

    

        Trellis

        v0.1.0-alpha



    


  

    Table of contents

    
      



      	Trellis for Elixir





        	
          Modules
          


      	Trellis


      	Trellis.Applied


      	Trellis.BackfillFailure


      	Trellis.CaptureFailure


      	Trellis.CaptureWait


      	Trellis.Config


      	Trellis.CorrectingNode


      	Trellis.DefinitionSummary


      	Trellis.Divergence


      	Trellis.DrainFailure


      	Trellis.HeldKeys


      	Trellis.LogBridge


      	Trellis.Metrics


      	Trellis.Migration


      	Trellis.PoisonEntry


      	Trellis.PoisonSample


      	Trellis.QuarantineEntry


      	Trellis.SamplePage


      	Trellis.SelfCheckJob


      	Trellis.SelfCheckReport


      	Trellis.SourceIndexGap


      	Trellis.Status


      	Trellis.StructureDump


      	Trellis.TestSupport





    	Exceptions
      


      	Trellis.Error


      	Trellis.TestSupport.ResumeRefused



      

    




        



        	
          Mix Tasks
          


      	mix trellis.dump





        


      

    

  

    Trellis for Elixir

Embedded Trellis for Elixir apps: a Rustler
NIF over the trellis crate's BlockingTrellis, so a Phoenix app can define
and run streaming transforms without deploying a separate service. The design
is ADR-0010.
Installation
The Hex package is trellis_pg (Hex's trellis is taken); the modules are
Trellis.*, and the OTP application is :trellis_pg.
def deps do
  [{:trellis_pg, "0.1.0-alpha"}]
end
Installing needs no Rust: compiling the package downloads the NIF built for
the machine from the release's GitHub page and checks it against the SHA-256
the package ships. Builds exist for
	Linux, glibc 2.17 or newer: x86_64 and aarch64
	Linux, musl (Alpine): x86_64
	macOS: Apple silicon and Intel

On any other target, or to build it yourself, build the NIF from source. It
needs a Rust toolchain (the version in the repository's rust-toolchain.toml)
and Rustler in the host's own deps:
{:rustler, "~> 0.38.0", runtime: false}
TRELLIS_PG_BUILD=1 mix deps.compile trellis_pg --force

The choice is made when trellis_pg compiles, so --force it after changing
the variable. config :rustler_precompiled, :force_build, trellis_pg: true
does the same from config. Cargo fetches the trellis crate from this
repository at the released commit.
The NIF is built without the trellis crate's otlp feature, so neither
path pulls in an OpenTelemetry or gRPC stack. The engine's log lines reach
Logger through Trellis.LogBridge.
Usage
The surface mirrors the Rust crate's BlockingTrellis. Every function has a bang variant.
	connect/1, migrate/1, config/1, shutdown/1: the handle's lifecycle.
	apply/2: any statement of Trellis's grammar (TRANSFORM,
PAUSE TRANSFORM, RESUME TRANSFORM, DROP TRANSFORM,
ALTER TRANSFORM), returning what it did as a tagged
value ({:transform_defined, target_table}, :paused,
{:resumed, addresses}, ...). define/2 is an apply/2 that refuses
anything but a TRANSFORM.
	status/2, definitions/1: the catalog reads.
	quarantined/1, quarantine_status/2, sample_quarantined/3,
poisoned_since/2: the quarantine reads. Resuming is a statement.
release_key/4 releases one key a transform holds, once its cause is
fixed; status/2 reports how many it holds (held_keys). status/2
also reports a page the drain keeps failing on with nothing charged or
paused (drain_failure, a Trellis.DrainFailure), and a finished self_check/3
job's report lists every one open (drain_failures). status/2 names the paused upstream columns
(paused_upstream_columns, each "target.column") that make a :live
transform report :catching_up. status/2 lists the source indexes a
GROUP BY or JOIN target
needs and lacks (source_index_gaps, each a Trellis.SourceIndexGap with
table, columns, role (:group_by, :join_from or :join_joined: the part
of the definition that needs it), opted_out and a create index statement as fix);
self_check/3 refuses such a target unless it was defined WITHOUT SOURCE INDEX. status/2 lists the partitions of a partitioned source a transform
is being corrected for while it reads :backfilling for them
(correcting, each a Trellis.CorrectingNode with node, since and
keys_remaining).
	request_backfill/2, detect_capture_disruptions/1 (pauses now the readers
of every table whose Trellis capture was changed outside Trellis, and
returns the tables), has_live_drain_workers/1,
has_live_staging_worker/1, watermark_token/1, await_converged/3.
	self_check/3 and self_check_job/2: check a target against a fresh
recompute from its source, as a background job. self_check/3 starts it and
returns a Trellis.SelfCheckJob (id, target, mode, state,
rows_compared, report, error) at once; a drain worker runs it, and
self_check_job/2 reads it back by id until state is :done
(:queued and :running are in progress; :failed and :cancelled carry
an error), when report is a Trellis.SelfCheckReport (outcome,
divergences, rows_compared, truncated, ...). A target whose job is
still unfinished gets that job back; the next call replaces a finished
one, and self_check_job/2 returns nil for the replaced job or one whose
transform was dropped. With no drain worker anywhere in the fleet a job
stays :queued.
	start_link/1, as {Trellis, options} in a supervision tree: a process
that owns the handle, so every function above also takes its name.
	Trellis.Migration: define, apply and status in an Ecto migration.
	dump_definitions_sql/1, mix trellis.dump and Trellis.StructureDump:
the definitions as SQL appended to the structure file (see
Schema dumps).
	Trellis.Metrics.render_prometheus/0: the process-wide metrics registry
as Prometheus text, for a /metrics route the host already serves (the
binding opens no port). It needs no handle. Every series carries the
trellis_instance label (<database>/<catalog schema>, as in the log
lines), so handles in one VM stay apart.
	Trellis.LogBridge: started with the :trellis_pg application, it forwards
the engine's log lines to Logger (domain: [:trellis], the Rust module
as :target metadata). Every line names its instance in the text, as
trellis_instance=<database>/<catalog schema>, so handles in one VM stay
apart. Set config :trellis_pg, log_level: :info to choose the most
verbose level forwarded (default: Logger.level(), read once at start),
or config :trellis_pg, log_bridge: false to forward nothing. A
tracing subscriber installed by another NIF never sees the engine's
lines, since each native library links its own tracing; see
Trellis.LogBridge. A line can be dropped if the bridge falls behind,
and a warning says how many; logging never blocks or crashes the engine.

# A deploy's migration step: the defaults run nothing in the background.
{:ok, migrator} = Trellis.connect(url: "postgres://localhost/app")
# TLS options go in the URL (docs/embedding.md, "TLS to Postgres"):
#   url: "postgres://db.example.com/app?sslmode=verify-full&sslrootcert=/etc/ssl/ca.pem"
:ok = Trellis.migrate(migrator)
:ok = Trellis.shutdown(migrator)

# The app, once migrated. The staging worker reads the catalog as it starts,
# so a `staging: true` handle can't connect before `migrate/1` has run.
{:ok, trellis} = Trellis.connect(url: "postgres://localhost/app", staging: true, drain_threads: 2)
{:ok, _definition} = Trellis.define(trellis, "TRANSFORM widget_prices FROM widgets SELECT price AS price")
{:ok, %Trellis.Status{status: :live}} = Trellis.status(trellis, "widget_prices")

# A column that paused on bad data: find the rows, fix them, resume it.
{:ok, [%Trellis.QuarantineEntry{target: "widget_prices.price"} | _]} = Trellis.quarantined(trellis)
{:ok, %Trellis.SamplePage{samples: rows, next_cursor: cursor}} =
  Trellis.sample_quarantined(trellis, "widget_prices.price", limit: 50)
{:ok, {:resumed, ["widget_prices.price"]}} =
  Trellis.apply(trellis, "RESUME TRANSFORM widget_prices.price")

:ok = Trellis.shutdown(trellis)
connect/1's defaults (staging: false, drain_threads: 0) run nothing in
the background. For each instance (catalog schema), exactly one connection
in a fleet should set staging: true, and some connection must run drain
threads, or no definition ever reaches :live.
Conventions
	Non-bang functions return {:ok, value} (or :ok) or
{:error, %Trellis.Error{code: code, message: message}}; bang variants
return the value or raise that error. code is one of a closed set of
atoms, with :unknown for a code newer than the binding.
	No atom is ever built from a string the database returned: every atom in a
result comes from a closed set the NIF allocates when it loads.
	Times are DateTimes. They cross the NIF as epoch microseconds.
	A quarantine target is an address string, "transform" or
"transform.column", exactly as quarantined/1 reports it.
	sample_quarantined/3's cursor and watermark_token/1's token are
opaque: pass back what the previous call returned.
	A call on a handle holds no scheduler while it waits. The NIF submits the
call on a normal scheduler and returns a reference at once; the engine
sends the result to the calling process, which waits for it in a receive.
The function is synchronous to its caller, a process killed during a call
exits at once, and a call stuck on the database holds no scheduler or
thread of its own.
connect/1 and shutdown/1 run on dirty IO schedulers, as do the NIFs
that touch no handle; Trellis.Metrics.render_prometheus/0 runs on a
dirty CPU scheduler.
	Every call returns within 30 seconds, counted from when it is submitted
(a database that can't answer in time gives {:error, %Trellis.Error{code: :timeout}}; the server stops what the call started). Calls run in
parallel, on one handle and across processes: a call stuck on a lock
doesn't delay another process's status/2. A process's own calls stay in
order, because it waits for each reply; calls from different processes
have no order.
	shutdown/1 doesn't wait for calls in flight: it cancels them, and each
of their callers gets a :validation error.

