charlist() | String.t()}
  | {:timeout, timeout()}


      


Resolved connection options.

  



  
    
      
    
    
      initial_handshake()



        
          
        

    

  


  

      

          @type initial_handshake() :: %{
  server_version: String.t(),
  connection_id: non_neg_integer(),
  salt: binary(),
  auth_plugin: String.t(),
  capabilities: non_neg_integer(),
  charset: byte(),
  status: non_neg_integer()
}


      


Parsed Protocol::HandshakeV10 initial handshake.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: %{
  socket: socket(),
  server_version: String.t(),
  capabilities: non_neg_integer(),
  connection_id: non_neg_integer(),
  tls: boolean()
}


      


Result of a successful handshake.

  



  
    
      
    
    
      socket()



        
          
        

    

  


  

      

          @type socket() :: Capstan.Protocol.Packet.socket()


      


A transport-tagged socket, as defined by Capstan.Protocol.Packet.

  


        

      

      
        Functions


        


  
    
      
    
    
      caching_sha2_scramble(password, nonce)



        
          
        

    

  


  

      

          @spec caching_sha2_scramble(binary(), binary()) :: binary()


      


The caching_sha2_password fast-auth scramble.
SHA256(password) XOR SHA256(SHA256(SHA256(password)) <> nonce). An empty
password scrambles to an empty response.

  



  
    
      
    
    
      connect(socket, opts)



        
          
        

    

  


  

      

          @spec connect(socket(), [connect_opt()]) :: {:ok, result()} | {:error, term()}


      


Reads the initial handshake, optionally upgrades to TLS, and authenticates.
socket is an already-connected {:gen_tcp, socket}. On success returns
{:ok, result} carrying the authenticated (possibly TLS-upgraded) socket and the
negotiated capabilities; on failure returns {:error, reason} with a value-free
reason.

  



  
    
      
    
    
      encrypt_password(password, nonce, public_key_pem)



        
          
        

    

  


  

      

          @spec encrypt_password(binary(), binary(), binary()) ::
  {:ok, binary()} | {:error, :bad_public_key}


      


Encrypts the password for the caching_sha2_password full-auth path.
The NUL-terminated password is XORed with the auth nonce (cycled) and then
RSA-OAEP encrypted with the server's PEM-encoded public key. A public key that
does not decode fails closed with {:error, :bad_public_key} — the password is
never sent when the key is unusable.

  



  
    
      
    
    
      native_scramble(password, nonce)



        
          
        

    

  


  

      

          @spec native_scramble(binary(), binary()) :: binary()


      


The mysql_native_password scramble (opt-in plugin).
SHA1(password) XOR SHA1(nonce <> SHA1(SHA1(password))). An empty password
scrambles to an empty response.

  



  
    
      
    
    
      parse_initial_handshake(arg1)



        
          
        

    

  


  

      

          @spec parse_initial_handshake(binary()) ::
  {:ok, initial_handshake()} | {:error, term()}


      


Parses a Protocol::HandshakeV10 initial handshake packet.
Returns {:ok, handshake} or {:error, reason} (a server error packet becomes
{:error, {:handshake_error, code}}).

  


        

      


  

    
Capstan.Protocol.Packet 
    



      
MySQL client/server protocol framing.
Every MySQL wire packet is a 4-byte header — <<length::24-little, sequence_id::8>> —
followed by exactly length payload bytes.
Split packets (>= 16 MiB)
A logical payload of 0xFFFFFF bytes or more does not fit the 24-bit length field, so
the peer splits it: each 0xFFFFFF-byte packet means more follows, and the sequence
terminates with the first packet shorter than 0xFFFFFF — which is zero-length when
the logical payload is an exact multiple of 0xFFFFFF.
Reading a continuation packet as a fresh header does not fail loudly: the reader
desynchronises mid-payload and every subsequent frame is garbage. read_packet/2
therefore reassembles the whole logical payload before returning, and raises on a
short or truncated read rather than returning a partial payload.
Errors raised here never include payload bytes — only lengths, frame indices and the
transport reason.

      


      
        Summary


  
    Types
  


    
      
        sequence_id()

      


        MySQL packet sequence id — wraps at 255.



    


    
      
        socket()

      


        A socket tagged with its transport module, so the same framing serves both the
plaintext and the TLS-upgraded connection.



    





  
    Functions
  


    
      
        encode(payload, sequence_id)

      


        Frames payload under sequence_id, splitting it when it reaches 16 MiB.



    


    
      
        lenenc_int(arg)

      


        Reads a length-encoded integer, returning {value, rest}.



    


    
      
        lenenc_str(bin)

      


        Reads a length-encoded string, returning {value, rest}.



    


    
      
        read_packet(socket, timeout \\ 20000)

      


        Reads one logical packet, reassembling a split (>= 16 MiB) payload.



    


    
      
        send_packet(arg, payload, sequence_id)

      


        Frames payload under sequence_id and writes it to socket.



    





      


      
        Types


        


  
    
      
    
    
      sequence_id()



        
          
        

    

  


  

      

          @type sequence_id() :: 0..255


      


MySQL packet sequence id — wraps at 255.

  



  
    
      
    
    
      socket()



        
          
        

    

  


  

      

          @type socket() :: {:gen_tcp, :gen_tcp.socket()} | {:ssl, :ssl.sslsocket()}


      


A socket tagged with its transport module, so the same framing serves both the
plaintext and the TLS-upgraded connection.

  


        

      

      
        Functions


        


  
    
      
    
    
      encode(payload, sequence_id)



        
          
        

    

  


  

      

          @spec encode(binary(), sequence_id()) :: iodata()


      


Frames payload under sequence_id, splitting it when it reaches 16 MiB.
A payload that is an exact multiple of 0xFFFFFF bytes is terminated with a
zero-length packet, mirroring what read_packet/2 expects to read. Sequence ids
increment per frame and wrap at 255.

  



  
    
      
    
    
      lenenc_int(arg)



        
          
        

    

  


  

      

          @spec lenenc_int(binary()) :: {non_neg_integer(), binary()}


      


Reads a length-encoded integer, returning {value, rest}.

  



  
    
      
    
    
      lenenc_str(bin)



        
          
        

    

  


  

      

          @spec lenenc_str(binary()) :: {binary(), binary()}


      


Reads a length-encoded string, returning {value, rest}.

  



    

  
    
      
    
    
      read_packet(socket, timeout \\ 20000)



        
          
        

    

  


  

      

          @spec read_packet(socket(), timeout()) :: {sequence_id(), binary()}


      


Reads one logical packet, reassembling a split (>= 16 MiB) payload.
Returns {sequence_id, payload} where sequence_id is the id of the last frame of
the sequence. Raises if the stream ends or stalls mid-packet.

  



  
    
      
    
    
      send_packet(arg, payload, sequence_id)



        
          
        

    

  


  

      

          @spec send_packet(socket(), binary(), sequence_id()) :: :ok | {:error, term()}


      


Frames payload under sequence_id and writes it to socket.

  


        

      


  

    
Capstan.Snapshot 
    



      
Initial-snapshot public config validation + the bootstrap orchestration (C2 —
the P0 pre-seed that avoids C1b, design Q10 / Ch5).
What the bootstrap does
In snapshot mode Capstan.Supervisor calls bootstrap/4 after starting the checkpoint +
snapshot stores and BEFORE it reads the checkpoint position, so the pre-seed lands first:
	Read the durable %Capstan.Snapshot.State{} + reconcile its table set against config.
The stored state binds the tables introspected at the fresh start; the configured
snapshot.tables must still match it (reconcile_tables/2) or the bootstrap halts
:snapshot_config_drifted — a table ADDED to config after a :complete/mid-snapshot state
would otherwise be silently never backfilled (both the :complete short-circuit and
open_resume/3 key off the STORED set). status: :complete (with a matching set) ⇒ the
backfill is already done — signal :complete so the supervisor wires the real sink directly
(pure C1, no coordinator). No source connection is opened in this case (the reconcile is a
pure key comparison).
	Establish the transient query connection, source-identity pinned (Ch8). The stream
connection's @@server_uuid is read via Capstan.Config.read_server_uuid/1 over an
independent authenticated socket, and the Capstan.Query connection is established
pinned to it (:expected_server_uuid). A query connection that lands on a DIFFERENT
replica than the stream — a VIP failover between the two connects — is caught
:snapshot_source_mismatch (the cross-connection source-identity check).
	Resolve P0. A FRESH start reads P0 = @@global.gtid_executed over the query
connection (a read fault halts :snapshot_bootstrap_gtid_read_failed). A mid-snapshot
RESUME uses the STORED p0 from the durable %State{} — immune to @@gtid_executed
drift across a bootstrap crash.
	Seed the checkpoint store. P0 is written ONLY when the checkpoint is empty or
already equals p0 (seed_checkpoint/2) — it NEVER regresses a watermark the stream
already advanced. This makes the dump AND the assembler watermark both resolve to P0
through the sanctioned start_position: :checkpoint path (no C1b, no ADR-0004
supersession).
	Seed the durable %State{} + open the readers. A Capstan.Snapshot.ChunkReader is
opened per not-done snapshot table (introspecting the order-faithful PK + baseline
fingerprint), and the %State{} (per-table pk_cursor: :start, p0) is persisted. On
resume the durable per-table cursors are kept and each reader reopened with the stored
fingerprint (a schema drift across the resume is caught on chunk 1).

The supervisor then starts the Capstan.Snapshot.Coordinator with processed_set = the live
watermark (P0) so a chunk whose G ≤ P0 emits immediately, wires it as the
assembler's sink by NAME, and injects the observer + monitor via
Capstan.AssemblerServer.attach_coordinator/2.
Retention purge racing the bootstrap (tripwire 11)
The seed NEVER masks a retention gap. Across a bootstrap crash-window (the checkpoint seeded
but the %State{} not yet written), a re-bootstrap reads a fresh gtid_executed = p0' yet
seed_checkpoint/2 LEAVES the earlier P0 untouched (p0' ≠ P0). If the source has since
PURGED past that P0, the stream resumes from it and the EXISTING C1 gap gate fires
:data_gap — the bootstrap does not map error 1236 to :ok, nor overwrite the gapped
checkpoint with the current position (which WOULD mask the loss).
Rule 1
P0 and the %State{} p0 are GTID-set STRINGS (Capstan.Gtid form) — structural, not row
values. The per-table pk_cursor/fingerprint are user data; they live only in the durable
%State{} (whose Inspect elides the tables map) and are never logged or telemetered here.
Every failure is a value-free atom; the transient query connection's password never leaves the
Capstan.Query handle.

      


      
        Summary


  
    Types
  


    
      
        checkpoint_store()

      


        A checkpoint store handle as {callback_module, store_handle}.



    


    
      
        readers()

      


        The per-table opened ChunkReader handles for the coordinator's readers map.



    


    
      
        result()

      


        The bootstrap outcome



    


    
      
        snapshot_store()

      


        A snapshot store handle as {callback_module, store_handle}.



    





  
    Functions
  


    
      
        bootstrap(opts, snapshot, checkpoint_store, snapshot_store)

      


        Runs the snapshot bootstrap against the already-started checkpoint_store + snapshot_store.



    


    
      
        seed_checkpoint(arg, p0)

      


        Seeds the checkpoint store with p0 ONLY when the checkpoint is empty or already equals p0.



    


    
      
        validate(opts)

      


        Validates the snapshot configuration surface: normalises the :snapshot block
(Capstan.Config.validate_snapshot/1) and enforces snapshot_tables ⊆ captured
(Capstan.Pipeline.validate_snapshot_tables/2).



    





      


      
        Types


        


  
    
      
    
    
      checkpoint_store()



        
          
        

    

  


  

      

          @type checkpoint_store() :: {module(), Capstan.CheckpointStore.store()}


      


A checkpoint store handle as {callback_module, store_handle}.

  



  
    
      
    
    
      readers()



        
          
        

    

  


  

      

          @type readers() :: %{
  optional({String.t(), String.t()}) => Capstan.Snapshot.ChunkReader.t()
}


      


The per-table opened ChunkReader handles for the coordinator's readers map.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() ::
  :complete
  | {:snapshot, Capstan.Snapshot.State.t(), readers(), String.t()}
  | {:error, atom()}


      


The bootstrap outcome:
	:complete — the durable %State{} is status: :complete; wire pure C1 (no coordinator).
	{:snapshot, state, readers, processed_set} — a fresh/mid-snapshot start: the seeded
%State{}, the per-table readers, and the initial processed-watermark string (P0) the
coordinator seeds its advance gate with.
	{:error, reason} — a value-free bootstrap halt.


  



  
    
      
    
    
      snapshot_store()



        
          
        

    

  


  

      

          @type snapshot_store() :: {module(), Capstan.SnapshotStore.store()}


      


A snapshot store handle as {callback_module, store_handle}.

  


        

      

      
        Functions


        


  
    
      
    
    
      bootstrap(opts, snapshot, checkpoint_store, snapshot_store)



        
          
        

    

  


  

      

          @spec bootstrap(
  keyword(),
  Capstan.Config.snapshot_config(),
  checkpoint_store(),
  snapshot_store()
) ::
  result()


      


Runs the snapshot bootstrap against the already-started checkpoint_store + snapshot_store.
opts is the pipeline wiring (:connection, optional :connect_fun / :max_command_retries
test seams); snapshot is the normalised Capstan.Config.snapshot_config(). Returns a
result/0. Reads the durable %State{} FIRST (short-circuiting to :complete without
opening any source connection); otherwise establishes the source-pinned query connection,
resolves + seeds P0, and opens the per-table readers. See the moduledoc for the full
sequence and the fail-closed halts.

  



  
    
      
    
    
      seed_checkpoint(arg, p0)



        
          
        

    

  


  

      

          @spec seed_checkpoint(checkpoint_store(), String.t()) :: :ok | {:error, term()}


      


Seeds the checkpoint store with p0 ONLY when the checkpoint is empty or already equals p0.
A checkpoint the stream has already advanced past p0 (a resume, or a bootstrap crash-window
re-read) is LEFT untouched — the seed never regresses a watermark, and never masks a retention
gap by overwriting a stale-but-gapped checkpoint with the current position (tripwire 11).
Equality is a GTID-set comparison (Capstan.Gtid), not a string compare. Returns :ok or a
value-free store error.

  



  
    
      
    
    
      validate(opts)



        
          
        

    

  


  

      

          @spec validate(keyword()) ::
  {:ok, Capstan.Config.snapshot_config() | nil}
  | {:error, :config_invalid | :snapshot_table_not_captured}


      


Validates the snapshot configuration surface: normalises the :snapshot block
(Capstan.Config.validate_snapshot/1) and enforces snapshot_tables ⊆ captured
(Capstan.Pipeline.validate_snapshot_tables/2).
Returns {:ok, snapshot_config | nil} (nil when :snapshot is absent — pure C1) or a
value-free {:error, reason} (:config_invalid, :snapshot_table_not_captured). Composes
the two existing validators so the snapshot config surface has one documented entry point.