In a Phoenix app
Let the application's supervisor own the handle. {Trellis, options} starts
a process that connects with connect/1's options as it starts, hands the
handle to the callers that make calls through its name, and shuts the handle
down when the supervisor stops it:
# config/runtime.exs
database_url = System.fetch_env!("DATABASE_URL")

config :my_app, MyApp.Trellis,
  name: MyApp.Trellis,
  url: database_url,
  # Only the fleet's one worker node runs the background work.
  staging: System.get_env("TRELLIS_WORKER") == "true",
  drain_threads: if(System.get_env("TRELLIS_WORKER") == "true", do: 2, else: 0)

# lib/my_app/application.ex
children = [
  MyApp.Repo,
  {Trellis, Application.fetch_env!(:my_app, MyApp.Trellis)},
  MyAppWeb.Endpoint
]

# Anywhere in the app: the name stands in for the handle.
{:ok, status} = Trellis.status(MyApp.Trellis, "widget_prices")
Each call runs in the process that makes it, in parallel with every other,
so no process queues behind another's call. The caller has to be on the same
node: a handle works only on the node that connected it. shutdown/1 refuses
the name; the supervisor stops it, which cancels the calls still in flight.
Define transforms in Ecto migrations with Trellis.Migration. Trellis never
joins a migration's transaction, so a migration that uses it must set
@disable_ddl_transaction true (the helpers raise before applying anything
if a transaction is open), and must define up/0 and down/0:
defmodule MyApp.Repo.Migrations.DefineWidgetPrices do
  use Ecto.Migration
  use Trellis.Migration

  @disable_ddl_transaction true

  def up do
    define "TRANSFORM widget_prices FROM widgets SELECT price AS price"
  end

  def down do
    apply "PAUSE TRANSFORM widget_prices"
    apply "DROP TRANSFORM widget_prices"
  end
end
Ecto doesn't start the application to migrate, so each helper connects a
handle of its own, from the repo's :trellis configuration
(config :my_app, MyApp.Repo, trellis: [url: database_url]), and runs
migrate/1 on it first. A define isn't idempotent, and the helpers don't
make it so: Ecto's schema_migrations runs each migration once. See
Trellis.Migration for the details, and for an optional guard.
Add import_deps: [:trellis_pg] to the app's .formatter.exs to keep
define and apply free of parentheses, like Ecto's own commands.
Fixtures and bulk loads in tests
A loader that disables triggers for the load (ALTER TABLE ... DISABLE TRIGGER ALL, pg_restore --disable-triggers) disables Trellis's capture
triggers too, and ENABLE TRIGGER ALL leaves them in a mode Trellis treats as
a disruption. The rows it wrote never reached a target, so Trellis pauses
every definition that reads the table (capture_failure has kind: :disruption) instead of letting a test read silently wrong data, and waits
for a RESUME. Trellis.TestSupport does that RESUME for a suite, then
waits for the rebuilt targets to catch up:
setup do
  # ... load the fixtures with triggers disabled, then re-enabled ...
  {:ok, _resumed} = Trellis.TestSupport.resume_capture_disruptions(trellis)
  :ok
end
resume_capture_disruptions/2 first pauses the readers of any disrupted
table itself (Trellis.detect_capture_disruptions/1), so it doesn't wait for
the staging worker's next pass; resumes only the definitions paused with kind
:disruption; waits until each is :live and every write committed so far
has reached its targets; and returns {:ok, resumed} ([] when nothing was
disrupted, which costs one catalog read per captured table). A transform an
operator paused, or one paused by a schema change or another failure, stays
paused. A RESUME the engine refuses (a table that is gone, a table define
would now refuse) leaves that definition paused; the rest are still resumed,
and the call then returns {:error, {:resume_refused, refused}}, a map of
target to reason. resume_capture_disruptions!/2 returns the targets and
raises Trellis.TestSupport.ResumeRefused (or Trellis.Error). The
:timeout_ms option (default 30 000) bounds the wait. The handle needs its
staging worker and a drain worker (staging: true, drain_threads: 1),
because the resume rebuilds through them.
Trellis sees a write when it commits, so with Ecto's SQL sandbox, load the
fixtures that targets must reflect outside the sandbox transaction (in
setup_all, or with the sandbox in :auto mode) and call the helper once.
Schema dumps
mix ecto.dump writes a schema-only pg_dump, which carries the Trellis
schema, the target tables and the capture triggers but no rows, so a
database mix ecto.load builds from it has targets and no transforms.
mix trellis.dump runs mix ecto.dump and appends the definitions the way
Ecto appends schema_migrations. Make it what mix ecto.dump runs, by an
alias in mix.exs:
defp aliases do
  ["ecto.dump": "trellis.dump"]
end
The task passes its arguments (-r, -d, --prefix, -q) to ecto.dump
unchanged. It reads the definitions before and after the pg_dump and redoes
the dump, up to three times, when a define or drop committed in between, so
the file's DDL and definitions agree.
The repo needs its :trellis configuration (as for Trellis.Migration);
the definitions are appended for each repo that has one. If the dump names
its schemas (--prefix, or the repo's :dump_prefixes), the list has to
include the Trellis schema, and the task refuses one that doesn't.
mix ecto.load then runs the file and nothing else: the worker that starts
on the loaded database finds definitions that aren't built and builds them.
Only definitions are dumped; the ledger, backfill progress, quarantine and
claims are runtime state, and a paused or quarantined transform loads
:waiting_to_backfill.
pg_dump 17 writes CREATE SCHEMA public; when it dumps public by name,
which stops mix ecto.load into a database mix ecto.create made; the task
writes CREATE SCHEMA IF NOT EXISTS public; instead.
Trellis.StructureDump.append/2 appends to a structure file someone else
dumped (reading the definitions once, so it can't see a define racing that
dump), and Trellis.dump_definitions_sql/1 returns the SQL for a caller that
assembles its own dump.
Layout
	lib/: the public Trellis module and its structs, the process that
owns a supervised handle (lib/trellis/owner.ex), and Trellis.Migration, which
is compiled only when the host depends on ecto_sql.
	lib/trellis/test_support.ex: Trellis.TestSupport, the test helper above.
	native/trellis_nif/: the NIF crate, a member of the repository's Cargo
workspace. The release makes the packaged copy stand alone (see
Releasing). Plain-data conversion and error codes come from
clients/embed (trellis-embed), shared with the Ruby binding.

Development
The Erlang and Elixir versions are pinned in .tool-versions. From this
directory:
cargo build -p testkit --bin trellis-testkit   # the suite's throwaway Postgres
mix deps.get
mix test

In this repository (:dev and :test) the NIF always builds from source,
never downloads. mix test compiles it through Cargo into the workspace's
target/, and the suite spawns trellis-testkit (from PATH, else the
workspace's debug build) for a Postgres cluster that is torn down when the
test run exits. It needs the Postgres server binaries on PATH, like the
Rust tests.
test/trellis/parity_test.exs runs clients/parity/cases.json, the fixture
the Ruby suite runs too, so the two bindings can't drift apart unnoticed
(see clients/parity/README.md).
Releasing
trellis_pg is released with the rest of Trellis, from one v<version> tag
(docs/releasing.md). @version in mix.exs and
the NIF crate's version (native/trellis_nif/Cargo.toml) are the release's.
.github/workflows/release.yml builds the NIF for each target above and
attaches them to the tag's GitHub release, where lib/trellis/native.ex
downloads them from. The package is then published to Hex by hand with
.github/scripts/publish-packages.sh, which writes
checksum-Elixir.Trellis.Native.exs from the NIFs that release serves.
.github/scripts/build-elixir-nif.sh <target> <out-dir> builds one NIF the
way the workflow does. Linux targets need cargo-zigbuild and Zig
(pip install cargo-zigbuild ziglang).
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Embedded Trellis for Elixir: define streaming transforms over Postgres
tables from the BEAM, through the trellis Rust crate itself
(docs/decisions/0010-embeddable-clients.md).
The surface mirrors the Rust crate's BlockingTrellis:
	Lifecycle: connect/1, migrate/1, config/1, shutdown/1, and
start_link/1 for a handle a supervisor owns.

	Every statement form: apply/2 runs one statement of Trellis's
grammar (TRANSFORM, PAUSE TRANSFORM, RESUME TRANSFORM,
DROP TRANSFORM, ALTER TRANSFORM) and reports what it did as a Trellis.Applied.t/0.
define/2 is the one guarded convenience: an apply/2 that refuses
anything but a TRANSFORM statement before applying it.

	Reads: status/2, definitions/1, and
dump_definitions_sql/1, the definitions as SQL to append to a schema dump.

	Quarantine: quarantined/1, quarantine_status/2,
sample_quarantined/3, poisoned_since/2. Pausing and resuming are
statements: apply(trellis, "RESUME TRANSFORM order_totals.total").

	Operations: request_backfill/2, detect_capture_disruptions/1,
has_live_drain_workers/1,
has_live_staging_worker/1, the read-your-writes pair
watermark_token/1 and await_converged/3, and the audit
self_check/3, a background job that self_check_job/2 reads back.

	Observability: Trellis.Metrics.render_prometheus/0 for a scrape
route the host serves, and Trellis.LogBridge, which forwards the
engine's log lines to Logger from the moment :trellis_pg starts.
  # A deploy's migration step: the defaults run nothing in the background.
  {:ok, migrator} = Trellis.connect(url: "postgres://localhost/app")
  :ok = Trellis.migrate(migrator)
  :ok = Trellis.shutdown(migrator)
  # The app, once migrated. The staging worker reads the catalog as it
  # starts, so a staging: true handle can't connect before migrate/1.
  {:ok, trellis} = Trellis.connect(url: "postgres://localhost/app", staging: true, drain_threads: 2)
  {:ok, "public.widget_prices"} = Trellis.define(trellis, "TRANSFORM widget_prices FROM widgets SELECT price AS price")
  {:ok, %Trellis.Status{status: :live}} = Trellis.status(trellis, "widget_prices")
  :ok = Trellis.shutdown(trellis)


Every function here blocks the calling process until the engine answers,
and holds no scheduler while it waits: the call is submitted and the
process waits in a receive, so a stuck call costs the process nothing but
its own wait, and killing the process ends the wait at once. Every call
returns within 30 seconds (a :timeout error if the database is too slow);
see "Calls" below. Non-bang functions
return {:ok, value} (or :ok) and {:error, %Trellis.Error{}}; the bang
variants return the value or raise the Trellis.Error.
Conventions
	Times are DateTimes in UTC, at microsecond precision.
	A transform is named by its target table, bare ("order_totals") or
qualified as define/2 returns it ("public.order_totals"), in status/2,
quarantine_status/2, sample_quarantined/3, release_key/4,
self_check/3 and the PAUSE, RESUME, DROP and ALTER statements.
	A quarantine target is an address string: a transform's name, or
"transform.column" ("order_totals.total", always the bare transform),
exactly as quarantined/1 reports it.
	sample_quarantined/3's cursor and watermark_token/1's token are opaque: pass back what the previous call
returned.
	Every atom in a result comes from a closed set allocated when the NIF
loads; none is ever built from a string the database returned.

One handle per instance
An instance is one catalog schema in one database (the :schema option). A
handle belongs to one instance, and a VM holds a handle for each instance it
uses: against different databases, or against different catalog schemas in
one database. Connect each handle once, at boot, and share it; don't connect
per request. The handle is shut down when shutdown/1 is called, or, as a
backstop, when it is garbage collected.
Each handle pays for itself. It owns a connection pool of up to 20
connections and a small Rust runtime (:worker_threads threads). A handle
with staging: true or drain_threads above 0 also owns a second runtime
and pool of the same size, plus connections outside both pools: one for the
staging worker, and for each drain thread a LISTEN connection and up to two
more while it drains.
Handles share no budget, so size all of them together against the server's
max_connections. Each instance has its own staging worker, so set
staging: true in one process of the fleet per instance.
In an application, let a supervisor own each handle: {Trellis, options} in
the supervision tree starts a process that connects the handle as it starts
and shuts it down when the supervisor stops it (see start_link/1). Every
function here that takes a handle takes that process's name too, and the
names tell the handles apart:
# config/runtime.exs
config :my_app, MyApp.Trellis,
  name: MyApp.Trellis,
  url: System.fetch_env!("DATABASE_URL")

# lib/my_app/application.ex
children = [
  MyApp.Repo,
  {Trellis, Application.fetch_env!(:my_app, MyApp.Trellis)},
  MyAppWeb.Endpoint
]

# Anywhere in the app.
{:ok, status} = Trellis.status(MyApp.Trellis, "widget_prices")
A second instance in the same database is a second child with its own :name
and :schema:
{Trellis, name: MyApp.Billing, url: url, schema: "billing"}
Calls
A call returns within 30 seconds, counted from when it is submitted: if the
database can't answer in time (a lock held by another session, say), the
server stops what the call started, it rolls back, and it returns
{:error, %Trellis.Error{code: :timeout}}. Heavy work isn't done inside a
call: define/2 and apply/2 register and return, and a caller that
needs the result polls status/2.
Calls run in parallel, on one handle and across processes: a call stuck on
a lock doesn't delay another process's status/2. A process's own calls
stay in order, because it waits for each reply. Calls from different
processes have no order. A process killed during a call leaves the call
running until it ends or reaches its deadline, and its reply is dropped.
shutdown/1 doesn't wait for calls in flight: it cancels them, and each
of their callers gets a :validation error, as a call made after the
shutdown does.
Trellis.Metrics.render_prometheus/0 covers every handle in the VM at once,
each instance's series labeled trellis_instance.
For the migrations that define transforms, see Trellis.Migration.
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        option()

      


        Options for connect/1



    


    
      
        sample_option()

      


        Options for sample_quarantined/3



    


    
      
        self_check_option()

      


        Options for self_check/3



    


    
      
        start_option()

      


        Options for start_link/1: every option/0, plus :name, the name to
register the process under (see GenServer.start_link/3). Without one,
call it by its pid.



    


    
      
        t()

      


    


    
      
        trellis()

      


        What every function but connect/1 takes: a handle connect/1 returned,
or the name or pid of a supervised Trellis (start_link/1).



    


    
      
        watermark()

      


        An opaque watermark_token/1 token.
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        apply(trellis, text)

      


        Runs one statement of Trellis's grammar, whatever its form, and reports
what it did (see Trellis.Applied.t/0).



    


    
      
        apply!(trellis, text)

      


        Like apply/2, but raises Trellis.Error.



    


    
      
        await_converged(trellis, token, timeout_ms)

      


        Waits until every change committed at or before token has reached its
target tables, or timeout_ms passes (a :timeout error; retry it).



    


    
      
        await_converged!(trellis, token, timeout_ms)

      


        Like await_converged/3, but raises Trellis.Error.



    


    
      
        child_spec(options)

      


        The child spec {Trellis, options} stands for in a supervision tree. Its
id is the :name option, so one tree can hold several.



    


    
      
        config(trellis)

      


        The configuration trellis connected with. See Trellis.Config.



    


    
      
        config!(trellis)

      


        Like config/1, but raises Trellis.Error.



    


    
      
        connect(options)

      


        Connects to the database and starts whatever background work options
asks for. See option/0.



    


    
      
        connect!(options)

      


        Like connect/1, but raises Trellis.Error.



    


    
      
        define(trellis, text)

      


        Registers a TRANSFORM statement and creates its target table.



    


    
      
        define!(trellis, text)

      


        Like define/2, but raises Trellis.Error.



    


    
      
        definitions(trellis)

      


        Every registered transform definition, oldest first.



    


    
      
        definitions!(trellis)

      


        Like definitions/1, but raises Trellis.Error.



    


    
      
        detect_capture_disruptions(trellis)

      


        Pauses, now, the definitions that read a table whose Trellis capture was
changed outside Trellis (a trigger disabled, dropped or recreated, a
capture function replaced, the table gone), and returns the qualified
names of those tables.



    


    
      
        detect_capture_disruptions!(trellis)

      


        Like detect_capture_disruptions/1, but raises Trellis.Error.



    


    
      
        dump_definitions_sql(trellis)

      


        The SQL that loads this instance's definitions into a database built from
a schema-only dump (pg_dump --schema-only, mix ecto.dump). Append it
to the dump; mix trellis.dump does.



    


    
      
        dump_definitions_sql!(trellis)

      


        Like dump_definitions_sql/1, but raises Trellis.Error.



    


    
      
        has_live_drain_workers(trellis)

      


        Whether at least one drain worker is alive anywhere in the fleet. With
none, nothing reaches a target table: poll this from a health check.



    


    
      
        has_live_drain_workers!(trellis)

      


        Like has_live_drain_workers/1, but raises Trellis.Error.



    


    
      
        has_live_staging_worker(trellis)

      


        Whether the staging worker (which installs change capture and starts
backfills) is alive anywhere in the fleet. The other half of the health check.



    


    
      
        has_live_staging_worker!(trellis)

      


        Like has_live_staging_worker/1, but raises Trellis.Error.



    


    
      
        migrate(trellis)

      


        Creates or upgrades Trellis's own tables in the configured schema. Safe to
run on every boot.



    


    
      
        migrate!(trellis)

      


        Like migrate/1, but raises Trellis.Error.



    


    
      
        poisoned_since(trellis, since)

      


        Every source row the apply path poisoned (gave up on) after since,
oldest first. Poll it with the last entry's poisoned_at so a
whole-table failure doesn't sit unnoticed.



    


    
      
        poisoned_since!(trellis, since)

      


        Like poisoned_since/2, but raises Trellis.Error.



    


    
      
        quarantine_status(trellis, target)

      


        The state of one target: a transform ("order_totals") or one of its
columns ("order_totals.total"). A column that isn't paused is :live.



    


    
      
        quarantine_status!(trellis, target)

      


        Like quarantine_status/2, but raises Trellis.Error.



    


    
      
        quarantined(trellis)

      


        Every quarantined transform and paused column, across every transform.
Cheap enough for a dashboard or health check to poll.



    


    
      
        quarantined!(trellis)

      


        Like quarantined/1, but raises Trellis.Error.



    


    
      
        release_key(trellis, transform, source_table, key)

      


        Releases one key transform holds in quarantine, once its cause is fixed.
source_table ("public.orders" or "orders") and key are as
sample_quarantined/3 and poisoned_since/2 report them.



    


    
      
        release_key!(trellis, transform, source_table, key)

      


        Like release_key/4, but raises Trellis.Error.



    


    
      
        request_backfill(trellis, source_table)

      


        Rebuilds every definition that reads source_table (a bare table name,
resolved like one in a statement), and returns once that rebuild is
queued.



    


    
      
        request_backfill!(trellis, source_table)

      


        Like request_backfill/2, but raises Trellis.Error.



    


    
      
        sample_quarantined(trellis, target, options \\ [])

      


        One page of the rows quarantined under target, to diagnose a
quarantine's cause: for a column ("order_totals.total"), the rows that
failed evaluating it; for a whole transform ("order_totals"), the keys
poisoned from its source table.



    


    
      
        sample_quarantined!(trellis, target, options \\ [])

      


        Like sample_quarantined/3, but raises Trellis.Error.



    


    
      
        self_check(trellis, target_table, options)

      


        Starts a background check of target_table against a fresh recompute of
its definition from the source tables, and returns the Trellis.SelfCheckJob
at once. See self_check_option/0.



    


    
      
        self_check!(trellis, target_table, options)

      


        Like self_check/3, but raises Trellis.Error.



    


    
      
        self_check_job(trellis, id)

      


        The Trellis.SelfCheckJob that self_check/3 returned with this id, as
it stands now: its state, how many keys it has compared so far, and, once
it is :done, its report. nil when there is none: a newer self_check/3
of its target replaced it, or its transform was dropped.



    


    
      
        self_check_job!(trellis, id)

      


        Like self_check_job/2, but raises Trellis.Error.



    


    
      
        shutdown(server)

      


        Stops the handle's background work and waits for its threads to exit. Calls
still in flight are cancelled, not waited for: their callers get a
:validation error, like any later call on the handle. Shutting down again
is :ok.



    


    
      
        shutdown!(trellis)

      


        Like shutdown/1, but raises Trellis.Error.



    


    
      
        start_link(options)

      


        Starts a process that owns a handle: it connects with options (see
start_option/0) as it starts, and shuts the handle down as its
supervisor stops it. Put it in a supervision tree as {Trellis, options}
rather than calling this directly.



    


    
      
        status(trellis, target_table)

      


        The status of the transform that writes target_table, or nil if none
does. target_table is either the fully qualified name define/2 and
apply/2 return ("public.order_totals") or the bare table name
("order_totals"). A qualified name with another schema matches nothing.



    


    
      
        status!(trellis, target_table)

      


        Like status/2, but raises Trellis.Error.



    


    
      
        watermark_token(trellis)

      


        A read-your-writes token covering every write committed before this call.
Take it after a source-table write commits, then pass it to
await_converged/3 to wait for that write to reach its targets.



    


    
      
        watermark_token!(trellis)

      


        Like watermark_token/1, but raises Trellis.Error.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:url, String.t()}
  | {:schema, String.t()}
  | {:target_schema, String.t()}
  | {:staging, boolean()}
  | {:drain_threads, non_neg_integer()}
  | {:worker_threads, pos_integer()}


      


Options for connect/1:
	:url (required): the database, as a postgres:// URL or a libpq
key=value string. Nothing is read from the environment.
	:schema: the schema Trellis keeps its own tables in. Default "trellis".
Not "public", not :target_schema, and not another instance's catalog
or target schema; migrate/1 refuses those.
	:target_schema: the schema a bare target table name is created in.
Default "public".
	:staging: whether this connection runs the staging worker, which
installs change capture on the source tables and starts each new
transform's backfill. Exactly one connection of each instance in a fleet
should. Default false.
	:drain_threads: how many threads apply staged changes to the targets.
Default 0.
	:worker_threads: the worker threads of each Rust runtime a handle owns
(its calls', and its background client's). Default 2; the
work is IO, so a small count is enough, and the BEAM has already sized
its own schedulers to the cores.

The defaults (staging: false, drain_threads: 0) run nothing in the
background, which is right for a web process or a migration run. Some
connection in the fleet has to set both, or no definition ever leaves
:waiting_to_backfill.

  



  
    
      
    
    
      sample_option()



        
          
        

    

  


  

      

          @type sample_option() ::
  {:limit, pos_integer()} | {:after, Trellis.SamplePage.cursor() | nil}


      


Options for sample_quarantined/3:
	:limit: the most rows to return. Default 100.
	:after: the next_cursor of the previous page. Default nil, the
first page.


  



  
    
      
    
    
      self_check_option()



        
          
        

    

  


  

      

          @type self_check_option() ::
  {:timeout_ms, non_neg_integer()} | {:mode, :standard | :strict}


      


Options for self_check/3:
	:timeout_ms (required): how long a page of the job waits for the
target to catch up, per wait. A :standard check waits up to twice per
page, a :strict one once.
	:mode: :standard (default) re-checks anything that differs after a
fresh wait, so a change still in flight isn't reported; it is safe while
the source is being written. :strict skips the re-check, and is only
sound once writes to the audited tables have stopped.


  



  
    
      
    
    
      start_option()



        
          
        

    

  


  

      

          @type start_option() :: option() | {:name, GenServer.name()}


      


Options for start_link/1: every option/0, plus :name, the name to
register the process under (see GenServer.start_link/3). Without one,
call it by its pid.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  



  
    
      
    
    
      trellis()



        
          
        

    

  


  

      

          @type trellis() :: t() | GenServer.server()


      


What every function but connect/1 takes: a handle connect/1 returned,
or the name or pid of a supervised Trellis (start_link/1).