  


        

      


  

    
Capstan.Snapshot.Chunk 
    



      
A transient, in-memory backfill chunk awaiting the advance gate.
table is the {schema, table} pair; seq the chunk sequence number; g the chunk's
EXACT GTID position string captured under the brief per-chunk LOCK TABLES … READ (a
provable lower bound on the chunk's read view); rows the materialized chunk rows (a
bounded list — at most one chunk is buffered at a time); max_pk the canonical PK of the
last row (the cursor advances to it when the chunk is emitted).
Rule 1
rows and max_pk are row VALUES (user data). The @derive {Inspect, only: [:table, :seq, :g]} renders only the structural identity and elides them, so an incidental inspect
of a buffered chunk can never surface a row value.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Snapshot.Chunk{
  g: String.t(),
  max_pk: term(),
  rows: [map()],
  seq: non_neg_integer(),
  table: {String.t(), String.t()}
}


      



  


        

      


  

    
Capstan.Snapshot.ChunkReader 
    



      
The brief-lock exact-G capture + PK-range paging + structural fingerprint (C2,
design Ch1 — THE linchpin).
A ChunkReader owns a Capstan.Query connection and, per chunk of a snapshot table T,
captures the chunk rows paired with an exact GTID position G that is a provable lower
bound on the chunk's read view for T. That pairing is the correctness property the whole
snapshot rests on: a lock-free @@gtid_executed read LEADS InnoDB row-visibility under
concurrent commit (probe-confirmed: 300000/300000 under 3 writers), so a bare read would let
a stale chunk row overwrite a fresh streamed row — silent corruption. A brief LOCK TABLES … READ quiesces T's writes while G and a START TRANSACTION WITH CONSISTENT SNAPSHOT view
are captured together, making G exact.
The pinned capture sequence (design § Pinned decisions #2)
Per chunk of T from cursor, EXACTLY:
(i)   SET SESSION lock_wait_timeout = <bounded>   -- MDL default ~1yr; a bound turns a
                                                  --   contended lock into a HALT, not a wedge
(ii)  LOCK TABLES `T` READ                        -- waits for in-flight T-writes, blocks new ones
(iii) G = SELECT @@global.gtid_executed           -- EXACT: every T-txn <= G is committed AND visible
(iv)  START TRANSACTION WITH CONSISTENT SNAPSHOT   -- pins the read view V; for T, V == state as-of G
(v)   UNLOCK TABLES                                -- release; the pinned view V survives the unlock
(vi)  SELECT <projected cols> FROM `T`             -- as-of V, lock-free
        WHERE pk > cursor ORDER BY pk LIMIT chunk_size + 1   -- +1 = finality look-ahead
(vii) COMMIT
Step (iii) uses @@global.gtid_executed; gtid_executed is a global-scoped variable, so
@@global.gtid_executed and the pinned decision's shorthand @@gtid_executed read the same
value. The projection is EXPLICIT (never SELECT *) so the chunk carries the full row image
and the per-chunk fingerprint is well-defined.
Halts (value-free atoms; design § Preconditions)
Faults are classified POSITIONALLY, by which phase of the pinned sequence failed — this is
how the reader honours the forward-finding that Capstan.Query.query/2 scrubs the
MySQL error CODE (so a lock-wait timeout 1205 and a chunk-read fault both return the same
value-free atom and cannot be told apart from the return value alone). The statement that
failed is the distinct signal instead:
	:snapshot_lock_unavailable — a fault while ACQUIRING the lock: the bounding
SET SESSION lock_wait_timeout or the LOCK TABLES … READ itself. A lock-wait timeout
(bounded by step (i)) and a missing LOCK TABLES privilege both surface here — both are
"could not obtain the lock". Budgeted, then halts.
	:snapshot_chunk_read_failed — a fault ONCE THE LOCK IS HELD or the view is being
read: SELECT @@global.gtid_executed, START TRANSACTION WITH CONSISTENT SNAPSHOT,
UNLOCK TABLES, the chunk SELECT, or COMMIT. The chunk SELECT is the canonical
case; the surrounding view statements share its fate (the chunk could not be read
consistently). Budgeted, then halts.
	:snapshot_schema_drifted — the per-chunk structural fingerprint changed from the
baseline (an in-flight DDL). PERMANENT (a drifted schema does not un-drift on retry), so
it halts immediately without spending the budget. (The other drift arm — an observed
%Capstan.SchemaChange{} on the table — is the coordinator's; the reader owns the
fingerprint arm.)

Budgeted faults reuse Capstan.CheckpointStore.retry_decision/2 — the shared counter, never
re-derived — so retry semantics cannot drift from C1. Permanence is classified POSITIONALLY,
not via CheckpointStore.permanent_reason?/1: that helper only recognizes a store-config
fault (:config_invalid) and would misclassify a code-scrubbed reader fault, so schema drift
is marked permanent by construction (check_fingerprint/1 returns {:permanent, _} directly)
and every lock/read fault is budgeted. The reader retries the whole capture on its OWN
connection; it does NOT reconnect (a reconnect re-verifies source
identity, Ch8, and is the coordinator's lifecycle concern) — a dead connection burns the budget
and halts fail-closed, which the coordinator then propagates.
Rule 1 (design § Rule 1, tripwire 13)
The cursor is a row VALUE embedded as a SQL literal in WHERE pk > <cursor>. On a
:snapshot_chunk_read_failed the failing SQL is NEVER logged or returned: Capstan.Query
never logs SQL and returns a value-free atom, and this module maps faults to bare atoms and
discards every raw fault term — so the cursor appears in no log, error, or crash report. The
produced %Capstan.Snapshot.Chunk{} derives a value-eliding Inspect (rows/max_pk are
never rendered). No row value or cursor is ever logged or telemetered here.

      


      
        Summary


  
    Types
  


    
      
        cursor()

      


        The paging cursor: :start, or the previous chunk's max_pk.



    


    
      
        read_result()

      


        The result of read_chunk/2



    


    
      
        t()

      


    





  
    Functions
  


    
      
        open(query, arg, opts \\ [])

      


        Opens a reader for {schema, table} over an established Capstan.Query handle.



    


    
      
        read_chunk(reader, cursor)

      


        Reads the next chunk of rows with pk > cursor (or from the start when cursor is :start),
paired with the chunk's exact GTID position G, under the pinned brief-lock capture sequence.



    





      


      
        Types


        


  
    
      
    
    
      cursor()



        
          
        

    

  


  

      

          @type cursor() ::
  Capstan.Snapshot.PrimaryKey.canonical_pk()
  | %{
      raw: Capstan.Snapshot.PrimaryKey.canonical_pk(),
      weight: Capstan.Snapshot.PrimaryKey.canonical_pk()
    }
  | :start


      


The paging cursor: :start, or the previous chunk's max_pk.
For a table with NO string PK column the cursor is the bare canonical PK (integer /
binary / tuple). For a table WITH a string PK column it is the ADR-0012 DUAL form
%{raw: page_form, weight: gate_form} — raw carries the column bytes that build the
WHERE pk > CONVERT(X'..' …) COLLATE … literal (and is exactly what the binlog delivers
for the same column), weight carries the server-computed collation weights the
cursor-gate compares. At resume the weight half is RECOMPUTED from raw
(coordinator.ex), so both halves always come from the same server.

  



  
    
      
    
    
      read_result()



        
          
        

    

  


  

      

          @type read_result() ::
  {:ok, Capstan.Snapshot.Chunk.t(), boolean(), t()}
  | {:done, t()}
  | {:error, atom()}


      


The result of read_chunk/2:
	{:ok, chunk, final?, reader} — a chunk of 1..chunk_size rows; final? is true when
the one-row look-ahead (the chunk SELECT reads LIMIT chunk_size + 1) proved no further
chunk exists — i.e. the read returned at most chunk_size rows. final? is derived from
the look-ahead, NOT a length < chunk_size count, so a table whose row count is an exact
multiple of chunk_size still gets a final?: true last chunk (the look-ahead proves
the table is exhausted). reader
carries the incremented sequence number.
	{:done, reader} — the page from cursor is empty; the table is fully paged. Under the
look-ahead a NON-empty table's last chunk is already final?: true, so this arises only
for an empty table (a :start read that returns no rows).
	{:error, reason} — a value-free halt atom.


  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Capstan.Snapshot.ChunkReader{
  chunk_size: pos_integer(),
  fingerprint: String.t(),
  lock_wait_timeout: pos_integer(),
  max_retries: non_neg_integer(),
  pk_charsets: [nil | String.t()],
  pk_collations: [nil | String.t()],
  pk_columns: [String.t()],
  pk_indices: [non_neg_integer()],
  pk_types: [Capstan.Snapshot.PrimaryKey.pk_type()],
  projection: [String.t()],
  query: Capstan.Query.t(),
  schema: String.t(),
  seq: non_neg_integer(),
  table: String.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      open(query, arg, opts \\ [])



        
          
        

    

  


  

      

          @spec open(Capstan.Query.t(), {String.t(), String.t()}, keyword()) ::
  {:ok, t()} | {:error, atom()}


      


Opens a reader for {schema, table} over an established Capstan.Query handle.
Introspects the order-faithful PK (via Capstan.Snapshot.PrimaryKey.introspect/2) and reads
the table's ordinal column list to fix the EXPLICIT projection and the baseline structural
fingerprint. Options:
	:chunk_size — rows per chunk (default 4096).
	:lock_wait_timeout — the bounded MDL wait, in seconds (default 5).
	:max_retries — the budgeted-fault retry ceiling (default
CheckpointStore.default_max_retries/0).
	:seq — the resume chunk sequence number (default 0).
	:fingerprint — a baseline fingerprint from durable state; when set, the first chunk's
fingerprint is compared against IT (so a schema drift across a resume is caught on chunk 1)
rather than against the freshly-read columns.

Returns {:ok, t()} or a value-free {:error, reason} — an introspection halt
(:snapshot_table_no_primary_key, :snapshot_pk_unsupported_type) surfaces unchanged; a
transient fault reading information_schema (the PK introspection or the column list) surfaces
:snapshot_chunk_read_failed.

  



  
    
      
    
    
      read_chunk(reader, cursor)



        
          
        

    

  


  

      

          @spec read_chunk(t(), cursor()) :: read_result()


      


Reads the next chunk of rows with pk > cursor (or from the start when cursor is :start),
paired with the chunk's exact GTID position G, under the pinned brief-lock capture sequence.
Returns a read_result/0. The produced %Capstan.Snapshot.Chunk{}
carries g (the exact lower bound), rows (the full row images as column => value maps),
and max_pk (the canonical PK of the last row — the value the cursor advances to). Faults are
classified positionally to :snapshot_lock_unavailable / :snapshot_chunk_read_failed; a
fingerprint change halts :snapshot_schema_drifted.

  


        

      


  

    
Capstan.Snapshot.Coordinator 
    



      
The initial-snapshot orchestration core (C2): a GenServer that interposes as the
Capstan.AssemblerServer's sink and its :watermark_observer, runs the cursor-gate over
the live stream, drives the Capstan.Snapshot.ChunkReader, and emits each backfill chunk
through the real sink's Capstan.Sink.handle_snapshot/2 once the stream's processed
watermark covers the chunk's exact GTID position G.
Two roles, two message paths
	As the AssemblerServer's sink. The coordinator implements the Capstan.Sink
behaviour and is name-registered under Capstan.Snapshot.Coordinator. The AssemblerServer's
state.sink is this MODULE, so its handle_transaction/1 and handle_schema_change/2
dispatch here; each is a thin module function that GenServer.calls the registered
coordinator (resolved at call time, not start time — this is what breaks the start-order
cycle, design § Pinned decisions #4). The coordinator does NOT edit assembler_server.ex; the
attach_coordinator/2 injection + the silent-death monitor are the AssemblerServer's own.

	As the :watermark_observer. After a deferred attach_coordinator/2, the
AssemblerServer sends {:capstan_watermark, gtid_set_string} on EVERY checkpoint advance
(delivered, filtered, AND self-committing DDL — the Ch6 choke-point guarantee). The
coordinator feeds that string into the advance gate.


The cursor-gate (handle_transaction/1)
For each streamed %Capstan.Change{} on a snapshot-active table (in the snapshot set and
not yet done), the coordinator applies Capstan.Snapshot.CursorGate.classify/3 per
row-image with the per-table cursor + PK shape, and forwards the surviving subset to the
real sink as a transaction carrying only those changes. A change on a NON-snapshot table —
or on a table whose backfill is already done (the stream is authoritative) — passes through
unchanged.
When ALL changes are suppressed, the coordinator returns {:ok, position} WITHOUT calling
the real sink: a fully-suppressed transaction is exactly a filtered transaction from the
real sink's view (ADR-0003), and the AssemblerServer still advances the watermark for it
(assembler_server.ex:246/:257). Returning the txn's position keeps a fully-suppressed
run from stalling the advance gate → deadlock.
The advance gate
The coordinator holds AT MOST ONE buffered chunk (its rows + its exact G). When the
processed watermark covers G (CursorGate.advance?/2), the emit runs in THREE ordered steps:
	Advance delivered_pk to chunk.max_pk and persist — BEFORE the sink emit.
	Emit the chunk as a list of %Change{op: :snapshot} through the real sink's
handle_snapshot/2 with a value-free %Capstan.Snapshot.Meta{}.
	Advance pk_cursor to chunk.max_pk, persist, telemetry, drive the next chunk.

The pk_cursor (re-read floor) still advances AFTER the emit — the at-least-once boundary
(tripwire 16): a crash between the sink's {:ok} and the pk_cursor persist re-emits the one
chunk (bounded dup, C1's posture; an upsert-by-PK sink converges). The delivered-high-water persist comes FIRST, so in that same crash window delivered_pk survives AHEAD of the
rolled-back pk_cursor; on restart the cursor-gate forwards a streamed delete of an
already-delivered key (k ≤ delivered_pk) instead of suppressing it, sweeping what would
otherwise be a permanent crash-window phantom (Capstan.Snapshot.CursorGate and
Capstan.Snapshot.State). A fault persisting the delivered high-water halts fail-closed before any emit.
Fail-closed halts (symmetric with C1)
A coordinator fault sends {:capstan_halt, reason} to the AssemblerServer (the LOUD path)
and stops with {:shutdown, {:halt, reason}} (restart: :temporary, never restarted). The
SILENT-death path — a coordinator that dies without messaging — is the AssemblerServer's
Process.monitor (:snapshot_coordinator_down). A raise in the emit/reconcile path
is scrubbed value-free to {:snapshot_processing_crashed, Capstan.Error.from(exc)} exactly
as the AssemblerServer scrubs a delivery-path raise (assembler_server.ex:148-158); a
handle_snapshot/2 {:error, _} halts {:snapshot_sink_error, _} (the outer atom only in
telemetry). A DDL on a snapshot-active table halts :snapshot_schema_drifted.
Rule 1
Row values (chunk rows, canonical PKs, the per-table cursor) travel ONLY in the delivered
%Change{op: :snapshot} list and in in-memory state; they are never logged or telemetered.
Telemetry ([:capstan, :snapshot, :started | :chunk_completed | :completed | :halt]) carries
counts in MEASUREMENTS and only structural identity (schema/table/reason) in METADATA, gated
by Capstan.Telemetry's value-free allowlist (a stray PK/cursor raises). The coordinator's
own struct holds %Capstan.Snapshot.Chunk{} / %Capstan.Snapshot.State{}, each of which
derives a value-eliding Inspect, so even an incidental inspect of the state never surfaces
a value; and every halt is a graceful {:shutdown, _} exit (never an abnormal crash), so the
in-flight message is never dumped to a crash report.