  



  
    
      
    
    
      watermark()



        
          
        

    

  


  

      

          @opaque watermark()


      


An opaque watermark_token/1 token.

  


        

      

      
        Functions


        


  
    
      
    
    
      apply(trellis, text)



        
          
        

    

  


  

      

          @spec apply(trellis(), String.t()) ::
  {:ok, Trellis.Applied.t()} | {:error, Trellis.Error.t()}


      


Runs one statement of Trellis's grammar, whatever its form, and reports
what it did (see Trellis.Applied.t/0).
{:ok, {:transform_defined, "public.order_totals"}} =
  Trellis.apply(trellis, "TRANSFORM order_totals FROM orders SELECT price + tax AS total")

{:ok, {:resumed, ["order_totals.total"]}} =
  Trellis.apply(trellis, "RESUME TRANSFORM order_totals.total")
A statement that doesn't parse is a :parse error, and nothing is applied.
Like define/2, this runs on Trellis's own connections, not in the
caller's transaction.
{:ok, :unknown} is a success like any other {:ok, _}: the statement
took effect, and only its outcome is newer than this binding can describe.
Don't retry it; read the result back with status/2 or definitions/1 if
you need it.

  



  
    
      
    
    
      apply!(trellis, text)



        
          
        

    

  


  

      

          @spec apply!(trellis(), String.t()) :: Trellis.Applied.t()


      


Like apply/2, but raises Trellis.Error.

  



  
    
      
    
    
      await_converged(trellis, token, timeout_ms)



        
          
        

    

  


  

      

          @spec await_converged(trellis(), watermark(), non_neg_integer()) ::
  :ok | {:error, Trellis.Error.t()}


      


Waits until every change committed at or before token has reached its
target tables, or timeout_ms passes (a :timeout error; retry it).
It waits for captured changes only: a transform that isn't :live yet
may still be missing rows when this returns (see status/2).
A call returns within 30 seconds, so a longer timeout_ms is cut short
with a :timeout error: to wait longer, call again. The wait holds no
scheduler, and other calls on the handle run beside it.

  



  
    
      
    
    
      await_converged!(trellis, token, timeout_ms)



        
          
        

    

  


  

      

          @spec await_converged!(trellis(), watermark(), non_neg_integer()) :: :ok


      


Like await_converged/3, but raises Trellis.Error.

  



  
    
      
    
    
      child_spec(options)



        
          
        

    

  


  

      

          @spec child_spec([start_option()]) :: Supervisor.child_spec()


      


The child spec {Trellis, options} stands for in a supervision tree. Its
id is the :name option, so one tree can hold several.

  



  
    
      
    
    
      config(trellis)



        
          
        

    

  


  

      

          @spec config(trellis()) :: {:ok, Trellis.Config.t()} | {:error, Trellis.Error.t()}


      


The configuration trellis connected with. See Trellis.Config.

  



  
    
      
    
    
      config!(trellis)



        
          
        

    

  


  

      

          @spec config!(trellis()) :: Trellis.Config.t()


      


Like config/1, but raises Trellis.Error.

  



  
    
      
    
    
      connect(options)



        
          
        

    

  


  

      

          @spec connect([option()] | %{optional(atom()) => term()}) ::
  {:ok, t()} | {:error, Trellis.Error.t()}


      


Connects to the database and starts whatever background work options
asks for. See option/0.

  



  
    
      
    
    
      connect!(options)



        
          
        

    

  


  

      

          @spec connect!([option()] | %{optional(atom()) => term()}) :: t()


      


Like connect/1, but raises Trellis.Error.

  



  
    
      
    
    
      define(trellis, text)



        
          
        

    

  


  

      

          @spec define(trellis(), String.t()) :: {:ok, String.t()} | {:error, Trellis.Error.t()}


      


Registers a TRANSFORM statement and creates its target table.
Returns the transform's fully qualified target table once the definition is
registered and its backfill queued, with the transform at
:waiting_to_backfill; poll status/2 with the returned name for :live.
Only TRANSFORM statements belong here. Any other statement form (DROP,
PAUSE, ALTER, ...) is refused with a :validation error before
anything is applied, and a statement that doesn't parse is a :parse error.
apply/2 takes every form.
Trellis runs this on its own connections, not in the caller's transaction:
if an enclosing Ecto migration rolls back, the definition stays.

  



  
    
      
    
    
      define!(trellis, text)



        
          
        

    

  


  

      

          @spec define!(trellis(), String.t()) :: String.t()


      


Like define/2, but raises Trellis.Error.

  



  
    
      
    
    
      definitions(trellis)



        
          
        

    

  


  

      

          @spec definitions(trellis()) ::
  {:ok, [Trellis.DefinitionSummary.t()]} | {:error, Trellis.Error.t()}


      


Every registered transform definition, oldest first.

  



  
    
      
    
    
      definitions!(trellis)



        
          
        

    

  


  

      

          @spec definitions!(trellis()) :: [Trellis.DefinitionSummary.t()]


      


Like definitions/1, but raises Trellis.Error.

  



  
    
      
    
    
      detect_capture_disruptions(trellis)



        
          
        

    

  


  

      

          @spec detect_capture_disruptions(trellis()) ::
  {:ok, [String.t()]} | {:error, Trellis.Error.t()}


      


Pauses, now, the definitions that read a table whose Trellis capture was
changed outside Trellis (a trigger disabled, dropped or recreated, a
capture function replaced, the table gone), and returns the qualified
names of those tables.
The staging worker's reconcile pass does the same on its own cadence, with
a Trellis.CaptureFailure of kind :disruption on each paused
definition's status. This is for a caller that has just done something
that disrupts capture, like a fixture load, and needs the readers paused
before it goes on. It installs, repairs and rebuilds nothing, and resuming
is still the caller's (Trellis.TestSupport does it for a test suite).
Safe beside a running staging worker.

  



  
    
      
    
    
      detect_capture_disruptions!(trellis)



        
          
        

    

  


  

      

          @spec detect_capture_disruptions!(trellis()) :: [String.t()]


      


Like detect_capture_disruptions/1, but raises Trellis.Error.

  



  
    
      
    
    
      dump_definitions_sql(trellis)



        
          
        

    

  


  

      

          @spec dump_definitions_sql(trellis()) ::
  {:ok, String.t()} | {:error, Trellis.Error.t()}


      


The SQL that loads this instance's definitions into a database built from
a schema-only dump (pg_dump --schema-only, mix ecto.dump). Append it
to the dump; mix trellis.dump does.
It holds INSERTs for the rows that say what is defined (Trellis's
migration history, its instance marker, the transform definitions and the catalog rows they need), and nothing else: the ledger,
the ring, backfill progress, quarantine and claims describe rows a
schema-only dump doesn't carry. Every definition loads as "defined, not
built" (:waiting_to_backfill), the state a define/2 commits, including
one that was paused or quarantined where it was dumped. The rows are one
repeatable-read snapshot of the database. migrate/1 on the loaded
database does nothing.

  



  
    
      
    
    
      dump_definitions_sql!(trellis)



        
          
        

    

  


  

      

          @spec dump_definitions_sql!(trellis()) :: String.t()


      


Like dump_definitions_sql/1, but raises Trellis.Error.

  



  
    
      
    
    
      has_live_drain_workers(trellis)



        
          
        

    

  


  

      

          @spec has_live_drain_workers(trellis()) ::
  {:ok, boolean()} | {:error, Trellis.Error.t()}


      


Whether at least one drain worker is alive anywhere in the fleet. With
none, nothing reaches a target table: poll this from a health check.

  



  
    
      
    
    
      has_live_drain_workers!(trellis)



        
          
        

    

  


  

      

          @spec has_live_drain_workers!(trellis()) :: boolean()


      


Like has_live_drain_workers/1, but raises Trellis.Error.

  



  
    
      
    
    
      has_live_staging_worker(trellis)



        
          
        

    

  


  

      

          @spec has_live_staging_worker(trellis()) ::
  {:ok, boolean()} | {:error, Trellis.Error.t()}


      


Whether the staging worker (which installs change capture and starts
backfills) is alive anywhere in the fleet. The other half of the health check.

  



  
    
      
    
    
      has_live_staging_worker!(trellis)



        
          
        

    

  


  

      

          @spec has_live_staging_worker!(trellis()) :: boolean()


      


Like has_live_staging_worker/1, but raises Trellis.Error.

  



  
    
      
    
    
      migrate(trellis)



        
          
        

    

  


  

      

          @spec migrate(trellis()) :: :ok | {:error, Trellis.Error.t()}


      


Creates or upgrades Trellis's own tables in the configured schema. Safe to
run on every boot.
Run it on a handle with the default options, before connecting one that
runs background work: the staging worker reads Trellis's tables as it
starts, so a staging: true connect to an unmigrated schema fails with a
:not_found error.

  



  
    
      
    
    
      migrate!(trellis)



        
          
        

    

  


  

      

          @spec migrate!(trellis()) :: :ok


      


Like migrate/1, but raises Trellis.Error.

  



  
    
      
    
    
      poisoned_since(trellis, since)



        
          
        

    

  


  

      

          @spec poisoned_since(trellis(), DateTime.t()) ::
  {:ok, [Trellis.PoisonEntry.t()]} | {:error, Trellis.Error.t()}


      


Every source row the apply path poisoned (gave up on) after since,
oldest first. Poll it with the last entry's poisoned_at so a
whole-table failure doesn't sit unnoticed.

  



  
    
      
    
    
      poisoned_since!(trellis, since)



        
          
        

    

  


  

      

          @spec poisoned_since!(trellis(), DateTime.t()) :: [Trellis.PoisonEntry.t()]


      


Like poisoned_since/2, but raises Trellis.Error.

  



  
    
      
    
    
      quarantine_status(trellis, target)



        
          
        

    

  


  

      

          @spec quarantine_status(trellis(), String.t()) ::
  {:ok, Trellis.QuarantineEntry.t()} | {:error, Trellis.Error.t()}


      


The state of one target: a transform ("order_totals") or one of its
columns ("order_totals.total"). A column that isn't paused is :live.

  



  
    
      
    
    
      quarantine_status!(trellis, target)



        
          
        

    

  


  

      

          @spec quarantine_status!(trellis(), String.t()) :: Trellis.QuarantineEntry.t()


      


Like quarantine_status/2, but raises Trellis.Error.

  



  
    
      
    
    
      quarantined(trellis)



        
          
        

    

  


  

      

          @spec quarantined(trellis()) ::
  {:ok, [Trellis.QuarantineEntry.t()]} | {:error, Trellis.Error.t()}


      


Every quarantined transform and paused column, across every transform.
Cheap enough for a dashboard or health check to poll.

  



  
    
      
    
    
      quarantined!(trellis)



        
          
        

    

  


  

      

          @spec quarantined!(trellis()) :: [Trellis.QuarantineEntry.t()]


      


Like quarantined/1, but raises Trellis.Error.