      


      
        Summary


  
    Types
  


    
      
        store()

      


        A durable snapshot store as {callback_module, store_handle}.



    


    
      
        table_key()

      


        The {schema, table} identity of a snapshot table.



    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        handle_schema_change(schema_change, position)

      


        The AssemblerServer's handle_schema_change/2 sink hook: a DDL on a snapshot-active table
halts :snapshot_schema_drifted; any other DDL forwards to the real sink.



    


    
      
        handle_transaction(txn)

      


        The AssemblerServer's handle_transaction/1 sink hook: routes the call to the registered
coordinator, which applies the cursor-gate and forwards the surviving subset. Returns
{:ok, position} (the txn's position) — even when every change is suppressed.



    


    
      
        start_link(opts)

      


        Starts the coordinator, registered under Capstan.Snapshot.Coordinator so the AssemblerServer's
module-sink dispatch (state.sink.handle_transaction/1 etc.) resolves it by name.
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      store()



        
          
        

    

  


  

      

          @type store() :: {module(), term()}


      


A durable snapshot store as {callback_module, store_handle}.

  



  
    
      
    
    
      table_key()



        
          
        

    

  


  

      

          @type table_key() :: {String.t(), String.t()}


      


The {schema, table} identity of a snapshot table.

  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      handle_schema_change(schema_change, position)



        
          
        

    

  


  

      

          @spec handle_schema_change(Capstan.SchemaChange.t(), Capstan.Position.t()) ::
  :ok | {:error, term()}


      


The AssemblerServer's handle_schema_change/2 sink hook: a DDL on a snapshot-active table
halts :snapshot_schema_drifted; any other DDL forwards to the real sink.

  



  
    
      
    
    
      handle_transaction(txn)



        
          
        

    

  


  

      

          @spec handle_transaction(Capstan.Transaction.t()) ::
  {:ok, Capstan.Position.t()} | {:error, term()}


      


The AssemblerServer's handle_transaction/1 sink hook: routes the call to the registered
coordinator, which applies the cursor-gate and forwards the surviving subset. Returns
{:ok, position} (the txn's position) — even when every change is suppressed.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Starts the coordinator, registered under Capstan.Snapshot.Coordinator so the AssemblerServer's
module-sink dispatch (state.sink.handle_transaction/1 etc.) resolves it by name.
Options:
	:sink (required) — the real (downstream) Capstan.Sink module.
	:assembler (required) — the AssemblerServer pid/name for {:capstan_halt, _}.
	:snapshot_store (required) — {impl_module, store_handle}.
	:snapshot_state (required) — the initial %Capstan.Snapshot.State{}.
	:readers (required) — %{{schema, table} => reader_handle} (opened ChunkReaders).
	:chunk_reader — the reader module (default Capstan.Snapshot.ChunkReader).
	:processed_set — the initial processed watermark string (default "").
	:table_order — the backfill order (default: not-done tables, sorted).


  


        

      


  

    
Capstan.Snapshot.CursorGate 
    



      
The pure strict-once classification core of the initial snapshot (C2, design §Architecture).
While a table backfills, the C1 stream keeps running. Every streamed %Change{} on a
snapshot-active table must be routed so each pre-existing key is delivered EXACTLY ONCE —
once by the stream (for keys already backfilled) or once by a chunk (for keys not yet
backfilled), never both, never neither. This module is the pure decision function that
routes them; it holds no state and does no I/O.
The gate (classify/3)
Given a streamed change, the table's per-table cursor (the canonical PK of the last
backfilled row, or :start before the first chunk), and the table's pk_columns /
pk_types / complete?, each row-image is classified per its canonical PK k:
	forward iff k ≤ cursor (already backfilled) OR the table is complete? — the
stream is authoritative for these keys;
	suppress otherwise (k > cursor) — a not-yet-backfilled key whose future chunk
will deliver it. Forwarding it here would double-deliver (stream + chunk).

A :delete is the ONE asymmetric case: it gates on delivered_pk (the high-water the sink has
RECEIVED) rather than pk_cursor (the re-read floor). The two are equal in steady state, so
suppression is unchanged; they diverge only across the emit→cursor-persist crash window, where
delivered_pk sits ahead of the rolled-back pk_cursor. Forwarding a delete of an
already-delivered key (k ≤ delivered_pk) then sweeps the row rather than leaving a permanent
phantom — the re-read chunk, taken as-of a fresh G with the row already gone,
would otherwise omit it while the suppressed delete never reached the sink. See the table_spec
doc; inserts/updates keep gating on pk_cursor so strict-once is preserved.
k is derived from the change's record via Capstan.Snapshot.PrimaryKey.canonical/2
(the raw column values in PK ordinal order) and compared with PrimaryKey.compare/2 — the
only ordering the cursor-gate is allowed to use, restricted to order-faithful PK types so
the Elixir comparison provably matches MySQL ORDER BY (Ch4).
classify/3 returns the list of surviving forward-images (0, 1, or 2), which the
coordinator folds into the transaction's changes and forwards to the real sink.
A suppressed change yields [].
PK-changing UPDATE split (Ch2, tripwire 17)
A binlog %Change{op: :update} that moves a row's PK carries old_record (old PK
k_old) and record (new PK k_new) with k_old ≠ k_new. Gating such an update on a
single key is wrong when the two straddle the cursor, so it is split into
delete(k_old) + upsert(k_new), each gated on its own key — the canonical
DELETE(old) + INSERT(new) decomposition of a PK move. Both images carry the FULL
after/before-image (ADR-0002), so each is self-sufficient:
	delete(k_old) — %Change{op: :delete, old_record: old_record, record: nil}.
	upsert(k_new) — %Change{op: :insert, record: record, old_record: nil}. It is an
insert because a PK-changing UPDATE makes k_new a brand-new key; the sink applies it
as upsert-by-PK (the HARD C2 sink precondition), so it converges even if k_new's
slot was already backfilled.

Straddle (a) k_old ≤ cursor < k_new → forward the delete, suppress the upsert (its
future chunk delivers k_new) → no phantom. Straddle (b) k_new ≤ cursor < k_old →
suppress the delete (k_old's chunk never ran, nothing was emitted there), forward the
upsert → no gap. A non-PK-mutating update (k_old = k_new) is ONE image, unchanged.
The advance-gate predicate (advance?/2)
A buffered chunk read as-of an exact GTID position G may only be emitted (and its cursor
advanced) once the stream's processed watermark covers G:
Gtid.subset?(Gtid.parse(g), processed_set). This is the ordering that makes suppression
correct — the cursor cannot advance to include a key until every gtid ≤ G has been
processed by the stream. All GTID-set math routes through Capstan.Gtid (ADR-0001); no
hand-rolled interval arithmetic lives here.
Rule 1
Pure functions, no I/O: nothing here logs or telemeters a PK value. Canonical PKs and row
values live only in the returned %Change{} images (whose Inspect already elides the
value maps) and in the caller's in-memory state.

      


      
        Summary


  
    Types
  


    
      
        cursor()

      


        The per-table backfill cursor: a canonical PK, or :start before the first chunk.



    


    
      
        table_spec()

      


        The per-table gate context: the introspected PK shape (pk_columns in ordinal order and
their order-faithful pk_types), whether the table's backfill is complete?, the
optional delivered_pk — the high-water the sink has RECEIVED, used as the DELETE threshold
(see the module doc's crash-window section) — and the optional weights —
%{column_name => %{raw => weight_bytes}} for the STRING pk columns (ADR-0012), resolved
by the coordinator over the shared query connection before gating. When delivered_pk is
absent, deletes gate on the cursor argument (pre-F1 behaviour). Extra keys are ignored, so
the coordinator may pass a richer per-table state map.



    





  
    Functions
  


    
      
        advance?(g, processed_set)

      


        The advance-gate predicate: is the chunk's exact GTID position g covered by
processed_set? True iff Gtid.subset?(Gtid.parse(g), processed_set).



    


    
      
        classify(change, cursor, table)

      


        Classifies one streamed %Change{} against the table's cursor and table_spec,
returning the list of surviving forward-images ([], one, or — for a straddling
PK-changing UPDATE that forwards both halves — two).
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          @type cursor() :: Capstan.Snapshot.PrimaryKey.canonical_pk() | :start


      


The per-table backfill cursor: a canonical PK, or :start before the first chunk.

  



  
    
      
    
    
      table_spec()



        
          
        

    

  


  

      

          @type table_spec() :: %{
  :pk_columns => [String.t()],
  :pk_types => [Capstan.Snapshot.PrimaryKey.pk_type()],
  :complete? => boolean(),
  optional(:delivered_pk) => cursor(),
  optional(:weights) => %{
    optional(String.t()) => %{optional(binary()) => binary()}
  },
  optional(atom()) => term()
}


      


The per-table gate context: the introspected PK shape (pk_columns in ordinal order and
their order-faithful pk_types), whether the table's backfill is complete?, the
optional delivered_pk — the high-water the sink has RECEIVED, used as the DELETE threshold
(see the module doc's crash-window section) — and the optional weights —
%{column_name => %{raw => weight_bytes}} for the STRING pk columns (ADR-0012), resolved
by the coordinator over the shared query connection before gating. When delivered_pk is
absent, deletes gate on the cursor argument (pre-F1 behaviour). Extra keys are ignored, so
the coordinator may pass a richer per-table state map.

  


        

      

      
        Functions


        


  
    
      
    
    
      advance?(g, processed_set)



        
          
        

    

  


  

      

          @spec advance?(String.t(), Capstan.Gtid.t() | String.t()) :: boolean()


      


The advance-gate predicate: is the chunk's exact GTID position g covered by
processed_set? True iff Gtid.subset?(Gtid.parse(g), processed_set).
g is always a canonical GTID-set string. processed_set may be either an already-parsed
Capstan.Gtid.t() (the watermark-observer feed) or a string (parsed here). No interval
math is hand-rolled — the containment decision is Capstan.Gtid's.

  



  
    
      
    
    
      classify(change, cursor, table)



        
          
        

    

  


  

      

          @spec classify(Capstan.Change.t(), cursor(), table_spec()) :: [Capstan.Change.t()]


      


Classifies one streamed %Change{} against the table's cursor and table_spec,
returning the list of surviving forward-images ([], one, or — for a straddling
PK-changing UPDATE that forwards both halves — two).
An :insert is gated on its record key, a :delete on its old_record key, and an
:update on its (equal) key unless it moves the PK, in which case it is split into
delete(k_old) + upsert(k_new) and each half is gated on its own key (see the module
doc). A :snapshot change never reaches the gate (the gate classifies streamed images
only) and raises a value-free ArgumentError — a loud, fail-closed misuse signal. It is an
EXPLICIT clause rather than a FunctionClauseError on purpose (Rule 1): a no-clause-match
error captures the call args — including the cursor, a canonical PK / user data — in its
stacktrace frame, whereas the explicit clause leaves the frame at arity 3 (no arg values).

  


        

      


  

    
Capstan.Snapshot.PrimaryKey 
    



      
The order-faithful primary-key core of the initial snapshot (C2, design Ch3/Ch4).
A chunk pages by ORDER BY pk in MySQL while the cursor-gate classifies streamed
changes by k ≤ cursor in Elixir. For that pairing to be correct — no silently
mis-classified change (delivered vs suppressed → gap/dup) — the PK's Elixir term-order
MUST provably match MySQL's ORDER BY. This module enforces that with a positive type
allowlist and supplies the two operations the coordinator needs on PK values:
	canonical/2 — the equality form for the sink ledger. Canonicalization happens
in Elixir (reconciliation-equality), NOT MySQL collation. The text-protocol string
form of a PK (a chunk read) and the binlog-decoded integer/binary form (a streamed
change) canonicalize to the SAME term, so the ledger reconciles a chunk row against a
streamed change to the same key.
	compare/2 — the ordering for the cursor-gate (k ≤ cursor). Over the allowlist
it is exactly MySQL ORDER BY: integers order numerically, BINARY/VARBINARY order
byte-wise (shorter prefix first), and composites order lexicographically as tuples
(matching MySQL row-value ORDER BY).

The positive allowlist (Ch3.2 / Ch4; the string arm is ADR-0012)
ACCEPT the types whose comparison against MySQL ORDER BY is provably faithful:
	signed/unsigned integer — TINYINT/SMALLINT/MEDIUMINT/INT/BIGINT
	BINARY / VARBINARY (byte-ordered)
	CHAR / VARCHAR — collation-ordered, with the server as the only collation
oracle: a string PK's canonical form is its collation WEIGHT BYTES (probe-proven:
weight-byte order == ORDER BY for ai_ci, both _bin weight forms, PAD SPACE over
distinct keys, multi-level as_cs, and composites). The chunk read selects
WEIGHT_STRING(pk) alongside the row; the stream side resolves weights through
resolve_weights/4 (a COLLATE-pinned CONVERT(X'..' USING charset) introducer over the
binlog's raw column bytes — an unpinned introducer computes the charset-DEFAULT
collation's weights, a different order space). Distinct PK values are collation-distinct
by the PK constraint itself, so weights are a faithful key identity.
	composites of the above (tuple compare; a string position compares by its weight)

REFUSE everything else with :snapshot_pk_unsupported_type:
	the TEXT family — order semantics are consistent, but a TEXT prefix PK pays a measured
filesort per chunk page (Using filesort vs VARCHAR's Using index;
probe/collation_weight_probe.exs Q6b) — superlinear backfill.
	ENUM/SET — the column's ORDER BY is member-position order and its column weights
are position-based, while any stream-side introducer computes STRING weights — two
disagreeing order spaces, no uniform mechanism (probe Q13).
	DECIMAL/DOUBLE/FLOAT/DATE/DATETIME/temporal and any other type — their
Elixir term-order diverges from MySQL.

BIGINT UNSIGNED across 2^63 (Ch3.1)
An unsigned 64-bit PK spans [0, 2^64). A signed-wrap decoder reads the high half as
negative (2^63 → -2^63, 2^64-1 → -1), so it would order 2^63… before 0… and the
cursor-gate would mis-classify a high-half key. canonical/2 decodes to the TRUE unsigned
value: a text form parses directly, and a raw integer that arrived signed-wrapped (a
negative for an unsigned column) is normalized back into [0, 2^width).
No PK → fail closed
introspect/2 reads information_schema for the PRIMARY KEY. A table with no PK accepts
a UNIQUE key fallback ONLY IF every column of that key is NOT NULL — a nullable
unique-key column admits NULL-keyed rows that WHERE k > cursor never selects (a silent
gap, Ch3.3), so such a key is refused :snapshot_table_no_primary_key. A table with
neither is refused the same way.
Rule 1
No PK value is ever logged or telemetered here. Errors are value-free atoms. The
information_schema queries embed only the schema/table (structural identity — the same
fields telemetry may carry), never a row value, and are escaped as SQL string literals.