  



  
    
      
    
    
      release_key(trellis, transform, source_table, key)



        
          
        

    

  


  

      

          @spec release_key(trellis(), String.t(), String.t(), String.t()) ::
  :ok | {:error, Trellis.Error.t()}


      


Releases one key transform holds in quarantine, once its cause is fixed.
source_table ("public.orders" or "orders") and key are as
sample_quarantined/3 and poisoned_since/2 report them.
It stages a recompute of the key, which every transform reading the table
applies from the key's current row, and discards the changes held for
transform meanwhile. Another transform holding the same key keeps
holding it. If the cause is still there, the key is poisoned again.
Resuming the transform releases every key it holds.
An unknown transform is a :not_found error, and so is a key it doesn't
hold, which changes nothing. The release first waits for the drain pages in
flight on the table to commit; a wait past the lock timeout (30 seconds) is
a :timeout error and changes nothing: call it again.
:ok = Trellis.release_key(trellis, "order_totals", "public.orders", "42")

  



  
    
      
    
    
      release_key!(trellis, transform, source_table, key)



        
          
        

    

  


  

      

          @spec release_key!(trellis(), String.t(), String.t(), String.t()) :: :ok


      


Like release_key/4, but raises Trellis.Error.

  



  
    
      
    
    
      request_backfill(trellis, source_table)



        
          
        

    

  


  

      

          @spec request_backfill(trellis(), String.t()) :: :ok | {:error, Trellis.Error.t()}


      


Rebuilds every definition that reads source_table (a bare table name,
resolved like one in a statement), and returns once that rebuild is
queued.
Each :live reader reports :backfilling (rebuilt by the call itself)
until the re-read has re-derived every row the table still has and
deleted any target row it no longer backs. A newly defined transform
doesn't need this: its backfill is queued for it. Only a table Trellis
already captures can be re-read; any other is refused.

  



  
    
      
    
    
      request_backfill!(trellis, source_table)



        
          
        

    

  


  

      

          @spec request_backfill!(trellis(), String.t()) :: :ok


      


Like request_backfill/2, but raises Trellis.Error.

  



    

  
    
      
    
    
      sample_quarantined(trellis, target, options \\ [])



        
          
        

    

  


  

      

          @spec sample_quarantined(trellis(), String.t(), [sample_option()]) ::
  {:ok, Trellis.SamplePage.t()} | {:error, Trellis.Error.t()}


      


One page of the rows quarantined under target, to diagnose a
quarantine's cause: for a column ("order_totals.total"), the rows that
failed evaluating it; for a whole transform ("order_totals"), the keys
poisoned from its source table.
{:ok, page} = Trellis.sample_quarantined(trellis, "order_totals.total", limit: 50)
{:ok, next} = Trellis.sample_quarantined(trellis, "order_totals.total", limit: 50, after: page.next_cursor)

  



    

  
    
      
    
    
      sample_quarantined!(trellis, target, options \\ [])



        
          
        

    

  


  

      

          @spec sample_quarantined!(trellis(), String.t(), [sample_option()]) ::
  Trellis.SamplePage.t()


      


Like sample_quarantined/3, but raises Trellis.Error.

  



  
    
      
    
    
      self_check(trellis, target_table, options)



        
          
        

    

  


  

      

          @spec self_check(trellis(), String.t(), [self_check_option()]) ::
  {:ok, Trellis.SelfCheckJob.t()} | {:error, Trellis.Error.t()}


      


Starts a background check of target_table against a fresh recompute of
its definition from the source tables, and returns the Trellis.SelfCheckJob
at once. See self_check_option/0.
The comparison is a drain worker's, a page of keys at a time (with no
drain worker anywhere in the fleet the job stays :queued, as a define
does). Poll self_check_job/2 with the job's id until it is finished
(Trellis.SelfCheckJob.finished?/1); its Trellis.SelfCheckReport is then
the verdict:
{:ok, job} = Trellis.self_check(trellis, "order_totals", timeout_ms: 30_000)
{:ok, %Trellis.SelfCheckJob{state: :done, report: report}} = Trellis.self_check_job(trellis, job.id)
A target whose job is still :queued or :running gets that job back,
whatever options this call passed; a finished job stays until the next
self_check/3 of its target replaces it. Only a one-row-per-source-key
transform can be audited; an aggregate target is a :validation error,
and an unknown one
:not_found. A column that is paused is left out of the comparison.
The call reads nothing of the target, so it returns well inside the
30-second call limit.

  



  
    
      
    
    
      self_check!(trellis, target_table, options)



        
          
        

    

  


  

      

          @spec self_check!(trellis(), String.t(), [self_check_option()]) ::
  Trellis.SelfCheckJob.t()


      


Like self_check/3, but raises Trellis.Error.

  



  
    
      
    
    
      self_check_job(trellis, id)



        
          
        

    

  


  

      

          @spec self_check_job(trellis(), integer()) ::
  {:ok, Trellis.SelfCheckJob.t() | nil} | {:error, Trellis.Error.t()}


      


The Trellis.SelfCheckJob that self_check/3 returned with this id, as
it stands now: its state, how many keys it has compared so far, and, once
it is :done, its report. nil when there is none: a newer self_check/3
of its target replaced it, or its transform was dropped.

  



  
    
      
    
    
      self_check_job!(trellis, id)



        
          
        

    

  


  

      

          @spec self_check_job!(trellis(), integer()) :: Trellis.SelfCheckJob.t() | nil


      


Like self_check_job/2, but raises Trellis.Error.

  



  
    
      
    
    
      shutdown(server)



        
          
        

    

  


  

      

          @spec shutdown(trellis()) :: :ok | {:error, Trellis.Error.t()}


      


Stops the handle's background work and waits for its threads to exit. Calls
still in flight are cancelled, not waited for: their callers get a
:validation error, like any later call on the handle. Shutting down again
is :ok.

  



  
    
      
    
    
      shutdown!(trellis)



        
          
        

    

  


  

      

          @spec shutdown!(trellis()) :: :ok


      


Like shutdown/1, but raises Trellis.Error.

  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link([start_option()]) :: GenServer.on_start()


      


Starts a process that owns a handle: it connects with options (see
start_option/0) as it starts, and shuts the handle down as its
supervisor stops it. Put it in a supervision tree as {Trellis, options}
rather than calling this directly.
Returns {:error, %Trellis.Error{}} if the connect fails, so the
supervisor's start fails with the reason. A second staging: true
process for the same instance fails that way (:conflict) while the first
is alive: in a rolling deploy, stop the old one before the new one starts.
The process only keeps the handle's lifecycle. A call made through its
name asks it for the handle and then runs in the caller's own process, so
callers don't wait on each other. The caller has to be on the process's
node: a handle works only on the node that connected it, and a call from
another node returns a :validation error.
shutdown/1 refuses the process's name: its supervisor stops it, which
cancels the calls still in flight (their callers get a :validation
error). The child spec gives it 30 seconds to shut down, since the
background threads have to exit; change it with Supervisor.child_spec/2.
A process killed before it shuts down leaves the handle to be shut down
when it is garbage collected.

  



  
    
      
    
    
      status(trellis, target_table)



        
          
        

    

  


  

      

          @spec status(trellis(), String.t()) ::
  {:ok, Trellis.Status.t() | nil} | {:error, Trellis.Error.t()}


      


The status of the transform that writes target_table, or nil if none
does. target_table is either the fully qualified name define/2 and
apply/2 return ("public.order_totals") or the bare table name
("order_totals"). A qualified name with another schema matches nothing.

  



  
    
      
    
    
      status!(trellis, target_table)



        
          
        

    

  


  

      

          @spec status!(trellis(), String.t()) :: Trellis.Status.t() | nil


      


Like status/2, but raises Trellis.Error.

  



  
    
      
    
    
      watermark_token(trellis)



        
          
        

    

  


  

      

          @spec watermark_token(trellis()) :: {:ok, watermark()} | {:error, Trellis.Error.t()}


      


A read-your-writes token covering every write committed before this call.
Take it after a source-table write commits, then pass it to
await_converged/3 to wait for that write to reach its targets.

  



  
    
      
    
    
      watermark_token!(trellis)



        
          
        

    

  


  

      

          @spec watermark_token!(trellis()) :: watermark()


      


Like watermark_token/1, but raises Trellis.Error.

  


        

      


  

    
Trellis.Applied 
    



      
What Trellis.apply/2 did, one shape per statement form:
	{:transform_defined, target_table}: a TRANSFORM statement registered
the transform writing target_table (fully qualified), at
:waiting_to_backfill.
	:paused: a PAUSE TRANSFORM statement froze its subject, or found it
already frozen.
	{:resumed, addresses}: a RESUME TRANSFORM statement unfroze its
subject. addresses lists every column a column resume resumed, as
"transform.column": the one it named, then any dependent whose pause
was only that one's cascade. It is [] for a whole-transform resume,
which drops the transform to :waiting_to_backfill to rebuild.
	:dropped: a DROP statement removed its subject, or found it already
gone.
	{:altered, %{target_table: target_table, added: names, dropped: names, altered: names}}: an ALTER TRANSFORM statement edited its
subject. The lists name only the fields this call actually changed.
	:unknown: the statement was applied, but its outcome is newer than
this version of the binding, which has no shape for it. It is still a
success: don't retry the statement, which would apply it twice.


      


      
        Summary


  
    Types
  


    
      
        alteration()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      alteration()



        
          
        

    

  


  

      

          @type alteration() :: %{
  target_table: String.t(),
  added: [String.t()],
  dropped: [String.t()],
  altered: [String.t()]
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  {:transform_defined, String.t()}
  | :paused
  | {:resumed, [String.t()]}
  | :dropped
  | {:altered, alteration()}
  | :unknown


      



  


        

      


  

    
Trellis.BackfillFailure 
    



      
A build that keeps failing: how many attempts have failed, the latest
error, and when it is tried again. It retries on its own, except that a
build failing for a reason no row explains pauses the transform after a
few attempts (next_attempt_at is then when it paused). Fix the cause,
resume a paused transform, and the next attempt goes through.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.BackfillFailure{
  attempts: non_neg_integer(),
  last_error: String.t(),
  next_attempt_at: DateTime.t(),
  source_table: String.t()
}


      



  


        

      


  

    
Trellis.CaptureFailure 
    



      
Why capture of source_table is broken, or why the drain (or a build's
merge) halted on the transform: kind is :capture, :halt or
:disruption, error
is a sentence naming the cause, columns the columns it is about (empty
when it isn't about a column, and for a halt), and detected_at when it
was first found.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


        Whether capture broke, the drain halted, or capture was changed outside Trellis.