      


      
        Summary


  
    Types
  


    
      
        canonical_pk()

      


        A canonical PK: a single value (single-column PK) or a tuple (composite PK).



    


    
      
        key()

      


        The introspected key: the ordered PK columns, their order-faithful types, and — for the
string columns — the charset/collation pair that pins every weight and cursor literal
(ADR-0012). A non-string column's charset/collation entry is nil (mirroring
information_schema.COLUMNS, where CHARACTER_SET_NAME/COLLATION_NAME are NULL for
non-string columns).



    


    
      
        pk_type()

      


        An order-faithful PK column type atom (integer family, :binary, :varbinary, :char, :varchar).



    





  
    Functions
  


    
      
        canonical(pk_types, raw_values)

      


        Builds the canonical equality form of a PK from pk_types and the raw column values
(raw_values, one per PK column in order).



    


    
      
        compare(a, b)

      


        Compares two canonical PK values (from canonical/2): :lt, :eq, or :gt.



    


    
      
        introspect(query, arg)

      


        Introspects the PRIMARY KEY (or a NOT-NULL-complete UNIQUE key fallback) of
{schema, table} over a Capstan.Query handle.



    


    
      
        order_contract_ok?(by_collation, by_weight)

      


        The canary verdict: the collation-ordered weight sequence equals the weight-ordered
one. Ties are inherently safe — collation-equal values carry equal weights, so both
sequences show the same bytes at tie positions.



    


    
      
        order_contract_sql(charset, collation, order_by)

      


        Builds the bootstrap order-contract canary SQL for one string pk column.



    


    
      
        resolve_key(index_rows, column_rows)

      


        The pure key resolution over the two information_schema resultsets — the RED-capable
seam introspect/2 delegates to (so the PK / unique-key fallback / type-refusal logic is
provable without a live server).



    


    
      
        resolve_pk_type(data_type, column_type)

      


        Classifies a single column's (DATA_TYPE, COLUMN_TYPE) to an order-faithful pk_type(),
or refuses :snapshot_pk_unsupported_type.



    


    
      
        resolve_weights(query, charset, collation, raws)

      


        Resolves the collation weight bytes for a batch of raw PK-column values over a
Capstan.Query handle — {:ok, %{raw => weight}}, or a value-free {:error, reason}.



    


    
      
        weight_sql(charset, collation, raws)

      


        Builds the COLLATE-pinned weight-resolution SQL for a batch of raw column values.



    





      


      
        Types


        


  
    
      
    
    
      canonical_pk()



        
          
        

    

  


  

      

          @type canonical_pk() :: integer() | binary() | tuple()


      


A canonical PK: a single value (single-column PK) or a tuple (composite PK).

  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: %{
  pk_columns: [String.t()],
  pk_types: [pk_type()],
  pk_charsets: [nil | String.t()],
  pk_collations: [nil | String.t()]
}


      


The introspected key: the ordered PK columns, their order-faithful types, and — for the
string columns — the charset/collation pair that pins every weight and cursor literal
(ADR-0012). A non-string column's charset/collation entry is nil (mirroring
information_schema.COLUMNS, where CHARACTER_SET_NAME/COLLATION_NAME are NULL for
non-string columns).

  



  
    
      
    
    
      pk_type()



        
          
        

    

  


  

      

          @type pk_type() ::
  :tinyint
  | :tinyint_unsigned
  | :smallint
  | :smallint_unsigned
  | :mediumint
  | :mediumint_unsigned
  | :int
  | :int_unsigned
  | :bigint
  | :bigint_unsigned
  | :binary
  | :varbinary
  | :char
  | :varchar


      


An order-faithful PK column type atom (integer family, :binary, :varbinary, :char, :varchar).

  


        

      

      
        Functions


        


  
    
      
    
    
      canonical(pk_types, raw_values)



        
          
        

    

  


  

      

          @spec canonical([pk_type()], [binary() | integer()]) :: canonical_pk()


      


Builds the canonical equality form of a PK from pk_types and the raw column values
(raw_values, one per PK column in order).
A raw value is either a text-protocol string (a chunk read) or a binlog-decoded term (a
streamed change); both forms of the SAME PK canonicalize equal. Integers normalize to
their true value (an unsigned column's signed-wrapped negative is unwrapped into
[0, 2^width)); binaries pass through their bytes; a string column's value is the
{raw, weight} pair its caller assembled (the weight being the canonical bytes —
ADR-0012; a bare binary for a string column raises, value-free, rather than silently
comparing raws). A single-column PK returns a bare value; a composite returns a tuple in
column order.

  



  
    
      
    
    
      compare(a, b)



        
          
        

    

  


  

      

          @spec compare(canonical_pk(), canonical_pk()) :: :lt | :eq | :gt


      


Compares two canonical PK values (from canonical/2): :lt, :eq, or :gt.
Over the allowlist this is exactly MySQL ORDER BY: Erlang term order coincides with MySQL
numeric order for integers, byte-wise order for BINARY/VARBINARY, and — for same-arity
composites — lexicographic tuple order for row-value ORDER BY. Both arguments must be
canonical forms; the caller compares like against like (a table's PK shape is fixed).

  



  
    
      
    
    
      introspect(query, arg)



        
          
        

    

  


  

      

          @spec introspect(
  Capstan.Query.t(),
  {String.t(), String.t()}
) :: {:ok, key()} | {:error, atom()}


      


Introspects the PRIMARY KEY (or a NOT-NULL-complete UNIQUE key fallback) of
{schema, table} over a Capstan.Query handle.
Returns {:ok, %{pk_columns: [...], pk_types: [...]}} for an order-faithful key, or a
value-free {:error, reason}: :snapshot_pk_unsupported_type when a key column's type is
outside the allowlist, :snapshot_table_no_primary_key when there is no PK and no
NOT-NULL-complete unique key. A transport/query fault propagates its value-free reason
from Capstan.Query.query/2.

  



  
    
      
    
    
      order_contract_ok?(by_collation, by_weight)



        
          
        

    

  


  

      

          @spec order_contract_ok?([[binary()]], [[binary()]]) :: boolean()


      


The canary verdict: the collation-ordered weight sequence equals the weight-ordered
one. Ties are inherently safe — collation-equal values carry equal weights, so both
sequences show the same bytes at tie positions.

  



  
    
      
    
    
      order_contract_sql(charset, collation, order_by)



        
          
        

    

  


  

      

          @spec order_contract_sql(String.t(), String.t(), :collation | :weight) :: String.t()


      


Builds the bootstrap order-contract canary SQL for one string pk column.
Two queries over the same fixed ASCII vector, introduced with the column's own
charset + collation pin: the first orders by the COLLATION (ORDER BY v), the
second by the WEIGHT BYTES (ORDER BY WEIGHT_STRING(v)), each returning one
hex-encoded weight per row. Under MySQL's documented order contract the two
weight sequences are EQUAL (order_contract_ok?/2) — the gate's every decision
rests on that equality.

  



  
    
      
    
    
      resolve_key(index_rows, column_rows)



        
          
        

    

  


  

      

          @spec resolve_key([[binary() | nil]], [[binary() | nil]]) ::
  {:ok, key()} | {:error, atom()}


      


The pure key resolution over the two information_schema resultsets — the RED-capable
seam introspect/2 delegates to (so the PK / unique-key fallback / type-refusal logic is
provable without a live server).
	index_rows — STATISTICS rows [INDEX_NAME, SEQ_IN_INDEX, COLUMN_NAME, NON_UNIQUE]
	column_rows — COLUMNS rows
[COLUMN_NAME, DATA_TYPE, COLUMN_TYPE, IS_NULLABLE, CHARACTER_SET_NAME, COLLATION_NAME]

(the four STATISTICS cells are NOT NULL; the charset/collation cells are NULL for
non-string columns, so those two cells may be nil). Returns the same
{:ok, key()} | {:error, reason} contract as introspect/2.

  



  
    
      
    
    
      resolve_pk_type(data_type, column_type)



        
          
        

    

  


  

      

          @spec resolve_pk_type(binary(), binary()) ::
  {:ok, pk_type()} | {:error, :snapshot_pk_unsupported_type}


      


Classifies a single column's (DATA_TYPE, COLUMN_TYPE) to an order-faithful pk_type(),
or refuses :snapshot_pk_unsupported_type.
Signedness rides COLUMN_TYPE (which carries the unsigned attribute); DATA_TYPE alone
cannot distinguish it. CHAR/VARCHAR accept (ADR-0012 — the weight path carries their
ordering); the TEXT family (measured per-page filesort) and ENUM/SET (position-based
order no introducer weight path reproduces) refuse, as does every non-integer, non-binary,
non-char/varchar type (its Elixir order diverges from MySQL).

  



  
    
      
    
    
      resolve_weights(query, charset, collation, raws)



        
          
        

    

  


  

      

          @spec resolve_weights(Capstan.Query.t(), String.t(), String.t(), [binary()]) ::
  {:ok, %{required(binary()) => binary()}} | {:error, atom()}


      


Resolves the collation weight bytes for a batch of raw PK-column values over a
Capstan.Query handle — {:ok, %{raw => weight}}, or a value-free {:error, reason}.
The stream-side arm of ADR-0012: a binlog-decoded string PK arrives as the column's raw
bytes (the row event carries no charset), and its canonical form is the weight the SERVER
computes for those bytes under the column's charset + collation. The batch is chunk-bounded
(128 values per statement) so one bulk-load transaction cannot exceed
max_allowed_packet; a query fault surfaces as the scrubbed Capstan.Query atom for the
caller to budget and halt on.

  



  
    
      
    
    
      weight_sql(charset, collation, raws)



        
          
        

    

  


  

      

          @spec weight_sql(String.t(), String.t(), [binary()]) :: String.t()


      


Builds the COLLATE-pinned weight-resolution SQL for a batch of raw column values.
One WEIGHT_STRING(CONVERT(X'<hex>' USING charset) COLLATE collation) term per raw, in
order — the result row's columns pair positionally with raws. The COLLATE pin is
LOAD-BEARING: without it the CONVERT result carries the charset-DEFAULT collation, whose
weights are a different order space (probed: a column's as_cs multi-level weight vs the
unpinned ai_ci primary-only weight), and the unpinned form in a WHERE additionally
raises ERROR 1267 on non-default collations. Hex literals carry arbitrary bytes (NULs,
quotes, backslashes, empty) with no string-literal escaping surface.

  


        

      


  

    
Capstan.Supervisor 
    



      
The pipeline supervisor: it owns one pipeline's
checkpoint store, Capstan.AssemblerServer, and Capstan.Connection, wired so the
Connection's :receiver is the AssemblerServer PID.
Fail-closed halts do not take down the host
Every child is restart: :temporary. A fail-closed halt exits
{:shutdown, {:halt, reason}} — which is not a crash — so a halted child is
removed and never restarted into a livelock, and this supervisor (the host) stays
up. A :temporary child never restarts, so the AssemblerServer PID baked into the
Connection's :receiver is stable for the pipeline's life; a send to a
terminated AssemblerServer is a silent no-op, never a raise that could resurrect a
fail-closed pipeline.
The strategy is :one_for_one: the children coordinate their own fail-closed halts
(the Connection forwards {:capstan_halt, reason} to the AssemblerServer before it
stops), so no cross-restart coupling is needed, and none is wanted — a restart of a
halted child is exactly the livelock the fail-closed design forbids.
Children start in dependency order — store, then AssemblerServer (reads the store,
takes its {impl, handle}), then Connection (takes the AssemblerServer PID) — via
Supervisor.start_child/2, because the Connection's receiver PID is only known once
the AssemblerServer is running.

      


      
        Summary


  
    Functions
  


    
      
        start_link(opts)

      


        Start a supervised, lib-owned pipeline from an already-validated wiring keyword
(:sink, :checkpoint_store, :connection, :server_id, :max_command_retries,
:start_position, :tables, and the validated streaming-liveness trio
:reconnect_backoff / :heartbeat_period_ms / :stream_timeout_ms; plus an optional
:connect_fun test seam that fails closed to the real connect when absent).



    





      


      
        Functions


        


  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Start a supervised, lib-owned pipeline from an already-validated wiring keyword
(:sink, :checkpoint_store, :connection, :server_id, :max_command_retries,
:start_position, :tables, and the validated streaming-liveness trio
:reconnect_backoff / :heartbeat_period_ms / :stream_timeout_ms; plus an optional
:connect_fun test seam that fails closed to the real connect when absent).
Returns {:ok, supervisor_pid}, or {:error, reason} — a value-free store-read or
start-position refusal — after tearing the partially-started tree back down.

  


        

      


  

    
Capstan.Telemetry 
    



      
Value-free telemetry emission. Provides the metadata allowlist for "no row values
and no passwords in telemetry" (Rule 1): event/3 routes
through validate!/1, which raises on any key outside the allowlist, so a stray row
value or password cannot ride a payload emitted through this module.
Only structural metadata — GTIDs, schema / table
names, DDL kinds, atom reasons, server identity, TLS posture, and server-reported
missing GTIDs — is permitted.
Scope (C1): this is the pipeline's sole telemetry emit path. Every emitter in
Capstan.Connection and Capstan.AssemblerServer routes through event/3 (Rule-1
completion), so the allowlist gates them at runtime — a future emitter attaching a
row value or password raises rather than shipping it. The complementary test-time
guarantee is the Capstan.ValueFree helper, which scans the log and telemetry channels
(and, for the live vectors, the delivered sink outputs) for a planted sentinel across
every delivered and error/halt path.
Mirrors replicant/lib/replicant/telemetry.ex.

      


      
        Summary


  
    Functions
  


    
      
        allowed_measurement_keys()

      


        The permitted telemetry measurement keys (counts and monotonic durations).



    


    
      
        allowed_meta_keys()

      


        The permitted telemetry metadata keys.



    


    
      
        event(name, measurements, meta)

      


        Emit a telemetry event with allowlist-validated metadata and measurements.



    





      


      
        Functions


        


  
    
      
    
    
      allowed_measurement_keys()



        
          
        

    

  


  

      

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


      


The permitted telemetry measurement keys (counts and monotonic durations).

  



  
    
      
    
    
      allowed_meta_keys()



        
          
        

    

  


  

      

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


      


The permitted telemetry metadata keys.

  



  
    
      
    
    
      event(name, measurements, meta)



        
          
        

    

  


  

      

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


      


Emit a telemetry event with allowlist-validated metadata and measurements.
Raises ArgumentError if meta carries any key outside allowed_meta_keys/0, if a
measurement key is outside allowed_measurement_keys/0, or if a measurement value is
not a non-negative number — the fail-closed points that keep a value off a payload on
both channels. The refusals name the offending KEYS only, never the values.
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