    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :capture | :halt | :disruption


      


Whether capture broke, the drain halted, or capture was changed outside Trellis.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.CaptureFailure{
  columns: [String.t()],
  detected_at: DateTime.t(),
  error: String.t(),
  kind: kind(),
  source_table: String.t()
}


      



  


        

      


  

    
Trellis.CaptureWait 
    



      
What a transform's capture waits on: the staging worker's install, widen or
uninstall (operation) of the capture triggers on table needs
lock_mode, and another session holds or is queued for a conflicting lock.
blockers has one line per such session. Nothing cancels them; the wait
ends when they let go.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.CaptureWait{
  blockers: [String.t()],
  lock_mode: String.t(),
  observed_at: DateTime.t(),
  operation: String.t(),
  table: String.t(),
  waiting_since: DateTime.t()
}


      



  


        

      


  

    
Trellis.Config 
    



      
The configuration a handle connected with, as Trellis.config/1 returns
it: connect/1's :schema and :target_schema, and the connection pool's
size cap and how long a call waits for a free connection.
Not the :url: a connection string can carry a password, and a config is
the kind of value that ends up in a log line or crash report whole. The
caller already has the URL it connected with.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.Config{
  pool_max_size: pos_integer(),
  pool_wait_timeout_ms: non_neg_integer(),
  schema: String.t(),
  target_schema: String.t()
}


      



  


        

      


  

    
Trellis.CorrectingNode 
    



      
A partition of a partitioned source a transform is being corrected for, as
Trellis.status/2 reports it: the schema-qualified node, when the staging
worker queued its correction (since), and the keys still to re-derive
(keys_remaining, nil until the correction has counted them; an estimate
while it reads the node's own rows).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.CorrectingNode{
  keys_remaining: non_neg_integer() | nil,
  node: String.t(),
  since: DateTime.t()
}


      



  


        

      


  

    
Trellis.DefinitionSummary 
    



      
A registered transform definition, as Trellis.definitions/1 lists it.
target_table is fully qualified (schema.table) and identifies the
transform. created_at is when it was registered.
backfill_failure is set while its build keeps failing, as in
Trellis.Status. halt is set while the drain, or its build's merge,
has halted on it: a Trellis.CaptureFailure of kind :halt, the
definition :paused until the cause is fixed and it is resumed. Listing
the definitions and looking for a halt is the health check for halts.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.DefinitionSummary{
  backfill_failure: Trellis.BackfillFailure.t() | nil,
  created_at: DateTime.t(),
  halt: Trellis.CaptureFailure.t() | nil,
  status: Trellis.Status.status(),
  target_table: String.t()
}


      



  


        

      


  

    
Trellis.Divergence 
    



      
One thing Trellis.self_check/3 found out of step, by kind:
	:cell: the row exists on both sides but column differs at key.
persisted is the target table's value and recomputed the fresh
recompute's, both as Postgres renders them as text (nil for NULL).
	:missing_row: the recompute produced key, but the target has no row
for it.
	:extra_row: the target has a row for key that the recompute didn't
produce.
	:missing_column: the definition expects column, but the target table
doesn't have it.
	:extra_column: the target table has column, but the definition
doesn't expect it.
	:capture: a table the target is computed from isn't being captured as
Trellis installed it (a capture trigger missing, disabled or calling the
wrong function, a capture function missing or with the wrong owner, the
Trellis role missing a privilege, or the table joined a partition or
inheritance hierarchy). detail says what, and table names the table
(nil for a missing privilege). Trellis.self_check/3 reports these
before, and instead of, comparing any rows.

Fields a kind doesn't carry are nil.
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    Types
  


    
      
        kind()

      


        What kind of divergence this is.
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      kind()



        
          
        

    

  


  

      

          @type kind() ::
  :cell | :missing_row | :extra_row | :missing_column | :extra_column | :capture


      


What kind of divergence this is.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.Divergence{
  column: String.t() | nil,
  detail: String.t() | nil,
  key: String.t() | nil,
  kind: kind(),
  persisted: String.t() | nil,
  recomputed: String.t() | nil,
  table: String.t() | nil
}


      



  


        

      


  

    
Trellis.DrainFailure 
    



      
A drain page that keeps failing with nothing charged or paused, as
Trellis.status/2 and Trellis.self_check/3 report it: the segment whose
page fails (seg_seq), the qualified source tables it holds changes to
(tables), the latest failure's error and its sqlstate (nil when it
didn't come from Postgres), when a drain first and last failed on it
(since, last_seen), and how many drain passes have (attempts).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.DrainFailure{
  attempts: pos_integer(),
  error: String.t(),
  last_seen: DateTime.t(),
  seg_seq: integer(),
  since: DateTime.t(),
  sqlstate: String.t() | nil,
  tables: [String.t()]
}


      



  


        

      


  

    
Trellis.HeldKeys 
    



      
The keys a transform holds in quarantine, as Trellis.status/2 and
Trellis.self_check/3 report them: how many (count), and when the one
held longest was last poisoned (oldest_poisoned_at).
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.HeldKeys{count: pos_integer(), oldest_poisoned_at: DateTime.t()}


      



  


        

      


  

    
Trellis.LogBridge 
    



      
Forwards the engine's log lines to Logger.
The Rust engine logs through the tracing facade and never installs a
subscriber itself (docs/decisions/0009-observability-decisions.md,
decision 3). When the :trellis_pg application starts, this process installs
one in the Trellis NIF library, then drains what it queues into Logger,
with domain: [:trellis] and the emitting Rust module as :target
metadata. It needs no Trellis handle: every handle's lines come through
it.
Configuration
# Forward events at this level and more severe ones. Defaults to
# `Logger.level()` when `:trellis_pg` starts. Rust's `trace` level
# arrives as `:debug`.
config :trellis_pg, log_level: :info

# Opt out: nothing is installed, this process doesn't start, and the
# engine's lines go nowhere.
config :trellis_pg, log_bridge: false
The level is read once, when :trellis_pg starts. The engine drops events
above it before formatting them, so a later Logger.configure/1 can make
Logger stricter but can't bring back a level the bridge filtered.
What can be lost
A log line can be dropped; logging never blocks or crashes the engine. The
engine only appends to a bounded queue (10,000 lines), and this process
drains it every 100 ms. If the queue fills, because this process is
down, restarting, or falling behind, new lines are dropped and counted,
and the next drain logs a warning with the count.
Composing your own subscriber
tracing's global subscriber lives inside the native library that links
it, and the Trellis NIF links its own copy. So a subscriber another NIF
installs never sees the engine's lines, and doesn't stop this bridge.
Sending them elsewhere, for example through the crate's otlp layer,
means building your own NIF around the trellis crate that installs that
subscriber. If a subscriber in the Trellis NIF was installed first, this
process logs a warning and doesn't start, and the engine's lines go to
that subscriber instead.

      


      
        Summary


  
    Functions
  


    
      
        flush()

      


        Forwards every line queued so far to Logger before returning, rather
than on the next tick. For tests, and for a host that wants the engine's
last lines logged before it stops.



    





      


      
        Functions


        


  
    
      
    
    
      flush()



        
          
        

    

  


  

      

          @spec flush() :: :ok


      


Forwards every line queued so far to Logger before returning, rather
than on the next tick. For tests, and for a host that wants the engine's
last lines logged before it stops.

  


        

      


  

    
Trellis.Metrics 
    



      
The engine's metrics, in Prometheus text exposition format: the Rust
crate's trellis::Metrics::render_prometheus
(docs/decisions/0009-observability-decisions.md).
The registry is process-wide: one body holds the series of every Trellis
handle in this OS process, so it needs no handle and works before
Trellis.connect/1 and after Trellis.shutdown/1. Every series carries a
trellis_instance="<database>/<catalog schema>" label, the same value as
the trellis_instance of the instance's log lines, so handles in one VM
stay apart. trellis_instance_up is 1 while an instance has a running
handle and 0 after its last one shuts down; the other gauges of a stopped
instance disappear after 60 seconds. See docs/observability.md.
The binding opens no port. Serve the text from a route the host already
has, for example with Plug:
get "/metrics" do
  conn
  |> put_resp_content_type("text/plain; version=0.0.4")
  |> send_resp(200, Trellis.Metrics.render_prometheus())
end

      


      
        Summary


  
    Functions
  


    
      
        render_prometheus()

      


        Renders the registry's current contents: # HELP and # TYPE lines, then
each series' samples.



    





      


      
        Functions


        


  
    
      
    
    
      render_prometheus()



        
          
        

    

  


  

      

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


      


Renders the registry's current contents: # HELP and # TYPE lines, then
each series' samples.

  


        

      


  

    
Trellis.Migration 
    



      
Trellis statements in an Ecto migration, so a transform is defined, and
dropped, the way the tables it reads are created.
defmodule MyApp.Repo.Migrations.DefineWidgetPrices do
  use Ecto.Migration
  use Trellis.Migration

  # Required: see "Transactions" below.
  @disable_ddl_transaction true

  def up do
    create table(:widgets) do
      add :price, :integer
    end

    define "TRANSFORM widget_prices FROM widgets SELECT price AS price"
  end

  def down do
    apply "PAUSE TRANSFORM widget_prices"
    apply "DROP TRANSFORM widget_prices"
    drop table(:widgets)
  end
end
use Trellis.Migration imports three helpers, each a thin call through
to the function of the same name on Trellis:
	define/1: a TRANSFORM statement, and nothing else (Trellis.define/2).
	apply/1: any statement of the grammar (Trellis.apply/2), such as the
PAUSE TRANSFORM and DROP TRANSFORM a down/0 undoes a define with.
(DROP refuses a transform that isn't paused, and drops its target
table.)
	status/1: the status of the transform writing a target, or nil
(Trellis.status/2).

define/1 and apply/1 are queued like Ecto's own commands, so they run
in order with them: a transform can read a table created earlier in the
same migration. status/1 runs when it's called, since a migration reads
it to decide what to queue. Each raises the Trellis.Error if the call
fails, which fails the migration.
Transactions
Trellis doesn't join the migration's transaction. It runs every call on
connections of its own, and each call commits before it returns. If the
migration's transaction rolled back after a define, the host's changes
would be undone and the definition and its target table would not.
So a migration that uses these helpers has to turn its transaction off
with @disable_ddl_transaction true. define/1 and apply/1 check, as
they run, that the migration's repo has no transaction open, and raise
an Ecto.MigrationError before applying anything if it does. In a
migration that forgot the attribute, the migration's transaction then
rolls back with nothing applied on either side.
Without the transaction, a migration that fails partway leaves whatever
ran before the failure in place, on both sides. Give a migration that
defines transforms little else to do.
up/0 and down/0, not change/0
Ecto can reverse create table on its own, but not a Trellis statement:
the reverse of a define is a pause and a drop of a target that only the
statement names. So a module that uses Trellis.Migration must define
up/0 and down/0, and defining change/0 is a compile error, rather
than a rollback that fails partway.
Which Trellis
Ecto runs migrations without starting the application, so the
application's supervised Trellis isn't running. Each helper connects a
handle of its own instead, from the :trellis key of the repo's
configuration, runs Trellis.migrate/1 on it (creating Trellis's own
tables the first time), makes its one call, and shuts the handle down:
# config/runtime.exs
config :my_app, MyApp.Repo,
  url: database_url,
  trellis: [url: database_url]
The options are Trellis.connect/1's. A migration's handle never runs
background work: :staging and :drain_threads are always the defaults,
whatever the configuration says.
Running a migration once
A define isn't idempotent: a second define of a target that exists fails
with a :conflict error. Ecto's schema_migrations already records which
migrations have run, so a migration's define runs once per database, and
these helpers add no guard of their own.
A migration that has to tolerate a transform defined some other way (by
hand, or by a release task) can guard the define itself:
def up do
  if status("widget_prices") == nil do
    define "TRANSFORM widget_prices FROM widgets SELECT price AS price"
  end
end
The guard checks the target's name, not its definition: a changed
statement for a target that exists is an ALTER TRANSFORM.

      


      
        Summary


  
    Functions
  


    
      
        apply(statement)

      


        Queues any statement of Trellis's grammar, to run in order with the
migration's other commands. It is Trellis.apply/2.



    


    
      
        define(statement)

      


        Queues a TRANSFORM statement, to run in order with the migration's
other commands. It is Trellis.define/2: any other statement form is
refused before anything is applied.



    


    
      
        status(target_table)

      


        The status of the transform that writes target_table, or nil if none
does. It is Trellis.status!/2, run as it's called rather than queued.
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      apply(statement)



        
          
        

    

  


  

      

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


      


Queues any statement of Trellis's grammar, to run in order with the
migration's other commands. It is Trellis.apply/2.

  



  
    
      
    
    
      define(statement)



        
          
        

    

  


  

      

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


      


Queues a TRANSFORM statement, to run in order with the migration's
other commands. It is Trellis.define/2: any other statement form is
refused before anything is applied.

  



  
    
      
    
    
      status(target_table)



        
          
        

    

  


  

      

          @spec status(String.t()) :: Trellis.Status.t() | nil


      


The status of the transform that writes target_table, or nil if none
does. It is Trellis.status!/2, run as it's called rather than queued.

  


        

      


  

    
Trellis.PoisonEntry 
    



      
One source row the apply path gave up on, as Trellis.poisoned_since/2
lists it: the transform it's held for (every other transform reading the
row keeps applying it), its fully-qualified src_table, its key as
Trellis renders it, the error that poisoned it, and when.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.PoisonEntry{
  key: String.t(),
  last_error: String.t(),
  poisoned_at: DateTime.t(),
  src_table: String.t(),
  transform: String.t()
}


      



  


        

      


  

    
Trellis.PoisonSample 
    



      
One quarantined source row, as Trellis.sample_quarantined/3 pages them:
its fully-qualified src_table, its key as Trellis renders it, and the
error it failed with.
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    Types
  


    
      
        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.PoisonSample{
  error_message: String.t(),
  key: String.t(),
  src_table: String.t()
}


      



  


        

      


  

    
Trellis.QuarantineEntry 
    



      
One target's quarantine state, as Trellis.quarantined/1 lists it and
Trellis.quarantine_status/2 reports it.
target is an address: a transform's bare target table name
("order_totals"; quarantine_status/2 also takes the qualified
"public.order_totals") for the whole transform, or "order_totals.total" for
one of its columns. Pass it straight back to Trellis.quarantine_status/2,
Trellis.sample_quarantined/3, or a RESUME TRANSFORM statement.
paused_at and last_error are set only for a paused column: when its
pause tripped, and its most recent failure (nil for a pause that
cascaded from an upstream column rather than failing on its own).

      


      
        Summary


  
    Types
  


    
      
        state()

      


        A target's state. A column is :live or :paused; a whole transform
reports its lifecycle status (see Trellis.Status.status/0).
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      state()



        
          
        

    

  


  

      

          @type state() ::
  :waiting_to_backfill
  | :backfilling
  | :catching_up
  | :live
  | :quarantined
  | :paused


      


A target's state. A column is :live or :paused; a whole transform
reports its lifecycle status (see Trellis.Status.status/0).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.QuarantineEntry{
  last_error: String.t() | nil,
  paused_at: DateTime.t() | nil,
  state: state(),
  target: String.t()
}


      



  


        

      


  

    
Trellis.SamplePage 
    



      
One page of Trellis.sample_quarantined/3, ordered by (src_table, key).
next_cursor is opaque: pass it back as the :after option for the next
page, and don't read or build one. The last page is the one with fewer
rows than the limit. An empty page hands back the cursor it was asked for,
so polling from where you got to never falls back to the first page;
next_cursor is nil only for an empty first page.

      


      
        Summary


  
    Types
  


    
      
        cursor()

      


        An opaque sample_quarantined/3 cursor.
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      cursor()



        
          
        

    

  


  

      

          @opaque cursor()


      


An opaque sample_quarantined/3 cursor.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Trellis.SamplePage{
  next_cursor: cursor() | nil,
  samples: [Trellis.PoisonSample.t()]
}


      



  


        

      


  

    
Trellis.SelfCheckJob 
    



      
A background check of a target table, as Trellis.self_check/3 starts it
and Trellis.self_check_job/2 reads it back.
	id is what Trellis.self_check_job/2 takes.
	target is the audited target's bare table name.
	mode is :standard or :strict, as the job was started. A second
Trellis.self_check/3 of a target whose job is still running returns
that job, so its mode is the first call's.
	state is :queued (no worker has taken it up yet; with no drain
worker anywhere in the fleet it stays so), :running, then :done,
:failed (error says why) or :cancelled (the worker running it shut
down; error says so). Only :done carries a report.
	rows_compared counts the distinct keys the pages so far compared; it
moves while the job is :running.
	report is the Trellis.SelfCheckReport, once the job is :done.
	error says why a :failed or :cancelled job ended.

A job ends when its transform is dropped, and Trellis.self_check_job/2
then returns nil for it.
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        finished?(self_check_job)

      


        Whether the job has ended, so polling it again changes nothing.
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          @type state() :: :queued | :running | :done | :failed | :cancelled
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          @type t() :: %Trellis.SelfCheckJob{
  error: String.t() | nil,
  id: integer(),
  mode: :standard | :strict,
  report: Trellis.SelfCheckReport.t() | nil,
  rows_compared: non_neg_integer(),
  state: state(),
  target: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      finished?(self_check_job)



        
          
        

    

  


  

      

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


      


Whether the job has ended, so polling it again changes nothing.

  


        

      


  

    
Trellis.SelfCheckReport 
    



      
What a finished Trellis.self_check/3 job found auditing the whole of a
target table against a fresh recompute of its definition from the source.
	outcome is :converged (every compared cell, row and column matched),
:not_caught_up (the target didn't catch up within :timeout_ms; not a
verdict on correctness), :not_live (the transform isn't :live, so
nothing was awaited or compared; see status), or :diverged (see
divergences).
	status is the transform's status when outcome is :not_live (a
rebuild Trellis.request_backfill/2 starts reads :backfilling from the
call's return, so poll the status until it is :live, then check
again), and nil for every other outcome.
	divergences lists what differed; it is [] unless outcome is
:diverged.
	rows_compared counts the distinct keys compared.
	truncated is true when the job stopped before the end of the
target's keys: it found 1,000 divergences, or the transform stopped
being :live, stopped catching up or lost its capture partway.
rows_compared says how far it got.
	checked_through is the watermark the outcome holds through, a token
Trellis.await_converged/3 takes.
	held_keys is set, whatever the outcome, while the transform holds keys
in quarantine (see Trellis.HeldKeys), read when the job is polled:
their target rows are ones the audit can't vouch for, and a key with
held changes keeps the target from catching up, so the outcome is
:not_caught_up until it is released.
	drain_failures lists, whatever the outcome, every page the drain keeps
failing on with nothing charged or paused (see Trellis.DrainFailure),
oldest first, whichever transforms read its tables, read when the job is
polled; [] when there is none. Each holds back the targets of the
tables it holds changes to, and with them the convergence the audit
waits on.


      


      
        Summary


  
    Types
  


    
      
        outcome()

      


        The verdict of a Trellis.self_check/3 job.
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          @type outcome() :: :converged | :not_caught_up | :not_live | :diverged


      


The verdict of a Trellis.self_check/3 job.
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          @type t() :: %Trellis.SelfCheckReport{
  checked_through: Trellis.watermark(),
  divergences: [Trellis.Divergence.t()],
  drain_failures: [Trellis.DrainFailure.t()],
  held_keys: Trellis.HeldKeys.t() | nil,
  outcome: outcome(),
  rows_compared: non_neg_integer(),
  status: Trellis.Status.status() | nil,
  target: String.t(),
  truncated: boolean()
}


      



  


        

      


  

    
Trellis.SourceIndexGap 
    



      
A source index a GROUP BY or JOIN target needs and lacks, as
Trellis.status/2 reports it: the qualified table, the columns the
index should lead with, the part of the definition that needs it (role:
:group_by for the GROUP BY columns, :join_from or :join_joined for
a JOIN's ON columns on its from or joined side), whether the transform
opted out with WITHOUT SOURCE INDEX (opted_out), and a create index
statement to run (fix).
Trellis doesn't create indexes on your tables.
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          @type t() :: %Trellis.SourceIndexGap{
  columns: [String.t()],
  fix: String.t(),
  opted_out: boolean(),
  role: :group_by | :join_from | :join_joined,
  table: String.t()
}


      



  


        

      


  

    
Trellis.Status 
    



      
Where a transform is in its lifecycle, as Trellis.status/2 reports it.
A newly defined transform starts :waiting_to_backfill and reaches :live
once its backfill has run and it has caught up. That takes a connection
somewhere in the fleet running the staging worker and drain threads (see
Trellis.connect/1); with none, a definition waits forever.
The other fields say what the transform is stuck on, and are nil when
nothing holds it up:
	backfill_failure is set while its build keeps failing (one of its
build chunks), and names the cause.
	capture_wait is set while installing or widening capture on a table
it reads waits for a lock another session holds. It clears once that
session lets go.
	capture_failure is set while capture of a table it reads is broken,
or the drain halted on it: a schema change paused it (resume it once
fixed), installing capture keeps failing (it clears once the cause is
fixed), with kind :halt a failure no retry gets past reached it, so
the drain (or its build's merge) paused it and what depends on it
(resume it once fixed), or, with kind :disruption, Trellis's
capture of a table it reads was changed outside Trellis (a trigger
disabled by a fixture or bulk load, a table swapped) or the table is
gone, so changes may be missing: resume it to reinstall capture and
rebuild (Trellis.TestSupport does this for a test suite). A
transform an operator paused has none.
	held_keys is set while it holds keys in quarantine: source keys
whose changes kept failing in its apply, so it leaves them out and
their target rows stay as they were, whatever its status, :live
included. Trellis.sample_quarantined/3 lists them, and
Trellis.release_key/4 releases one once its cause is fixed.
	drain_failure is set while the drain keeps failing on a page holding
changes to a table it reads, with nothing charged or paused (see
Trellis.DrainFailure), so its target stops short of that page,
whatever its status, :live included. Every drain pass retries the
page; fix the cause its error names. A paused or quarantined
transform has none.

source_index_gaps is a warning, never a hold-up: a
Trellis.SourceIndexGap for each source index a GROUP BY or JOIN
target needs and lacks (its role says which part of the definition), [] when it needs none or they exist. Define and a
resume refuse a transform without them, so a gap is an index dropped
since, or one the transform opted out of with WITHOUT SOURCE INDEX.
Nothing is paused, but Trellis.self_check/3 refuses to walk the target
unless it opted out, when the walk scans the source once per page.
correcting lists a Trellis.CorrectingNode for each partition of its
partitioned source it is being corrected for, oldest first ([] when
none): a partition was attached, detached, dropped or truncated, and the
transform re-derives the keys it touched. It reads :backfilling while one
is listed, and :live again once they are re-derived and folded into its
target. A paused or quarantined transform lists none.
paused_upstream_columns names the paused columns of upstream 1-1 targets
that make a :live transform report :catching_up, each as
"target.column" ([] when none). A column is paused when its fuse
tripped or PAUSE TRANSFORM t.col froze it; an aggregate or JOIN
reading it keeps applying over its frozen values, so it is stale against
the source. Nothing is paused or rebuilt: resuming the column writes
through to the reader and it reads :live again.
Every process sees them, whichever one runs the staging worker.
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        A transform's lifecycle status.
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          @type status() ::
  :waiting_to_backfill
  | :backfilling
  | :catching_up
  | :live
  | :quarantined
  | :paused


      


A transform's lifecycle status.
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          @type t() :: %Trellis.Status{
  backfill_failure: Trellis.BackfillFailure.t() | nil,
  capture_failure: Trellis.CaptureFailure.t() | nil,
  capture_wait: Trellis.CaptureWait.t() | nil,
  correcting: [Trellis.CorrectingNode.t()],
  drain_failure: Trellis.DrainFailure.t() | nil,
  held_keys: Trellis.HeldKeys.t() | nil,
  paused_upstream_columns: [String.t()],
  source_index_gaps: [Trellis.SourceIndexGap.t()],
  status: status()
}


      



  


        

      


  

    
Trellis.StructureDump 
    



      
Appends Trellis's definitions to the structure file mix ecto.dump writes,
so mix ecto.load builds a database that has its transforms.
pg_dump --schema-only carries the Trellis schema, the target tables and
the capture triggers, but no rows, so a database loaded from it has targets
and no definitions. Ecto appends INSERTs for schema_migrations to the
dump for the same reason; this appends Trellis.dump_definitions_sql/1
after them. mix trellis.dump runs dump/2 around mix ecto.dump, and
the app's alias runs it in place of ecto.dump.
What the structure file needs
	The Trellis schema in the dump. mix ecto.dump dumps every schema unless
it is given --prefix (the repo's :dump_prefixes is read by the
adapter, and as of ecto_sql 3.14 mix ecto.dump without --prefix
leaves it out). When either names schemas, the list has to include the
instance's :schema (default "trellis"), and this refuses to run
without it.
	The repo's :trellis configuration, Trellis.connect/1's options, as
Trellis.Migration reads it. The handle starts no background work.

Loading
The file loads with mix ecto.load or plain psql, and nothing else runs:
the worker that starts on the loaded database finds definitions that aren't
built and builds them. Every definition loads :waiting_to_backfill,
including one that was paused or quarantined where it was dumped, because
a pause is runtime state.
Races
pg_dump and dump_definitions_sql/1 read separate snapshots. dump/2
reads the definitions before and after the pg_dump and redoes the dump
when they differ, up to three times, so a define or DROP committing
in between can't leave a file whose DDL and definitions disagree.
append/2 reads once, after a dump someone else ran, and can't tell.
CREATE SCHEMA public
pg_dump 17 writes CREATE SCHEMA public; when it dumps public by
name, which fails against a database that already has the schema, as
every database mix ecto.create makes does, and mix ecto.load stops at
the first error. This rewrites that line to
CREATE SCHEMA IF NOT EXISTS public; so the file loads into a fresh
database.
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        append(repo, options \\ [])

      


        Appends the definitions of repo's Trellis to the structure file, which
must exist: run it after mix ecto.dump. It reads the definitions once,
so it can't tell a define that committed after the pg_dump (dump/2
can).



    


    
      
        dump(repos, dump)

      


        Runs dump, a function that writes the structure files (mix trellis.dump
passes mix ecto.dump itself), between two reads of each repo's
definitions, and appends them to each repo's file once the two agree.
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          @spec append(module(), keyword()) :: {:ok, Path.t()} | {:error, String.t()}


      


Appends the definitions of repo's Trellis to the structure file, which
must exist: run it after mix ecto.dump. It reads the definitions once,
so it can't tell a define that committed after the pg_dump (dump/2
can).
Options:
	:dump_path: the file. Default: the repo's :dump_path, else
:default_path.
	:default_path: where the repo's structure.sql is when it has no
:dump_path; mix trellis.dump passes Ecto's own default.
	:dump_prefixes: the schemas the dump was restricted to, in place of
the repo's :dump_prefixes (mix ecto.dump's --prefix).

Returns {:ok, path}, or {:error, message}.
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          @spec dump([{module(), keyword()}], (-> term())) ::
  {:ok, [Path.t()]} | {:error, String.t()}


      


Runs dump, a function that writes the structure files (mix trellis.dump
passes mix ecto.dump itself), between two reads of each repo's
definitions, and appends them to each repo's file once the two agree.
repos is a list of {repo, options}, with append/2's options.
Returns {:ok, paths}, or {:error, message}: a repo that can't be
dumped, or definitions that changed during each of three dumps.

  


        

      


  

    
Trellis.TestSupport 
    



      
Helpers for a test suite that loads fixtures or bulk data into tables
Trellis captures. Call them from test code only.
A fixture loader that disables triggers for the load (Rails-style
disable_referential_integrity, pg_restore --disable-triggers, a
hand-written ALTER TABLE ... DISABLE TRIGGER ALL) also disables
Trellis's capture triggers, so the rows it writes never reach a target,
and ENABLE TRIGGER ALL leaves them in a mode the staging worker treats
as a disruption of capture. Trellis then pauses every definition that
reads the table (a Trellis.CaptureFailure of kind :disruption on its
status) rather than let a test read targets that are silently wrong. A
test suite's answer is a RESUME after the load, which rebuilds the
targets from the tables as they are now: resume_capture_disruptions/2.
setup do
  Postgrex.query!(pg, "ALTER TABLE orders DISABLE TRIGGER ALL", [])
  # ... load the fixtures ...
  Postgrex.query!(pg, "ALTER TABLE orders ENABLE TRIGGER ALL", [])

  {:ok, _resumed} = Trellis.TestSupport.resume_capture_disruptions(trellis)
  :ok
end
It is cheap when nothing was disrupted (one catalog read per captured
table), so running it in every test's setup is fine.
Ecto's SQL sandbox
Trellis sees a write when it commits. A test that writes inside a sandbox
transaction (the default :manual or :shared mode) rolls it back, so
nothing reaches a target. Load the fixtures that targets must reflect
outside the sandbox (in setup_all, or with the sandbox in :auto mode),
then call the helper once.
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        resume_capture_disruptions(trellis, opts \\ [])

      


        Resumes every definition of trellis that is paused because Trellis's
capture of a table it reads was changed outside Trellis, waits until each
is :live again, then waits until every write committed so far has
reached its targets (Trellis.await_converged/3), so a test that follows
reads exact targets. Returns {:ok, resumed} with the resumed targets
("schema.table"; [] when nothing was disrupted).



    


    
      
        resume_capture_disruptions!(trellis, opts \\ [])

      


        Like resume_capture_disruptions/2, but returns the resumed targets and
raises Trellis.Error, or Trellis.TestSupport.ResumeRefused when a
resume is refused.
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          @spec resume_capture_disruptions(Trellis.trellis(), [{:timeout_ms, non_neg_integer()}]) ::
  {:ok, [String.t()]}
  | {:error, {:resume_refused, %{required(String.t()) => String.t()}}}
  | {:error, Trellis.Error.t()}


      


Resumes every definition of trellis that is paused because Trellis's
capture of a table it reads was changed outside Trellis, waits until each
is :live again, then waits until every write committed so far has
reached its targets (Trellis.await_converged/3), so a test that follows
reads exact targets. Returns {:ok, resumed} with the resumed targets
("schema.table"; [] when nothing was disrupted).
It runs a disruption check of its own first
(Trellis.detect_capture_disruptions/1), so a disruption the staging
worker has not seen yet is paused and resumed here rather than a pass
later.
It resumes only a Trellis.CaptureFailure of kind :disruption. A
definition an operator paused (PAUSE TRANSFORM), or one paused by a
schema change, a drain halt or a failing build, stays paused. A definition
paused because an upstream one was resumes with its upstream.
A RESUME the engine refuses (for example, the table a definition read is
missing, or a table define would now refuse) leaves that definition
paused. The others are still resumed and waited for; then
{:error, {:resume_refused, refused}} is returned, refused mapping each
target to the reason. Any other engine error, or a definition that is not
:live within :timeout_ms (default 30 000; a :timeout error), is
{:error, %Trellis.Error{}}.
The instance needs its staging worker and a drain worker running somewhere
(a test setup usually connects with staging: true, drain_threads: 1):
resuming rebuilds through them.
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          @spec resume_capture_disruptions!(Trellis.trellis(), [
  {:timeout_ms, non_neg_integer()}
]) :: [String.t()]


      


Like resume_capture_disruptions/2, but returns the resumed targets and
raises Trellis.Error, or Trellis.TestSupport.ResumeRefused when a
resume is refused.

  


        

      


  

    
Trellis.Error exception
    



      
An error from Trellis: a stable code and the engine's message, and
nothing else (ADR-0010 decision 4).
Non-bang functions return {:error, %Trellis.Error{}}; bang functions
raise it.
code is one of code/0. The engine's error codes are an open set, so a
code this version of the binding doesn't know arrives as :unknown, with
the engine's code named in the message, rather than crashing.
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          @type code() ::
  :parse
  | :validation
  | :connectivity
  | :conflict
  | :not_found
  | :timeout
  | :internal
  | :unknown


      


	:parse: the statement text isn't valid grammar.
	:validation: well-formed but rejected (a bad option, an unknown column,
a type mismatch, a call on a handle that has been shut down).
	:connectivity: the database couldn't be reached, or the connection
dropped.
	:conflict: clashes with something that already exists.
	:not_found: names something that doesn't exist.
	:timeout: a bounded wait ran out before its condition held (for
example, the target hadn't caught up within the timeout you gave, or
Trellis.release_key/4 waited out the lock timeout for the pages in
flight on its table), or a call ran out of its 30-second deadline (the
server stopped what the call started and rolled it back). Expected, not
a bug: retry, or allow longer.
	:internal: a Trellis bug or an unexpected database failure.
	:unknown: a code newer than this binding.
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          @type t() :: %Trellis.Error{__exception__: true, code: code(), message: String.t()}


      



  


        

      


  

    
Trellis.TestSupport.ResumeRefused exception
    



      
Raised by Trellis.TestSupport.resume_capture_disruptions!/2 when a
RESUME is refused or a resumed definition pauses again. refused maps
each such target ("schema.table") to the reason. Those definitions stay
paused; every other disrupted definition was resumed, and waited for,
before this is raised.

      




  

    
mix trellis.dump 
    



      
Runs mix ecto.dump and appends the repo's Trellis definitions to the
structure file it wrote, so mix ecto.load builds a database that has
its transforms (see Trellis.StructureDump).
mix trellis.dump [-r Repo] [-d path] [--prefix schema]
It takes ecto.dump's options and passes them to it unchanged:
-r/--repo, -d/--dump-path, --prefix (repeatable) and
-q/--quiet. Make it what mix ecto.dump runs, by an alias in the
app's mix.exs:
defp aliases do
  ["ecto.dump": "trellis.dump"]
end
The definitions are read before and after the pg_dump, and the dump is
redone (up to three times) when a define or drop committed in between.
Every repo is dumped; the definitions are appended for each one with a
:trellis configuration (as Trellis.Migration reads it). A repo with
none is dumped as ecto.dump dumps it, and the task refuses to run when
no repo has one.
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